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Here’s What Users and 
Reviewers Say About
Official Methods 
of Analysis 
of the AOAC
“ .. AOAC methods will stand In any 
court of law in any country of this world.
I don’t know of a single organization in the 
world that tests methods as rigorously as 
the AOAC."

v — Perce McKinley, Ph.D.. Former D irector 
i  General, Food Directorate, Health & 
j Welfare Canada

“ We utilize AOAC procedures throughout 
the laboratory... It’s important that we use 
a scientifically sound procedure."

— H. M ichae l Wehr, Ph.D., Administrator, 
Oregon D epartm ent o f Agricu ltu re

“ .. the book belongs in the library of any 
analyst who must do official assays; assays 
agricultural products, pesticide formula
tions, foods, food additives, cosmetics, 
drugs, drugs in feeds, vitamins; looks for 
filth and microbial contaminants in foods... 
There is something for everyone from the- 
agricultural chemist to the budding Sher
lock Holmes."

— J o u rn a l o f  P h a rm a c e u tic a l S c ie n ce s ,
Washington, DC

“ Each method is clearly explained and 
accompanied by pertinent references... 
The book is well organized, well illus
trated, and easy to use."

— N eil H. M erm elste in, S enior Associate  
Editor, Food  Techno logy, Chicago, IL

1984 approx. 1100 pp., 173 illus., index, hard
bound. ISBN 0-935584-24-2.
Price—Members: $133.95 in U.S., $136.95 

outside U.S.; Nonmembers: $148.50 
in U.S., $151.50 outside U.S.

To obtain, se n d  o rd e r w ith  you r nam e  
a n d  address a n d  ch e ck  to: 

AOAC, 1111 N. 19th Street, Suite 210-J 
Arlington, VA 22209 USA 

(U.S. Funds only)

S a v e  T i m e  a n d  M o n e y !

E n h a n c e  Y o u r  L a b o r a t o r y ’s  R e p u t a t i o n !

F a c i l i t a t e  C o m p l i a n c e  w i t h  G o v e r n m e n t  R e g u l a t i o n s !

Use
:  — -—  ---- ^

li ¡1  __________________

Analysis

Edited by Sidney Williams
Served as Director of Division of Chemical Technology,
Chief of Pesticide Residue Branch,
Food and Drug Administration,
Washington, DC
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C h e m i c a l  a n d  M i c r o b i o l o g i c a l  A n a l y t i c a l  M e t h o d s
—



tories worldwide use our Kjeldahl 
distillers and digestors.

Make your choice today! ^
If you want to know more about other 
Ifecator instruments for water and 
wastewater analysis, please call or 
write us.

The newest member of the Tbcator 
Kjeltec® family, the Kjeltec 1026, 
offers a solution on your benchtop. 
TKN tests with high space and ener
gy efficiency.
Ask for a copy of our American 

Laboratory reprint ”An Automated 
Approach for Ammonia and TKN 
Analysis in Wastewater”.
Tecator is the leader in Kjeldahl 

technology and thousands of labora-
See us at the AOAC Show, Booth #457

tecator
WE MAKE ROUTINE ANALYSIS SIMPLE.

Tecator Inc., P.O. Box 405, Herndon, 
Virginia 22070. Phone (703) 4353300. Telex 903034. 

In the USA distribution exclusively 
by Fisher Scientific Company.



AOAC A n n o u n ces  
th e  P u b lica tio n  o f

B A M
6th Edition

A Manual for 
the Detection 
of Microorganisms 
in Foods and 
in Cosmetics

FDA Bacteriological Analytical Manual (BAM)
by the Division of Microbiology

Center for Food Safety and Applied Nutrition, U.S. Food and Drug Administration

BAM contains analytical methods for the detection of microorganisms and certain of their metabolic products, primarily in foods. The methods were developed by the US. Food and Drug Administration for Federal and State regulatory and industry quality control laboratories. The manual will be updated by supplements issued to users at no additional charge.A poster for recognizing and classifying visible can defects is included free. It is a useful tool for those who need to analyze canned foods.This 6th edition contains new chapters on Campylobacter. DNA colony hybridization as an analytical tool, and enzyme immunoassay procedures (ELISA). Most other chapters have been revised, expanded and updated.
Contents:
Chapters:• Food Sampling Plans and Initial Sample Handling• Food Sample Handling in the Laboratory and Preparation of the Sample Homogenate• Microscopic Examination of Foods• Aerobic Plate Count• Coliform Bacteria• Enteropathogenic Escherichia coli• Isolation and Identification of Salmonella Species• Fluorescent Antibody Detection of Salmonellae• Shigella• Isolation of Campylobacter Species• Yersinia enterocolitica and Yersinia pseudotuberculosis• Recovery of Vibrio parahaemolyticus and Related Vibrios• Isolation and Identification of Vibrio cholerae

• Staplp’lococcus aureus• Staphylococcal Enterotoxins• Bacillus cereus• Clostridium perfringens: Enumeration and Identification• Clostridium botulinum• Enumeration of Yeast and Molds and Production of Toxins• Examination of Oysters for Enteroviruses• Parasitic Animals in Foods• Detection of Inhibitory Substances in Milk• Examination of Canned Foods• Examination of Containers for Integrity• Microbiological Methods for Cosmetics• Detection of Pathogenic Bacteria by DNA Colony Hybridization• Enzyme Linked Immunosorbent Assay (ELISA)• Investigation of Food Implicated in Illness 
Appendixes:• Culture Media• Stains, Reagents and Diluents• MPN Determination

December 198-i, « 8  pages, illustrated, 

appendixes 3 hide d rill with binder, includes 

Visible Can Defects poster. ISBN 0-935584-29-3. 
P rice  —  M em bers: S+t.85 in US., $-0.85 

outside US.: N onm em bers: $49.50 in US.. 

$52.50 outside US.

To obtain this book, send order and remittance with your name and address to 

AOAC, l i l t  N. 19th Street, Suite 210-J, Arlington, Va  22209 ISA (US funds only).
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A N N O U N C I N G

A  N e w  H a n d b o o k  o n  

H o w  t o  S e t  U p  o r  Im p r o v e  

L a b o r a t o r y  Q u a l i t y

A s s u r a n c e  P r o g r a m s

Quality Assurance Principles 
for Analytical Laboratories

b y  F red er ick  M. G arfie ld
f o r m e r  A s s is ta n t  A d m in is t r a t o r  

U.S. D r u g  E n fo r c e m e n t  A d m in is t r a t io n

T h is  h a n d b o o k  p ro v id e s  essentia l in fo rm a 
t io n  needed  to  design, d o c u m e n t, im p le m e n t, 
o r  im p ro v e  a la b o ra to ry  q u a lity  assurance p ro 
g ram  . . .  A p ro g ra m  that can enab le y o u  to  
d o c u m e n t the  c re d ib il i ty  o f  y o u r  la b o ra to ry 's  
an a ly tica l data.

T h e  h a n d b o o k  also p ro v id e s  a ra tio na l and  
s o lid ly  based ju s tif ic a tio n  fo r  c o m m itm e n t o f  
resources to  im p ro v e d  la b o ra to ry  o p e ra tio n .

D ra w in g  f ro m  p u b lis h e d  p r in c ip le s , p ra c 
tices, gu id e line s , and  p ro ce d u re s , the  b o o k  
b ring s  to g e th e r th e  exp e rience s  o f  e xp e rts  w h o  
have d e v e lo p e d  an d  im p le m e n te d  s u c c e s s fu l  

“ Q A ”  p rog ram s.

C O N T E N T S :
C h a p te r s  —
I. A d m in is tra tiv e  C o ns id e ra tio n s
I I.  P ersonne l M anagem en t
I I I .  M anagem en t o f  E q u ip m e n t an d  S upp lies
IV. R ecords M a in ten ance
V. Sam ple A na lys is
V I. P ro fic ie n c y  T esting
V II.  A u d it  P rocedu res
V I I I .  D es ign  an d  Safe ty o f  F ac ilities
IX . L a b o ra to ry  A c c re d ita t io n  P rogram s and 

G o o d  L a b o ra to ry  P ractices R egu la tions

A p p e n d ic e s  —
A. Q u a lity  A ssurance P u b lica tio n s  

and  P rogram s
B. F orm s Used b y  U.S. Federa l A gencies
C. In s tru m e n t P e rfo rm a nce  C hecks
D. C o n tro l Charts
E. FDA A u d it M easure P rocedures
F. Safety P u b lica tio n s
G. G lossary

198-4. 224 pp. Softbound. ISBN 0 935584-26-9.
Price — Members: $41.25 in U.S. $44.25 outside

U.S.; Nonmembers: $45.5 ) in U.S.. $48.50
outside U.S.

Since 188 4
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To obtain book, send 
order and remittance 

to AOAC, t i l l  N. 19th 
Street, Suite 210-J, 

Arlington, VA 
22209 USA 

(US funds only)
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Power is knowledge.
W aters un veils  the e y e -o p e n in g  n e w  Pow erL ine'’ P h o to d io d e  
A rray System .
Experience the power of total spectral information. Your view of 
chromatography will never be the same again.

Waters PowerLine PDA gives you instant command of tech
nology's most advanced spectral analysis capabilities. Explore 
even the most subtle compositional details. Get real-time or post
run assessment of peak homogeneity. Compare chromatograms 
or spectra with a stored library to facilitate compound identifica
tion. Whatever you need to know about your sample, Waters 
PowerLine PDA gets you to the information with a couple of 
keystrokes.

In addition, the fully integrated Waters PowerLine system 
gives you single keyboard control and full documentation of all 
gradient, injection and detection parameters via its NEC® per
sonal computer.

Tap into Waters PowerLine, and see your sample in a whole 
new light. For more information, call (617) 478-2000. Ask for
Extension 2255 c i r c l e  13  O N  r e a d e r  s e r v i c e  c a r d

Waters
Division of MILLIPORE
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NEW PRODUCTS

Helium Shutoff Valve
Money can be saved with a solenoid- 
operated helium shutoff valve for he
lium sparging apparatus used with 
most liquid chromatography equip
ment. Aura Industries, Inc.
Circle No. 301 on reader service card.

Air Monitor for Fume Hoods
The Guardian is an air monitoring 
system designed to alert the operator 
to hazardously low air flow condi
tions in Labconco’s Protector labo
ratory hood. Labconco Corp.
Circle No. 302 on reader service card.

Low-Cost Chromatography 
Workstation/Integrator

WINner is the name given to a com
plete chromatography computer 
workstation with computing software 
and computing integrator. The pack
age includes the SP4290 computing 
integrator from Spectra-Physics, an 
Epson Equity 1+ personal computer 
(640K of RAM, 20 Mbyte hard drive, 
Epson monochrome m onitor and 
Hercules-compatible graphics), Spec- 
tra-Physics’ Labnet networking sys
tem, and software. Spectra-Physics 
Autolab Division.
Circle No. 303 on reader service card.

Liquid Chromatography System  
Optimized for M ass Spectrometry

The Waters 600MS solvent delivery 
module, a high-performance gradient 
pump with 4-solvent capability, has 
system software and fluidics to main
tain compositional accuracy and pre
cision for reproducible chromatog
raphy. The Waters 490MS absorbance 
detector is a programmable, multi
wavelength and multitasking UV/vis 
detector that provides high sensitiv
ity for quantitative and qualitative 
analysis. Waters Chromatography 
Division, Millipore Corp.
Circle No. 304 on reader service card.

Refrigerated Incubator
The Model UC260RI refrigerated in
cubator from Kelvinator Scientific has 
a temperature range from -15° to 
+ 50°C. The incubator has a 26 cu. ft 
capacity and 4 shelves, adjustable 
every Vi in., each of which holds about 
110 250cc bottles. Kelvinator Sci
entific.
Circle No. 305 on reader service card.

Channeled TLC Silica Gel Plates
Highly sensitive thin-layer chroma
tography (TLC) can be performed

with increased consistency, lane in
tegrity, and sample security with 
channeled TLC silica gel plates from 
EM Science. The plates limit the 
spreading of samples and ensure in
dependent separation of compounds. 
EM Science.
Circle No. 306 on reader service card.

Sulfur Selective Detector for Gas 
Chromatography

Sievers Research, Inc., has intro
duced the Model 300 sulfur chemi
luminescence detector (SCD) for gas 
chromatography. The SCD response 
is selective for aliphatic mercaptans, 
sulfides, disulfides, and other straight 
or branched-chain organosulfur com
pounds at the low ppb level; hetero
cyclic sulfur compounds are detected 
but at higher levels. Sievers Research, 
Inc.
Circle No. 307 on reader service card.

Personal Chromatographs for Protein 
Analysis

The System Gold Protein I from 
Beckman Instruments, Inc., is an is- 
ocratic chromatograph with an elec
tronic 4-way solvent selection valve 
for chromatographers to program step 
changes in solvent composition. It fa
cilitates fast affinity and size exclu
sion chromatography. Ion-exchange, 
hydrophobic interaction, and re
verse-phase chromatography are all 
possible on the System Gold Protein 
II configuration. Beckman Instru
ments, Inc.
Circle No. 308 on reader service card.

Column for Rapid DNA and RNA  
Separations

DNA and RNA are separated within 
1 h, with resolution comparable to 
that obtained by using gel electro
phoresis, with the Waters Ger.-Pak 
FAX column. Waters Chromatogra
phy Division, Millipore Corp.
Circle No. 309 on reader service card.

DNA Sequencing
A Du Pont instrument, the Genesis 
2000, provides an accurate, rapid 
method of DNA sequencing through 
fluorescent labelling automatically 
read by computer. The instrument is 
the latest in a series of Du Pont prod
ucts for genetic research, including the 
line of Coupler peptide synthesizers 
and the Coder 300 DNA synthesizer. 
Du Pont.
Circle No. 311 on reader service card.

Chromatography Workstation with 
Liquid Chromatograph System  
Control

An enhanced chromatography work
station, allowing single-keyboard 
control of liquid chromatography 
systems and having multitasking ca
pabilities, is being introduced by 
Waters. Waters Chromatography Di
vision, Millipore Corp.
Circle No. 310 on reader service card.

Portable Dissolved Oxygen Meter
Orion Research, Inc., has introduced 
a portable dissolved oxygen meter, 
the Model SL-9. The meter provides 
direct readout of both % saturation 
and ppm, with ranges of 0-200% and
0-199.9 ppm and accuracies of + 2% 
and + 0.2 ppm. Hand held and bat
tery operated, the SL-9 is a one-piece 
unit with no external wires, cables, or 
input connectors. Orion Research. 
Circle No. 312 on reader service card.

Fluorescence Detector for 
Chromatography

Intended as part of a modular liquid 
chromatography system, the SP8410 
fluorescence detector is suited for such 
analyses as OPA amino acids, afla- 
toxins, or polycyclic aromatic hydro
carbons. The SP8410 features split- 
beam, 90° optics, 30 /¿L high-purity 
fused silica sample cell, and both 10 
mV and 5 V outputs. Spectra-Physics 
Autolab Division.
Circle No. 313 on reader service card.

Refractive Index Detector for 
Chromatography

Gel permeation chromatography and 
carbohydrate analysis are facilitated 
by the small cell volumes and high 
sensitivity of a new refractive index 
detector from Spectra-Physics Au
tolab, the SP8430. Its optical energy- 
gathering principle permits reliability 
and repeatability for routine and high 
sensitivity liquid chromatography 
applications involving refractive in
dex detection. Spectra-Physics Au
tolab Division.
Circle No. 314 on reader service card.

Upgraded Purge and Trap Injector
Chrompack, Inc., offers enhanced 
concentration/injection capabilities 
in the ultra-low-temperature range, 
which substantially improve detec
tion of volatile matter, in a new ver
sion of its purge and trap injector
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Join an AO AC Regional Section 
or Start One in Your Area!

C u r r e n t  A O  A C  R e g i o n a l  Sections

Mid-Canada Regional Section
P r e s i d e n t :  W i l l  G r i e v e

W m .  W a r d  T e c h .  S e r v i c e  L a b  

7 4 5  L o g a n  A v e n u e  

W i n n i p e g  M B  R 3 E  3 L 5  
C A N A D A  

( 2 0 4 )  9 4 5 - 3 7 0 5

•  N e x t  M e e t i n g :  M a r c h  1 9 8 8

Midwest Regional Section
G e n e r a l  C h a i r m a n :  G e o r g e  R o t t i n g h a u s  

U n i v e r s i t y  o f  M O  C o l u m b i a  
V e t .  M e d i c a l  D i a g n o s t i c  L a b  

C o l u m b i a ,  M O  6 5 2 1 1  
( 3 1 4 )  8 8 2 - 6 8 1 1

•  N e x t  M e e t i n g :  J u n e  2 0 - 2 2 ,  1 9 8 8  
C o l u m b i a ,  M O

New York—New Jersey Regional Section
C h a i r m a n :  G e o r g e  B o o n e

F o o d  a n d  D r u g  A d m i n i s t r a t i o n

H F R - 2 6 0 0
8 5 0  T h i r d  A v e .
B r o o k l y n ,  N Y  1 1 2 3 2  

( 7 1 8 )  9 6 5 - 5 0 3 3

•  N e x t  M e e t i n g :  M a y  1 9 ,  1 9 8 8

F o r t  H a m i l t o n  O f f i c e r ’ s  C l u b  
B r o o k l y n ,  N Y

Pacific Northwest Regional Section
C h a i r m a n :  M i k e  W e h r

O r e g o n  D e p t ,  o f  A g r i c u l t u r e  

6 3 5  C a p i t o l  S t . ,  N E  
S a l e m ,  O R  9 7 3 1 9  

( 5 0 3 )  3 7 8 - 3 7 9 3

Southeast Regional Section
P r e s i d e n t :  F r a n k  A l l e n

E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  
R e g .  4  E S D  

C o l l e g e  S t a t i o n  R d .

A t h e n s ,  G A  3 0 6 1 3  
( 4 0 4 )  5 4 6 - 3 3 8 7

•  N e x t  M e e t i n g :  J u n e  2 3 - 2 4 ,  1 9 8 8  
O l y m p i a ,  W A

•  N e x t  M e e t i n g :  J u n e  7 ,  1 9 8 8

R a d i s s o n  I n n  &  

C o n f e r e n c e  C e n t e r  

A t l a n t a ,  G A

Northeast Regional Section
P r e s i d e n t :  G e o r g e  W i l l k e n s  

A g w a y ,  I n c .
7 7 7  W a r r e n  R o a d  
I t h a c a ,  N Y  1 4 8 5 0  

( 6 0 7 )  2 5 7 - 3 2 0 0

Eastern Ontario-Quebec Regional Section
C o n t a c t :  M i c h e l e  B o n o  

H P B

H e a l t h  a n d  W e l f a r e  
1 0 0 1  S t .  L a u r e n t  O  

L o n g u e u i l .  P O  J 4 K  1 C 7  
C A N A D A  
( 5 1 4 )  6 4 6 - 1 3 5 3

•  N e x t  M e e t i n g :  J u n e  1 9 8 8

•  N e x t  M e e t i n g :  J u n e  2 0 - 2 2 ,  1 9 8 8  

L o w e l l ,  M A

1 / 8 8

For information on starting a section, contact:
Marilyn J. Siddall, AOAC, 1111 N. 19th Street, Suite 210, Arlington, VA, 
22209, USA, Phone: (703) 522-3032
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N E W  P R O D U C T S

(PTI). Design modifications provide 
both purge-and-trap and dynamic 
head space in the same unit. In ad
dition to its liquid nitrogen cold trap, 
the new PTI permits cold trapping to 
temperatures as low as — 190°C. 
Chrompack, Inc.
Circle No. 315 on reader service card.

New Liquid Chromatography Pump
Switch-selectable constant flood/ 
contact pressure operation, pulsa
tion-free delivery, and compact de
sign characterize the new L-6000 
LiChroGraph liquid chromatogra
phy pump from EM Science. EM Sci
ence.
Circle No. 316 on reader service card.

High-Torque, High-Speed Stirrers
Three new stirrer models, No. 850, 
No. 1750, and No. 6000, are avail
able from Arrow Engineering. All are 
electronically controlled variable 
speed stirrers built to handle a range 
of viscosities. Arrow Engineering. 
Circle No. 317 on reader service card.

Gas-Solid, Open-Tubular Megabore
J&W Scientific recently introduced 
the GS-Q column, the company’s first 
gas-solid, open-tubular megabore 
column. This column is designed to 
analyze light hydrocarbons, Freons, 
esters, sulfides, ketones, and water up 
to 10 times faster than the conven
tional packed columns which it re
places. No cryogenic cooling is nec
essary. J&W Scientific.
Circle No. 318 on reader service card.

Liquid Chromatography Methods
Development Software

Optim 3 applications software pack
age is designed for automated liquid 
chromatography methods develop
ment. Using a logical and empirical 
approach, Optim 3 adjusts the con
ditions of analyses to result in the best 
chromatographic separation ar.d res
olution in the least amount of time. 
The program is resident on a plug-in 
chip for the Spectra-Physics SP4270 
computing integrator. Spectra-Phys
ics Autolab Division.
Circle No. 319 on reader service card.

Database for U . S. Federal Chemical
Regulations

A new online database, Suspect, that 
deals with U. S. federal regulations 
on chemicals is available through the 
Chemical Information System. Sus
pect permits users to find data about 
all regulations applying to a given 
chemical simply by entering its name 
or registry number. Alternatively, one 
can enter a regulatory code to find 
data about all substances covered by 
a given regulation. Chemical Infor
mation Systems.
Circle No. 320 on reader service card.

Structure-Building Software
With Concord structure-building 
software, the user enters a simple 
chemical line notation and within 
seconds, a high-quality, approximate
3-D structure is generated. Concord 
runs on any DEC Vax computer run
ning VMS. Evans & Sutherland Mo
lecular Science Group.
Circle No. 321 on reader service card.

THE 1 0 2 nd A O A C  AN N U AL 
INTERNATIONAL MEETING 

A N D  EXPOSITION
A T  T H E  B R E A K E R S , P A L M  B E A C H , F L O R I D A  

A U G U S T  2 9 - S E P T E M B E R  1, 1 9 8 8

Program Includes:
The Spotlight Symposium on BIOTECHNOLOGY - Chairman: D.M. Hinton

Symposia on:
Laboratory Information Management Systems (LIMS) - Chairmen: J.J. Karr and H. Morris 
Fertilizer Phosphate Evaluation and Analysis - Chairmen: F. Johnson and J.R. Trimm 
Drug Residues in Foods of Animal Origin - Chairmen: W.A. Moats and B. Shaikh 
Pesticides in Foods - Chairman: P. Corneliussen

O v e r  200 technical poster presentations
o n  to p ic s  s u c h  a s :  P e s t i c i d e s  F o r m u la t io n s  
a n d  D i s i n f e c t a n t s ;  F o o d s ;  R e s i d u e s ;  
M ic r o b io lo g y ;  F e e d s ,  F e r t i l i z e r s  a n d  
R e l a t e d  T o p ic s ;  D r u g s  a n d  R e l a t e d  T o p ic s ;  
H a z a r d o u s  S u b s t a n c e s  in  W a s t e  a n d  t h e  
E n v i r o n m e n t .

_  rcy g S Bi

T tm  ----------------- ffuy
IP A  L M B E A  C  H I

Open Forum
Regulatory Roundtable: Safety - 

The 1986-87 OSHA Regs
Laboratory Quality Assurance Short Course
Laboratory Equipment and Supplies 

Exposition
For fui'ther information, contact: Administrative Manager, AOAC, till N. 19th St., Ste. 210, Arlington, VA 22209. or call (703) 522-3032.
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K e e p  E s s e n t i a l  

A n a l y t i c a l  I n f o r m a t i o n  

A t  Y o u r  F i n g e r t i p s

□  Use o f  Statistics to  D eve lop  and 
Evaluate A n a ly tica l M ethods

By G.T. W ernim ont. Ed. by W. Spendley. 
1985. 199 pp. Index. Figures. Tables. 
Glossary. Softbound. ISBN 0-935584-31-5. 
Members: $47.55 in U.S., $50.55 outside U.S. 
N onm em bers: $52.50 in U.S., $55.50 
outside U.S.
A basic reference for evaluating collaborative 
studies and a natural extension to the 
S ta t i s t i c a l  M a n u a l  o f  th e  A  O A C.

□  S ta tis tica l M anual o f  the AOAC
By W.J. Y ouden an d  E.H. Steiner. 1975 
96  pp. S oftbound. Illustrations.
ISBN 0-935584-15-3.
Members: S I8.55 in U.S.. S 19.55 outside U.S. 
N onm em bers: $20.50 in U.S., S21.50 
outside U.S.
A do-it-yourself m anual for statistical analysis 
o f  interlaboratory collaborative tests.

□  FDA B ac te rio lo g ica l A n a ly tic a l M anual, 
6 th  Ed.

1984. 448 pp. Looseleaf. ISBN 0-935584-29-3. 
Members: $44.85 in U.S., $47.85 ou tside U.S. 
N onm em bers: $49.50 in U.S., $52.50 
outside U.S.
Provides regulatory an d  industry  laboratories 
w ith m ethods for detec tion  o f  m icro
organisms. Includes o n e  C la s s i f i c a t io n  o f  
V is ib le  C a n  D e fe c ts  poster, 24" x  36", in 
color, w ith photographs.

O R D E R  
T H E S E  A O A C  

P U B L IC A T IO N S  
T O D A Y !

□  C lass ifica tion  o f  V is ib le  Can 
D efects—p oste r/pam ph le t

1984. 2 - t" x 3 6 '' chart. In co lor with 
pho tographs. Minimum order, 1 package o f  
10 charts, $40.00 + $ 3 .0 0  postage; 2nd  
package o f  10, $ 3 0 .0 0 +  $3.00 postage; each 
additional package, $25.00 + S 3 .0 0  postage.

And take advantage of AOAC Membership Discounts too!

□  P rinc ip les  o f  Food A na lys is  fo r  
F ilth , D ecom position , and 
F ore ign  M a tte r— FDA Technica l 
B u lle tin  No. 1

1981. 286 pp. 2 n d  prin ting  1985. 
Illustrated, Softbound.
Members: $42.60 in U.S., $45.60 
outside U.S.
N onm em bers: $47.00 in U.S., $50.00 
outside U.S.
C om prehensive laboratory m anual/text 
o n  basic co ncep ts o f  food sanitation 
analysis.

□  K ey fo r  Id e n tif ic a tio n  o f  
M and ib les o f  S tored-Food 
Insects

1985. v i+  166 pages. Illustrated. 125 
photographs. S oftbound.
ISBN 0-935584-32-3.
Members: $42.00 in U.S., $43.50 
outside U.S.
N onm em bers: $46.50 in U.S., $48.00 
outside U.S.
Enables food sanitation analysts to 
identify species from  all m ajor sto red  
food insect pest groups.

To order, please n o te  quan tity  desired  in the box 
beside each title; then  com plete  an d  mail this page 
(o r  p h o to co p y  ) and  paym en t to:

AOAC
1111 N o rth  19th St., Suite 210-J 
A rlin g to n , V irg in ia  22209  USA

Total A m ount o f  O rder: $ _____________
U.S. F u n d s  O n ly

Please Print 
Send to:

Name

O rganization

Street Address

City

State (C ountry) Zip

VM___________________________________________
Member No- ( to  q u a l i f y  f o e  m e m b e r  p r ic e ,  i n 
c lu d e  M e m b e r  N u m b e r  w i t h  o r d e r .)

12A J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 198S)



FOR YOUR IN FO R M A T IO N
Meetings

F e b ru a r y  1 1 - 1 5 ,1 9 8 8 :  American As
sociation for the Advancement of Sci
ence, 154th national meeting, Sheraton 
Boston and Hynes Convention Center, 
Boston, MA. Contact: AAAS Meetings 
Office, 1333 H St, NW, Washington, 
DC 20005, telephone 202/326-6448.

A p r i l  1 0 -1 5 ,  1 9 8 8 : RIS 88 Sympo
sium, “Resonance Ionization Spectros
copy and Its Applications,” National 
Bureau of Standards, Gaithersburg, MD. 
Sponsored by the U. S. Department of 
Energy, University of Tennessee, Na
tional Bureau of Standards, Interna
tional Union of Pure and Applied Phys
ics, EG&G, and Battelle Northwest 
Laboratories. Contact: Thomas B. Lu- 
catorto, A243 Physics Building, Na
tional Bureau of Standards, Gaithers
burg, MD 20899, telephone 301/ 
975-3734.

A p r i l  2 6 - 2 8 ,  1 9 8 8 : AO AC Infant 
Formula Conference II, Radisson Fran
cis Marion Hotel, Charleston, SC. Con
tact: James Tanner, Food and Drug 
Administration, HFF-266, 200 C St, 
SW, Washington, DC 20204, telephone 
202/472-5364.

M a y  1 6 - 1 9 ,  1 9 8 8 : 9th International 
Symposium on Capillary Chromatog
raphy, Conference Center, Monterey, 
CA. Contact: P. Sandra, Research In
stitute for Chromatography, PO Box 91, 
B-8610 Wevelgem, Belgium.

M a y  1 7 - 2 0 ,  1 9 8 8 : 2nd Intensive 
Seminar on Analytical Biotechnology, 
Sheraton Inner Harbor Hotel, Balti
more, MD. Contact: Janet Cunning
ham, Barr Enterprises, PO Box 279, 
Walkersville, MD 21793, telephone 
301/898-3772.

M a y  19 , 1 9 8 8 : AOAC New York/ 
New Jersey Regional Section Meeting, 
Fort Hamilton Officers’ Club, Brook
lyn, NY. Contact: Arthur Waltking, Best 
Foods Research and Engineering Cen
ter, CPC International, Inc., 1120 Com
merce Ave, Union, NJ 07083, tele
phone 201/688-9000; Anthony Gross, 
Nabisco Brands Inc., 100 Deforest Ave, 
East Hanover, NJ 07936, telephone 201/ 
884-3404.

J u n e  2 0 - 2 2 ,  1 9 8 8 : AOAC Northeast 
Regional Section Meeting, Lowell Uni
versity, Lowell, MA. Contact: Edmond 
Baratta or James Fitzgerald, Food and 
Drug Administration, Winchester En
gineering and Analytical Center, 109 
Holton St, Winchester, MA 01890, tele
phone 617/729-5700.

J u n e  2 0 - 2 2 ,  1 9 8 8 : AOAC Midwest 
Regional Section Meeting, Holiday Inn

West, Columbia, MO. Contact: George 
Rottinghaus, University of Missouri, 
Columbia, Veterinary Medicine Diag
nostic Laboratory, Columbia, MO 
65211, telephone 314/882-6811.

J u n e  2 3 - 2 4 ,  1 9 8 8 : AOAC Pacific 
Northwest Regional Section Meeting, 
Evergreen College, Olympia, WA. Con
tact: H. Michael Wehr, Oregon De
partment of Agriculture, 635 Capitol St, 
NE, Salem, OR 97310, telephone 503/ 
378-3793.

J u n e  2 5 - 3 0 ,  1 9 8 8 : National Envi
ronmental Health Association, 52nd 
Annual Educational Conference, Cleve
land, OH. Contact: Mel Monkelis, Con
ference Program Coordinator, NEHA, 
720 S Colorado Blvd, Rm 970, South 
Tower, Denver, CO 80222, telephone 
303/756-9090.

J u n e  1 9 8 8 : AOAC Southeast Re
gional Section Meeting, location to be 
announced. Contact: Frank Allen, En
vironmental Protection Agency, Reg. 4 
ESD, Athens, GA 30613, telephone 404/
546-3387.

J u ly  1 9 - 2 2 ,  1 9 8 8 : Fine Particle So
ciety, 19th Annual Meeting and 1988 
Particulate/Powder Technology, Mi
crocontamination and Biotechnology 
Exhibition, Santa Clara Convention 
Center, Santa Clara, CA. Contact: Fine 
Particle Society, L-117 Keplinger Hall, 
University of Tulsa, Tulsa, OK.

J u ly  1 8 - 2 2 ,  1 9 8 8 : European Che- 
moreception Research Organization, 
Eighth International Biennial Congress, 
University of Warwick, Coventry, UK. 
Contact: S. Van Toller, Warwick Ol
faction Research Group, Department of 
Psychology, University of Warwick, 
Coventry CV4 7AL,UK, telephone UK 
0203 523613, telex 31406.

A u g u s t 2 3 - 2 6 ,1 9 8 8 :  7th Internation
al Symposium on Mass Spectrometry 
in Life Sciences, State University of 
Ghent, Belgium. Contact: A. De Leen- 
heer, Laboratoria voor Medische 
Biochemie en voor Klinische Analyse, 
Harelbekestraat 72, B-9000 Ghent, Bel
gium, telephone (091) 21-89-51, ext. 
324.

A u g u s t 2  9 - S e p te m b e r  1 , 1 9 8 8 : 132nd 
AOAC Annual International Meeting 
and Exposition, spotlight on “Biotech
nology,” The Breakers, Palm Beach, FL. 
Contact: Margaret Ridgell, AOAC, 1111 
N 19th St, Suite 210, Arlington, VA 
22209, telephone 703/522-3032.

S e p te m b e r  2 5 - 3 0 ,  1 9 8 8 : 17th Inter
national Symposium on Chromatogra
phy, Hofburg, Vienna, Austria. Contact: 
Gerhard Schomburg, Max-Planck-

Institut fur Kohlenforschung, PO Box 
10 1353, D-4330 Mulheim/Ruhr, FRG, 
telephone (0208) 30 64 30.

O c to b e r  2 - 7 ,  1 9 8 8 : A world congress 
on vegetable protein utilization in hu
man foods and animal feedstuffs, or
ganized by American Oil Chemists’ So
ciety and cosponsored by American 
Soybean Association, Westin Stam- 
ford/Plaza Hotel, Raffles City, Singa
pore. Contact: Meetings Manager, 
American Oil Chemists’ Society, PO 
Box 3489, Champaign, IL 61821, tele
phone 217/359-2344, telex, 493 8651 
AOCS UI, fax, 217/351-8091.

O c to b e r  3 - 7 ,  1 9 8 8 : Midwestern As
sociation of Forensic Scientists fall 
meeting, hosted by Minnesota Forensic 
Science Laboratory, Sheraton Park Place 
Hotel, Minneapolis, MN. Contact: 
Laura Nelson or Dan Bergman, BCA 
Forensic Science Laboratory, 1246 
University Ave, St. Paul, MN 55104, 
telephone 612/642-0700.

M a y  2 3 - 2 6 ,1 9 8 9 :  Illrd International 
Symposium on Quantitative Lumines
cence Spectrometry in Biomedical Sci
ences, State University of Ghent, Fac
ulty of Pharmaceutical Sciences, Ghent, 
Belgium. Contact: Willy R. G. Baeyens, 
State University of Ghent, Pharma
ceutical Institute, Laboratory of Phar
maceutical Chemistry and Drug Qual
ity Control, Harelbekestraat 72, B-9000 
Ghent, Belgium, telephone 091/21-89- 
51, ext. 254.

S e p te m b e r 2 5 - 2 8 , 1 9 8 9 : 103rdAOAC 
Annual International Meeting and Ex
position, The Clarion Hotel, St. Louis, 
MO. Contact: Margaret Ridgell, AOAC, 
1111 N 19th St, Suite 210, Arlington, 
VA 22209, telephone 703/522-3032.

A u g u s t 2 6 - 3 1 ,  1 9 9 0 : Euroanalysis 
VII, organized by Austrian Society for 
Microchemistry and Analytical Chem
istry, Vienna, Austria. Contact: Inter
convention, PO Box 80, A-l 107 Wien, 
Austria, telephone +43-222-2369-640, 
telex 11 18 03, telefax +43-222-2369- 
648.

S e p te m b e r  1 0 - 1 3 , 1 9 9 0 : 104th AOAC 
Annual International Meeting and Ex
position, The Clarion Hotel, New Or
leans, LA. Contact: Margaret Ridgell, 
AOAC, 1111 N 19th St, Suite 210, Ar
lington, VA 22209, telephone 703/522- 
3032.

1988 AOAC Short Courses
In addition to its popular quality as

surance short courses—2 day sessions 
that teach how to plan, design, and 
manage a laboratory quality assurance
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F O R  Y O U R  I N F O R M A T I O N

program—AO AC in 1988 will also offer 
a short course on field and laboratory 
sampling of food, drugs, and agricul
tural commodities. Details of the sam
pling course will be published at a later 
date. Dates and locations for the QA 
courses are: April 13-14 and July 12- 
13, Westpark Hotel, Arlington, VA, and 
August 27-28 at the Breakers Hotel, 
Palm Beach, FL. The sampling course 
will be taught November 30-December 
1, Westpark Hotel, Arlington, VA.
Cost for each course is $475 to AO AC 

members and $525 to nonmembers. In
terested parties should contact Marga
ret Ridgell, AO AC, 1111 N 19th St, 
Suite 210, Arlington, VA 22209.
Youden Award Nominations
AO AC was justly proud to have been 

the publisher of the 1987 winner of the 
W. J. Youden Award in Interlaboratory 
Testing, Use o f  Statistics to D evelop  a n d  
E v a lu a te  A n a ly tic a l M ethods, written 
by the late Grant T. Wemimont and 
edited by William Spendley.
The award’s sponsor, the American 

Statistical Association, has announced 
that the final date for receipt of nomi
nations for its 1988 W. J. Youden Award 
is March 1, 1988. The award, which

recognizes a publication that makes an 
outstanding contribution to the design 
or analysis of interlaboratory tests or 
that describes ingenious applications to 
the planning and evaluation of data from 
such tests, consists of $ 1000 and a suit
able citation. Eligible publications must 
have appeared in professionally refer
eed journals or monograph series in
1986-1987.
Nominations, along with 6 copies of 

the publication, should be sent to the 
chairperson of the award committee, 
Mary G. Natrella, 25 N Floyd St, Al
exandria, VA 22304.
Second AOAC Conference on Infant 
Formula
An AOAC scientific conference on the 

production, regulation, and analysis of 
infant formula will be held April 26- 
28, 1988, at the Radisson Francis Mar
ion Hotel in Charleston, SC.
Invited lectures and contributed pa

pers will focus on such topics as analysis 
of infant formula; accuracy, precision, 
and standards in analysis; regulatory 
concerns with respect to infant formula; 
medical aspects of infant formula; la
beling of infant formula; and quality as
surance.

For further information, contact: 
James Tanner, Food and Drug Admin
istration, HFF-266, 200 C St, SW, 
Washington, DC 20204, telephone 202/
472-5364.
Journal o f  the AOAC To Go On Line 
with STN International in 1988
The Board of Directors of AOAC has 

approved the recommendation of the 
Editorial Board to mount the full text 
(minus tables and figures) of the Jo u r n a l  
o f  the A O A C  on Chemical Journals On
line (CJO), a database available on the 
Scientific and Technical Information 
Network (STN International). STN, 
jointly operated by the American 
Chemical Society, Fachinformations- 
zentrum Energie, Physik, Mathematik 
GmbH, and Japan Association for In
ternational Chemical Information (see 
item following), is rapidly becoming the 
predominant chemical information da
tabase in the world.
STN International was established in 

1984 as a cooperative undertaking of 
the American Chemical Society, Co
lumbus, OH, and Fachinformation- 
szentrum Energie, Physik, Mathematik 
GmbH, Karlsruhe, FRG, to share re
sources and to provide convenient on-

IMPORTANT DEADLINE! 
NOTE IT O N  YOUR  
1988 C A LEN D A R .

For the 102nd A O A C  Annual International Meeting, Palm Beach, 
Florida, August29-September 1,1988.

A b stra c ts A p ril 20 ,1988

For more information, contact: Administrative Manager, AOAC,
1111 N. 19th Street, Suite 210, Arlington, VA 22209 or call 703-522-3032.
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Quality Assurance Means 
Never Having to Say You’re Sorry

Attend the
AOAC Q U A L IT Y  ASSU RAN CE SHORT CO URSE

T a k e  t h i s  i n t e n s i v e  c o m p r e h e n s i v e  t w o - d a y  c o u r s e  o n  planning, designing, and managing
a  l a b o r a t o r y  q u a l i t y  a s s u r a n c e  ( Q A )  p r o g r a m .

LEARN
•  H o w  to o rg a n iz e  a n d  d o c u m e n t  a  QA p ro g ra m

•  W h y  y o u  sh o u ld  c o m m it  the n e ce ssa ry  re sou rce s

•  W h a t  it w ill cost

COURSE PROGRAM
First Day
I QA — Planning and Management
II Basic Statistics — Applications in QA
III Analytical Control Charing
IV Personnel Management — Role in QA
V Equipment and Supplies Management
VI General Discussion and Review

Second  Day
VII QA in Sampling
VIII QA in Sample Analysis
IX Records and Reporting
X Proficiency Testing — Inter- and 

Intralaboratory
XI Audit Procedures for QA
XII General Discussion and Review

The popular QA manual. Q u a li ty  A s s u r a n c e  f o r  A n a ly tic a l  L a b o r a to r ie s , is provided FREE to attendees.
Registration Fee: $475 for AOAC members, $525 for nonmembers.
REGISTER NOW! COURSE IS LIMITED TO 45 PARTICIPANTS!

REGISTRATION FORM
Please sign me up for the short course
QA for Analytical Laboratories, □  April 13-14, 1988, Arlington, Virginia

□  July 12-13, 1988, Arlington, Virginia
□ August 27-28, 1988, Palm Beach, Florida

P le a s e  T ype o r  P r in t

NAME_________________________________ TITLE_____________________
ORGANIZATION____________________________________________________
ADDRESS________________________________________________________

COURSE SCHEDULE

Wednesday and Thursday, April 13-14, 1988 Westpark Hotel, Arlington, Virginia
Tuesday and Wednesday, July 12-13, 1988 Westpark Hotel, Arlington, Virginia
Saturday and Sunday, August 27-28, 1988 AOAC 102nd Annual International Meeting and Exposition The Breakers, Palm Beach, Florida

____________________________________ TELEPHONE (_____ )______________________
I am enclosing: □ $475 member registration (Member No. VM__________ ) □ $525 nonmember registration

Payment Must Accompany Registration

Return with payment to: AOAC QA Short Course, 1111 N. 19th Street, Suite 210-J, Arlington, Virginia 22209
(AOAC reserves the right to cancel courses at any time.)
For additional information, contact Margaret Ridgell at AOAC. (703) 522-3032.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988) 15A



F O R  Y O U R  I N F O R M A T I O N

line access in Europe and North Amer
ica to a wide range of national and 
international scientific and technical 
databases. Under the STN network ar
rangement, a particular database is 
loaded at one site, eliminating dupli
cation of file storage and updating costs. 
A searcher accesses the nearest host 
computer and is linked to whichever 
computer in the network stores the da
tabase to be searched. All computers in 
the network use “Messenger” software, 
developed for STN by Chemical Ab
stracts Service, so that databases at any 
location can be searched using the same 
commands.
Other journals so far mounted on 

CJO/STN include all the journals of 
ACS, the 5 polymer journals of John 
Wiley & Sons, and the 10 primary jour
nals of the Royal Society of Chemistry. 
Also to be added in 1988 is VCH’s A n- 
g ew a n d e  C hem ie.
It is hoped that the J o u rn a l o f  th e  

A O  A C will be on line by mid-1988, be
ginning with volume 70 (1987). Read
ers will be kept apprised of develop
ments as they occur over the next few 
months.

Japan Information Center o f  Science 
and Technology Goes On Line with 
STN International
Fulfilling plans announced earlier in 

1987, computers at the Japan Infor
mation Center of Science and Tech
nology (JICST) in Tokyo were linked 
on November 30 to computers at 
Chemical Abstracts Service in Colum
bus, OH, and at Fachinformationszen- 
trum Energie, Physik, Mathematik in 
Karlsruhe, FRG. JICST is the central 
organization for scientific and technical 
information in Japan. STN users in 
North America and Europe can access 
the JICST-E file, JICST’s comprehen
sive English-language database on Jap
anese science, technology, and medi
cine.
The JICST-E file, updated monthly 

from 4500 Japanese journals and seri
als, contains citations and abstracts for 
more than 400 000 Japanese publica
tions on chemistry, engineering, phar
macology, and the life and medical sci
ences from 1985 to date.
STN International currently pro

vides access to more than 45 databases 
in chemistry, physics, mathematics, and

engineering through the Columbus, 
Karlsruhe, and Tokyo service centers.

STN Tutorials Available
Four new STN International Tuto

rials are available. Of particular interest 
to J o u rn a l o f  th e  A O  A C readers, in view 
of AOAC’s decision to mount the J o u r
n a l on line, is “STN Mentor: Introduc
tion to Chemical Journals Online.” The 
tutorial describes the chemical Journals 
Online family of files on STN and il
lustrates how material such as experi
mental data can be located in and re
trieved from these files. As an adjunct, 
“STN Mentor: Spotlight on Authors I” 
is an introduction to author searching 
in all STN files that contain author in
formation. It teaches how STN’s Mes
senger software can be used to the great
est advantage in cross-file searching for 
documents by a specific author.
STN Mentor tutorials cost $19.50 

each. For more information, call Chem
ical Abstracts Service customer service, 
800/848-6538, or write STN-Colum- 
bus, % Chemical Abstracts Service, PO 
Box 02228, Columbus, OH 43202.

C O M I N G  IN T H E  N E X T  I S S U E
FOCUS O N  SAMPLING_____________________________________

• Sampling and Preparation of Sample for Chemical Examination— W . H o r w i t z

• Statistical Sampling Approaches— /. A . S p r in g e r  a n d  F . D . M c C lu r e

ANTIBIOTICS
• In vitro Analytical System for Determining the Ability of Antibiotics at Residue Levels to Select 
for Resistance in Bacteria— M . S . B r a d y , R .  J . S tr o b e l ,  a n d  S . E . K a t z

• Method to Determine Effect of Residue Levels of Antibiotics on R-factor Transfer— M . S . B r a d y  
a n d  S . E . K a t z

PLANTS
• Gas Chromatographic Determination of the Monosaccharide Composition of Plant Cell Wall 
Preparations— /’. /. H a r r is ,  A . B . B la k e n e y ,  R . J . H e n r y ,  a n d  B . A . S to n e
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F O R  Y O U R  I N F O R M A T I O N

New Standard Reference Material 
from NBS

A new standard reference material 
(SRM) from the National Bureau of 
Standards (NBS) was developed pri
marily for use in calibrating the chro
matographic instruments used to mea
sure nitrated polycyclic hydrocarbons 
(N-PAHs). Besides functioning as a cal
ibration tool, the new SRM also can be 
used to spike laboratory samples with 
known amounts of N-PAHs for re
search purposes. The new material, 
called Dinitropyrene Isomers and 1-Ni- 
tropyrene in Methylene Chloride (SRM 
1596), is packaged in a kit containing 5 
vials of the certified solution and is sold 
for $281 by the Office of Standard Ref
erence Materials, National Bureau of 
Standards, B311 Chemistry Building, 
Gaithersburg, MD, telephone 301/975- 
6776.
Accuracy in Drug Testing Possible
Proper operating procedures are the 

key to accurate testing for drugs of abuse, 
according to a recent article in C lin ic a l 
C hem istry  (1987, 33, 1683-1686). In 
“Status of Drugs-of-Abuse Testing in 
Urine: An AACC Study” by C. S. Frings,
R. M. White, and D. J. Battaglia, the 
authors demonstrate that testing accu
racy of nearly 100% is an achievable 
goal and that clients should realistically 
expect reliable, accurate service from a 
contract laboratory if it is staffed with 
certified professionals using appropri
ate quality assurance techniques.
Reprints of the article can be ob

tained from Christopher S. Frings, 633 
Winwood Dr, Birmingham, AL 35226.
Two New Journals Announced
Premiere issues of 2 new journals will 

appear in January 1988: C h e m ic a l R e 
search in T oxicology, published by the 
American Chemical Society, and Ja p a n  
Technology, published by University 
Microfilms International.

C h em ica l R esea rch  in  Toxicology’, a 
bimonthly journal edited by Lawrence 
J. Mamett, Wayne State University, will 
cover, among other areas, (1) structure 
elucidation of novel toxic agents, (2) 
chemical and physical studies on chem
ical agents that provide insight into their 
mode or mechanism of action, (3) ex
perimental and theoretical investiga
tions of the interaction of toxic chem
icals with biological macromolecules 
and other biological targets. It will im
pose rigorous standards for character

ization of compounds and the descrip
tion of methods used. Toxic effects will 
be broadly defined to include toxicity, 
mutagenicity, carcinogenicity, terato
genicity, neurotoxicity, immunotoxici- 
ty, and other related areas.
To order, write American Chemical 

Society, Marketing Communications 
Department, 1155 Sixteenth St, NW, 
Washington, DC 20036.

Ja p a n  T echn o lo gy  is actually a series 
of 10 specialized editions, each of which 
will contain 400-500 new article sum
maries per month of the latest business 
and technical developments in Japan. 
The 10 editions will include: Biosci
ences, Business, Chemistry, Com
puters, Electronics, Energy, Manufac
turing, Materials, Telecommunications, 
and Transportation. For more infor
mation, call toll free 800/521-0600; 
Michigan and Alaska call collect 313/ 
761-4700; Canada call 800/343-5299; 
or write Linda Stott, University Micro
films International, 300 N Zeeb Rd, Ann 
Arbor, MI 48106.
ISO Technical Report A vailable

The following technical report has 
been published by the International Or
ganization for Standardization, Tech
nical Committee 134—Fertilizers and 
Soil Conditioners. The report and price 
information are available from Amer
ican National Standards Institute, Inc., 
1430 Broadway, New York, NY 10018, 
telephone 212/354-3300.
ISO/TC 7553: Fertilizers—Sampling- 
Minimum mass of increment to be 
taken to be representative of the total 
sampling unit.

New Members
AOAC’s newest government sup

porting agency is: Massachusetts De
partment of Food and Agriculture, Bos
ton, MA.
New sustaining members include: 

American Crystal Sugar Co., Moor
head, MN; California Almond Growers 
Exchange, Sacramento, CA; Kemira 
OY, Helsinki, Finland.
AACC Holds Annual Meeting in 
Nashville
Opryland Hotel, Nashville, TN, was 

the site of the 72nd Annual Meeting of 
the American Association of Cereal 
Chemists, November 1-5, 1987.
Named Fellows were: Robert R. 

Matsuo, Canadian Grain Commission; 
Joseph G. Ponte, Jr, Kansas State Uni

versity; and Gerald Reed, Universal 
Foods Corp. The William F. Geddes 
Memorial Award went to James W. 
Doty, Doty Laboratories. Incoming of
ficers of AACC are: Lamartine F. Hood, 
Pennsylvania State University, presi
dent; Bruce R. Stillings, Nabisco Brands, 
Inc., secretary; and Paul A. Seib, Kan
sas State University, and Mary K. Stie- 
demann, General Mills, Inc., directors.
Honors outside AO AC
The Takeru Higuchi Research Prize, 

awarded by the American Pharmaceu
tical Association to recognize outstand
ing contributions to pharmaceutical re
search, was awarded to William I. 
Higuchi, University of Utah, at the 
opening session of the joint Japan- 
United States Congress of Pharmaceu
tical Sciences, December 2, 1987, in 
Honolulu, HI. Higuchi, brother of the 
man for whom the prize is named, re
ceived a bronze medal and a stipend of 
$10 000.
Interim Methods
The following methods have been ap

proved interim official first action by 
the respective methods committees and 
by the Chairman of the Official Meth
ods Board and will be submitted for 
adoption official first action at the 102nd 
AOAC Annual International Meeting, 
Aug. 29-Sept. 1, 1988, at Palm Beach, 
FL: by the Methods Committee on 
Foods I—(7) Modification of AOAC 
Infrared Spectroscopic Method for Fat, 
Lactose, Protein, and Solids in Milk, 
submitted by D. A. Biggs (Guelph, On
tario, Canada) and (2) Modification of 
AOAC Babcock Method for Fat in Milk 
and Modified Mojonnier Ether Extrac
tion Method for Fat in Milk, submitted 
by D. M. Barbano and J. L. Clark (Cor
nell University, Dept of Food Science, 
Ithaca, NY) and C. E. Dunham (Texas 
Milk Market, Carrollton TX; by the 
Methods Committee on Microbiology—(7) MICRO-ID System for Iden
tification of S a lm o n ella , E sch erich ia  
coli, and Other Enterobacteriaceae in 
Foods, submitted by S. L. Keelan and
R. S. Flowers (Silliker Laboratories, 
Chicago Heights, IL) and B.J. Robison 
(Organon Teknika Corp., Durham, NC) 
and (2) Visual Immunoassay for De
tection of S a lm o n e lla  in Foods, sub
mitted by R. S. Flowers, M. J. Klatt, 
and S. L. Keelan (Silliker Laboratories, 
Chicago Heights, IL).
Copies of the methods are available 

from the AOAC office.
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T h e  J O U R N A L  O F  T H E  A S S O C I A T I O N  O F  
O F F I C I A L  A N A L Y T I C A L  C H E M I S T S
EDITORIAL PROFILE

The Journal o f the A O A C is the official bimonthly journal 
of the Association of Official Analytical Chemists 
(AOAC). Published for analytical scientists who develop 
and use analytical methodology, it is used by its sub
scribers in their day-to-day work in the fields of food 
composition and contamination, feeds, pharmaceuticals, 
cosmetics, agricultural and household chemicals, water 
analysis, and environmental control. Users include 
analytical chemists, biologists, microbiologists, bio
chemists, toxicologists, spectroscopists, statisticians, 
forensic and other scientists in laboratory, administra
tive, and top management positions in industry, govern-

ment, and universities in the United States and more 
than 90 other countries.
The Journal o f  th e  A O A C is a principal forum for ex

change of information among methods researchers in 
the regulatory agencies and regulated industries.
The Journal o f th e  A O A C has an average paid circula

tion of about 4,000 subscribers and a referenced reader- 
ship of more than 25,000 purchasers and specifiers of 
laboratory equipment and supplies, testing apparatus, 
instrumentation, and related products and services. 
Subscribers order the Journal because it is profession
ally necessary to do so.

ADVERTISING RATESRate Card No. 14, Effective January 1988
ADVERTISING UNITS AND RATES
Size 1X 3X 6X
Full Page
non-bleed, 7 x 10" 
bleed, 8V2 x 11V4"

$750 $700 $625

% Page 41/z x 10" $600 $560 $520
1/i> Page 
7 x 5"

$500 $465 $420
V3 Page $400 $375 $335

2V4 x 10"
Color and Position Rates 

are in addition to black and white space rates
2-Color Standard $300
2-Color Matched $400
4-Color Process $575
Covers— 2nd, 3rd, 4th; Full Page Only $150
Bleed No Charge
EARNED RATES, REBATES, AND SHORT RATES
Based on accumulated space used during 12-month periods 
from date of first insertion. Where earned rates and billed rates 
differ, advertisers will be rebated or short-rated, as applicable.

ISSUANCE AND CLOSING DATES
Journal of the AOAC is issued on the 15th of January, March, 
May, July, September, and November. Closing date for re
ceipt of insertion orders, copy, negatives, and camera- 
ready material is the first of the month preceding month of 
issue.

CONDITIONS
Advertisers and advertising agencies assume full liability for all 
advertising content and assume full responsibility for any 
claims arising therefrom. All orders and instructions mLst be 
confirmed in writing. Publisher assumes no responsibility for 
printing errors or omissions.

The publisher shall not be bound by any condition other than 
those set forth in this ad or other advertising materials.

All advertising copy is subject to prior approval by the Edi
torial Board of the Journal of the AOAC.

AGENCY COMMISSION
15% to recognized agencies provided account is paid within 30 
days of invoice date. No cash discount.

TERMS OF PAYMENT AND CANCELLATIONS
Payment is due within 30 days of invoice date. Space canceled 
after closing date will be billed to advertiser.

When copy changes are not received by deadline, publisher 
reserves right to repeat last previous copy, billing advertiser for 
space used.

MECHANICAL SPECIFICATIONS AND REQUIREMENTS
1. Trim size: 8V4 x 11”
2. Screens not to exceed 133 lines
3. The following reproduction materials are acceptable.

Order of preference (all right reading):
a. Film negatives—emulsion down
b. Positive prints or mechanicals
c. Scotch prints

Other reproduction material can be converted and ad
vertiser rebilled at publisher’s cost.

4. The cost of repairing furnished ad materials will be charged 
to the advertiser.

INSERTION AND SHIPPING INSTRUCTIONS
Please send all advertising materials, contracts, and 
insertion orders to:
Marketing Manager, AOAC 
1111 North 19th Street, Suite 210 
Arlington, Virginia 22209 
(703) 522-3032
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I HANKS TO REVIEWERS OF JOURNAL M ANUSCR IPTS

Each year at this time, we take the opportunity to convey our gratitude to the hundreds of individuals who voluntarily set 
aside valuable time to assist the J o u rn a l o f  th e  A O  A C  by reviewing submitted manuscripts. The reputation of a scientific 
journal rests on the quality of the science reported therein. Those of you listed below have helped immeasurably to assure 
the reputation of the J o u rn a l o f  th e  A O  A C by insisting on high standards of experimental design, method execution, and 
data interpretation. Please accept our thanks for your contribution to fulfilling AOAC’s mission.
M. Abou-Doni W. L. Budde R. G. Elkin D. C. Havery
R. G. Ackman B. Buglio E. R. Elkins D. L. Heikes
J. D. Adams V. W. Burse W. Ellefson L. Henderson
J. L. Ahlrichs R. J. Bushway H. N. Englyst R. Henderson
M. H. Akhtar T. Cairns R. M. Eppley C. J. Henry
T. G. Alleman M. Cardone D. R. Emey J. F. Hewetson
H. E. Allen A. S. Carman, Jr R. Everson J. Hildebrandt
R. J. Allen P. W. Carpe T. Fazio A. R. C. Hill
F. Amore L. J. Carson L. M. Ferrara D. Hill
F. B. Andrews R. A. Case W. Fiddler K. R. Hill
W. H. Andrews C. E. Cemiglia D. H. Fine T. Hirayama
A. W. Archer A. J. Cessna P. Fischer C. A. Hitchcock
T. E. Archer R. K. Chadha J. Fleitman R. A. Hites
J. J. Arey L. Chafetz M. T. Flood A. Hobson-Frohock
C. J. Argoudelis L. Chandler D. M. Floyd W. Holak
R. E. Ashley A. S. Y. Chau A. K. Foltz D. Holst
S. H. Ashoor H. Y. Cheng S. Forbes W. Horwitz
R. B. Ashworth L. Chesnut B. Foster D. P. H. Hsieh
J. Augustin T. C. H. Chiang L. J. Frahm S. J. Huber
W. J. Bachman M. Chiba O. J. Francis, Jr J. Huckins
J. Baretincic H. B. Chin L. R. Frank F. E. Huffman
S. Barkan B. Chong D. Friedman S. Hurlbert
S. A. Barnett F. S. Chu L. Friedman W. J. Hurst
F. E. Barton, II C. C. Clark S. A. Furfari H. L. Hutchinson
N. Beaulieu D. Cochran T. P. Gaines O. Hutzinger
W. F. Beckert E. Conkerton F. M. Garfield S. M. Hwang
R. Beine R. Cooke W. A. Garland M. Ihnat
J. M. Bell E. D. Coppola F. C. Gamer M. Ikawa
A. Beloian P. Cotty E. H. Gendloff L. L. Ingram, Jr
G. A. Bennett N. A. Cox G. M. Gentry R. A. Isaac
D. Berkowitz A. A. Crimes E. George F. J. Joe, Jr
R. Bemetti D. G. Cunningham G. M. George F. J. Johnson
E. B. Beyer M. E. Cutrufelli S. G. Gilbert M.K. Johnson
D. Bhatnager M. Czech J. E. Gilchrist P. Jung
J. Bier J. Y. D’Aoust T. J. Gilfoil D. G. Jurgens
L. Bighley R. W. Dabeka D. M. Gilvydis H. Kadin
R. Bignoria D. Daniels D. E. Glotfelty R. A. Kahrs
S. M. Billedeau, Jr G. M. Dare M. A. Godshall L. Kakritz
J. Blaha R. A. Davis W. Goff H. Kamimura
P. D. Bland E. W. Day, Jr R. Gomez L. Kamm
J. A. Boatman P. R. W. Decamp N. Gonella P. F. Kane
F. E. Boland W. H. DeCamp L. Gonzales F. W. Karasak
G. S. F. Bories P. W. Defibaugh J. T. Goras S. E. Katz
F. Boyd A. V. Del Grasso R. Graves J. Keating
K. Boyer A. J. DeLucca J. T. Gray M. O. Keith
M. J. Bradley R. DePalma E. S. Green C. A. Kelly
R. L. Bradley A. Desai J. F. Gregory, III P. C. Kelly
D. E. Bradway M. J. Deutsch P. C. GrindstafF M. Kentula
H. E. Braun J. M. Devine R. B. Grorud S. Kevra
A. R. Brause J. W. DeVries A. F. Gross D. King
C. V. Breder U. L. Diener A. Guardigli A. Kitka
U. A. T. Brinkman G. P. Dimenna P. E. Guire D. H. Kleyn
M. H. Brodsky G. V. Downing E. L. Gunderson T. C. Knott
J. M. Broge J. Drozd P. Handy W. F. Korfmacher
M. A. Brooks D. G. Dube A. R. Hanks J. Kovar
R. S. Browning J. M. Dunham G. M. Hanna P. Koyer
W. C. Brumley J. V. Edwards E. E. Hargesheimer R. T. Krause
C. Brunner K. C. Ehrlich M. L. Hasselberger W. R. Kreiser
R. A. Buckley S. J. Eitelman W. S. Hatcher T. Krishnamurthy
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W. Kroenert F. Moberg L. D. Rollins R. D. Stubblefield
D. Krueger R. Mongeau T. R. Römer T. E. Surgeon
I. Krull R. M. Montgomery J. D. Rosen M. Suzuki
S. S. Kuan C. Morris I. Rosenthal S. P. Swanson
J. Kumpulainen N. Morris L. F. Ross A. Syty
G. A. Lancette H. A. Moye M. A. Rouselle D. Szeto
W. 0. Landen G. V. Mulberry W. W. Rowe S. Y. Szeto
W. Langhom J. Muniz R. A. Rude J. K. Taylor
D. L. Lattin R. J. Muzeni L. Ruzo FI. Terada
P. Y. Lau G. R. Myrdal K. S. Rymal M. C. Thomas
R. J. Laub T. Nagata S. H. Safe J. N. Thompson
J. E. Launer P. R. Naidu T. H. Sanders D. Y. Tobias
H. Laurencot A. Nakamura L. A. Sanna J. H. Tomlinson
M. W. Law R. S. Narang G. Sarwar C. Town
I. Laws R. G. Nash L. D. Sawyer L. R. Treiber
E. J. Lazear E. Neidert R. Scharfe M. W. Trucksess
G. L. LeBel J. N. Neucere R. D. Schmitt R. J. Tscheme
J. A. Lebo G. Neville D. V. Schumacher T. Tsuda
H.-B. Lee W. H. Newsome D. P. Schwartz R. W. Twedt
J. Lepore J. M. Newton W. L. Schwemer T. A. Tyler
J. H. Lesser E. C. Nicolas P. M. Scott L. Valenti
C. P. Levi R. A. Niemann R. Scroggs A. C. Valkenburg
E. F. Lewis W. P. Norred K. A. Scudamore P. Van Soest
E. L. Lewis R. J. Norstrom J. N. Seiber C. Vandercook
D. J. Liberato M. O’Keefe R. Sensmaier J. Vercelloti
M. Lichtman D. O’Neill D. C. Serti R. F. Vesonder
F. Lipari J. O’Rangers J. K. Sharp A. Vilim
E. M. Lores 0. E. Olson M. J. Shearer F. R. Visser
E. G. Lovering Y. Onji E. Sheinin A. E. Waltking
R. G. Luchtefeld M. B. Othen J. S. Shenk G. M. Ware
B. Luke C. S. Ough E. Shepherd C. R. Warner
M. A. Luke L. A. Pachla A. J. Sheppard R. R. Watts
I. D. Lumley J. M. Padmore M. Sher Ali K. Weaver
R. C. Lundstrom B. D. Page W. Shimoda J. D. Weber
T. M. Lupina S. W. Page W. F. Shipe C. E. Weeks
J. A. Maga C. E. Parker 0. L. Shotwell H. M. Wehr
R. P. Mageau M. D. Parkins D. H. Sieh E. W. Weiler
S. E. Manahan 0. W. Parks J. Simal Lozano I. Weinert
R. Margolis P. Patel A. Sinclair H. Weingarten
A. P. Marin K. Pavel S. C. Slahck G. Weiss
H. Marks M. A. Pellizzari R. V. Slates L. Werner
E. M. Marth L. J. Pennington R. Sloane J. R. Wessel
G. E. Martin E. S. Perry H. T. Slover L. G. West
R. A. Martin, Jr J. J. Pestka R. L. Smallidge N. D. Westcott
J. B. Martinelli H. Peters C. J. Smith W. B. Wheeler
R. C. Massey E. A. Peterson E. Smith R. T. White, Jr
J. J. Maxstadt W. M. Plank T. K. Smith J. Wichmann
E. Mazzola R. D. Plattner H. Sokoloff D. T. Williams
K. A. McCully M. C. Poirier G. W. Sovocool P. C. Williams
L. A. McCully L. Prosky T. L. Spencer T. D. Wilson
A. M. McCurdy R. Puchyr J. R. Spilmann, Jr T. O. Wilson
A. R. McCurdy B. Puma T. D. Spittler T. V. Wilson
J. A. McDonnell F. W. Quackenbush P. Spoorns W. R. Windham
E. J. McGonigle M. Rabinowitz T. E. Spurgeon P. V. Winger
D. I. McGregor J. Rader M. E. Stack D. F. Wood
J. D. McGuiness H. Ragheb G. Stahl B. B. Woodward
K. McKenney D. M. Rains H. M. Stahr B. L. WorobeyJ. D. McKinney A. G. Ramsland D. L. Stalling D. Wright, JrB. McMahon K. J. Rashmawi H. J. Stan W. Y. Ya
W. McSharry G. H. Reazin B. Stavric C. Yaciw
J. R. Melton D. Reed J. L. Stevens G. C. YangC. E. Mendoza K. Reimann T. S. Stevens S. L. YangA. Menyharth P. R. Rexroad J. D. Stodola C. G. ZarkadasJ. J. Miescier L. Rhodig L. Stoloff M. L. Zimmerman
R. M. Milberg J. Roach R. W. Stringham G. ZweigD. Miller G. Robertson M. Strosny
R. S. Mills F. A. Robey W. B. Stroube, Jr
C. J. Mirocha L. Rodamaker W. H. Stroup
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INSTRUCTIONS TO AUTHORS

Scope of Articles and Review Process
The J o u r n a l  o f  th e  A O A C  publishes articles 
that present, within the fields of interest of 
the Association: unpublished original re
search; new methods; further studies of pre
viously published methods; background work 
leading to development of methods; com
pilations of authentic data of composition; 
monitoring data on pesticide, metal, and in
dustrial chemical contaminants in food, tis
sues, and the environment; technical com
munications, cautionary notes, and 
comments on techniques, apparatus, and re
agents; invited reviews and features. Em
phasis is on research and development of 
precise, accurate, sensitive methods for anal
ysis of foods, food additives, supplements 
and contaminants, cosmetics, drugs, toxins, 
hazardous substances, pesticides, feeds, fer
tilizers, and the environment. The usual re
view process is as follows: (/) AOAC edi
torial office transmits each submitted paper 
to appropriate subject matter editor, who so
licits peer reviews; (2) editor returns paper 
to author for revision in response to review
ers’ comments; editor accepts or rejects re
vision and returns paper to AOAC editorial 
office; (3 )  AOAC editorial staff edits accept
ed papers, returns them to authors for ap
proval, and transmits approved manuscripts 
to typesetter; (4 ) typesetter sends page proofs 
to author for final approval.

General Information
Contributed manuscripts accepted for pub
lication after peer review are subject to a 
charge of US$40 per printed page. Payment 
is not a condition of publication, however, 
and waivers are granted on receipt of a writ
ten request to the Managing Editor by an 
administrative officer of the author's insti
tution.

Follow these instructions closely; doing so 
will save time and revision. For all questions 
of format and style not addressed in these 
instructions, consult recent issue of J o u r n a l  
or current edition of C o u n c i l  o f  B i o lo g y  E d 
ito rs  S t y le  M a n u a l.

1. Write in clear, grammatical English.
2. To Managing Editor, AOAC, 1111 N 19th 

St, Suite 210, Arlington, VA 22209, sub
mit typewritten original plus 3 photocop
ies (1 side only, white bond, W i x 11 in. 
[21 >/2 x 28 cm]) of complete manuscript 
in order as follows— 1. Title page; 2. Ab
stract; 3. Text (introduction, method or 
experimental, results and/or discussion, 
acknowledgments, references); 4. Figure 
captions; 5. Footnotes; 6. Tables with 
captions, one per page; 7. Figures.

3. Suggest in a covering letter the names of 
at least 4 qualified reviewers, i.e., indi
viduals engaged in or versed in research 
of the type reported.

4. DOUBLE SPACE all typed material.
Manuscripts not double spaced will be 
returned for retyping. Do not right justify 
or use proportional spacing; avoid hy
phenation.

5. Use letter quality printer for word-pro
cessed manuscripts; manuscripts pre

pared on dot matrix printers of less than let
ter quality may be refused.
Format and Style
1. Title page (separate sheet, double spaced): 

Title of article, authors’ names (full first, 
middle initial if any, full last), authors’ 
addresses including mail codes.

2. Abstract (separate sheet, double spaced): 
<200 words. Provide specific informa
tion, not generalized statements.

3. Text (consecutive sheets, double spaced):
In t r o d u c t io n . Include information on 

why work was done, previous work done, 
use of compound or process being stud
ied.

M e t h o d  o r  E x p e r im e n t a l . Consult re
cent issue of J o u r n a l  for proper format. 
Separate special reagents/apparatus from 
details of procedure and list in sections 
with appropriate headings; list in generic 
and performance terms, avoid use of 
brand names. (Common reagents/appa
ratus or those which require no special 
treatment need not be listed separately.) 
Place detailed operations in separate sec
tions with appropriate headings (e.g., 
Preparation of Sample, Extraction and 
Cleanup). Include necessary calculations; 
number of significant figures must reflect 
accuracy of method. Use metric units for 
measurements of quantities wherever 
possible. Write M e t h o d  (recommenda
tion for use of specific method) in im
perative voice (“Add 10 mL . . . Heat to 
boiling . . . Wash flasks”); write E x p e r i 
m e n t a l (description of laboratory exper
iment) in passive or active voice (“Ten 
mL was added . . . We heated to boiling 
. . . Flasks were washed”). Note hazard
ous and/or carcinogenic chemicals.

R e s u lt s / D is c u s s io n . Cite tables and fig
ures consecutively in text with Arabic nu
merals. D o  n o t intersperse tables and fig
ures in text.

A c k n o w le d g m e n ts . Give brief thanks 
(no social or academic titles) or acknowl
edge financial aid in this section.

R e fe r e n c e s . Submitted papers or un
published oral presentations may not be 
listed as references; cite them in text as 
unpublished data or personal communi
cations. Cite all references to previously 
published papers or papers in press in 
numerical order in text with number in 
parentheses on line (n o t  superscript). List 
references numerically in “References” in 
e x a c t ly  (arrangement, punctuation, cap
italization, use of ampersand, etc.) styles 
of examples shown below or see recent 
issue of J o u r n a l  for less often used types 
of entries. Follow C h e m ic a l  A b s tr a c ts  for 
abbreviations of journal titles.
Jo u r n a l  A r t ic l e  R e f e r e n c e

(1) Engstrom, G. W., Richard, J. L., & 
Cysewski, S. J. (1977) J .  A g r ic . F o o d  
C h e m . 25, 833-836

B o o k  C h a p t e r  R e f e r e n c e

(2) Hum, B. A. L., & Chantler, S. M.
(1980) in M e t h o d s  in  E n z y m o lo g y ,  
Vol. 70, H. VanVunakis & J. J. Lan- 
gone (Eds), Academic Press, New 
York, NY, pp. 104-142

B o o k  R e f e r e n c e

(3) Siegel, S. (1956) N o n p a r a m e t r ic  S t a 
t is t ic s  f o r  t h e  B e h a v i o r a l  S c ie n c e s , 
McGraw-Hill Book Co., New York, 
NY

O f f ic ia l  M e t h o d s  Re f e r e n c e

(4) O ffic ia l  M e t h o d s  o f  A n a ly s is  (1984) 
14th Ed., AOAC, Arlington, VA, secs 
29.070-29.072

4. Figure captions (separate sheet(s), double 
spaced): Designate all illustrations, in
cluding schemes, as figures and include 
caption for every one. Identify curves (See 
Figures) and include all supplementary 
information in caption rather than on face 
of figure. Spell out word Figure.

5. Footnotes (separate sheet, double spaced): 
Avoid use of footnotes to text. Include 
“Received . . . Accepted . . .” line; loca- 
tion/date of presentation, if appropriate; 
present address(es) of author(s); identifi
cation of corresponding author, if not se
nior author; proprietary disclaimers; in
stitution journal series numbers.

6. Tables (one per page, double spaced): Re
fer to recent issue of J o u r n a l  for proper 
layout and style, especially use of hori
zontal lines. Do not draw in vertical lines. 
Include descriptive title sufficient that ta
ble stands alone without reference to text. 
Provide heading for e v e r y  vertical col
umn. Abbreviate freely; if necessary, ex
plain in footnotes. Indicate footnotes by 
lower case superscript letters in alpha
betical order. Do not use one-column ta
bles; rather, incorporate data in text.

7. Figures: The J o u r n a l  does not publish 
straight line calibration curves; state such 
information in text. Do not duplicate data 
in tables and figures. Submit original 
drawings or black/white glossy photo
graphs with original manuscript; photo
copies are acceptable only for review. 
Prepare drawings with black India ink or 
with drafting tape on white tracing or 
graph paper printed with nonreproduc- 
ible green ink. Use a Leroy lettering set, 
press-on lettering, or similar device; use 
type at least 2 mm high to allow reduction 
to page or column size. Identify ordinate 
and abscissa and give value in J o u r n a l  
style (e.g., “Wavelength, nm,” “Time, 
min”). Label curves with letters or num
bers; avoid all other lettering/numbering 
on face of figure (see Figure captions). 
Identify each figure on back with number 
and authors’ names.

Miscellaneous
Abbreviation for liter is L; abbreviation for 
micron is p m . Do not italicize common Lat
in expressions such as et al. and in vitro; for 
nomenclature of spectrophotometry, gas 
chromatography, and liquid chromatogra
phy, follow practice of American Society for 
Testing and Materials (in particular, do not 
use “high performance,” “high pressure,” or 
the abbreviation “HP” with “liquid chro
matography”).
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IN FO R M A T IO N  FOR SUBSCRIBERS, CONTRIBUTORS, 
AND  ADVERTISERS

THE ASSOCIATION
The primary objective of the Association 

of Official Analytical Chemists (AOAC) is to 
obtain, improve, develop, test, and adopt 
precise, accurate, and sensitive methods for 
analysis of foods, vitamins, food additives, 
pesticides, drugs, cosmetics, plants, feeds, 
fertilizers, hazardous substances, air, water, 
and any other products, substances, or phe
nomena affecting the public health and safe
ty, the economic protection of the consumer, 
or the protection of the quality of the envi
ronment; to promote uniformity and reli
ability in the statement of analytical results; 
to promote, conduct, and encourage research 
in the analytical sciences related to foods, 
drugs, agriculture, the environment, and reg
ulatory control of commodities in these fields; 
and to afford opportunity for the discussion 
of matters of interest to scientists engaged in 
relevant pursuits.

A O A C  O ff ic ia l  M e t h o d s  are methods that 
have been validated by an AOAC-approved 
collaborative study, recommended by the 
appropriate AOAC General Referee, Meth
ods Committee, and the Official Methods 
Board, and adopted and published according 
to the Bylaws of the Association. Published 
papers that include such methods are distin
guished by the words Collaborative Study in 
the title and by footnotes that indicate As
sociation actions.

M e m b e r s h ip  in AOAC is open to all in
terested persons worldwide. Sustaining 
memberships are available to any govern
ment agency, private company, or associa
tion interested in supporting an independent 
methods validation program.

E u r o p e a n  R e p r e s e n t a t iv e s  For informa
tion about AOAC and its publications, per
sons outside the U.S. may also contact the 
following: Margreet Lauwaars, PO Box 153, 
6720 AD Bennekom, The Netherlands, tele
phone 31-8389-18725; Derek C. Abbott, 
Green Gables, Green Ln, Ashtead, Surrey, 
KT21 2JP, UK, telephone 44-3722-74856; 
Lars Appelqvist, Swedish University of Ag
ricultural Sciences, Dept of Food Hygiene, 
S 750 07 Uppsala, Sweden, telephone 46-
18-172398.

THE JOURNAL
The J o u r n a l  o f  t h e  A s s o c ia t io n  o f  O ff ic ia l  

A n a ly t ic a l  C h e m is t s  (ISSN 0004-5756) is 
published bimonthly by AOAC, 1111 N 19th 
St, Suite 210, Arlington, VA 22209. Each 
volume (one calendar year) will contain about 
1200 pages. The scope of the J o u r n a l  en
compasses the development and validation 
of analytical procedures pertaining to the 
physical and biological sciences related to 
foods, drugs, agriculture, and the environ
ment. Emphasis is on research and devel
opment of precise, accurate, and sensitive 
methods for the analysis of foods, food ad

ditives and supplements, contaminants, cos
metics, drugs, toxins, hazardous substances, 
pesticides, feeds, fertilizers, and the environ
ment.

M e t h o d s  The scientific validity of pub
lished methods is, of course, evaluated as 
part of the peer-review process. However, 
unless otherwise stated, methods published 
in contributed papers in the J o u r n a l  have 
not been adopted by AOAC and are not 
AOAC Official Methods.

M a n u s c r ip t s  Prepare manuscripts double
spaced throughout and carefully revise be
fore submission; 4 copies should be submit
ted to Managing Editor, AOAC, 1111 N 19th 
St, Suite 210, Arlington, VA 22209. AOAC 
reserves the right to refuse manuscripts pro
duced on dot matrix printers of less than 
letter quality. “Instructions to Authors” is 
published in the January issue of the J o u r n a l  
(may also appear in other issues) and is avail
able on request from AOAC.

P a g e  C h a r g e s  Contributed manuscripts 
accepted for publication after peer review are 
subject to a charge of US$40 per printed 
page. Payment is not a condition of publi
cation. Requests for waiver may be sent to 
the Managing Editor by the administrative 
officer of the author’s institution. Reports of 
collaborative studies performed in pursuit of 
approval of AOAC official methods are ex
empt from page charges.

R e p r in t s  Authors may order reprints of 
articles when they return typeset proofs. An 
order form and schedule of rates is included 
with each author proof. Readers who wish 
to obtain individual reprints should contact 
authors directly.

R e s p o n s ib i l it y  AOAC and the Editors as
sume no responsibility for statements and 
opinions expressed by authors of manu
scripts published in the J o u r n a l .

SUBSCRIPTIONS
J o u r n a l  subscriptions are sold by the vol

ume (one calendar year). Rates for 1988 are 
as follows: Members: $84.57 in U.S.; $94.57 
outside U.S. Nonmembers: $99.50 in U.S.; 
$ 109.50 outside U.S. Two year subscriptions 
are also available. Airmail $56.00 additional 
per year. Claim for copies lost in the mail 
will not be allowed unless received within 
30 days of the date of issue for U.S. sub
scribers or 90 days for all others. Claimants 
must state that the publication was not re
ceived at their recorded address. Address re
quests for replacement copies to AOAC, 1111 
N 19th St, Suite 210, Arlington, VA 22209. 
For subscribers outside the U.S., copies of 
the J o u r n a l  lost in transit cannot be replaced 
without charge because of uncertain mailing 
conditions.

C h a n g e  o f  A d d r e s s  Notification should in
clude both old and new addresses, with mail 
code, and be accompanied by a mailing label 
from a recent issue. Allow 4 weeks for change

to become effective. Subscribers outside the
U.S. should use airmail for notification.

M i c r o f i l m  Volumes on microfilm are 
available from Princeton Microfilm Corp., 
PO Box 2073, Princeton, NJ 08540.

S i n g l e  Is s u e s  Information on single issues 
is available from AOAC.

COPYING
C o p y r ig h t  All articles published in the 

J o u r n a l  are protected by copyright. Persons 
requiring copies of J o u r n a l  articles beyond 
the number allowed by the fair use provi
sions of the 1978 U.S. copyright law may 
request permission to copy directly from 
AOAC or may make the required copies and 
pay $1.00 per copy through the Copyright 
Clearance Center, Inc., 21 Congress St, Sa
lem, MA 01970. Articles which are copied 
and royalties paid through the Copyright 
Clearance Center must be identified by the 
following code: 0004-5756/87$ 1.00, indi
cating the International Standard Serial 
Number assigned to J .  A s s o c . O ff. A n a l.  
C h e m ., the year, and the copying fee per copy. 
Information on the use of the Copyright 
Clearance Center is available from the Cen
ter.

P le a s e  N o t e  Except for photocopies pre
pared as described above, no part of this 
J o u r n a l  may be reproduced in any form or 
stored in any microform or electronic form 
without the written permission of the As
sociation.

ADVERTISING
P la c e m e n t  All space reservations and all 

advertising copy are due 11h  months in ad
vance of publication at AOAC, 1111 N 19th 
St, Suite 210, Arlington, VA 22209. Adver
tising inserted 3, 6, or 12 times within 1 year 
of first insertion earns frequency discount 
rates. Contact Marilyn Taub, AOAC, for size 
requirements and schedule of rates.

P o l ic y  Advertising is prepared by the ad
vertisers and has been reviewed for compli
ance with the AOAC Policy on Advertising 
in Association Publications. AOAC publi
cation of an advertisement is not an en
dorsement or approval, expressed or im
plied, by the Association or the Editors of 
any service, product, or claim made by the 
manufacturer.

N e w  P r o d u c t s  Notices of new products are 
prepared from literature received from man
ufacturers and other companies and are pub
lished only as a service to readers. Publica
tion of notices of new products is not intended 
as an AOAC endorsement or approval of any 
service, product, or claim made by the man
ufacturers.
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BOOKS IN BRIEF

Reactions of Acids and Bases in Ana
lytical Chemistry. By Adam Hulan- 
icki. Translated by Mary R. Masson. 
Published by John Wiley & Sons, Inc., 
One Wiley Dr, Somerset, NJ 08873, 
1987. 308 pp. Price: $122.95. ISBN 
0-470-20246-7.

This book presents acid-base reac
tions on the principle of the Bronsted- 
Lowry theory. It is also a guide to other 
acid-base theories and to more complex 
acid-base systems and is suitable as a 
text for advanced analytical chemistry 
students.

Modern Methods of Polymer Charac
terization. Compiled by T. P. Lodge. 
Special issue of A n a l .  C h i m .  A c t a  

189(1). Published by Elsevier Science 
Publishers, PO Box 211, 1000 AE 
Amsterdam, The Netherlands, 1986. 
216 pp. Price: United States $75.00; 
Dfl. 155.00.

Fourteen original research papers are 
published in this special issue of A n a l .  

C h i m .  A c ta .  The papers for the issue 
were selected with the purpose of foster
ing increased communication among 
scientists working in chemical analysis 
or polymers. They illustrate the types 
of issues which are of interest in poly
mer characterization today.

Chemometrics: A Textbook. By D. L.
Massart, B. G. M. Vandeginste, S. N. 
Deming, Y. Michotte, and L. Kauf
man. Published by Elsevier Science 
Publishers, PO Box 1663, Grand 
Central Station, New York, NY  
10163, 1987. 464 pp. Price: United 
States $85.25; Dfl. 175.00. ISBN 0-
444-42660-4.

Emphasis in this book is on time se
ries, correlation, and transformation 
methods, filtering, smoothing, etc., in 
the science of chemometrics.

The Agrochemicals Handbook, Second 
Edition. Published by the Royal So
ciety of Chemistry; available through 
the American Chemical Society, 1155 
Sixteenth St, NW, Washington, DC 
20036,1987.1300 pp. Price: $341.00. 
ISBN 0-85186-416-3.

This completely revised edition of T h e  

A g r o c h e m i c a l s  H a n d b o o k  contains 
chemical, physical, analytical, toxicity, 
and usage data for over 500 pesticide 
active ingredients used worldwide. The 
price one pays includes updates, issued 
about every 6 months, through 1990.

Detection in Analytical Chemistry. By
Lloyd A. Currie. A C S  S y m p o s i u m  

S e r i e s  N o .  3 6 1 .  Published by Amer
ican Chemical Society, 1155 Six
teenth St, NW, Washington, DC  
20036, 1987. 338 pp. Price: United 
States and Canada $64.95; export 
$77.95. ISBN 0-8412-1445-X.

The meaning of detection in chemical 
measurement science from both fun
damental and .practical perspectives is 
explored and the issue of detection lim
its is addressed. Among other infor
mation, the editor presents discussions 
of real world problems and needs for 
meaningful detection both in the labo
ratory and in the regulatory environ
ment.

The Impact of Chemistry on Biotech
nology. Edited by Marshall Phillips, 
Sharon P. Shoemaker, Roger D. Mid- 
dlekauff, and Raphael M. Ottenbrite.
A C S  S y m p o s i u m  S e r i e s  N o .  3 6 2 .  

Published by American Chemical 
Society, 1155 Sixteenth St, NW, 
Washington, DC 20036, 1987. 398 
pp. Price: United States and Canada 
$79.95; export $95.95. ISBN 0-8412- 
1446-8.

This volume offers information to all 
chemists and chemical engineers inter
ested in research results, application in
formation, analytical uses, or other ben
efits of biotechnology. Its 8 sections 
include: overview, microbial and bio
chemical technology, polymer, analyt
ical, agrochemical, agricultural and food 
chemistry, chemical marketing, and 
chemical information.

Detection and Data Analysis in Size Ex
clusion Chromatography. Edited by 
Theodore Provder. A C S  S y m p o s i u m  

S e r i e s  3 5 2 .  Published by American 
Chemical Society, 1155 Sixteenth St, 
NW, Washington, DC 20036, 1987. 
307 pp. Price: United States and Can
ada $69.95; export $83.95. ISBN 0- 
8412-1429-8.

Discussions in this 27-chapter vol
ume focus on the advantages and dis
advantages of various size exclusion 
chromatography detectors and tech
niques for data analysis. The book was 
developed from a symposium spon
sored by the Division of Polymeric Ma
terials Science and Engineering at the 
191 st Meeting of the American Chem
ical Society, New York, NY, April 13- 
18, 1986.

Chromatographic Chiral Separations.
Edited by Morris Zief and Laura J. 
Crane. C h r o m a t o g r a p h i c  S c i e n c e  S e -  

r i e s / 4 0 .  Published by Marcel Dekker, 
Inc., 270 Madison Ave, New York, 
NY 10016, 1987. 432 pp. Price: 
United States and Canada $99.75; all 
other countries $119.50. ISBN 0- 
8247-7786-7.

This book explains direct separation 
of enantiomers by available chiral sta
tionary phases synthesized from chiral 
amino acids as well as synthetic and 
natural chiral polymers. It also covers 
indirect separation by the formation of 
diastereomers.

Food Toxicology. Part A, Principles and 
Concepts; Part B, Contaminants and 
Additives. By Jose M. Concon. F o o d  

S c i e n c e  a n d  T e c h n o l o g y  S e r i e s / 2 6 .  

Published by Marcel Dekker, Inc., 
270 Madison Ave, New York, NY  
10016,1987. 1440 pp. Price (sold only 
as a set): United States and Canada 
$250.00; all other countries $300.00. 
ISBN Part A, 0-8247-7736-0; Part B, 
0-8247-7737-9.

This 2-volume treatise features over 
9100 bibliographic citations of the lit
erature and more than 400 diagrams, 
photographs, and tables. In addition, the 
work synthesizes results of interdisci
plinary investigations in a single source; 
includes legal, regulatory, and safety 
concerns; discusses micro- and macro- 
biological contaminants; covers man
made chemical contaminants—explor
ing “incidental” food additives as well 
as naturally occurring radionuclides; 
considers “intentional” food additives 
and derived toxicants —designating 
toxic compounds from food processing, 
preparation, and storage.

Reviews in Biochemical Toxicology, 
Volume 8. Edited by Ernest Hodgson, 
John R. Bend, and Richard M. Phil- 
pot. Published by Elsevier Science 
Publishing Co., Inc., PO Box 1663, 
Grand Central Station, New York, 
NY 10163, 1987. 296 pp. Price: 
United States and Canada $65.00; 
outside North America Dfl. 225.00. 
ISBN 0-444-01169-2.

For toxicologists, biochemists, and 
professionals in related sciences, these 
volumes cover the most recent ad
vances in the field, with an emphasis on 
detoxication and intoxication mecha
nisms and modes of toxic action.
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B O O K S  I N  B R I E F

Irradiation of Dry Food Ingredients.
Edited by Josef Farkas. Published by 
CRC Press, Inc., 2000 Corporate 
Blvd, NW, Boca Raton, FL 33431, 
due in 1988. 176 pp. Price: United 
States $99.00; outside United States 
$120.00. ISBN 0-8493-6686-0.

Presented for the first time is a survey 
of world literature on the scientific, 
technological, engineering, economic, 
and regulatory aspects, advantages, and 
limitations of irradiation of dry food 
ingredients as compared to convention
al methods of decontamination.

Graphics for Chemical Structures. Ed
ited by Wendy A. Warr. A C S  S y m 
p o s iu m  S e r ie s  N o . 3 4 1 . Published by 
American Chemical Society, 1155 
Sixteenth St, NW, Washington, DC 
20036, 1987. 176 pp. Price: United 
States and Canada $44.95; export 
$53.95. ISBN 0-8412-1401-8.

The latest information from recog
nized experts in the field of chemical 
structure handling on microcomputers 
is included in this book, as are the new
est developments in related systems on 
both mini- and mainframe computers.

Hydrocarbons. Volume I: Gas Chro
matography. Edited by Walter L. Zie
linski, Jr. Published by CRC Press, 
Inc., 2000 Corporate Blvd, NW, Boca 
Raton, FL 33431, 1987. Price: Pre
publication, United States $175.00; 
outside United States $205.00. ISBN 
0-8493-3041-6.

This volume covers the world’s hy
drocarbon literature between 1970 and 
1980 and addresses the wide diversity 
of hydrocarbons structures—the basic 
operating components of the gas chro
matographic system—and their control 
for optimizing separations.

Pentachlorophenol. Environmental 
Health Criteria, No. 71. Published by 
World Health Organization, 1211 
Geneva 27, Switzerland, 1987. 236 
pp. Price: United States $10.80; Sw. 
fr. 18. ISBN 92 4 154271 3. French 
edition in preparation.

Because of their broad pesticidal ef
ficiency spectrum and low cost, pen
tachlorophenol (PCP) and its salts have 
been widely used as algicides, bacteri
cides, fungicides, herbicides, and mol- 
luscicides. Though some of these uses

have been banned or restricted in sev
eral developed countries, human ex
posure continues to be of concern be
cause of possible health hazards 
associated with the indoor application 
of wood preservatives or paints con
taining PCP. This book cites over 600 
studies in an effort to determine the risks 
to man and the environment posed by 
the production and use of PCP.

A Textbook of Modern Toxicology. By
Ernest Hodgson and Patricia E. Levy. 
Published by Elsevier Science Pub
lishing Co., Inc., PO Box 1663, Grand 
Central Station, New York, NY  
10163, 1987. 386 pp. Price: United 
States and Canada $39.50; outside 
North America Dfl. 150.00. ISBN 0- 
444-01131-5.

Emphasis in this textbook is placed 
on mechanisms of toxic actions and the 
rationale of testing procedures. It covers 
the following areas: uptake, distribu
tion, metabolism and excretion of tox
icants, mechanisms of toxic action, test
ing for toxicity, analysis of toxicants, 
treatment of toxicity, and regulation of 
toxic chemicals.

AUTHORS IN THIS ISSUE

Aboul-Enein, Hassan Y., 31 
Abounassif, Mohammad A., 31 
Agarwal, Vipin K., 19 
Bourgeois, Claude Fernand, 12 
Carman, Allen S., 41 
Ciba, Nadine, 12 
Cole, Eugene C., 9 
Cole, Richard J., 43 
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W i l e y  A w a r d  A d d r e s s

Improving and Developing Analytical Methods . . .
A Continuing Challenge

W A L T E R  H O L A K
F o o d  a n d  D r u g  A d m in is tr a tio n , N e w  Y o rk  R e g io n a l  L a b o ra to ry ,  
8 5 0  T h ird  A ve, B ro o k lyn , N Y  1 1 2 3 2 -1 5 9 3

In r e c o g n itio n  o f  h is  sk ill a t  c o n c e iv in g  r u g g e d , e le g a n t  a n a ly tic a l  m e th o d s  
th a t  h a v e  h e lp e d  fu r th e r  th e  c o n s u m e r  p r o te c t io n  m is s io n  o f  th e  U .S . F o o d  
a n d  D ru g  A d m in is tra tio n  (FDA), th e  1 9 8 7  A O A C  H a r v e y  W. W iley  A w a r d  w a s  
p r e s e n t e d  to  W a lte r  H o la k  a t  th e  1 0 1 s t  A O A C  A n n u a l In te rn a tio n a l M e e tin g  
a n d  E x p o s it io n  in S a n  F ra n c isc o , C A , S e p t .  14, 1 9 8 7 . H o la k  b e g a n  w o rk in g  
fo r  FDA o n  D e c . 10, 1 9 6 2 , th e  s a m e  y e a r  h e  b e c a m e  a  m e m b e r  o f  A O A C .  
In th e  e n su in g  2 5  y e a r s ,  h e  h a s  d e v e lo p e d  m a n y  m e th o d s ,  p e r h a p s  th e  m o s t  
s ig n if ic a n t b e in g  th o s e  to  m e a s u r e  m e th y l  m e r c u r y  a n d  io d in e  a n d  th a t  to  
d e te r m in e  " free"  a n d  " to ta l"  s u lf i te s  in f o o d s .  FD A  r e c o g n i z e d  h is  a c h ie v e 
m e n ts  w ith  a  C o m m e n d a b le  S e r v ic e  A w a r d  in 1 9 7 9 , a n d  in th e  s a m e  y e a r  
A O A C  g a v e  h im  th e  d o u b le  h o n o r  o f  n a m in g  h im  A s s o c i a t e  R e f e r e e  o f  th e  
Y e a r  a n d  e le c t in g  h im  a  F ellow .

It is indeed a great honor for me to have been chosen by the 
Association of Official Analytical Chemists to be the 1987 
recipient of the Harvey W. Wiley Award. Coincidentally, 
this prestigious award comes on the 25th anniversary of my 
career as a chemist with the Food and Drug Administration, 
New York Regional Laboratory, and my membership in 
AOAC. I believe that this year’s award is especially notable 
due to the fact that it is the first Wiley Award given to an 
individual employed at an FDA field laboratory. According 
to the Awards Committee, this year’s award is given for 
“sustained contribution to the methodology necessary for the 
FDA to protect consumers, especially in the area of toxic 
substances.”

The primary mission of an FDA field laboratory is to 
analyze samples. Traditionally, the responsibility for re
search and method development lies mainly with headquar
ters and research centers; however, alloted time for research 
and method development has always been considered an 
important tool for a field laboratory. As we are well aware, 
oftentimes the most creative ideas for research projects have 
developed from sample analysis. Winning this award was 
possible because management personnel at the New York 
Regional Laboratory believe in, and are committed to, re
search as an integral part of an efficiently functioning labo
ratory. This commitment allowed me sufficient time to pur
sue my research projects. In reality, this award is for the 
entire New York Regional Laboratory, for its teamwork. The 
staff through their input and cooperation contributed greatly 
toward the success of these projects.

Presented at the 101st Annual International Meeting and Exposition of the 
AOAC, Sept. 14-17, 1987, San Francisco, CA.

The importance of consumer protection today becomes 
obvious if we consider the changes that have occurred in our 
society. Formerly, consumers had control over their incom
ing food supply. Over the past 100 years or so, they have 
lost their personal control, and the result is that trust must 
now be placed in others to maintain food safety. This applies 
to every level of production, including packaging and trans
portation of food.

For 101 years, AOAC has provided the scientist with ac
curate and practical analytical techniques for testing all sorts 
of consumer products. However, the status of method de
velopment is a dynamic one. As we move forward techno
logically, methods must be developed and improved as ac
curacy, dependability, and sensitivity requirements change. 
The result of this advance in technology is that regulatory 
agencies are forced to deal with new challenges concerning 
regulation and changes in the food, drug, and cosmetic areas. 
The analyst has the important function of keeping abreast of 
changes in methods to meet or exceed these needs.

First, I would like to illustrate my point by going back in 
history, to the very beginning of AOAC, and follow the evo
lution of analytical methods in the area of 3 topics for which 
I am currently serving as an Associate Referee, sulfites, mer
cury, and iodine in foods. I will then briefly describe our 
contributions to the field.

Sulfites
Sulfites, in particular the sulfites and bisulfites of sodium 

and potassium, are important in the processing of many foods 
such as com syrup and dried fruits, in preventing “black 
spot” in shrimp, and in keeping fruits and vegetables fresh. 
However, the addition of sulfites to foods has been under
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reexamination recently because questions have been raised 
concerning their safety.

Sulfites have been used as preservatives in foods for many 
centuries. It is not surprising, therefore, that a method for 
the determination of sulfites appears in the Bureau of Chem
istry Bulletin (1) covering the period of 1887-1892,100 years 
ago. Those bulletins, edited by Harvey W. Wiley, contained 
the proceedings and reports of AO AC up to the year 1912. 
In the early days of AOAC, there was much interest in de
termining sulfites in wines and beers. The first AOAC method 
for sulfites, their determination in malt liquors, consisted of 
distilling S02 from phosphoric acid solution into an iodine 
trapping solution, which oxidized sulfite to sulfate. In the 
determinative step, the quantitation was performed gravi- 
metrically as barium sulfate. In the Bulletin of 1894-1899
(2), sulfite in wine was determined by distilling with a current 
of CO, and trapping in standard iodine solution. Excess io
dine was then titrated with sodium thiosulfate. The first 
method for “free” sulfite in wine appeared in the Bulletin of 
1900-1901 (3) and consisted of titrating sulfurous acid di
rectly with standard iodine solution. The “total” sulfite was 
similarly determined after treatment with potassium hy
droxide. In the Bulletin of 1907-1908 (4), a report pointed 
out the interferences in the latter method. These were hy
drogen sulfide and organic substances that also volatilize and 
reduce iodine. Methods proposed to eliminate these inter
ferences included cadmium sulfide traps followed by a gravi
metric determination as barium sulfate instead of titrimetry. 
At that time, Dr. Wiley pointed out the importance of dif
ferentiating sulfite from hydrogen sulfide, and a mere trace 
of substance which may be present naturally ought not be 
considered as satisfactory evidence that it has been added.

In the Bulletin of 1907-1908 (5), a definitive study pre
sented evidence that sulfurous acid and sulfites have no value 
to health or nutrition but are only deleterious to health. A 
paper presented in 1909 (6) reported a method for sulfites in 
foods using steam, rather than direct, distillation. At the 24th 
annual meeting of AOAC (7), a report on sulfite in molasses 
indicated that more S02 is released by distillation if the sam
ple is greatly diluted. In the Bulletins of 1911-1912 (8), bro
mine solution was substituted for iodine, and the determi
nation was performed gravimetrically in an attempt to 
eliminate interferences.

A 1929 report (9) presented a comparison of the Monier- 
Williams method and the accepted AOAC method for sulfites 
in foods. In the Monier-Williams method, the acidified sam
ple was refluxed, and S02 was carried into a hydrogen per
oxide trap with a current of carbon dioxide, whereas the 
AOAC method used steam distillation into an iodine solu
tion. The sulfuric acid produced by the oxidation of S02 was 
determined either volumetrically by titration with sodium 
hydroxide or gravimetrically as barium sulfate. In the fol
lowing decades, numerous studies and modifications were 
made of the Monier-Williams method. In 1932 (10), it was 
reported that hydrochloric acid was more effective in releas
ing SO, than the previously used phosphoric acid. In 1933
(11) , the Monier-Williams method was recommended for 
dried fruits but required a distillation time of \V i h. Four 
methods for SO, in alcoholic beverages were studied in 1937
(12) : Monier-Williams, direct distillation, AOAC steam dis
tillation, and the Ripper method, which uses direct titration 
with iodine solution. The Monier-Williams method was found 
to be the only one universally reliable. A number of collab
orative studies for beers and wines (13-17) demonstrated the 
reliability of the Monier-Williams method. However, several

collaborative studies were unsuccessful due to sample insta
bility. In 1961 (18), a colorimetric method for sulfites was 
presented based on the purple color formed when p-rosan- 
iline hydrochloride, formaldehyde, and sulfur dioxide react 
to form p-rosaniline methylsulfonic acid. Also, in the same 
year, a collaborative study was successfully conducted using 
modifications to the Monier-Williams method for S02 in 
dried apricots (19). These modifications were adopted as 
official in the following year (20). The p-rosaniline method 
was collaboratively studied in the years 1963-1965 (21-23) 
for beer and dried fruits and gave results comparable to the 
Monier-Williams method.

Over the years, the Monier-Williams method became the 
standard to which other methods have been compared. In 
1966 (24), however, it was shown that it is not applicable to 
certain foods, such as onions, leeks, and cabbage because of 
distillation of interfering sulfur-containing compounds.

A rapid screening procedure was proposed in 1976 (25) 
for preservatives in ground beef, including sulfites, based on 
colorimetry with p-rosaniline, and a successful collaborative 
study was conducted in 1980 (26). In the same year, a col
laborative study (27) of the Ripper method for sulfites in 
wine revealed poor precision and large systematic error.

In 1983, a symposium on Sulfite Analysis Methods for 
Food Products was held at the 99th AOAC Annual Inter
national Meeting to consider the technological aspects of the 
use of sulfiting agents in food (28) and to reevaluate existing 
methods (29-32). An ion chromatographic method was also 
presented (33).

Recently, the addition of sulfites to foods has become an 
important safety issue because of a number of documented 
adverse reactions in hypersensitive individuals. This 
prompted government agencies to review the use of sulfites 
as preservatives in foods and to issue new regulations. The 
addition of sulfites to fresh fruits and certain vegetables is 
now prohibited by FDA, and a label declaration requirement 
has been issued for SO, in foods at levels as low as 10 ppm.

There has been concern that existing methods would be 
inadequate to meet the new requirements. An AOAC Sulfite 
Methods Task Force was organized in 1985 to address the 
problems. A number of methods have been proposed includ
ing the optimized Monier-Williams (34), flow injection anal
ysis (35), differential pulse polarography (36), and others.

The differential pulse polarographic method, which we 
proposed, is outlined in Figure 1. The rationale for this ap
proach has been to adapt the time-tested Monier-Williams 
procedure for isolating S02 from the sample, i.e., by purging 
with nitrogen, but using a simplified apparatus with a sen
sitive and specific mode of detection. The sample is blended 
with 5% alcohol to minimize the oxidation of sulfite by at
mospheric oxygen. “Free” sulfite is released from the sample 
at pH 1.5 by purging with nitrogen at room temperature. 
“Total” sulfite is similarly released from a more strongly acid 
solution with an application of heat. Both are trapped in a 
pH 5.2 acetate buffer, containing alcohol, in which sulfite is 
then polarographed. The apparatus in which the above op
erations are performed is shown in Figure 2. The apparatus 
is quite simple and can be easily constructed by any labo
ratory. The same apparatus can be used under a variety of 
conditions. For example, the sample can be treated with an 
alkali to release aldehyde-bound sulfite, acidified, and then 
purged with nitrogen at room temperature. This procedure 
is advantageous for foods containing high levels of volatile 
sulfur-containing compounds, such as garlic. A collaborative 
study of the method has been conducted and was adopted
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Figure 1. Outline of DPP method for sulfites in foods.

official first action for total sulfite at the last year’s meeting 
of AO AC.

We are currently conducting a mini-collaborative study of 
the method using sulfite-stabilized food samples to determine 
the precision more effectively.

M ercury

The interest in determining mercury lies in the fact that it 
is a toxic element. It is widely distributed in the environment, 
from both natural geological activity and industrial pollution. 
Microbial action in waters converts inorganic forms of mer
cury to organic forms. A large portion of mercury found in 
fish, therefore, occurs in the form of methyl mercury.

The first AO AC method for mercury appeared in 1923
(37) for antiseptic tablets, and it utilized iodometric titration. 
Seven years later, in 1930 (38), a method for organic mer
curial seed disinfectants was published that was based on 
volatilization and collection of mercury on gold, precipita
tion as mercuric sulfide, and titration of excess cyanide with 
silver nitrate. From 1935 to 1963, mercury methods were 
generally based on titration or spectrophotometry with dithi- 
zone (39-46). The difficulties to be overcome included in
terference from copper, instability of the dithizonate to light, 
and volatility losses of mercury during the digestion. Sample 
digestions were, therefore, performed under reflux or closed 
systems, such as oxygen combustion flasks.

In 1965 (47), a direct microdetermination of mercury in 
color additives by photometric-mercury vapor procedure was 
presented. During the following year, an apparatus for cold 
vapor/atomic absorption (AA) of mercury was published (48). 
The cold vapor/AA technique became the most popular tech
nique for mercury determination and is still widely used 
today. Numerous reports have been presented dealing with 
applications of the technique to various types of samples, 
such as wheat (49), fish and eggs (50), rice (51), and biological 
materials (52).

In the early 1970s, we experienced in the United States 
the so-called “mercury crisis.” It started with the revelation 
that some tuna samples contained levels of mercury in excess 
of FDA’s tolerance level of 0.5 ppm at that time. To assess

(a)

Figure 2. Purge-trap apparatus for S02 determination: (a) 1, flow 
meter; 2, Teflon tubing, 2 mm id; 3, rubber stopper; 4, glass 
tubing, 1.0 cm id x 40 cm; 5, sample test tube, 25 x 200 mm; 6, 
polarographic cell, connected to poiarograph in usual way, con
taining 10.0 mL electrolyte-trapping solution; 7, graduated cyl
inder, containing 10.0 mL electrolyte-trapping solution, (b) 8, block 

heater; 9, thermometer.

the health hazard, hundreds of samples had to be analyzed. 
The AO AC official colorimetric method was not sufficiently 
sensitive. A new method (53) based on flameless atomic 
absorption was quickly collaborated and adopted official first 
action. Because the most troublesome part of the mercury 
determination is sample digestion, subsequent methods (54- 
59) dealt with this problem.

An atomic absorption method for inorganic and organic 
mercury in blood based on selective volatilization (60) and 
a procedure for the determination of methyl mercury in fish 
by gas chromatography (61) appeared in 1972. The methods 
dealing with the determination of total mercury (62-73) by 
flameless atomic absorption, however, still dominated the 
field. In the 1980s, the importance of speciation of mercury 
compounds present in seafood was realized, since organic 
forms of mercury are more toxic than inorganic forms. This 
realization is exemplified by the publication of methods that 
determined methyl mercury by gas chromatography (74-77). 
Currently, FDA’s tolerance level for mercury in food, derived 
from methyl mercury, is 1.0 ppm. Existing GC methods use 
organic solvent extraction for methyl mercury from the food 
matrix and electron capture for detection. We have proposed 
a method for methyl mercury that couples 2 popular instru
ments found in almost every laboratory: liquid chromatog
raphy for separating organo-mercury compounds and flame
less AA for sensitive and specific detection. The outline of
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Figure 3. Outline of methyl mercury detection by liquid chro- 
matography/atomic absorption.

the method is shown in Figure 3. The sample is blended with 
hydrochloric acid to form methyl mercuric chloride. The 
mixture is then packed into a column with Celite, and methyl 
mercuric chloride is eluted with chloroform and then ex
tracted into aqueous phase containing sodium thiosulfate. 
The latter solution is suitable for analysis by reverse-phase 
liquid chromatography. The mobile phase is a methanol- 
acetate solution containing a small amount of 2-mercapto- 
ethanol to form a neutral methyl mercury complex. Detec
tion by flameless atomic absorption requires the conversion 
of methyl mercury to the atomic vapor. This is accomplished 
through an interface as shown in Figure 4. The effluent from 
the liquid chromatograph is heated to produce mercury vapor 
from organo-mercury compounds. The mercury vapor, to
gether with vaporized mobile phase, is directed into a water- 
cooled condenser where the mobile phase is liquefied. Sub
sequently, the mercury vapor is swept with nitrogen into the 
absorption cell placed in the light path of an atomic absorp
tion spectrophotometer. Although there is some unavoidable 
peak broadening with such a system, it is, nevertheless, an
alytically useful. We have used the method routinely for 
approximately one year for the determination of methyl mer
cury in seafood. The method is currently undergoing a col
laborative study.

Iodine
Iodine, an essential micronutrient, is used by the thyroid 

gland for the production of the hormones triiodothyronine 
and thyroxine, both known to regulate the basal metabolic 
rate. Diet is a source of iodine and is therefore important in 
the production of thyroid hormones. In the United States, 
the recommended daily allowance (RDA) of iodine for adults

Figure 4. Liquid chromatography/atomic absorption interface. 
1, LC eluate; 2, heater; 3, thermocouple; 4, 5, and 6, stainless 
steel tubes (5 for nitrogen inlet); 7, rubber stopper; 8, water- 
cooled condenser; 9, standard taper Erlenmeyer flask; 10, nar
row PTFE tubing; 11, test tube solvent trap; 12, 10 cm cell with 

quartz windows.

is 150 ¿¿g/'day. It has been estimated that the average iodine 
intake in the United States greatly exceeds the RDA.

The first AOAC iodine method, a qualitative test in min
eral water, was published in 1904 (78). A sample made al
kaline was evaporated to dryness and acidified, and iodide 
was oxidized to iodine with potassium nitrite and extracted 
with carbon disulfide. The pink color in the organic phase 
indicated the presence of iodine. There was not much activity 
in this area until 1931 when a method for iodine in limestone 
rocks, rock phosphate, and soils was published (79). The 
sample was combusted at over 1000°C in a quartz tube, and 
iodine vapor was aspirated through a potassium carbonate 
solution, oxidized with potassium nitrite, and extracted with 
carbon disulfide. The sample treatment procedures generally 
used for iodine for the next several years (80-82), were com
bustion or fusion with an alkali followed by oxidation and 
absorption in carbon disulfide. In 1943, a volumetric method 
(83) was published for iodine in iodized salt. Bromine water 
was used to oxidize iodine to iodate, and, after addition of 
excess potassium nitrate to liberate free iodine, the deter
mination was performed by titration with standard sodium 
thiosulfate solution. In 1957 (84), a Carius combustion meth
od was presented. The following year (85), a report on the 
spectrophotometric determination of iodine in foods de
scribed a method in which the sample was ashed and oxidized 
with potassium permanganate, and the iodine was extracted 
into o-xylene and determined spectrophotometrically at 494 
nm. In 1965 (86), a microchemical method used an oxygen 
flask combustion for the sample treatment. Later (87), iodide 
was determined in feeds and plants by ion selective electrode. 
A collaborative study (88) of the microchemical method with 
the oxygen flask combination was conducted in 19 7 3. In 19 7 7 
(89), a chromatographic method for total iodine in milk was 
published. Iodine was converted to iodobutanone in this 
method. In 1978 (90), iodine was determined in nutritional 
and beverage products by ion selective electrode. A collab
orative study conducted in 1979 (91), which used neutron 
activation analysis and the Ce-As-I catalytic method, dem
onstrated wide variability in the results, thereby pointing out 
difficulties in reliably determining iodine in foods. In 1981 
(92), iodine was determined in foods also by iodide-catalyzed 
reduction of cerium by arsenite after sample digestion with 
nitric, sulfuric, and perchloric acids. In the same year, iodine 
in total diet composites was determined by neutron activa-
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Figure 5. Outline of CSV method for iodine in foods.

tion analysis (93). A differential pulse polarographic (DPP) 
method for the determination of iodine in thyroid tablets 
(94) was collaboratively studied and adopted official first 
action in 1982. Two additional DPP methods for the iodine 
in foods were published, one in 1982 (95) and the other in 
1983 (96).

The importance of iodine determination in foods lies in 
the fact that although it is an essential micronutrient, high 
levels may lead to thyroid-related problems. Its history shows 
that a reliable determination of iodine in foods is very dif
ficult because of the low levels at which it may be present 
(0.1 ppm) and because losses of this element occur during 
sample digestion, isolation, and trapping. We believe that we 
have overcome most of these problems by the development 
of a method shown in Figure 5. The sample is digested with 
nitric, sulfuric, and perchloric acids with a little potassium 
dichromate which acts as an oxidation potential indicator. 
The mixture is maintained under reflux when the color is 
green, indicating reducing conditions. The digestion is carried 
to completion when the acid mixture remains orange 
throughout, indicating oxidizing conditions and that iodine 
is present in the nonvolatile iodic acid state. Iodine is isolated 
from the sulfuric acid digest by reducing with hydrazine sul
fate and aspirating the iodine vapor into an electrolyte-con
taining ascorbic acid which reduces it to the iodide state. The 
determination is performed by cathodic stripping voltam
metry, a very sensitive technique capable of measuring iodine 
at parts per billion levels. Figure 6 shows the apparatus for 
distillation and trapping of the iodine. The tube on the left 
contains the sample digest, and the one on the right contains 
the trapping solution. The system is connected to a vacuum 
that draws air through the inlet tube (No. 5) where the reagent 
is introduced. A collaborative study of the method is being 
planned.

Conclusion
The historic perspective of the AOAC methods for the 

determination of sulfites, mercury, and iodine clearly dem
onstrates the role the analyst plays in the scheme of con-

Figure 6. Distillation/trapping apparatus for iodine. 1, heating 
block; 2, digestion tube, 20 x 160 mm, S 24/40 with trapping 
solution; 4, flow meter; 5, Teflon tubing, 0.04 in. id; 6, 

thermometer.

sumer protection. As the need arises for improved, more 
sensitive, and more specific analytical methods, numerous 
publications appear in the literature to meet the demand. 
This has been true in the case of mercury since the early 
1970s and in the case of methyl mercury since the 1980s. 
The same situation applies to sulfites and iodine today. In 
the future, the importance of the analyst’s contribution can 
be expected to increase as the demand for better analytical 
methods increases. I would like to cite product tampering as 
one example. Tampering by use of common poisons in foods 
and drugs has increased over the last several years. Analysts 
can be expected to develop new and efficient analytical meth
ods that will expedite investigations into incidents of tam
pering and ultimately increase the safety of products for the 
consumer.
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P r e s i d e n t ' s  A d d r e s s

“Association” —“Official” —“Analytical Chemist”
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One of the many privileges associated with serving as pres
ident of this or any scientific organization is the opportunity 
to write and deliver the presidential address. As each of us 
has pursued his or her career in the world of science, we have 
found ourselves at a speaker’s podium many times. We are 
assigned 15 minutes to report on research or a collaborative 
study with 5 minutes allowed for questions. It is a difficult 
task to condense everything we have to say into the time 
frame, and we must stay strictly to the subject at hand. How
ever, when you have the privilege of a presidential address, 
there is no time limitation—within reason, there is no se
lected subject, and you are not required to accept questions 
from the audience! You are free to mix science with a little 
history, perhaps some personal philosophy, and some sug
gestions for the future.

I have chosen 3 terms from our organization’s name to 
dissect and discuss. The dissection is merely a vehicle to be 
able to share some thoughts and ideas that I have developed 
throughout this past year.

A s s o c ia t io n  is a term that has been part of our name since 
our formation 103 years ago. At that formative meeting, only 
about 2 dozen were in attendance, and they elected as their 
first president Samuel Johnson of Connecticut, the only other 
Johnson to serve as president until the current year. Through 
the years, our Association grew under the guidance of Pro
fessor Harvey W. Wiley and under the benevolent wing of, 
first, the U.S. Department of Agriculture and, later, the Food 
and Drug Administration, and, finally, as an independent 
scientific organization. We grew from a regional, one-di
mensional organization concerned only about fertilizer to one 
that encompassed all of agriculture and finally beyond. Our 
mission, however, has never changed. We have always pur
sued uniform, validated, analytical methodology in whatever 
matrix or commodity we choose to study.

Our Association today has grown to well over 3000 mem
bers, and they are citizens of almost 70 countries. We address 
hundreds of topics with dedication and commitment from 
the army of volunteer collaborators, associate referees, gen
eral referees, and methods committee members with the sup
port of elected officers and staff.

We have about 20 standing committees that address topics 
ranging from Awards to Ways and Means. These committees 
are made up of volunteers who are appointed by the presi
dent, and they pursue their assignments with the same vigor 
as the previously mentioned group.

One of these standing committees, the Long-Range Plan
ning Committee, has developed a long-range plan for the 
Association that will shape our future. During the past year, 
the staff developed the strategy to carry out the plan, all 
committees worked to refine the strategies, and the Board of 
Directors adopted the Strategic Plan. At the business meeting 
on September 17, you will be asked to vote on the first facets 
of the implementation of the Strategic Plan—changes to our 
bylaws. I urge you to consider these changes very carefully. 
It is the considered opinion of the Board that the issues of 
membership, voting, and reshaping of the Board of Directors 
and the Official Methods Board are primary requirements

for new, vigorous growth. If you cannot attend the meeting, 
vote by proxy so your voice can be heard.

Webster defines “Association” as an organization of per
sons with a common interest. Most of my remarks to this 
point have addressed that definition and how we collectively 
have been able to grow and accomplish many objectives. 
Before I leave the term “Association,” allow me to reflect 
on one other slightly different aspect of the word. Many of 
us have spent years working on AO AC projects and attending 
meetings such as this one, and we have developed a special 
relationship with many individuals. These personal associ
ations have strengthened us professionally and made our 
lives fuller by having experienced them. Whether we think 
about the effect of corporate Association or individual as
sociation, I believe we are all better for having experienced 
it through AOAC.

O ffic ia l is another term that has been in our name since 
1884. During the organizational meeting, a decision was 
reached that only official chemists could be members and 
vote, but fertilizer industry representatives were welcome to 
attend and enter into the discussions. Voting on acceptance 
of methods, therefore, was solely in the hands of the regu
lators. This fact immediately set AOAC apart from other 
societies and has held true throughout our history. Law
makers from all levels of government have recognized this 
difference and have consistently designated AOAC methods 
in drafting legislation to equip regulators in the United States 
and Canada. In more recent years, this practice has spread 
to many other countries of the world.

Presented at the 101st Annual International Meeting o f the AOAC, Sept. 
14-17, 1987, San Francisco, CA.
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Earlier, I alluded to the changes to the bylaws that will be 
placed before the membership at the business meeting. One 
of these changes grants full membership to regulated industry 
scientists. This is a major divergence from our heritage and 
was considered at great length by the Board of Directors and 
others before offering it for vote. Two things have occurred 
in recent years that convinced me this was the proper course 
to take. In his remarks following the banquet at the 1985 
annual meeting, Joseph Hile, Associate Commissioner for 
Regulatory Affairs, FDA, stated, “I urge the Association to 
consider broadening industry’s role in AOAC by doing away 
with associate membership and extending full membership 
privileges to all industry scientists.”

The second thing which further confirmed my position was 
a letter presented to the Board in July 1986 from FDA’s 
Conflict of Interest Policy Officer that stated, “Full mem
bership of industry [scientists] in AOAC does not, on the 
surface, create a problem with FDA nor do we believe that 
there would be more potential for conflict of interest.” The 
letter proceeded to say this could only change if industry 
gained control of AOAC.

With the safeguards written into the bylaw changes to 
maintain a majority of regulators as members of the Board 
of Directors and the Official Methods Board, I feel we have 
no concerns about jeopardizing our position as an official 
organization. What we have to gain is full participation and 
support of industry members who already make up over half 
of our collaborators! Industry representatives who currently 
hold refereeships are some of the most productive and com
mitted, but to date they have been relegated to associate 
membership. In my opinion, the time has arrived when we 
can no longer afford to accord our fellow scientists from the 
industrial sector anything but full membership in the As
sociation.

The third and final term I will explore with you today is 
Analytical Chemists. This term has been a part of our name 
only since 1966, but those previous “Agricultural Chemists” 
practiced analytical chemistry exclusively. We have always 
concerned ourselves with analytical methods as developed 
and tested by “Analytical Chemists.”

Analytical chemistry has been practiced for centuries, but 
only in recent years has it been recognized as a scientific 
discipline in its own right. This relatively new discipline has 
drawn from the fields of physics, biology, electronics, and all 
other subgroups of chemistry to become a highly sophisti
cated branch of chemistry. Those of us who practice this 
profession must become proficient in our chosen occupation 
by extended education and experience.

A world-renowned analytical chemist has written that to 
conduct successful scientific research, one must acquire in
telligence, imagination, and intuition; and these three will 
act together in the development of new ideas. He also stated 
the three basic concepts of analytical chemistry—quality, 
quantity, and structure—are all interdependent on the sample 
to be analyzed. Only an exact knowledge of the history of 
the sample ensures the obtaining of reliable analytical infor
mation. In keeping with this philosophy, 2 things have oc
curred within the past year that require mentioning at this 
time. The Official Methods Board has begun the process of

establishing a task force to study the science of sampling. 
Fast year at the annual meeting, sampling of many com
modities was emphasized, and with the creation of this new 
task force, we should begin to see and understand the im
portance of sampling and of maintaining sample integrity 
during custody.

The other event of the past year that addresses our subject 
is the suggestion of one of our Board members to initiate an 
Analyst Certification program. It would recognize and certify 
certain AOAC analytical chemists who had participated in 
or conducted a collaborative study. This program is under 
study, and you should be hearing more about it in years to 
come.

To summarize my thoughts on analytical chemists, let me 
say they are, in general, highly trained individuals who re
spond to the needs of their clientele with resourcefulness and 
wisdom. They are proud problem solvers who display hon
esty and integrity as they go about their jobs in regulatory 
positions, research institutions, production facilities, and as 
teachers in academia.

In reviewing past presidents’ addresses, I found they fell 
into 2 categories—either “State of the Association” speeches 
or scholarly scientific presentations. Obviously, to this point, 
I have done neither. It is appropriate to highlight some of 
the activities and changes that are currently underway in 
AOAC. This is the second annual meeting held outside 
Washington, and 3 more are planned for Palm Beach, St. 
Fouis, and New Orleans. I feel moving the meeting each year 
has proven to be a wise choice, and I hope we continue the 
practice. This year marks the last year for the Spring Training 
Workshop, which, incidentally, was highly successful—the 
organizers in Ottawa deserve a special vote of gratitude. The 
reasons for cancelling the meeting after this spring were two
fold—the annual meeting is now more accessible, and re
gional sections are becoming more active. We have chartered 
7 regional sections to date, and more are in the formative 
stage. This appears to be the direction that AOAC needs to 
pursue. Targe geographic areas are not presently served by a 
regional section on this continent, and in the future, we may 
want to extend this concept to other areas of the world.

In most of the addresses of the last 10 years, the president 
has included some comments on our financial condition. Our 
condition can best be described as fragile in spite of several 
new sources of funding. We have increased sustaining and 
individual members’ dues, solicited contributions for the an
nual meeting, and instituted page charges for the Journal of 
the AOAC to help defray ever-increasing costs of doing busi
ness. Official Methods o f Analysis is still the major source of 
revenue, and if we cannot find significant new sources, it may 
be necessary to curtail services offered.

In closing, allow me to express my appreciation to my 
fellow Board members who have served faithfully and pur
sued their assignments diligently; to the AOAC staff who 
continually provide outstanding services; and last, but most 
important, to the hundreds of volunteers who make AOAC 
go. Without volunteers to serve on committees, as Referees, 
as collaborators, as reviewers, as statisticians, etc., etc., there 
would be no AOAC and the world would be a lesser place 
to live.
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D I S I N F E C T A N T S

Bacterial Numbers on Penicylinders Used in Disinfectant Testing: Use of 24 Hour Adjusted 
Broth Cultures

E U G E N E  C. COLE and W IL L IA M  A. R U T A L A
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The current AO AC use-dilution methods of disinfectant efficacy test
ing require the use of 48-54 h unadjusted broth cultures of Sal
monella choleraesuis, Staphylococcus aureus, and Pseudomonas aeru
ginosa for the inoculation of stainless steel penicylinders. The use of 
unadjusted broth cultures contributes to noncomparable numbers of 
organisms on penicylinders among the test strains due to relative 
efficacy of bacterial attachment to penicylinders and to bacterial 
numbers in broth. To achieve comparable numbers of cells on the 
penicylinders among the 3 test strains, the cell densities of S. aureus 
and P. aeruginosa in broth culture were visually adjusted. Growth 
studies were conducted using S. choleraesuis and P. aeruginosa to 
determine the numbers of cells in broth at timed intervals and the 
corresponding numbers of cells attaching to the penicylinders. Re
sults showed that the use of the 24 h broth cultures for all 3 test 
strains, with adjustment of S. aureus and P. aeruginosa broths, con
tributes to more comparable numbers of organisms attached to the 
penicylinders used in disinfectant testing.

The AO AC use-dilution methods (1) require the use of 48- 
54 h bacterial broth cultures for the inoculation of stainless 
steel penicylinders used in disinfectant testing. Previous in
vestigations have demonstrated significant differences in the 
numbers of bacteria dried onto the surfaces of these stainless 
steel penicylinders (2). The numbers of the 3 AOAC test 
bacteria adhering to the penicylinders varied significantly, 
with more than 107 cells/penicylinder for Pseudomonas aeru
ginosa, approximately 5 x 106 for Staphylococcus aureus, 
and 106 or less for Salmonella choleraesuis. Presumably, this 
wide range is due to morphological and physiological differ
ences among the 3 test organisms that affect their adherence 
and affect the bacterial numbers in broth that are reached at 
stationary phase. A comparable microbial load is preferred 
for disinfectant testing because the time required for com
plete killing of the test bacteria is directly related to the 
starting dosage. Thus, unless the microbial loads are similar, 
the disinfectants are not similarly challenged with the AOAC 
test bacteria.

Disinfectant test methodologies used in several other coun
tries utilize 24 h broth cultures (3, 4), as do 5 of the other 
AOAC disinfectant test methods (1). In general, 18-24 h 
broth cultures have been found to be the most suitable for 
disinfectant testing (3). Presumably, such cultures represent 
the maximum cell density.

In an attempt to ensure more equitable bacterial numbers 
on the penicylinders, the turbidity of S. aureus and P. aeru
ginosa in 24 h nutrient and synthetic broth was adjusted. 
Using S. choleraesuis and P. aeruginosa, growth studies were 
performed, and the numbers of cells in broth at various time 
intervals and the numbers of cells that had attached to the 
penicylinders were counted. The results of these studies are 
presented here.

METHOD
Media and Reagents

(a) Nutrient broth.—See sec. 4.001(a) (1), 10 mL in 20 x 
150 mm tubes using Anatone (American Laboratories, Inc.,
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Omaha, NE 68127), and Beef Extract (Difco Laboratories, 
Detroit, MI 48232) as specified. Prepare according to direc
tions using glass-distilled water. Adjust pH to 6.8 before 
sterilization.

(b) Synthetic broth. — Bacto Synthetic Broth AOAC (Difco 
Laboratories), formulated to comply with sec. 4.001(b) (1).

(c) Pour plate agar. — Bacto Plate Count Agar (Difco Lab
oratories).

(d) Distilled water.— Sterile Water for Irrigation, USP 
(Travenol Laboratories, Inc., Deerfield, IL 60015).

(e) Asparagine solution, 0.1%.— See sec. 4.007(e) (1).
(f) Phosphate buffer dilution water (PBDW). See sec. 

4.020(f) (1).
(g) Barium: chloride.— Crystals, reagent grade.
(h) Sulfuric acid.—ACS reagent grade.
(i) McFarland standards.— Prepare 1% (w/v) aqueous 

sulfuric acid solution using distilled water. For 1.0 standard, 
add 0.1 mL 1% barium chloride solution to 9.9 mL 1% 
sulfuric acid. This will approximate bacterial density of 3.0 x 
10s cells/mL. For 0.5 standard, add 0.05 mL 1% barium 
chloride solution to 9.95 mL 1% sulfuric acid. This will ap
proximate bacterial density of 1.5 x 10s cells/mL. Prepare 
fresh standards each week and protect from light.

Organisms
Staphylococcus aureus 6538, Salmonella choleraesuis 

10708, and Pseudomonas aeruginosa 15442 (American Type 
Culture Collection, Rockville, MD 20852).

Apparatus
(a) Vortex mixer. — Vortex-Genie (Fisher Scientific, Pitts

burgh, PA 15219).
(b) Colony counter.—New Brunswick Scientific, Edison, 

NJ 08817, or equivalent.
(c) Penicylinders. —S&L Metal Products Corp., Maspeth, 

NY 1 1378.
(d) Sonic cleaner. — E/MC Model 450 (RAI Research 

Corp., Hauppauge, NY 11787), or equivalent.
(e) Inoculating loop.— 4 mm id platinum/rhodium loop 

(Scientific Products, McGaw Park, IL 60085).

Culture Preparation
From stock culture slant, make >4 consecutive broth 

transfers (using 4 mm id loop) of test organisms in 10 mL 
portions of broth. Keep caps loose and incubate tubes at 
37°C. For penicylinder inoculation, broth must be in 25 x 
150 mm tubes. Incubate tubes 24 h at 37°C.

Penicylinder Preparation
Decontaminate previously used penicylinders by steam 

sterilization; then sonicate > 5 min, rinse with distilled water, 
and process as in sec. 4.009 (1). Place clean penicylinders in 
groups of 10 into 20 x 150 mm screw-cap tubes and cover 
with 0.1% asparagine. Sterilize tubes at 121°C 15 min and 
let cool.
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Table 1. Mean numbers of S. choleraesuis ATCC 10708 and P. 
aeruginosa ATCC 15442 in nutrient broth (per mL) and on 

penicylinders

Time, h Broth* Penicylinders* % Attached

S. choleraesuis

6 1.6 X 10»
12 3.8 X 10»
18 7.7 x 10» 3.1 X 10» 0.37
24 5.9 X 10» 2.2 X 10» 0.37
36 6.3 X 10» 2.4 X 10» 0.38
48 5.9 X 10« 1.9 X 10» 0.32
54 3.9 X 10» 1.8 X 10» 0.46

P. aeruginosa

6 5.1 X 10»
12 5.5 X 10»
18 8.4 X 10» 3.2 X 10» 3.8
24 1.1 X 10» 3.3 X 107 3.0
36 1.2 X 10» 2.7 X 107 2.3
48 1.1 X 10» 2.8 X 107 2.6
54 5.2 X 10» 9.3 X 10» 1.8

■ Mean values of 2 replicates. 
6 Mean values of 3 replicates.

Adjustment of Culture Broths
For inoculation of penicylinders in which 24 h broths are 

used, use S. choleraesuis broth undiluted; adjust turbidity of
S. aureus to that visually comparable with No. 1 McFarland 
standard; and adjust turbidity of P. aeruginosa to that vi
sually comparable with 0.5 McFarland standard. For P. aeru
ginosa remove aliquot of broth to be adjusted by tilting tube 
and guiding pipet 5-10 mm under pellicle. Alternatively, 
sterile Pasteur pipet with vacuum source may be used to 
remove pellicle. Adjust turbidity of broth cultures with PBDW 
to obtain turbidity visually comparable to that of turbidity 
standard. Agitate turbidity standard and broth tube on vortex 
mixer immediately before comparing. For turbidity adjust
ment, simultaneously view white background and contrast
ing black line with adequate light source through both tubes.

Inoculation of Penicylinders
Transfer 10 mL portions of test broths to separate 25 x 

150 mm sterile tubes and briefly vortex (1.0 s) tube. Pour 
off asparagine from prepared carriers, using sterile pipet to 
withdraw any remaining solution in bottom of tube. Using 
flamed wire hook, aseptically transfer 6 penicylinders to test 
broth. Tube may be shaken to rearrange cylinders so all are 
submerged. Let tube sit undisturbed at room temperature 15 
min. Aseptically remove carriers from inoculation tube and 
place on end in sterile glass petri dish matted with 2 layers 
of 9 cm Whatman No. 2 filter paper. Incubate covered dish 
at 37°C 40 min at 25-40% relative humidity.

Removal and Quantitation of Organisms
Place 6 inoculated penicylinders in separate 20 x 150 mm 

screw-cap tubes each containing 10 mL sterile PBDW. Spin 
tubes on vortex mixer, setting 4, for 1 minute. (The efficiency 
of this removal method has been demonstrated [2].) Using
1.0 mL transfer aliquots, prepare serial dilutions in PBDW 
to 10 4. Using pour plate method, plate 10 3 and 10~4 di
lutions in duplicate with 1.0 mL samples and 15-17 mL plate 
count agar at 42-45°C. Incubate plates 48 h at 37°C and 
count those with colonies numbering between 30 and 300.

Cell Attachment According to Growth Curves
Since preliminary data indicated that the greatest differ

ence in numbers of bacteria attached to penicylinders was

Table 2. Mean numbers of bacteria on penicylinders (n = 6) 
after inoculation with adjusted8 24 h broths

Organism Nutrient broth Synthetic broth

S. aureus 3.4 x 10» 2.4 x 10»
S. choleraesuis 3.8 x 10»» 3.8 x 10»*
P. aeruginosa 1.4 x 107 8.4 x 10»

• S. aureus broth adjusted to turbidity of 1.0 McFarland standard; P. aerugi
nosa broth adjusted to turbidity of 0.5 McFarland standard; S. cholerae
suis broth undiluted.

6 Mean value of 12 replicates. 
c Mean value of 5 replicates.
d Difference in cell numbers between broths is significant (P < 0.001).
• Difference in cell numbers when compared with S. aureus and S. cholerae

suis is significant for both broths (P < 0.001).

between S. choleraesuis and P. aeruginosa, growth studies of 
both organisms were conducted. Seven 10 mL tubes of nu
trient broth for each organism were inoculated and trans
ferred as described above (Culture Preparation). At specific 
intervals (6, 12, 18 h, etc.), two 1.0 mL aliquots from each 
broth tube were removed and serially diluted in PBDW, and 
duplicate pour plates were prepared. Plates were incubated 
and quantitated as described above. At 18, 24, 36, 48, and 
54 h after removal of aliquots, 5.0 mL broth culture of each 
organism was placed in sterile 25 x 150 mm tubes for in
oculation of penicylinders and subsequent cell removal as 
described above.

Statistical Analysis
Statistical comparisons between numbers of organisms at 

different times were made by log transforming the data and 
then applying either f-tests (2 groups) or an analysis of vari
ance (>2 groups).

Results and Discussion

Growth studies of S. choleraesuis showed maximum cell 
numbers in nutrient broth and attachment to penicylinders 
at 18 h, with a mean of 7.7 x 10s cells/mL and 3.1 x 106 
cells/penicylinders, respectively (Table 1). The numbers of
S. choleraesuis in broth and on penicylinders at 18 h, how
ever, were not significantly different (P > 0.05) from those 
at 24, 36, and 48 h. The mean percentage of S. choleraesuis 
cells in broth culture which attached to the penicylinders was 
only 0.38. P. aeruginosa also demonstrated a maximum 
number of cells in nutrient broth at 18-48 h with a mean of
1.1 x 109cells/mL (Table 1). Optimal attachment of P. aeru
ginosa to penicylinders occurred from 18 to 48 h with a mean 
of 3.0 x 107 cells/penicylinder or approximately 3% of the 
cells in broth.

Results of all 3 test bacteria attaching to penicylinders in 
both nutrient and synthetic broths are presented in Table 2.
S. aureus, with turbidity visually adjusted to that of a 1.0 
McFarland standard, demonstrated mean numbers of organ
isms on penicylinders comparable to those of S. choleraesuis 
for both broths (P > 0.05). Numbers of P. aeruginosa at
taching to penicylinders, after broth culture dilution com
parable to a 0.5 McFarland standard, remained significantly 
higher than the other 2 test strains (P < 0.001) for both 
broths.

These results demonstrate that the use of 24 h broth cul
tures can consistently increase the numbers of S. choleraesuis 
above 106, thus producing a bacterial challenge to germicide 
testing that is comparable to that of adjusted S. aureus. P. 
aeruginosa broth cultures would require further dilution be
yond that employed in this study to achieve comparability 
with the other 2 test bacteria. This is largely attributable to
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P. aeruginosa attaching to penicylinders 10 times more ef
ficiently than S. choleraesuis.

It is suggested that unadjusted 24 h broth cultures for S. 
choleraesuis and adjusted 24 h broth cultures for S. aureus 
and P. aeruginosa be considered in future revision of the 
AOAC use-dilution methods. This should result in a more 
comparable bacterial challenge among the 3 test bacteria used 
in disinfectant testing.
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Disposable Cartridge Extraction of Retinol and Alpha-Tocopherol from Fatty Samples
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A  n e w  a p p r o a c h  i s  p r o p o s e d  f o r  l i q u id / s o l id  e x t r a c t i o n  o f  r e t i n o l  a n d  

a - to c o p h e r o l  f r o m  s a m p l e s ,  u s in g  a  d i s p o s a b le  k i e s e l g u h r  c a r t r i d g e .  
T h e  s u b s t i t u t i o n  o f  t h e  m ix tu r e  m e t h a n o l - e t h a n o l - n - b u t a n o l  (4  +  
3  +  1 ) f o r  m e th a n o l  in  t h e  a lk a l in e  h y d r o ly s i s  s o lu t io n  m a k e s  i t  n o w  
p o s s ib le  t o  p r o c e s s  f a t t y  s a m p l e s .  M e t h a n o l  i s  n e c e s s a r y  to  s o lu b i l i z e  

t h e  a n t i o x i d a n t  a s c o r b ic  a c id ,  a n d  a  l i n e a r  c h a i n  a lc o h o l  s u c h  a s  
n- b u t a n o l  i s  n e c e s s a r y  t o  r e d u c e  t h e  s iz e  o f  s o a p  m ic e l le s  s o  t h a t  th e y  
c a n  p e n e t r a t e  in to  t h e  k i e s e l g u h r  p o r e s .  I n  c o m p a r i s o n s  o f  t h e  p r o 
p o s e d  m e th o d  w i th  c o n v e n t io n a l  m e th o d s  o n  m in e r a l  p r e m ix e s  a n d  

f a t t y  f e e d s tu f f 's ,  r e c o v e r y  a n d  a c c u r a c y  a r e  a t  l e a s t  a s  g o o d  b y  t h e  
p r o p o s e d  m e th o d .  A d v a n ta g e s  a r e  in c r e a s e d  r a t e  o f  d e t e r m in a t io n s  
a n d  t h e  a b i l i t y  t o  h y d r o ly z e  a n d  e x t r a c t  r e t i n o l  a n d  a - to c o p h e r o l  

t o g e th e r  f r o m  t h e  s a m e  s a m p l e .

Methods for processing samples prior to analytical deter
mination of retinol and a-tocopherol have not progressed to 
a great extent in previous decades. Automated determination 
of fat-soluble vitamins by modem methods is hampered by 
the initial processing of the sample and, particularly, by the 
extraction step. Recently, Bourgeois and coworkers (1) re
viewed extraction techniques for retinol and a-tocopherol 
and discussed this problem. They proposed a new approach 
to extraction of fat-soluble vitamins: liquid/solid extraction 
of the unsaponifiables with small kieselguhr disposable car
tridges. They used the new technique on several thousand 
samples of feed, food, and mineral premixes. Yet, for fatty 
samples they found it necessary to use the traditional liquid/ 
liquid extraction with an organic solvent.

The present work is based on the assumption that in the 
case of fatty samples, large soap micelles are formed which 
obstruct the kieselguhr pores. Consequently, the hydrolysis 
solution traverses the column without being adsorbed. Soap 
micelles are formed in presence of water and methanol. They 
are destroyed by heavier alcohols such as ethanol. Methanol 
is used in the hydrolysis solution for the following reason:

Retinol and a-tocopherol are easily oxidized in the pres
ence of air, so that it is necessary to use a rather high con
centration of a strong antioxidant—ascorbic acid—to protect 
them during adsorption on kieselguhr. In the absence of the 
antioxidant, retinol and a-tocopherol recoveries are 20 to 
30% lower. Methanol is a better solvent than ethanol for 
ascorbic acid, but methanol forms micelles. Use of fat-soluble 
antioxidants in place of ascorbic acid would create new prob
lems: Such antioxidants are oxidized to quinones, which are 
very unstable in basic media and form many degradation 
products. These products could increase the background 
blanks to a prejudicial degree, and fat-soluble antioxidants 
may not be as efficient as ascorbic acid. Use of methanol- 
ethanol (1 + 1) brought little improvement, so it was nec
essary to address the problem on a more theoretical basis.

In studies of the effect of alcohols on the critical micelle 
concentration (CMC) of surfactants (2-8), researchers have 
shown that alcohols decrease CMC. Harkins et al. (4) and 
Schulmann et al. (5) showed that alcohols penetrate the mi-
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celle and the hydroxyl group remains bound to the surface 
in the palisade layer. Shinoda (6), Harva (7), and Vikingstad
(8) studied the action of alcohols on soap micelles. Shinoda 
demonstrated that the longer the alcohol, the more effective 
its action on CMC. Herzfeld and coworkers (9) showed that 
CMC decrease is greater with 1-propanol than with 2-pro
panol. More recently, Guveli et al. (10, 11) showed that
1-alkanols reduce the viscosity of emulsions and decrease 
the size of micelles. Zana and coworkers (12) showed that 
linear alcohols dissolve in the micelle and decrease CMC and 
the micelle molecular weight.

From the literature survey, we determined that linear al
cohols better penetrate soap micelles. They reduce emulsion 
viscosity and micelle size. The longer the alkyl chain, the 
more effective the alcohol and the smaller the amount nec
essary to obtain a given effect.

METHOD
Reagents and Materials

(a) Pyrogallol solution. — Dissolve 1 g pyrogallol in 40 mL 
water. Add 120 mL 1-butanol, 360 mL ethanol, and 480 mL 
methanol and shake. Prepare daily.

(b) Potassium hydroxide aqueous solution. — Dissolve 700 
g KOH (86% w/w) in 600 mL water and adjust to 1 L.

(c) Ascorbic acid aqueous solution.—10% (w/v) in water. 
Prepare daily.

(d) Disposable cartridges.—Extrelut cartridges 11737 and 
fillings 11738 (E. Merck, Darmstadt, FRG): small plastic 
columns, 3 cm in diameter, and weighing ca 10 g. Operate 
columns under normal pressure. Columns can be reloaded 
20 times or more; series of 8 or even 16 columns can be 
manipulated in parallel.

Hydrolysis
Weigh 50 or 100 g feed sample (for a-tocopherol or for 

retinol and retinol plus a-tocopherol) or 10-20 g premix in 
1 L low actinic long-neck boiling flask. Add 400 mL pyro
gallol solution and 80 mL KOH solution. Weigh flask, attach 
reflux condenser, and heat 30 min under nitrogen. Shake 
flask from time to time or, preferably, use magnetic stirrer. 
Rinse condenser with 20 mL water, cool to room tempera
ture, and weigh flask again. Bring weight to its initial value 
plus 20 g with ethanol if necessary.

Preparation of Cartridges
Already-filled columns can be used, but we usually fill 

empty columns with kieselguhr powder sold in small bags. 
Fill 10 g powder in columns and homogenize with vibrating 
agitator. (Note: We previously described a small loading- 
press designed to facilitate loading [1]. This press is useful 
but not absolutely necessary for filling columns.)

Extraction
Manipulation should be done under a hood. Let hydrolysis 

solution cool to room temperature and pipet 40 mL aliquot
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Table 1. Composition of the alkaline hydrolysis solution9 and 
maximum amounts of fats that can be assayed

Solution % Component In solutions
components A B C D

Water 4 4 4 4
Methanol 76 48 48 —

Ethanol 20 48 36 96
n-Butanol — — 12 —
Fat processed, g:

Lard 2.4 2.9 4.8 30
Soybean oil 3.6 5.1 7.0 >30

* Hydrolysis was carried out with 400 mL of this solution, plus 0.4 g pyro- 
gallol, and 80 mL KOH.

into 50 mL low-actinic volumetric flask. Adjust to mark with 
ascorbic acid solution. Shake and transfer 20 mL of this 
solution onto cartridge. Hydrolysis solution should be com
pletely retained in the column. If it is not, start again with 
15 mL. Wait 15 min, set 50 mL volumetric flask under 
column, and elute with 60 mL isooctane. Elution lasts ca 25 
min, and ca 40 mL isooctane is collected. Keep flask in freezer 
(-18°C) and adjust volume with isooctane just before de
termination.

Just after use, discard adsorbent, and dip column in aqueous 
solution of Mucapur® (Merz Co., Frankfurt, FRG) for 1 h. 
Then column may be washed with rest of glassware. Column 
can be reloaded at least 20 times.

Results and Discussion
In all cases, a 20 mL aliquot of the hydrolysis solution was 

layered onto the column. Table 1 shows the influence of the 
composition of the hydrolysis solution on the maximum 
amounts of fats that can be processed. Lard and soybean oil 
were chosen as models for saturated and unsaturated fats. 
The given amounts are contained in the whole hydrolysis 
solution, i.e., 480 mL without assayed sample. Solution A 
corresponds to the one that was proposed previously (1) and 
routinely used in our laboratory. Solution B gave little im
provement. Solution C gave satisfactory results: the maxi
mum amounts of fats are twice as great as for solution A. 
This solution was chosen for the proposed method. All feed 
samples tested with it gave good results, as will be shown. 
Solution D gave the best results as far as the maximum 
amounts of fats are concerned, and it confirmed our initial 
assumption that micelles block kieselguhr pores. Because mi
celles do not form in ethanol, elevated amounts of fats can 
be assayed. Yet, the recoveries of retinol and «-tocopherol 
from 30 g lard were not satisfactory with solution D (see 
Table 2). Retinol was not completely recovered and elution 
of «-tocopherol was sluggish. This is due to the retentive 
action exerted by too large an amount of lard. In other ex
periments, elution of both vitamins with solution D was

Table 2. Isooctane elution of retinol and a-tocopherol from the 
cartridge in 10 mL fractions after hydrolysis of 30 g lard with 

solution D
Recovery, %

Fraction Retinol* «-Tocopherol“
1 27.0 12.0
2 19.7 11.5
3 18.0 20.4
4 13.3 56.1

Total 78.0 100

* 20 IU layered onto cartridge. 
“0.18 mg layered onto cartridge.

Table 3. Effect of different geometrical isomers of butanol on 
the maximum amount of fat that can be assayed9

Alcohol
Amount of fat assayed, g
Lard Soybean oil

1-Butanol 4.8 7.0
2-Butanol 4.1 6.1
Isobutanol 4.2 5.5
Tertiobutanol 3.8 5.3

* Compositions of hydrolysis solutions are identical to solution C of Table 1 
except for the geometry of the isomer.

satisfactory when the amount of fat was smaller. Yet it is not 
possible to use ascorbic acid as an antioxidant with solution 
D, since it is not soluble enough in ethanol. Use of a strong 
antioxidant to stabilize retinol and «-tocopherol is impera
tive. This is the reason solution C was finally chosen.

Before testing «-butanol, we first tried isobutanol. Assays 
were performed with mixtures containing 50% methanol and 
various proportions (%) of ethanol and isobutanol: 30 + 20, 
25 + 25, 37.5 + 12.5, 12.5 + 37.5, and 43.75 + 6.25. The 
second and third mixtures gave best results; we chose the 
third one (50% methanol, 37.5% ethanol, and 12.5% iso
butanol), because it contains less isobutanol which is slightly 
more expensive.

Maintaining these proportions of the 3 alcohols, we tested 
different geometrical isomers of butanol. Table 3 shows that 
the linear isomer «-butanol gives best results, in accordance 
with the literature survey and with our initial assumption on 
the prejudicial effect of soap micelles. «-Butanol penetrates 
the micelles and reduces their size. The smaller micelles can 
then penetrate the kieselguhr pores rather than blocking them. 
The experiment described below also confirms the assump
tion about micelles.

In four long-neck boiling flasks, 5 g samples of lard were 
saponified in parallel with solutions A, B, C, and D (see Table
1). After completion, the flasks were taken off the heating 
bath and allowed to cool to room temperature. At the be
ginning all solutions were yellow and clear. After 15 min, 
flask A showed a slight precipitate which grew; after 50 min 
the precipitate occupied half the flask. At the same time, a 
slight precipitate appeared in flask B. Flasks C and D re
mained clear. After 2 h, a gel formed in flask A and a floc
culate formed in flask B. After 4 h, the gel in flask A was 
opaque; a white crystalline precipitate had formed in B; and 
C and D remained clear. After 1 day, C and D were still 
clear. The probable explanation is that solutions A and B 
contain large soap micelles. On cooling, the soap molecules 
crystallize inside the micelles at given temperatures corre
sponding to the Krafft Points of the various fatty acids (13,
14). Soap micelles and soap crystals block the kieselguhr 
pores, and the hydrolysis solution traverses the column unre
tained. In solution D, there are probably no micelles; in

Table 4. Recovery of retinol and a-tocopherol from cartridge 
when maximum amounts of fats are hydrolyzed with solution C9

Retinol, IU a-Tocopherol, mg
Without fat 34.6 0.084

35.3 0.086
Lard, 4.8 g 34.2 0.083

35.6 0.087
Soybean oil, 7.0 g 34.6 0.087

34.9 0.085
* Theoretical amounts of fats hydrolyzed and layered onto cartridges were 36 
IU retinol and 0.088 mg a-tocopherol.
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Table 5. Isooctane elution of retinol and a-tocopherol from car
tridge in 10 mL fractions after hydrolysis with solution C*

Recovery, %
Fraction Retinol a-Tocopherol

1 61.6-64.0 64.1-67.9
2 29.4-26.5 30.3-25.5
3 6.8-7.5 5.6-66
4 2.2-2.0 0-0

Total 100 100

»39 IU retinol and 0.086 mg a-tocopherol were layered onto the cartridges.

solution C, there are small micelles stabilized by «-butanol. 
The latter may be a thermodynamically stable microemul
sion. The concentration of aqueous ascorbic acid used to 
stabilize solution C after hydrolysis is 10% (w/v) instead of 
20% as for solution A in our previous study (1), because 
solution C contains less methanol than A, and therefore there 
is a risk of precipitation of ascorbate. However, the antiox
idant is still in large excess.

Table 4 shows that recoveries of retinol and a-tocopherol 
are good with solution C, even when maximum amounts of 
lard and soybean oil are hydrolyzed. Vitamins were layered 
onto the columns in amounts corresponding to average val
ues in feedstuffs.

The eluates were separated in four 10 mL fractions, and 
retinol or a-tocopherol was determined in each fraction. Elu
tion patterns of retinol and a-tocopherol with solution C are 
presented in Table 5. Elution patterns of these vitamins with 
solution A were presented in Tables 6 and 7 of reference 1. 
Comparison shows that elution patterns with solutions A 
and C are much the same.

Table 8. Recovery of retinol and a-tocopherol from feedstuffs 
and premixes»

Sample

Retinol
concn,
lU/kg

Retinol 
rec., %

a-Tocoph- 
erol concn, 

ppm

«-Tocoph
erol 

rec., %
Broiler growth 1 8 660 103.5 20.52 107.5
Broiler growth 2 7 700 90.8 20.35 105.1
Piglet 9 970 102.8 18.25 91.4
Dairy cow 5 540 100.3 17.80 97.1
Turkey-cock and

guinea fowl 6 054 95.0 22.80 99.8
Chick MVP 1 507 000 103.4 934 107.3
Cattle MVP 2 201 000 103.5 557 99.6
Sow MVP 276 600 102.1 1276 102.6
Piglet MVP 1 475 000 101.6 709 1 1 1 . 2
Piglet MVP 2 2 440 000 103.9 2308 10 1 .2

Average, % 100.7 102.3
» Results are averages of duplicate determinations.

Comparison of Liquid/Liquid and Liquid/Solid 
Extraction Techniques

The method proposed here has been compared with our 
former liquid/liquid extraction methods (1) for retinol and 
a-tocopherol (called here “conventional methods”)- Retinol 
was determined by liquid chromatography and a-tocopherol 
by our continuous-flow method (15). Mineral and vitamin 
premixes (MVP) contained calcium and organoelements such 
as manganese, magnesium, iron, and copper. High amounts 
of minerals were chosen so that the stabilization effect of the 
ascorbic acid could be tested. For example the sow MVP 
contained 2000 ppm copper and 10 000 ppm iron. The piglet 
MVPs 1 and 2 contained, respectively, 12 000 and 25 000

Table 6. Parallel extractions of retinol with cartridges and conventional liquid/liquid partition

Sample Fat, % Conventional technique, lU/kg Cartridge technique, lU/kg
Cart./Conv. x  

100, %
Broiler growth 1 7 8060, 8606» 8065, 9255 103.9
Broiler growth 2 9 5574, 6672 7691,7715 125.8
Piglet 7.5 9822, 10922 9940,9996 96.0
Dairy cow 1.5 4600, 5217 4980, 6100 1 12 .8
Turkey-cock and guinea fowl 2.0 6308, 6899 5884,6224 91.7
Chick MVP — 1473.10«, 1554.10« 1437.10«, 1578.10« 99.6
Cattle MVP — 1950.10«, 2210.10« 2140.10«, 2262.103 105.8
Sow MVP — 3009.10«, 3145.10« 2730.10«, 2801.10« 89.9
Piglet MVP 1 — 3410.10«, 4250.10« 4720.10«, 4787.10« 124.0
Piglet MVP 2 — 2386.10«, 2390.10« 2420.10«, 2460.10« 102.1
Average, % 105.2

» Duplicate determinations.

Table 7. Parallel extractions of a-tocopherol with cartridges and conventional liquid/liquid partition
Sample Fat, % Conventional technique, ppm Cartridge technique, ppm Cart./Conv. x  100,%

Broiler growth 1 7 20.02, 20.37» 20.47, 20.57 101.6
Broiler growth 2 9 17.80, 19.24 20.20, 20.50 110.0
Piglet 7.5 17.17, 17.55 18.1, 18.4 105.1
Dairy cow 1.5 17.10, 18.0 17.65, 18.0 101.4
Turkey-cock and guinea fowl 2.0 21.70, 22.86 22.60, 22.99 102.2
Chick MVP — 940, 990 926, 939 96.8
Cattle MVP — 533, 534 552, 562 104.5
Sow MVP — 1189, 1224 1256, 1300 105.8
Piglet MVP 1 — 637, 643 689, 730 110.8
Piglet MVP 2 — 1950, 2144 2306, 2310 112.7
Turkey 9 29.85, 31.93 31.10,35.20 107.4
Average, % 105.3

Duplicate determinations.
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ppm copper and 10 000 and 15 000 ppm iron. High fat con
tents of most feed samples were also chosen.

As can be seen in Tables 6 and 7, the results obtained with 
the proposed and conventional techniques are in good agree
ment. Only for the last sample of Table 7, a feedstuff for 
turkey, was it necessary to diminish the volume of solution 
layered onto the cartridge from 20 mL to 15 mL. The pro
posed method shows a slight tendency to higher values, as 
found before (1). This may be due either to incomplete ex
traction or to a slight degradation of the vitamins during 
liquid/liquid partition. The difference was significant only in 
the case of a-tocopherol in feedstuffs.

Statistical Evaluation
The paired 7-test was applied to results in Tables 6 and 7 

for feedstuffs and for mineral premixes. At the 5% level, only 
the results obtained for a-tocopherol in feed were signifi
cantly higher by the proposed method (calculated 7-value = 
2.912 vs theoretical Student 7-value = 2.571). The other
7-values found were not significant (1.598 for a-tocopherol 
in concentrates, 1.566 and 0.826 for retinol in concentrates 
and feedstuffs).

Recovery
Samples were first assayed to determine actual levels of 

retinol and a-tocopherol. Then aliquots of standard solutions 
were added after the alkaline hydrolysis step. The known 
amounts of added vitamins were approximately equal to the 
amounts originally present in the samples. The recovery fac
tor was calculated by subtracting the result obtained for the 
unsupplemented sample from the one obtained for the sup
plemented sample and dividing by the known added amount. 
Table 8 shows the results obtained from duplicate determi
nations. The average recovery factors were 100.7% for retinol 
and 102.3% for a-tocopherol.

Reproducibility
The coefficients of variation (CV) for the extractions from 

hydrolyzed standard solutions containing 832IU retinol ace
tate and 2.3 mg DL a-tocopherol were 2.8 and 1.2%, re
spectively. Ten assays were carried out in each case. Suppres
sion of one retinol result would decrease the CV from 2.8 to 
1.3%. These CV values correspond to the whole assay: hy
drolysis, liquid/solid extraction, and automated determina
tion of the vitamins.

Maximum Capacity of Cartridges
The amounts of retinol and a-tocopherol pipetted onto the 

columns are usually about 30 IU and 0.1 mg, respectively, 
for feedstuffs. We have tried to layer amounts of 3000 IU 
retinol and 10 mg a-tocopherol (2 assays each). The obtained 
recovery was 100.3% for retinol and 98.5% for a-tocopherol.

Conclusions
It has been shown that use of an alcohol mixture of meth- 

anol-ethanol-«-butanol (4 + 3 + 1) in the alkaline hydrolysis 
solution allows the processing of fatty samples of feedstuffs. 
The proposed technique has been shown to be at least as 
quantitative and as accurate as traditional liquid/liquid par
tition techniques; it allows appreciably increased rates; and 
it offers the possibility of hydrolizing and extracting retinol 
and a-tocopherol together in the same sample.
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Comparison of Paired-Ion Liquid Chromatographic Method with AO AC Fluorometric and 
Microbiological Methods for Riboflavin Determination in Selected Foods

ERLINDA S. P. REYES, KATHLEEN M. NORRIS, CHERYL TAYLOR, and DONALD POTTS
D ive rs if ie d  R e sea rch  L a b o ra to r ie s , L td , 1 0 4 7  Y o n g e  S t., T o ro n to , O n ta r io  M 4 W  2 L 3 , C a n a d a

A  p a i r e d - io n  l i q u id  c h r o m a t o g r a p h i c  ( L C )  t e c h n iq u e  c o u p le d  w i th  
f lu o r o m e t r i c  d e t e c t io n  to  d e t e r m in e  r ib o f la v in  in  v a r io u s  fo o d  m a t r i 

c e s  i s  d e s c r ib e d .  C h r o m a to g r a m s  o f  m a n y  fo o d s  s h o w e d  2  p e a k s  o f  
i n t e r e s t  d u e  to  p r e s e n c e  o f  r ib o f l a v in  a n d  f l a v in  m o n o n u c le o t id e  
( F M N ) .  R e l a t i v e ly  h i g h  le v e ls  o f  F M N  w e re  fo u n d  in  r a w  b e e f ,  c o rn e d  
b e e f ,  c h i c k e n  l iv e r ,  a n d  c a n n e d  m u s h r o o m s .  W h e n  r ib o f l a v in  a n d  

F M N  c o n te n t s  w e re  s u m m e d ,  L C  v a lu e s  w e re  c o m p a r a b le  t o  t h o s e  
o b t a in e d  b y  t h e  A O  A C  s t a n d a r d  p r o c e d u r e s .  T h e  L C  te c h n iq u e  w a s  
s e n s i t iv e ,  r a p i d ,  a n d  s im p le ,  y ie ld in g  a  m e a n  s t a n d a r d  d e v ia t i o n  o f  

3 .1 %  w h ic h  w a s  c o m p a r a b le  to  t h e  A O A C  f lu o r o m e t r ic  m e th o d  (3 .0 % )  
a n d  b e t t e r  t h a n  t h e  A O A C  m ic r o b io lo g ic a l  a s s a y  ( 9 .6 % ) .  M e a n  s p ik e  
r e c o v e r ie s  w e re  9 1 .8 %  f o r  L C  c o m p a r e d  to  9 0 .5 %  a n d  8 9 .6 %  f o r  t h e  
A O A C  f lu o r o m e t r ic  a n d  m ic r o b io lo g ic a l  m e th o d s ,  r e s p e c t iv e ly .

Riboflavin can be analyzed by various microbiological, bi
ological, colorimetric, polarographic, and fluorometric meth
ods (1). It is routinely determined in foods, using the AOAC 
wet chemical fluorometric method (2).

Liquid chromatography (LC) has been used to separate 
and differentiate closely related nonvolatile compounds such 
as the B vitamins. Liquid chromatography with fluorescence 
detection has been reported to offer the advantages of speed, 
accuracy, and sensitivity and has been used in the assay of 
riboflavin in cereal and cereal products (3, 4), meat and meat 
products (5), and various other foods (6-8). LC results have 
been found to agree well with those obtained by microbio
logical assay (6, 9). However, lower values for the LC method 
compared to the AOAC method in some foods have also 
been reported (1, 7).

We have developed a more rapid and sensitive LC method 
for analysis of riboflavin. In our preliminary work with LC, 
we encountered a fluorescing peak aside from the riboflavin 
peak. The reported agreement between LC and AOAC meth
ods (1,7) and the result of our preliminary experiment led 
us to pursue further studies to compare the fluorometric LC 
and wet chemical AOAC methods, to characterize the flu
orescing compound as to its similarity to riboflavin, and to 
quantify riboflavin in some foods by microbiological assay.

Experimental
Apparatus

The liquid chromatographic system consisted of:
(a) Pump.— Beckman Model 110 A pump (Beckman In

struments Inc., Fullerton, CA 92634).
(b) Autosampler.— WISP 710B (Waters Associates Inc., 

Milford, MA 01757).
(c) Detector.— Varian spectrofluorometer, SF-330 with 

filters to provide 440 nm excitation and 565 nm emission 
wavelengths (Varian Associates Inc., Palo Alto, CA 94303). 
Sensitivity 100 x; selector, 10 x.

(d) Column. —10 ¿¿m Hibar Lichrosorb, RP-8, 4.0 x 250 
mm (E. Merck, Darmstadt, FRG), or Brownlee Labs 10 uni, 
MPLC RP-8, 4.0 x 250 mm (Brownlee Labs, Santa Clara, 
CA 95050). Operating conditions: column temperature, am
bient; mobile phase, 1.0 mL/min.

(e) Recorder.— Fisher Recordall Series 500 (Houston In-

Received January 9, 1984. Resubmitted January 8, 1986. Accepted No
vember 28, 1986.

Presented at the 97th AOAC Annual International Meeting and Exposition, 
Oct. 3-6, 1983, Washington, DC.

struments, Austin, TX 78753); 1 V; chart speed, 0.25 or 0.5 
cm/min.

Reagents
(a) LC elution solvent.— 0.005M 1-hexane sulfonic acid 

and methanol (60 + 40). A vial of Pic B-6 (Waters Associates) 
and 400 mL glass-distilled methanol (Caledon Laboratories, 
Georgetown, Ontario, Canada) were diluted to 1 L with water, 
filtered through 0.45-jim filter, and degassed by sonification 
prior to use.

(b) Riboflavin stock solution. — 100 jtg/mL in 0.02M acetic 
acid, prepared from dry USP grade standard (Hoffmann-La 
Roche Ltd, Vaudreuil, Quebec), stored under toluene at re
frigerator temperature (4°C). Dilute standards were prepared 
fresh daily from stock solution. Stock and dilute standards 
were protected from light.

(c) Flavin mononucleotide stock solution. —100 pg/mL in 
methanol, prepared from grade 1 sodium salt standard (Sig
ma Chemical Co., St. Louis, MO 63178), stored at refrig
erator temperature (4°C). Dilute standards were prepared fresh 
daily from stock solution. Stock and dilute standards were 
protected from light.

(d) Lactobacillus casei.—PCTCC 7469 (DIFCO Labora
tories, Detroit, MI 48232).

Samples
The samples used represent raw and processed foods. They 

were flour, bread, raw ground beef, corned beef, raw chicken 
liver, cooked chicken liver, raw mushrooms, canned mush
rooms (including liquid), instant skim milk, raw whole milk, 
UHT 2% milk, dry whole milk, chocolate milk, cheese, and 
AACC cereal check sample. Bread and cooked liver were 
prepared from the flour and raw liver used in this study. Raw 
whole milk was provided by Donlands Dairy, Toronto, On
tario. The rest of the samples were purchased from com
mercial stores.

Sample Preparation
Samples were prepared according to the AOAC official 

method, sec. 43.041 (2).
To an accurately weighed sample containing about 10 ¡xg 

riboflavin, ca 75 mL 0.1M HC1 was added and autoclaved 
30 min at 121°C. Solution was cooled and adjusted to pH 6 
with constant stirring using 1M NaOH. Immediately, 1M 
HC1 was added to bring pH to 4.5. Solution was diluted to 
100 mL with water and filtered through Whatman No. 42 
ashless filter paper. For the LC assay, the sample extracts 
were clarified by passing them through 0.45 pm Millipore 
filter. Extracts from high-fat samples were extracted with 
hexane prior to clarification of the aqueous layer. Each sam
ple was analyzed 3 or 4 times. Spike recovery studies were 
done singly on 14 samples.

All operations involving sample preparation and subse
quent LC, AOAC fluorometric, and microbiological assays 
were performed under subdued light.

LC Determination
Three 50 pL portions of clarified extract were injected per 

sample, and standard was injected after every 5 samples.
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Figure 2. Chromatograms of canned mushrooms (A), chocolate 
milk (B), and corned beef (C) before (I) and after (II) spiking with 

riboflavin.

RETENTION TIME, MINUTES

Figure 1. Chromatograms of standards (A), raw chicken liver
(B), cooked chicken liver (C), fresh mushrooms (D), canned 

mushrooms (E), dry whole milk (F), and cheese (G).

Q uantita tion  was perform ed by m anual measurement o f  peak 
height.

AOAC Fluorometric Method
The filtra te  was assayed as described in  A O A C  offic ia l 

m ethod, secs 43.039-43.042 (2). Fluorescence was measured 
using a V a rian  spectro fluo rom eter at 440 nm  exc ita tion  and 
565 nm  em ission.

levels as low  as 0.02 m g/100 g sample can be measured 
accurately. T h is  sen s itiv ity  con firm ed the s u ita b ility  o f  the 
detection m ethod fo r analysis o f  foods con ta in ing  m icrogram  
quantities o f r ib o fla v in .

F igure 1 shows typ ica l chrom atogram s o f  r ib o fla v in  in  
various foods obta ined using the described L C  cond itions. 
A  com ponent whose am ount va ried  fro m  one sample type 
to  another eluted ju s t before r ib o fla v in . R ib o fla v in  had a 
re ten tion  t im e  o f  6 m in  and was w e ll separated fro m  the firs t 
peak (4.8 m in  re ten tion  tim e). The firs t peak and the r ib o 
flav in  peak w ill be referred to  as peaks A  and B, respectively. 
R ib o fla v in  values found  by LC  analysis were lo w er than those 
obta ined by the m anual flu o ro m e tric  assay fo r  m ost products.

Microbiological Assay
Bio log ica l a c tiv ity  was estim ated according to  the M eth od s  

o f  V itam in A ssa y  (10) and the A O A C  secs 43.168-43.176 (2) 
using the m icroorganism  L actobacillus casei (A T C C  no. 7469). 
The fo llo w in g  sample filtra tes were chosen fo r  m ic ro b io 
logica l assay: flou r, raw  and cooked chicken livers, com ed 
beef, fresh and canned m ushroom s, chocolate m ilk , and 
A A C C  cereal check sample.

Results and Discussion
The 2 types o f  RP-8 ana ly tica l co lum ns used in  th is  study 

gave equa lly good separation. Long-te rm  use decreased co l
um n efficiency, b u t reso lu tion  was im p roved  to  some degree 
by cleaning the co lum n w ith  successive washings o f  water, 
m ethanol, ch lo ro fo rm , and m ethanol.

D etector response fo r  r ib o fla v in  standard concentrations 
o f  2.5-15 ng was linea r and passed through the o rig in . Slope
(m ), 1.361, was ob ta ined by corre la tion  y  =  m x  +  b, and 
calculated corre la tion  value (R ) was 0.99999. D e tection  l im it  
fo r  r ib o fla v in  was 1.0 ng, s im ila r to  tha t found  by Fellm an 
et al. (8) using 360 nm  exc ita tion  and 425 nm  em ission, and

Table 1. Recoveries of riboflavin standard added to samples 
before autoclaving

Recovery, %
Added
rlbo- Standard procedures

flavin, Fluoro- Micro-
Sample e 9 HPLC* metric biological

Flour 5.24 93.3 90.1 70.4
Bread 5.24 96.6 89.9
Ground raw beef 10.48 94.6 90.3
Corned beef 10.48 96.7 86.4 91.1
Raw chicken liver 5.24 98.5 88.0 98.1
Cooked chicken liver 5.24 94.3 83.2 74.2
Fresh mushrooms 10.48 89.0 93.2 86.6
Canned mushrooms 7.86 87.5 90.4 89.4
Raw whole milk 10.48 89.9 84.2
UHT 2% milk 10.48 90.4 98.0
Dry whole milk 7.86 91.1 89.3
Chocolate milk 10.48 86.2 98.7 99.2
Cheese 2.62 88.9 114.9
AACC cereal check 10.48 87.5 70.0 107.7
Mean ± SD, % 91.8 + 7 90.5 ± 25 89.6 ± 13

* Calculation based on the riboflavin peak only.
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Table 2. Comparison of LC and AOAC standard methods

Sample

mg Riboflavln/100 g sample*

LC AOAC

Riboflavin FMN + riboflavin Fluorometric Microbiological

Flour 0.21 ± 0.00 0.26 ± 0.00 0.24 ± 0.01 0.23 ± 0.02
Bread 0.19 ± 0.02 0.27 ± 0.02 0.25 ± 0.01
Ground raw beef 0.03 ± 0.00 0.13 ± 0.01 0.12 ± 0.00
Corned beef 0.04 ± 0.00 0.17 ± 0.02 0.17 ± 0.01 0.20 ± 0.02
Raw chicken liver 0.27 ± 0.02 2.17 ± 0.03 2.06 ± 0.04 1.95 ± 0.19
Cooked chicken liver 0.92 ± 0.12 2.38 ± 0.04 2.23 ± 0.07 2.31 ± 0.18
Fresh mushrooms 0.28 ± 0.01 0.36 ± 0.01 0.40 ± 0.01 0.36 ± 0.04
Canned mushrooms 0.07 ± 0.00 0.16 ± 0.01 0.15 ± 0.01 0.15 ± 0.02
Instant skim milk 1.38 ± 0.01 1.50 ± 0.02 1.55 ± 0.06
Raw whole milk 0.13 ± 0.00 0.16 ± 0.01 0.16 ± 0.00
UHT 2% milk 0.12 ± 0.00 0.14 ± 0.00 0.14 ± 0.00
Dry whole milk 1.14 ± 0.00 1.30 ± 0.01 1.29 ± 0.02
Chocolate milk 1.09 ± 0.02 1.36 ± 0.04 1.40 ± 0.08 1.32 ± 0.08
Cheese 0.30 ± 0.00 0.33 ± 0.00 0.30 ± 0.01
AACC cereal check“ 1.61 ± 0.06 1.71 ± 0.05 1.93 ± 0.05 1.79 ± 0.18
Mean CV, % 2.7 3.5 3.0 9.6

* Mean ±  standard deviation, n =  4 or 3. 
“ Theoretical value is 1.79 ±  0.20.

These find ings are consistent w ith  those in  fish and bread 
samples (7) and in  eggs and d a iry  products (1) using fluo - 
rom e tric  and u ltra v io le t (U V ) detection, respectively.

The pos ition  o f  r ib o fla v in  in the chrom atogram s was con
firm ed  through spiked sample recovery (F igure 2). The LC  
recoveries o f  added spikes ranged fro m  86.2 to  98.5% (Table
1) w ith  a mean o f  91.8%, w h ich  was s ligh tly  h igher than the 
conven tiona l m ethod, 90.5%.

In  the A O A C  o ffic ia l m ethod, the sample filtra te  is treated 
w ith  K M n 0 4 to  rem ove fluorescing interferences, then F L 0 2 
is added to  reduce the excess permanganate p r io r  to  fluores
cence measurement. A  b lank is carried ou t by  adding sod ium  
d ith io n ite , w h ich  destroys rib o fla v in .

The canned m ushroom  and raw  liv e r samples w h ich  con
ta ined sign ificant am ounts o f  peak A , gave lo w  fluo rom e tric  
b lank readings. Successive trea tm ent w ith  permanganate and 
peroxide had no effect on peaks A  and B in  cooked liv e r 
extract. O n the basis o f  re ten tion  tim e, peak A  is ne ither 
lu m ich ro m e no r lu m ifla v in , 2 know n degradation products 
o f  r ib o fla v in . Photodegradation and cond itions used in  sam
ple preparation such as au toc lav ing and p H  ad justm ent fa iled 
to  produce peak A  from  the standard. U V  irra d ia tio n  o f 
a lka line  cooked liv e r extract produced lu m if la v in  fro m  bo th  
com pounds A  and B. E xc ita tion  spectra o f  peaks A  and B 
were de term ined at wavelengths at 420 -520  nm , w ith  em is
sion wavelength fixed at 565 nm . B oth  peaks had m ax im um  
exc ita tion  wavelengths at 475 -480  nm . F u rthe r tests showed 
tha t peak A  has the same re ten tion  tim e  as fla v in  m ononu
cleotide (F M N ). F M N , a phosphoryla ted r ib o fla v in , occurs

0 3 6 9  0 3 6 9

RETENTION TIME, MINUTES

Figure 3. Cooked chicken liver before (A) and after (B) spiking 
with FMN.

in  b io log ica l organs and tissues (11). W hen cooked liv e r  ex
trac t was spiked w ith  F M N , peak A  and F M N  produced a 
single peak (F igure 3).

In teresting ly , the ra tio  o f  the 2 peaks depended on how 
the sample was processed. W hen the h ig h -F M N -co n ta in in g  
chicken liv e r sample was cooked at low  heat, its  r ib o fla v in  
content increased w h ile  its  F M N  content decreased. H eating 
m ig h t have activa ted some phosphatase type o f  enzymes in  
raw  live r, cleaving the phosphate group fro m  F M N , thus 
fo rm in g  m ore r ib o fla v in .

W hen the data resu lting fro m  m ic rob io log ica l assays o f  
selected samples (Table 2) were s ta tis tica lly  analyzed using 
/-test, they were n o t s ign ificantly  d iffe rent fro m  those ob 
ta ined by conven tiona l m ethods o r by L C  (sum  o f  r ib o fla v in  
and F M N ). T h is  find ing  verifies a previous repo rt show ing 
pos itive  agreement between the m ic ro b io lo g ica l and wet 
chem ical m ethods (8). M ore  im p o rta n tly , th is  suggests tha t 
the secondary fluorescing com pound has b io log ica l a c tiv ity  
s im ila r to tha t o f  r ib o fla v in . A  h igher re la tive  standard de
v ia tio n  (9.6%) was obta ined w ith  the m ic ro b io lo g ica l m ethod  
than w ith  the 2 o ther methods, w ith  a mean spike recovery 
o f  89.6%. A lso, the m ic rob io log ica l assay was tim e-co nsu m 
ing, requ iring  at least 24 h after sample prepara tion  before 
any result cou ld  be obtained.

F o r samples con ta in ing  m in o r am ounts o f  F M N  (< 2 5 %  
o f  the sum o f  F M N  and r ib o fla v in ), F M N  and r ib o fla v in  
peak heights were sum m ed and calculated as to ta l r ib o fla v in  
w ith o u t s ign ificant error. H ow ever, fo r  samples w ith  s ig n if
icant am ounts o f  F M N —such as raw  beef, corned beef, fresh 
live r, cooked live r, and canned m ushroom s—F M N  and r i 
bo flav in  contents were calculated separately using th e ir  c o r
responding K F  factors, then were sum m ed and reported as 
to ta l rib o fla v in . The K F  facto r is the ra tio  o f  concen tra tion  
o f  standard to  peak height. F M N  had a h igher K F  fac to r than 
rib o fla v in .

Conclusion
O ur find ings con firm  tha t r ib o fla v in  values m easured by 

LC  can be low er in  samples con ta in ing  a h igh am o un t o f  
F M N . S um m ation o f  r ib o fla v in  and F M N  gives a good c o r
re la tion  w ith  standard procedures. The LC  ana ly tica l p ro 
cedure is sensitive, rap id , sim ple, and accurate enough tha t 
we recom m end undertak ing a co llabora tive  study.
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Liquid Chromatographic Determination of Vitamin D in Fortified M ilk

VIPIN K. AG ARW AL
T h e  C o n n e c ticu t A g r ic u ltu ra l E x p e r im e n t S ta tio n , D e p a r tm e n t o f  A n a ly t ic a l  C h e m is try , B o x  1 1 0 6 , 
N e w  H a ven , C T  0 6 5 0 4

A method for the determination of vitamins D2 + D3 in fortified milk 
is described. Vitamins D2 and D3 are extracted from the saponified 
sample and converted to isotachysterols with antimony trichloride. 
The isotachysterols are quantitated using liquid chromatography with 
ultraviolet detection at 301 nm, which is the absorption maximum. 
At this wavelength other materials present in the sample do not 
interfere with the analysis of isotachysterols and therefore a cleanup 
step is avoided. Recoveries of vitamin D added to skim milk were 
98.1% (SD 5.3), 96.7% (SD 3.3), and 96.0% (SD 5.1) for samples 
fortified with 200, 400, and 600 IU/quart, respectively. For whole 
milk, recoveries were 102.0% (SD 6.5) and 97.1% (SD 3.5) in samples 
fortified with vitamin D equivalent to 200 and 400 IU/quart, re
spectively. The detection limit for vitamin D is 40 IU/quart.

V ita m in  D 2 (ergocalcifero l) o r  v ita m in  D 3 (cho lecalc ife ro l) is 
added to  fo r t ify  m ilk  at 400 IU /q u a rt (10 pg/quart) (1). The 
m a in  prob lem  encountered in  qu a n tita tio n  o f  v ita m in  D  in  
m ilk  is the presence o f  excessive am ounts o f  fats, prote ins, 
and sterols in c lud in g  cholesterol. Some o f  these com pounds 
have s im ila r chem ica l and physica l properties and in terfe re 
w ith  the analysis (2). In  ad d itio n , v ita m in  D  is sensitive to 
heat and lig h t and is subject to  ox ida tion , thus lengthy ex
trac tion  and cleanup procedures m ay result in  low er recov
eries (3).

L iq u id  chrom atography (LC ) has been successfully applied 
fo r  the de te rm ina tion  o f  v ita m in  D  in  fo r tif ie d  m ilk  (3-11). 
A l l  L C  m ethods require  sapon ification o f  the m ilk  to  hyd ro 
lyze fats, fo llow ed by extraction  to  collect a ll fa t-so lub le  m a
teria l. A  fu rthe r cleanup step is needed to  separate o ther 
in te rfe ring  m ateria ls fro m  v ita m in  D  before i t  is quan tita ted  
by LC .

T h is  repo rt describes an LC  m ethod fo r  the de te rm ina tion  
o f  v ita m in  D  in  m ilk  tha t does no t require  a cleanup step.

M E T H O D

Reagents and Standards
(a) Solvents.— LC  grade hexane, m ethano l, and e thy l ace

tate and ana lytica l grade ch lo ro fo rm  (F isher Scientific  Co., 
Springfield, N J  07081).

(b) Aqueous K O H  solution. — D isso lve  400 g reagent grade 
K O H  in  water, cool, and d ilu te  to  500 m L  w ith  water.

Received December 11, 1986. Accepted May 4, 1987.

(c) Alcoholic K O H  solution.—D isso lve  15 g reagent grade 
K O H  in  400 m L  water and d ilu te  to  500 m L  w ith  ethanol.

(d) Ethanolic pyrogallol solution.— D isso lve  1.0 g pyro - 
ga llo l in  100 m L  ethanol.

(e) Antimony trichloride solution.— D isso lve  2.0 g a n ti
m ony tr ic h lo r id e  (A ld r ic h  C hem ica l Co., M ilw aukee , W I 
53201) in  10 m L  ch lo ro fo rm , o r use prepared an tim on y  t r i 
ch lo ride  in  ch lo ro fo rm  (C arr-P rice  reagent fro m  Sigma 
Chem ica l Co., St. Louis, M O  63178).

(f) Tartaric acid solution.— D isso lve  4.0 g ta rta ric  acid 
(Sigma Chem ica l Co.) in  10 m L  water.

(g) Mobile phase for LC.— H exane-e thy l acetate-m etha
no l (97 +  2.5 +  0.05).

(h) Vitamin D  standard solutions.—( 1)  Stock solutions: 
Separately d issolve 100 mg each o f  c rys ta lline  D 2 (ergocal
c ife ro l) and D 3 (cho lecalc ife ro l) (bo th  fro m  Sigma Chem ica l 
Co.) and d ilu te  to  200 m L  w ith  m ethano l. (2) Intermediate 
standard solutions: Separately d ilu te  5 m L  o f  each stock so
lu tio n  to  100 m L  w ith  m ethano l. (3) Working standard so
lutions: D ilu te  1 m L  o f  each in te rm ed ia te  standard to  50 m L  
w ith  m ethanol.

Apparatus
(a) Centrifuge tubes. — 25 m L  con ica l centrifuge tubes w ith  

glass stoppers, used fo r isom eriza tion .
(b) Vortex mixer. —B ro n w ill vo rte x  m ixe r, o r  equiva lent.
(c) Liquid chromatography a p p a ra to . — Labo ra to ry  D ata  

C o n tro l Constam etric I I I  pum p equipped w ith  Rheodyne 
7105 syringe in jec tio n  va lve  w ith  20 p L  sample loop , Spec- 
tro m o n ito r I I I  variab le  wavelength detector (LD C , R iv ie ra  
Beach, F L  33404), and H ew le tt-P ackard  3390A  in tegra to r 
(Hew le tt-Packard, Palo A lto , C A  94304).

(d) Chromatographic column. — Spherisorb no rm a l phase, 
3 pm , in  stainless steel co lum n, 25 cm  x 2 m m  id  (Phase 
Separation Inc., N o rw a lk , C T  06854).

Saponification and Extraction
The procedure described by W ick ro sk i and M cLean (10) 

was fo llow ed: Place 25 m L  m ilk  sample in  250 m L  lo w - 
ac tin ic  glass Erlenm eyer flask. A d d  50 m L  e thano lic  pyro -
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Figure 1. Chromatograms of A, standard isotachysterol D;; B, unfortified reconstituted partly skim milk; C, reconstituted partly skim 
milk fortified with 400 lU/quart of vitamin D3; D, standard isotachysterol D3 equivalent to 0.03 IU.

ga llo l so lu tion  and 15 m L  aqueous K O H  solution. Place 
sm all magnetic s tirr in g  bar in  flask and saponify m ix tu re  
ove rn igh t at room  tem perature w ith  slow  constant s tirring . 
T ransfe r saponified m ix tu re  to  500 m L  separatory funnel. 
R inse flask w ith  tw o  40 m L  po rtions o f  water, 20 m L  ethanol, 
and 50 m L  hexane, separately. A d d  a ll these washings to  
separatory funnel. Shake funne l v igorously  to  extract v ita 
m ins in to  hexane layer. Rem ove aqueous layer and extract 
3 tim es w ith  50 m L  o f  hexane. C om bine hexane extracts 
and wash 3 tim es w ith  60 m L  a lcoho lic  K O H  so lu tion . Wash 
com bined hexane extract w ith  50 m L  p o rtions  o f  w ater u n til 
there is no co lo r to  pheno lphtha le in  in  aqueous layer. Re
m ove water fro m  hexane extract w ith  anhydrous sod ium  
sulfate. Concentrate extract to  ca 5 m L  on ro ta to ry  evapo
ra tor, keeping bath tem perature be low  40°C. Transfe r con
centrated extract to  25 m L  centrifuge tube and evaporate to 
dryness by using w arm  w ater bath and slow  stream o f  n itro 
gen. D isso lve extract in  0.5 m L  ch lo ro fo rm .

Isomerization

The m ethod fo llow ed by DeLeenheer and C ru y l was adop t
ed (12) fo r bo th  standards and samples. F o r standards, iso 
m eriza tion  was carried ou t using levels o f  v ita m in  D 2 and 
D 3 ranging fro m  5 to  50 IU  (0.125 to  1.25 fig) d isso lved in  
0.5 m L  ch lo ro fo rm . A d d  2 m L  an tim on y  tr ic h lo r id e  so lu tion  
in  ch lo ro fo rm  to centrifuge tube con ta in ing  standards o r sam 
ples, shake w e ll on vortex-type  m ixe r fo r 15-20 s, and leave 
at room  tem perature 30 s, shaking 2 o r 3 tim es d u rin g  in 
terval. Im m edia te ly  add 3 m L  ta rta ric  acid so lu tion and shake 
w e ll 15-20 s on vortex  m ixer. A d d  2 m L  w ater and shake 
again on vortex  m ixe r 15-20 s. Rem ove aqueous phase by 
using p ipe t and f ilte r  ch lo ro fo rm  layer th rough sm all co lum n 
filled  w ith  anhydrous sod ium  sulfate. (D isposable p ipe t can 
be used fo r th is  purpose.) Evaporate ch lo ro fo rm  extract under 
slow  stream o f  n itrogen and dissolve the sample in  500 i±L 
hexane.



AGARWAL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988) 21

Table 1. Recoveries of vitamin D3 added to reconstituted, partly 
skimmed milk at 200, 400, and 600 lU/quart

200 lU/quart 400 lU/quart 600 lU/quart

IU Rec., IU Rec., IU Rec.,
Test found % found % found %

1 195 97.5 363 90.7 568 94.7
2 186 93.0 400 100.0 576 96.0
3 181 90.5 407 101.7 551 91.8
4 205 102.5 393 98.2 592 98.6
5 197 98.5 378 94.5 632 105.3
6 211 105.5 393 98.2 608 101.3
7 186 93.0 385 96.2 538 89.7
8 209 104.5 378 94.5 545 90.8

A v. 196.2 98.1 387.1 96.7 576.2 96.0
SD 10.6 5.3 13.1 3.3 30.6 5.1

Liquid Chromatography
Use the fo llo w in g  opera ting cond itions: am b ient tem per

ature; m ob ile  phase, hexane-e thy l acetate-m ethano l (97 +
2.5 +  0.05); flo w  rate, 0.7 m L /m in ; detector, 301 nm ; sen
s it iv ity , 0.01 A U F S . Q uantita te  by m easuring peak heights. 
R etention tim e  o f  iso tachystero l should be between 12 and 
16 m in .

Results and Discussion
V ita m in  D  in  m ilk  was quan tita ted  by estim a tion  o f  iso 

tachysterol D 2 o r D , w h ich  is obta ined by isom eriza tion  o f  
v ita m in  D 2 and D 3. Isotachysterol(s) fo rm ed  fro m  D 2 and D 3 
had the same re ten tion  t im e  on L C  analysis. T h is  was verified  
by carry ing ou t the isom eriza tion  reaction on v ita m in  D 2 and 
D 3 separately as w e ll as on a m ix tu re  o f  equal am ounts o f  
D 2 and D 3. Therefore, recovery studies were carried ou t using 
on ly  v ita m in  D 3.

Figure 1A shows a chrom atogram  o f  standard iso tachy
sterol D 3 ob ta ined a fte r isom eriza tion . L in e a rity  o f  the iso
m eriza tion  step was con firm ed by carry ing  ou t the reaction 
on the standard v ita m in  D 3 in  concentrations ranging from  
5 to 5 0 IU  (0 .125-1 .25 ^g)- The y ie lds fo r  isom eriza tion  were 
above 90%. L in e a rity  fo r  the isom eriza tion  step in  the range 
o f  0 to  250 ug also has been established by DeLeenheer and 
C ru y l (12), w ho reported an efficiency o f  93%. In  ou r exper
im ents, i t  was necessary to  carry ou t isom eriza tion  at con
centrations ranging fro m  5 to  20 IU , because the sample size 
used was 25 m L  m ilk  w h ich  should con ta in  10 IU  v ita m in  
D  i f  fo rtif ie d  w ith  400 IU /q u a rt.

F igure IB  is a chrom atogram  o f  an u n fo rtif ie d  sample o f  
reconstitu ted p a rtly  sk im m ed m ilk  showing the absence o f  
in te rfe ring  peaks. A  25 m L  p o rtio n  o f  reconstitu ted u n fo r
tif ie d  pa rtly  sk im m ed m ilk  (fat content 0.8%) was fo rtifie d

Table 2. Recoveries of vitamin D3 added to unfortified homog
enized milk at 200 and 400 IU/quarta

Test

200 lU/quart 400 lU/quart

IU found Rec., % IU found Rec., %

1 262 104.8 428 95.1
2 226 90.4 450 100.0
3 258 103.2 466 103.5
4 269 107.6 452 100.4
5 232 92.8 423 94.0
6 253 101.2 431 95.8
7 274 109.6 426 94.7
8 266 106.4 419 93.1

Av. 255 102.0 436.9 97.1
SD 16.2 6.5 15.8 3.5

■ 50 lU/quart which was found in the unfortified sample was taken into 
account.

Table 3. Recovery of vitamin D3 from commercially fortified whole
milk

Test
Label claim, 

lU/quart
Found,
lU/quart

1 400 484
2 400 469
3 400 443
4 400 483
5 400 484
6 400 498

Av. 477
SD 17.3

before sapon ification w ith  va ry ing  am ounts o f  v ita m in  D 3, 
ranging fro m  200 to  600 IU /q u a rt. F igure 1C shows a ch ro 
m atogram  o f  pa rtly  sk im m ed m ilk  fo r tif ie d  w ith  400 IU /  
quart o f  v ita m in  D 3 and shows a w e ll-reso lved isotachystero l 
D 3 peak. In  samples fo rtif ie d  w ith  200 IU /q u a rt, recoveries 
ranged fro m  91 to  106% (average 98%, standard dev ia tion
5.3) (Table 1). Recoveries ranged fro m  91 to  102% (average 
97%, standard dev ia tion  3.3) in  samples fo r tif ie d  w ith  400 
IU /q u a r t and 90 to  105% (average 96%, standard dev ia tion
5.1) in  samples fo rtif ie d  w ith  600 IU /q u a rt.

A  like  experim ent was carried ou t w ith  u n fo rtif ie d  ho 
m ogenized m ilk . T h is  m ilk , however, showed the presence 
o f  a sm all am oun t o f  v ita m in  D  w h ich  accounted fo r about 
50 IU /q u a rt. T h is  value was taken in to  account fo r  calcu
la tio n  o f  recoveries afte r fo rtif ic a tio n  w ith  standard v ita m in  
D 3. T h is  m ilk  was fo rtif ie d  w ith  200 and 400 IU /q u a r t o f 
v ita m in  D 3 and recoveries are shown in  Table 2. The ch ro 
m atogram  o f  the whole m ilk  sample was s im ila r to  the chro
m atogram  o f  sk im  m ilk  (F igure 1C). Recoveries ranged from  
90 to  110% (average 102%, standard de v ia tion  6.5) in  sam
ples fo rtif ie d  w ith  200 IU /q u a r t and 93 to  104% (average 
97%, standard de v ia tion  3.5) in  samples fo r tif ie d  w ith  400 
IU /q u a rt.

A  com m erc ia lly  ava ilab le  fo rtif ie d  w hole m ilk  guaranteed 
to  con ta in  400 IU  v ita m in  D  per qua rt was analyzed using 
the proposed m ethod. The results are g iven in  Table 3. Re
covery ranged fro m  443 to  498 IU /q u a r t  w ith  an average o f  
477 IU /q u a r t and standard d e v ia tion  o f  17.3.

The present procedure com ple te ly  e lim inates the cleanup 
step required in  a ll LC  m ethods (3 -11). Figure ID  is a ch ro 
m atogram  o f  standard isotachystero l D 3 equ iva len t to  0.03 
IU  w h ich  is the low er detection l im it  fo r  pure standard. In  
m ilk  samples, as lit t le  as 40 IU /q u a r t can be detected and 
quantita ted.

The a im  o f  th is  w o rk  was the developm ent o f  a m ethod 
suitable fo r the qu an tita tive  de te rm in a tion  o f  v ita m in  D  in  
fo rtif ie d  m ilk  and s im ila r products, w ith o u t a cleanup step. 
A  m a jo r prob lem  in  using the present o ffic ia l m ethod  (9) is 
the conversion o f  v ita m in  D  to  p re v ita m in  D  du ring  sapon
ifica tion . Since qu a n tita tio n  o f  p re v ita m in  D  is no t possible 
due to o ther interferences, a co rrection  fac to r o f  1.25 is ap
p lied  to  quan tita te  v ita m in  D  (9). In  the proposed m ethod, 
saponification is carried ou t at room  tem perature w h ich  avoids 
fo rm a tio n  o f  p re v ita m in  D .

A l l  LC  m ethods reported to  date require  a cleanup step 
after extraction. In  the A O A C  o ffic ia l m ethod, tw o  LC  sys
tem s are required, one fo r  sample cleanup and a second fo r 
analysis.

I t  has been reported tha t v ita m in  D  is also sensitive to 
evaporation (13). In  o u r m ethod, on ly  one evapora tion  step 
is needed before v ita m in  D  is converted to  isotachystero l D , 
and isotachysterol is stable to  heat, ligh t, and evapora tion
(12) and car. be handled easily.
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Isom eriza tion  o f  v ita m in  D 2 and D 3 by trea tm ent w ith  
an tim o n y  tr ic h lo r id e  has several advantages. The ex tin c tion  
o f  isotachysterol is m ore than double com pared to  v ita m in  
D , and therefore sen s itiv ity  is increased. The wavelength 
m ax im um s fo r isotachysterol(s) are 278, 288, and 301 nm  
w h ich  allows the detection o f  isotachystero l at 301 nm  (13). 
A t  th is  wavelength, interferences fro m  com pounds present 
in  the sample m a tr ix  are com ple te ly e lim ina ted . The on ly  
disadvantage o f  the proposed m ethod is tha t v ita m in s  D 2 
and D 3 cannot be determ ined separately.
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PESTICIDE FORMULAT IONS

Liquid Chromatographic Method for Determination of Anilazine in Formulated Products: 
Collaborative Study

STEPHEN C. SLAHCK
M o b a y  C o rp ., A g r ic u ltu ra l C h e m ic a ls  D iv ., P O  B o x  4 9 1 3 , H a w th o r n  R d , K a n s a s  C ity , M O  6 4 1 2 0 - 0 0 1 3

Collaborators: J. A rrud a ; O. O. Bennett, Jr; H . Cheuk; R. M . E llio tt; A . O. Fon tan illa ; W . E. Hodg ins; J. H un t;
P. D . Jung; P. Lonn ; P. M . L . Pearson; M . Schuld; R. Schulz; S. S troh; D . F. T om kins ; J. R. U pdyke

A liquid chromatographic method for the determination of anilazine 
(DYRENE®) in formulated products has been developed and sub
jected to a collaborative study involving 15 participating laboratories. 
Each collaborator was furnished with reference standard, internal 
standard, and blind duplicate samples of DYRENE 80% concentrate, 
75% wettable powder (75 WP), 50 WP, and 4 flowable formulation. 
Samples are dissolved in acetonitrile and analyzed by reverse phase 
chromatography using octanophenone as an internal standard. Col
laborators were instructed to evaluate the method by either peak area 
or peak height measurements. Seven laboratories performed the anal
yses using peak areas; 8 laboratories used peak heights. Peak area 
measurements for the wettable powder samples resulted in statisti
cally high bias vs peak height measurements. This was apparently 
due to inconsistent integration parameters among collaborators. Dif
ficulties in establishing the correct integration parameters are illus
trated along with t-test values for the 2 measurement techniques. 
Coefficients of variation of the peak height values obtained on the 
80 concentrate, 75 WP, 50 WP, and 4 flowable were 1.68,1.29,1.74,
1.87%, respectively. The method has been adopted official first ac
tion.

A nilaz ine , 4 ,6 -d ich lo ro -A r-(2 -ch lo ro ph en y l)-1,3 ,5 -tria z in -2 - 
am ine, is com m e rc ia lly  ava ilab le  as D Y R E N E ®  in  several 
fo rm u la tions  in c lud in g  an 80% concentrate, 75% wettable 
pow der (75 W P), 50 W P, and a 4 flow able fo rm u la tio n . A n 
ilazine is a w ide ly  used fungic ide w h ich  is h igh ly  effective 
against a va rie ty  o f  p lan t diseases tha t attack ag ricu ltu ra l 
crops, ornam enta l plants, and tu r f  grasses. A n ila z ine  has been 
evaluated by po ten tio m e tric  t it ra t io n  (1), co lo r im e try  (2, 3), 
gas chrom atography (4 -7 ), and liq u id  chrom atography (LC) 
(8, 9).

T itr im e tr ic  results are subject to  sign ificant interferences 
inc lud ing  the m a jo r im p u r ity  6 -ch lo ro -A r,A "-b is(2 -ch lo ro - 
p h e n y l) - l,3 ,5 -tr ia z in e -2 ,4 -d ia m in e  (b is -com po un d ). The 
structure o f  th is  com pound and an ilaz ine are shown in  F igure
1. As expected, co lo rim e tric  de te rm ina tions are subject to  a 
va rie ty  o f  interferences. Gas chrom atograph ic (G C) m ethods 
have n o t been en tire ly  satisfactory; q u a n tita tio n  d ifficu ltie s  
in  G C  m ethods have been a ttr ib u te d  to  adsorptions on pack
ing m ateria ls (5, 6). T h is  prem ise appears qu ite  reasonable 
considering the lo w  v o la t ili ty  o f  an ilaz ine and several o f  its 
im puritie s , fo r  exam ple, the b is-com pound is considerably 
less vo la tile  than is an ilazine. M ethano l was used in  one LC  
m ethod fo r  an ilaz ine (8), b u t an ilazine is know n to  react w ith  
m ethano l qu ite  read ily  to fo rm  the d im e tho xy  analog (10).

The present report describes a co llabora tive  study o f  a 
reverse phase LC  m ethod w ith  U V  detection at 250 nm  and

S u b m it te d  fo r  p u b l i c a t io n  J u n e  2 , 1 9 8 7 .
T h is  r e p o r t  o f  th e  A s s o c ia te  R e fe re e  w a s  p r e s e n te d  a t  th e  1 0 0 th  A O  A C  

A n n u a l  I n te r n a t io n a l  M e e t in g , S e p t.  1 5 - 1 8 ,  1 9 8 6 , a t  S c o t t s d a le ,  A Z .
T h e  r e c o m m e n d a t io n  o f  th e  A s s o c ia te  R e fe re e  w a s  a p p r o v e d  i n t e r im  o ffic ia l 

firs t a c t io n  b y  th e  G e n e r a l  R e fe re e , th e  C o m m it t e e  o n  P e s t ic id e  F o r m u la t io n s  
a n d  D is in fe c ta n ts ,  a n d  th e  C h a i r m a n  o f  th e  O ff ic ia l M e th o d s  B o a rd . T h e  
m e th o d  w a s  a d o p te d  o ffic ia l firs t a c t io n  a t  th e  101 s t A O  A C  A n n u a l  In te rn a t io n a l  
M e e tin g , S e p t. 1 4 - 1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . S e e  th e  G e n e r a l  R e fe re e  
a n d  C o m m itte e  re p o r ts ,  J. Assoc. Off. Anal. C hem . (1 9 8 8 )  71, J a n u a r y /F e b ru a r y  
issu e .

octanophenone as in te rna l standard. The m ethod separates 
a ll know n im p u ritie s  in  the product.

Collaborative Study
The L C  m ethod was subm itted  to  study by  15 pa rtic ipa ting  

laboratories. C o llaborators were fu rn ished b lin d  duplicate 
subsamples o f  the fo rm u la tions , a reference standard, the 
in te rna l standard, and the m ethod. C o llabora tors were in 
structed to  refrigerate a ll m ateria ls u n t il suffic ient tim e  was 
ava ilab le  to  pe rfo rm  the study. The an ilaz ine standard p ro 
v ided  inc luded about 1% o f  the b is-com pound as a reference. 
C o llaborators were instructed tha t th is  com pound m ust be 
resolved fro m  the an ilazine and in te rna l s tandard peaks (F ig
ure 2). Presence o f  the b is-com pound a llow ed the analyst to 
determ ine w hether reso lu tion  was adequate and p ro v id ed  an 
in d ica tio n  o f  the ove ra ll q u a lity  o f  each la bo ra to ry ’s L C  sys
tem. The study was designed according to  suggestions given 
by Y ouden and Steiner (11).

A nilazine in Pestic ide Form ulations  

Liquid C hrom atographic M ethod  

First Action  

AOAC-CIPAC Method

(M ethod  :s su itable for form u lation s w ith anilazine as only  
activ e  ingredient.)

Principle
A nilazine is detd by liq . chrom atgy using octanophenone as internal 

std. A dequate resolu tion  is co n tro lled  by m on itorin g  sepn o f  b is- 
com poun d  (m a jo r im purity  o f  anilaz in e) from  anilazine and  internal 
std peaks.

Apparatus
(a) L iq u id  c h ro m a to g r a p h .— A ble to  generate > 7  M P a  ( > 1 0 0 0  

psi) and m easure A  at 2 5 0  nm . O perating co n d ition s: co lu m n  tem p, 
am bien t; m obile  phase flow rate ca 1.7 m L /m in  (ca  8 0 0  psi); chart 
speed 0 .5  cm /m in ; in jection  vol. 20  mL; A  range 0 .3 2  A U F S . R eten tion  
tim es: anilazine ca 2 .5  m in , b is-com poun d  ca  4 .0  m in , octanophenone 
ca 6 .6  m in . Pum p L C  m obile  phase thru  co lu m n  un til system  is 
equ ilibrated  (flat baselin e). A llow  1 m in  after elution  o f  in tern al std 
before n ext in jection .

(b) C h ro m a to g ra p h ic  co lu m n . — 2 5 0  x  4 .6  m m  id packed w ith 
< 1 0  Min C 18 bond ed  silica  gel capable o f  resolving b is-com p ou n d  
from  anilazine and in tern al std peaks (D u P on t O D S , or equ iv .).

(c) C h a rt recorder. — M in . 2 5 0  m m  span, 10 m V  range, 30  cm /h  
speed.

(d) B ath . — U ltrason ic.
(e) F ilters. — 0 .4 5  ¡am porosity  (G e lm an  A cro d isc-C R , or equiv.).

Reagents

(a) A c e to n itr i le .— L C  grade o r d istd  in glass (Bu rdick  &  Ja ck so n  
L aborato ries, In c ., or equiv .).

(b) O c ta n o p h en o n e  in te rn a l s td  s o ln .— D il. 4  m L  octan op h en on e 
(A ldrich C h em ical C o ., In c ., or equ iv .) to  2 5 0  m L  w ith C H 3CN .
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Figure 1. Structure of an ilazine and its m ajor im purity, 6-chloro- 
A /,A /'-b is(2-ch lorophenyl)-1 ,3 ,5 -tria z in e -2 ,4 -d ia m in e  (b is -c o m -  

pound).

(c) W ater. — L C  grade or distd  in glass (Bu rd ick  &  Ja ck so n  
L aborato ries, In c ., or equ iv .).

(d) L C  m o b ile  p h a s e .— C H 3C N -H 20  (8 0  +  20).
(e) A n ila z in e  s td s o ln .  — A ccu rately  w eigh ca  2 3 0  m g anilazine ref. 

std (M ob ay  C orp ., A gricultural C h em icals D iv ., P O  B o x  4 9 1 3 , 
H aw thorne R d ., K an sas C ity, M O  6 4 1 2 0 -0 0 1 3 )  in to  100  m L  vol. 
flask. P ipet 10 m L  intern al std soln in to  flask, dil. to vol. with 
C H 3C N , and m ix  well. P ip et 5 m L  o f  th is soln in to  100  m L  vol. 
flask, dil. to vol. w ith C H 3C N , and m ix  w ell. F ilte r  p o rtio n  o f  final 
soln for L C  analysis.

Preparation of Sample

(a) F o rm u la tio n s  e x c lu d in g  flow able . —A ccu rately  w eigh sam ple 
contg  ca  2 3 0  m g anilazine in to  100  m L  vo l. flask. P ip et 10 m L  
intern al std soln in to  flask, dil. to  vol. w ith C H 3C N , and son icate  1 
m in . M ix  well. P ip et 5 m L  o f  th is soln in to  100  m L  vol. flask, dil. 
to  vo l. w ith C H 3C N , and m ix  well. F ilte r  p ortion  o f  final soln for 
L C  analysis.

(b) F lo w a b le .—A ccurately weigh sam ple contg ca  2 3 0  m g anilazine 
in to  100  m L  vol. flask. A dd 5 m L  L C  grade or distd  in glass H zO  
and swirl until sam ple is thoroughly dispersed. P ip et 10 m L  internal 
std soln in to  flask, dil. to  vo l. w ith C H 3C N , and son icate  1 m in . M ix  
well. P ip et 5 m L  o f  th is soln in to  100  m L  v o l. flask, dil. to vo l. w ith 
C H 3C N , and m ix  w ell. F ilte r  portion  o f  final soln for L C  analysis.

Determination
In je c t an ilazine std so ln  and ad ju st op erating param eters so that 

anilazine e lutes in 2 .5 - 3 .0  m in . A d ju st in jectio n  vol. and atten u ation

Tab le  1. C o lla b o ra tiv e re s u lts fo rd e te rm in a tio n o fa n ila z in e (% )  
in blind duplicate sam ples: m easurem ents by peak area

Coll. 80 cone. 75 WP 50 WP 4 flowable
1 78.1 78.9 71.5 71.6 49.9 49.6 38.2 38.3
2 79.1 80.9 73.6 73.9 50.4 50.9 39.4 39.0
3 78.0 78.9 70.4 70.7 49.3 49.4 37.0 37.7
4 79.4 76.8 71.0 70.7 51.3 49.3 38.1 38.6
5 78.5 78.2 69.7 70.5 49.5 48.6 38.6 36.8
6 78.9 78.8 71.7 71.7 49.8 49.8 38.8 38.9
7 79.4 80.0 72.0 71.4 49.8 50.0 38.4 38.3

r e t e n t i o n  t i n e ,  n in u t e s

Figure 2. Typical LC chrom atogram  showing (A ) an ilazin e , (B)
bis-com pound, and (C ) octanophenone internal standard.

to give largest possible on-scale peaks. B is-com p oun d  m ust be resolved 
from  anilazine and octan op h en on e peaks. I f  n o t, change or rep ack 
colum n.

U sin g  sam e in jectio n  vol. for all sam ple and std in je c tio n s , m ake 
rep etitive in jectio n s o f  ref. std soln and ca lc, response ra tios by  
d ivid ing anilazine peak h t by in tern al std peak ht. R esp on se  ratios 
m ust agree ± 1 % . A verage d uplicate response ra tios ob ta in ed  w ith 
std solns.

In jec t duplicate a liq u ots o f  each sam ple soln. A verage d uplicate 
response ratios for each sam ple soln. R esp on se ratios m u st agree 
±  1%. I f  not, repeat detn, starting w ith std in jection s.

R e -in je c t  ref. std so ln  tw ice. A verage response ratios o f  stds 
im m ed iately  preceding and follow ing sam ple in jectio n . T h ese  m u st 
agree w ith in ± 1 % . I f  n o t, repeat detn.

Calculation

A nilazine, wt % = ( R / R ' )  x ( W ' / W )  x P

w here R  and R '  =  av. response ratios for sam ple and  std solns, resp ., 
W'  and W  =  wt (m g) o f  anilazine in std and sam ple solns, resp ., and 
P  =  % purity o f  a nilazine std.

C A S -1 0 1 -0 5 -3  (anilazine)

R e su lts  a n d  D isc u ss io n

A  com plete set o f  results was received fro m  each o f  the 15 
collaborators. The co llabora tors used a va rie ty  o f  equ ipm en t 
to  perfo rm  the analyses: 7 brands o f  pum ps, 9 brands o f  
detectors, 7 brands o f  colum ns, and 7 brands o f  in jectors. 
Sample vo lum es in jected varied  fro m  5 to  30 p L . Pressures 
obtained covered a range o f  3 .5 -19 M P a fo r  flo w  rates o f
1.0-1.9 m L /m in .

Seven co llabora tors determ ined response ra tios by using 
peak area measurements obta ined fro m  labo ra to ry  data 
systems; 8 co llabora tors used m anua lly  ob ta ined peak he ight 
measurements (Tables 1 and 2).

The results on 4 flowable fro m  co llabora to r 10 are ou tlie rs 
on the basis o f  the D ix o n  test o f  sums. C o lla bo ra to r 15 is 
c learly an o u tlie r by the D ix o n  o u tlie r test. T h is  co llab o ra to r’s

T a b le  2. C ollaborative results for determ ination o f an ilaz in e  ( % )  
in blind duplicate sam ples: m easurem ents by p e ak  height

Coll. 80 cone. 75 WP 50 WP 4 flowable
8 76.7 76.2 69.6 69.6 48.1 48.2 37.3 37.0
9 79.1 79.1 71.6 71.8 49.8 49.7 38.3 38.2

10 81.1 80.4 70.2 72.5 50.3 50.4 41.3* 40.7*
11 78.7 77.8 71.1 70.9 50.0 50.4 39.3 39.0
12 79.0 78.5 70.7 70.7 48.7 48.3 37.9 37.8
13 78.2 77.9 70.6 69.6 49.2 48.8 38.6 38.6
14 78.3 78.2 69.6 70.6 49.2 48.8 38.6 38.6
15" 71.5 72.6 64.0 64.4 43.0 42.8 30.5 32.1

* Outlier by Dixon test on laboratory sums.
6 All results for this collaborator are outliers on basis of Dixon outlier test.
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Figure 3. LC chromatogram of wettable powder formulation Figure 4. LC chromatogram of wettable powder formulation
showing ideal baseline interpretations (0.4 mV/min slope showing undesirable baselines obtained from implementing a

sensitivity setting). 2.0 mV/min slope sensitivity setting.

results m igh t be exp la ined by a s ign ificant reference standard 
weighing e rro r because a ll o f  the values fo r  each fo rm u la tio n  
deviate fro m  the average by approx im ate ly  the same factor.

A n  exam ination  o f  the statistics regarding peak area vs 
peak height measurements is shown in  Table 3. Each 
labora tory perform ed e ither peak he ight o r area percent 
calculations, so the /-test fo r independent samples m ust be 
used. E xam ina tion  o f  the calculated /-test results re la tive  to  
the standard table values shows tha t the analyses o f  the 80 
concentrate and the 4 flow able are no t s ign ifican tly  d iffe rent 
whether analyzed by peak he ight o r peak area. H ow ever, the 
2 sets o f  data fo r  the wettable powders are so s ign ificantly  
d iffe rent (fo r a type 1 e rro r o f  0.10) as to  n o t a llow  averaging 
o f  results.

A lthough  th is  L C  m ethod is know n  to  resolve a ll an ilazine 
im puritie s , excip ients in  the wettable pow der fo rm u la tio n  
produce extrem ely sm all absorbances tha t are resolved, bu t 
w h ich  reside on the ta il o f  the an ilazine peak and can easily 
create sign ificant errors in  area measurements i f  in tegra tion  
parameters are no t ca re fu lly  con tro lled . V isua lly , these 
absorbances are a lm ost im percep tib le ; however, analog-to- 
d ig ita l processing p r io r  to  a ttenuation  o f  the detector signal 
provides am ple se n s itiv ity  to  detect these com ponents.

Table 3. Statistical treatment of collaborative data8

Peak area Peak height

80 cone.: Mean = 78.85 Mean = 78.51
Sx = 0.97 Sx = 1.32
So = 0.92 So = 0.37
sL= 0.31 SL= 1.27

o < * = 1.23 CVx, % = 1.68
t caled = 0.79

75 WP: Mean - 71.46 Mean = 70.65
Sx = 1.20 Sx = 0.91
So = 0.30 So = 0.73
SL= 1.16 sL= 0.55

o < o'- = 1.68 o < * = 1.29
t caled = 2.01

50 WP: Mean = 49.83 Mean = 49.28
Sx = 0.69 Sx = 0.86
So = 0.61 So = 0.22
SL= 0.32 SL= 0.83

o < Np O' = 1.39 CVx, % = 1.74
t caled = 1.87

4 flow: Mean = 38.29 Mean = 38.26
Sx = 0.74 Sx = 0.72
So = 0.55 So = 0.11
sL= 0.68 SL= 0.71

o < vO o'- = 1.93 o < O' = 1.87
t caled = 0.11

a t-table value for a Type I error of 0.10 with 26 degrees of freedom is 1.71.

Figure 3 shows a typ ica l baseline o f  an an ilaz ine wettable 
powder in jec tio n  when in tegra tion  param eters are care fu lly  
con tro lled . A ltho ug h  a com ponent is ev iden t at ca 2.8 m in , 
i t  is  reso lve d  f ro m  the  a n ila z in e  fo r  peak h e ig h t 
de term inations, and its  area is negligible. Figures 4 and 5 
show erroneous in te rp re ta tions o f  the baselines w h ich  can 
read ily  occur i f  in tegra tion  param eters are n o t care fu lly  
con tro lled . In  Figure 4, the slope se n s itiv ity  was set to  a less 
sensitive setting. T h is  co n d itio n  w il l  produce a lo w  bias due 
to  incom plete in tegra tion  o f  the an ilaz ine peak at abou t 2.5 
m in . In  F igure 5, the slope sen s itiv ity  was set to  a m ore 
sensitive setting. T h is  results in  a m is in te rp re ta tion  o f  baseline 
leading to  a high bias fro m  a very  large e rro r in  in tegra tion  
o f  the an ilazine peak. The h igh bias o f  the peak area 
measurements o f  the wettable powders in  the co llabora tive  
study is apparently due to  such an error. N early  a ll peak 
he ight measurements were perfo rm ed m anua lly  w ith o u t the 
a id  o f  a data system. T h is  technique effective ly  e lim inates 
the peak area measurem ent problem s shown in  Figures 4 
and 5.

U n fo r tu n a te ly ,  each c o lla b o ra to r ’ s area in te g ra tio n  
parameters are variables o f  the study w h ich  are n o t read ily  
con tro lled . The in a b ility  to  con tro l these parameters (e.g., 
slope sens itiv ity , tangent sk im m ing , baseline in te rpre ta tions) 
and pred ic t th e ir  effect on processing the d ig ita l raw  data file 
p robab ly  is the largest e rro r in  m ost co llabo ra tive  studies.

The d ifficu ltie s  in vo lve d  in  e lim in a tin g  th is  s itua tion  are 
varied . O bv ious ly , a ll co llabora tors w i l l  n o t have the same 
labo ra to ry  data systems available. T h is  generates a prob lem  
in  com prehending the operation o f  a w ide selection o f  systems. 
In  ad d ition , there is the general lack o f  graphics d isp lay 
te rm ina ls  and software am ong laboratories to  d isp lay exactly

Figure 5. LC chromatogram of wettable powder formulation 
showing undesirable baselines obtained from implementing a 

0.04 mV/min slope sensitivity setting.
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how the data system interpreted and established baselines. 
These resources are crucial to establishment of similar 
integration parameters for all collaborators.
R ecom m en da tion

It is recommended that the LC method be adopted official 
first action as an AOAC-CIPAC method.
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Liquid Chromatographic Method for Determination of Cyhexatin in Technical and 
Formulated Products: Collaborative Study

STEPHEN LU PA N
D o w  C h e m ic a l C o ., A g r ic u ltu ra l R esea rch  a n d  D e v e lo p m e n t, K in g s  L yn n , N orfo lk , E n g la n d 1

Collaborators: J. Basters; M. Buys; I. Dainis; D. Glawitsch; J. Hiemstra; P. Hitos; J. Kaiser; P. Kool; S. Lupan;
A. Martijn; T. van der Molen; P. Pasma; P. Roque; A. de Reijke; C. Self; T. Stevens; R. Suter; W. Timmer

Cyhexatin technical (95%), 25 and 50% wettable powders, and a 600 
g/L suspension concentrate were analyzed by liquid chromatography 
in a collaborative study of the method. Paired samples of cyhexatin 
technical and the 3 formulations were extracted with a mixture of 
methanol-water-acetic acid (950 + 49 + 1) containing n-decylben- 
zene as internal standard. Components were separated on a Li- 
chrosorb RP-18 column using methanol-water-HCl-NaCl (93 + 
7 + 0.001M + 0.005M) at 2.0 mL/min, and then detected at 214 nm. 
Results were received from 18 of the 20 laboratories who agreed to 
participate in the study; 14 sets of data were suitable for statistical 
evaluation. Repeatability coefficients of variation (CVQ ranged from
0.46% for the 50% wettable powder to 1.14% for the suspension 
concentrate. Reproducibility coefficients of variation (CVX) ranged 
from 0.70 to 1.85% for the 4 types of samples. The method has been 
adopted official first action as a CIPAC-AOAC method.

Cyhexatin (tricyclohexatin hydroxide) is an acaricide that is 
effective by contact against the motile stages of a wide range 
of phytophagus mites on deciduous fruits, vines, vegetables, 
and ornamentals. Cyhexatin is formulated as either a wet
table powder (50 or 25% cyhexatin) or a 600 g/L suspension 
concentrate, and is marketed under the trade name Plictran 
(trademark of the Dow Chemical Co.).

The current method of analysis, nonaqueous titration, has 
given a number of problems particularly during the analysis 
of formulated product (“Analytical Methods of Dow Chem
ical Co.” Plictran Tech., Ref. 87698; Plictran 25 W, Ref. 
61912a). This together with the nonspecificity of the method 
propagated development of an alternative method.
Initial work using gas chromatography showed that deri- 

vatization to the chloride was possible but reproducibility 
was poor. Liquid chromatographic (LC) analysis also proved 
unsuccessful until ion-pairing reagents, e.g., methanesulfonic 
acid, were introduced together with reverse phase columns. 
Work finally culminated when it was found that cyhexatin
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This report was presented by S. Lupan at the CIPAC Symposium, Sept. 3, 

1985, at Copenhagen, Denmark.
The recommendation of S. Lupan and the General Referee, J. Launer, was 

approved interim official first action by the Committee on Pesticide Formu
lations and Disinfectants and the Chairman of the Official Methods Board. 
The method was adopted official first action at the 101st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. See the Gen
eral Referee and Committee reports, 7. Assoc. O ff. A na l. C hem . (1988) 71, 
January/February issue.

1 Present address: Dow Chemical Co., Letcombe Laboratory, Letcombe 
Region, Wantage, Oxfordshire OX12 9JT, United Kingdom.
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could be suitably chromatographed in the presence of chlo
ride ions (HC1 + NaCl). A collaborative study of the LC 
method is reported here.
Collaborative Study
Four pairs of samples (as closely matched pairs) containing 

cyhexatin (technical, 25 and 50% wettable powders, and a 
600 g/L suspension concentrate) were sent to 20 laboratories. 
Collaborators were supplied with an internal standard (n - 
decylbenzene) and a procedure on how to perform the study.
The samples were to be analyzed singly (by duplicate in

jection) on 2 different days in a predetermined pattern. Each 
sequence of 2 sample injections was to be preceded and fol
lowed by a standard injection. The average calibration factor, 
determined from these 2 standards, was to be used to cal
culate the interdispersed sample solution. The calibration 
factor was to be recorded to 3 decimal places and the sample 
results to 2 decimals. Identity was taken to be confirmed if 
the retention times for cyhexatin samples relative to that for 
the internal standard agreed with the relative retention time 
for cyhexatin standard.

Cyhexatin Technical and in Pesticide Formulations 
Liquid Chromatographic Method 

First Action 
CIPAC-AOAC M ethod

Principle

Sample is extd with «-decylbenzene internal std soln contg HOAc, 
MeOH, and H20 . Cyhexatin is detd by liq. chromatgy using peak 
ht for quantitation.

A pparatus

(a) L iq u id  chromatograph. — With peak ht integrator or recorder, 
10 f iL  sample loop, and detector at 214 nm. Operating conditions: 
column ambient; flow rate 2.0 mL/min; A  range 1.0 AUFS; injection 
vol. 10 mL; retention times, cyhexatin ca 7 min and internal std ca 
10 min. Adjust parameters to give peak ht for cyhexatin ca 75% full 
scale.

(b) Chromatographic co lum n.— ODS bonded silica, 10 qm  par
ticle size, stainless steel, 25 cm x 4.6 mm id (E. Merck, available 
from Curtin Matheson Scientific, Inc., or VWR Scientific), or equiv.

R ea g en ts

(a) M ethanol.—LC grade.
(b) Acetic acid.—Glacial.
(c) H C ls o ln . -  1M.
(d) Sodium chloride.— Analytical reagent grade.
(e) M obile  p/Mse.-MeOH-FLO-HCl-NaCl (93 + 7 + 0.001M +

0.005M). In 1 L g-s flask, dissolve 1 mL 1M HC1, 69 mL H20 , and 
0.29 g NaCl. Add 930 mL MeOH, mix, and degas.

(f) n-Decylbenzene.— Eastman Laboratory Chemicals No. 9195 
(Eastman Kodak Co.), or equiv.

(g) Cyhexatin reference std. — Available from Dow Chemical Co.

Preparation o f  S tandards

(a) n-Decylbenzene in te rna l std so ln .— Weigh 1.0 g «-decylben
zene into 1 L vol. flask. Add 49 mL H20  and 1 mL HOAc. Dil. to 
vol. with MeOH and sonicate until dissolved.

(b) Cyhexatin std soln. —Accurately weigh ca 110 mg pure cy
hexatin ref. std into 150 mL g-s flask. Add by pipet 100 mL internal 
std soln, shake well, sonicate for 10 min, and cool to ambient temp.

Preparation o f  S am ple

(a) Technical material. — Accurately weigh ca 120 mg sample into 
150 mL g-s flask. Add by pipet 100 mL internal std soln, shake well, 
and sonicate for 10 min. Cool to ambient temp, and centrifuge at 
2000 rpm.

(b) Wettable powder. — Accurately weigh sample contg ca 110 mg

cyhexatin into 150 mL g-s flask. Proceed as for T ech n ic a l m a te r ia l  
beginning, “Add by pipet

(c) S u sp en s io n  c o n c e n tra te .— Accurately weigh sample contg ca 
120 mg cyhexatin into 150 mL g-s flask. Add 10 mL H20  and swirl 
until completely homogeneous. Proceed as for T ech n ic a l m a te r ia l  
beginning, “Add by pipet

Determ ination

Inject 10 mL std solns until response ratio (cyhexatin peak ht/ 
internal std peak ht) varies <2%. Make 2 sample injections followed 
by 1 std injection. Average peak ht ratios o f  stds immediately pre
ceding and following sample injections, and average peak ht ratios 
o f the 2 samples. Calc, cyhexatin as follows:

Cyhexatin, % = ( R / R 1) x ( W 7 W )  x P

where R  and R '  = av. peak ht ratios for sample and std, resp.; W '  = 
g cyhexatin in std soln; W  =  g sample extd for analysis; and P  =  % 
purity o f std.

CAS-13121-7C-5 (cyhexatin)

Results and Recommendation
Of the 20 laboratories who originally requested to partic

ipate in the study, 18 replied with data in the time allowed. 
Of these 18 responses, 4 laboratories had failed to follow the 
protocol for the study: collaborator 3 used peak area instead 
of peak height for quantitation. Collaborator 18, who also 
used peak area for quantitation, made only single injections 
to obtain the second set of values. Collaborator 5 deviated 
from the calibration procedure by making insufficient injec
tions of standard. Collaborator 8 could not achieve adequate 
separation and submitted no data.
A number of calculation errors were detected when the 

data were studied. In these cases, the results were recalcu
lated. The raw data, which includes recalculated values where 
necessary, are shown in Table 1 as the mean values for du
plicate injections. Table 1 includes results of analyses by 
collaborators 3, 5, and 18, but those data were not included 
in the statistical evaluation. Visual examination of the re
maining 14 sets of data did not show outliers that deviated 
so much from other entries that they were considered suitable 
for Dixon’s test.
Results of the statistical evaluation, also shown in Table 

1, include repeatability and reproducibility standard devia
tions, S0 and Sx, respectively, and the corresponding coef
ficients of variation, CV0 and CVX. Values for CVQ ranged 
from 0.46 to 1.14% and for CVX from 0.70 to 1.85% for the 
8 samples.
In the evaluation of the method using ISO (International 

Organization for Standardization) protocols, repeatability and 
reproducibility were calculated. These values are related to 
CVQ and CVX, respectively, as shown in the following equa
tions:

r =  (2 x  2'A x  m ) x  (C V o/1 0 0 )
R = (2 x 21/1 x m) x  (CVX/100)

where m = mean value.
R ecom m en da tion s

The statistical evaluation of the collaborative results (Ta
ble 1) shows that method performance was satisfactory. It is 
recommended that the LC method for cyhexatin in technical 
and formulated products be adopted official first action as a 
CIPAC-AOAC method.
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Table 1. Results (%) for collaborative study of LC method for cyhexatin in technical and formulated products9
Tech. 95% Wettable powd. 25% Wettable powd. 50% Susp. cone. 60%

Coll.“ 1 1A 2 2A 3 3A 4 4A

1 94.09 95.51 25.21 25.03 51.04 51.24 50.51 54.10
95.38 95.33 25.35 25.09 51.05 51.15 50.30 53.39

2 94.94 95.40 25.29 25.28 51.53 51.25 50.35 52.93
94.96 95.09 25.36 25.26 51.21 51.59 49.75 53.12

3‘ 97.02 96.73 25.51 25.59 53.27 51.54 51.67 53.08
97.23 97.33 25.59 25.59 52.70 52.24 52.07 53.41

4 94.90 94.86 25.19 25.06 51.34 51.33 51.02 53.88
94.32 95.33 25.20 25.32 51.04 51.86 50.36 53.75

5» 92.27 94.55 24.54 25.85 49.84 50.82 53.77 55.39
91.39 94.07 22.73 25.64 49.60 47.09 54.44 55.52

6 95.35 95.97 25.47 25.47 51.77 51.86 51.37 53.60
93.77 95.76 25.38 25.56 51.78 51.70 51.01 53.50

7 95.38 95.36 24.27 24.18 51.62 51.55 50.28 54.30
94.94 96.73 25.35 25.42 51.35 51.80 50.74 53.91

9 94.45 95.34 25.37 25.37 51.57 51.55 51.19 53.79
95.58 96.33 25.61 25.53 52.06 52.00 51.42 54.26

10 95.75 96.62 25.37 25.42 51.72 51.35 50.86 54.00
94.71 96.64 25.11 25.16 51.08 51.17 50.12 53.50

11 94.24 94.54 24.92 24.97 50.69 50.81 50.00 52.48
94.66 94.76 24.78 25.04 51.14 50.89 49.91 51.84

12 93.38 93.30 24.78 24.61 50.90 51.02 50.06 53.04
94.73 94.62 25.04 25.10 51.46 50.67 49.77 52.81

13 96.87 96.97 25.61 25.33 51.87 51.91 52.14 55.64
94.44 96.01 25.51 25.67 51.83 52.49 54.25 55.84

14 94.60 95.27 24.82 25.30 50.69 50.67 50.93 53.18
94.78 94.98 25.07 25.25 50.98 50.94 50.52 53.27

15 94.92 95.82 25.41 25.20 51.58 51.54 50.82 53.00
94.31 94.74 25.36 25.13 51.37 51.40 50.36 53.15

16 95.67 95.61 25.58 25.58 51.57 51.18 51.53 54.23
95.78 95.93 25.55 25.39 51.45 52.72 50.01 56.57

17 96.87 96.62 25.41 25.28 51.45 51.57 50.70 53.20
94.36 95.14 25.21 25.14 51.55 51.29 50.16 53.65

18« 95.47 95.73 25.13 24.68 50.35 50.35 54.69 57.02
Mean, % 94.94 95.52 25.24 25.22 51.38 51.45 50.73 53.73
Sc 0.88 0.58 0.23 0.28 0.24 0.37 0.58 0.51
Sx 0.88 (0.80)' 0.82 0.31 0.30 0.36 0.50 0.91 1.01
CVol % 0.93 0.61 0.92 1.09 0.46 0.71 1.14 0.96
CVX, % 0.93 (0.84) 0.84 1.22 1.19 0.70 0.97 1.79 1.85
* Samples were distributed as closely matched pairs of each product, which were analyzed separately on 2 different days. Each value is the average of 
duplicate injections.

6 Collaborator 8 could not achieve adequate separation; no data were submitted. 
c Protocol not followed: used peak area for quantitation. Data not included in statistical evaluation.
" Protocol not followed: made insufficient standard injections. Data not included in statistical evaluation.
« Protocol not followed: used peak area for quantitation. Made only single injections to obtain second data set, which was not reported. Data for first set not 
included in statistical evaluation.

' Results in parentheses are actual values.
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DRUGS

Determination of Ammonium Ion in Povidone by Derivatization and Square Wave 
Voltammetry

R O B E R T  M . IA N N IE L L O
G A F  C h e m ic a ls  C orp ., 13 6 1  A lp s  R d , W a yn e , N J  0 7 4 7 0

A rapid and precise method is described for the determination of 
residual ammonium ion in povidone (polyvinylpyrrolidone). Form
aldehyde reacts with ammonium ion at pH 4 to yield hexamethy
lenetetramine, which is reducible at ca -0 .9  V vs Ag/AgCl. The 
derivative is detected using square wave voltammetry and is quan
titated by the method of standard additions.

Povidone (polyvinylpyrrolidone), used in a variety of phar
maceutical products as an excipient, is produced by the free 
radical-initiated polymerization of vinylpyrrolidone. Am- 
monia/hydrogen peroxide can be used as an initiator system. 
Excessive residual ammonia can impart an objectionable odor 
to the product. It is therefore necessary to monitor ammonia 
levels to ensure product quality.
Attempts to measure ammonia in the presence of povidone 

by direct methods in our laboratory have not been successful 
because of interference by the matrix. These attempts have 
included ion chromatography, ammonia gas sensing elec
trode, and potentiometric titration methods. Usually, a sep
aration step is needed to isolate the analyte from the matrix. 
Digestionless Kjeldahl analysis was reliable but required the 
use of large sample sizes (for adequate sensitivity) and spe
cialized glassware. In addition, the analysis was time con
suming and not readily adaptable to automation.
A rapid and accurate method has been developed for the 

determination of residual ammonium ion in povidone. Am
monium ion is reacted with an excess of formaldehyde at 
pH 4 to form hexamethylenetetramine, which is electro- 
chemically active at the hanging mercury drop electrode. 
Using square wave voltammetry and the standard additions 
method, ammonium ion can be measured in the presence of 
povidone at levels > 15 ppm.

METHOD
A p p a r a t u s

(a) P olarograph . — BAS-100 electrochemical analyzer 
(Bioanalytical Systems, West Lafayette, IN 47906), or equiv
alent, equipped with Model 303A static mercury dropping 
electrode and Model 305 stirrer (Princeton Applied Re
search, Princeton, NJ).
(b) X - Y  recorder. — DM P-40 digital plotter (Houston In

struments, Austin, TX 78753), or equivalent.
(c) S a m p le  v ia ls .— 30 mL glass with plastic screw caps 

and Teflon cap liners (ACE Scientific, E. Brunswick, NJ 
08816), or equivalent.
R e a g e n t s

(a) D istilled , d e io n ize d  w a ter (D D W ). — 18 Mohm/cm 
(Bamstead Co., Boston, MA 02131), or equivalent.
(b) F orm aldeh yde . — 37% aqueous solution, ACS reagent 

grade (GFS Chemicals, Columbus, OH).
(c) B uffer/electrolyte. — Dissolve 10.4 g sodium acetate and 

32 mL glacial acetic acid in 100 mL DDW and dilute to 200 
mL with DDW. Add 200 mL 37% formaldehyde solution 
and mix thoroughly. Store in tightly stoppered glass bottle

Received February 18. 1987. Accepted April 25, 1987.

which has been previously cleaned with alcoholic KOH, 
DDW, 6M HN03, and DDW (in sequence).
(d) A m m o n iu m  ion s ta n d a rd  so lu tion . — 700 ppm am

monium ion. Weigh 0.2080 g (to nearest 0.1 mg) ammonium 
chloride (Baker Analyzed Reagent, J. T. Baker Co., Phil- 
lipsburg, NJ 08865) into clean, dry 100 mL volumetric flask. 
Dissolve and dilute to volume with DDW.
D e t e r m i n a t i o n

Clean all glassware before use with alcoholic KOH, DDW, 
6M HN03, and DDW. Accurately weigh 0.80-1.20 g dupli
cate samples into glass vials. Add 25 g buffer/electrolyte so
lution to each sample and manually cap tightly. Dissolve 
solid completely by shaking or vortex-mixing. Transfer 10.0 
mL sample solution to glass cell containing Teflon stirring 
bar (12.7 x 3 mm). Clamp cell in place over stirring motor 
and initiate stirring/purge with electrolyte-saturated argon 
for 5 min. Set initial potential —0.70 V, final potential —1.05 
V; square wave amplitude 25 mV, square wave frequency 
15 Hz, step size 4 mV, current sensitivity commensurate 
with concentration; large drop size; stirring rate 400 rpm. All 
measurements should be done at 23.0 ± 0.5°C using Ag/ 
AgCl reference electrode.
Q u a n t i t a t i o n

Use method of standard additions of ammonium chloride 
standard to sample cell. Measure peak current from tangent 
fitted to peak base. Use linear regression to determine amount 
of analyte (tig) from absolute value of x-intercept of peak 
current vs amount analyte added plot. Amount of analyte in 
sample is calculated from equation:
Analyte concentration, ppm =

(/ig sample x dilution factor)/sample weight, g
Dilution factor is original sample solution weight divided by 
weight of aliquot added to voltammetry cell.

EtUDLT)

Figure 1. Ammonium ion standard (10 ppm) in presence of supporting electrolyte. Conditions given in text.
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Figure 2. Forward and reverse square wave voltammetric currents of 10 ppm ammonium ion standard in supporting electrolyte.

Results and Discussion

Aliphatic aldehydes readily react with ammonia and pri
mary amines to form imines (Schiff base). Formaldehyde, 
however, will form an unstable imine with ammonia at 
low pH which undergoes further condensation to yield 
hexamethylenetetramine (l ,3,5,7-tetraazatricyclo[3.3.1.13-7] 
decane) (1). While a variety of methods exist for the deter
mination of hexamethylenetetramine (2), most use decom
position and measurement of the products and are, therefore, 
not direct procedures. However, hexamethylenetetramine is 
reducible at the mercury drop electrode (3-5), which allows 
for its direct determination. A typical square wave voltam- 
mogram of the NH4+/HCHO adduct in the presence of the 
supporting electrolyte is shown in Figure 1. In this case, 
irreversible reduction (Figure 2) occurs at —0.85 V vs Ag/ 
AgCl, which confirms the identity of the adduct.
Figure 3 shows the reduction of the adduct in the presence 

of povidone. A shift of peak potential to -0.94 V is observed. 
The cathodic shift of peak potentials for irreversible reduc
tions in the presence of povidone has been observed previ
ously (6). This behavior necessitates the use of the standard 
additions procedure for quantitative analysis. Low levels 
(equivalent to 50 ppm) of ammonium ion were observed in

Table 1. Precision of proposed method vs digestionless Kjeldahl method

Sample Manuf.

NH„\ ppm

Proposed method Kjeldahl method

1 A 1042 1050
1039 1020
1011 1190
1047 1030

2 B 698 670
685 670
695 680
613 640

3 A 356 370
370 374
374 360
374 380

4 B 220 200
222 290
219 250
213 240

5 A ND* 30
ND 30
ND 60
ND 30

6 B 119 139
128 149
107 150
112 120

' ND = not detected; detection limit = 15 ppm.

Figure 3. 4% (w/w) Sample 3 dissolved in supporting electrolyte.
the reagent blank when the apparatus and samples were not 
carefully prepared. If acid-washed glassware and high purity 
reagents are used, the reagent blank can be reduced to the 
equivalent of 0.1 ppm NH4+.
The time needed to obtain the maximum current response 

under the experimental conditions was evaluated by exam
ining the peak current after addition of NH4+ to the sup
porting electrolyte at specified time intervals from 0 to 11 
min. The peak current of a 4.73 ppm ammonium ion stan
dard reached a maximum value at about 5 min and was 
stable for up to 11 min. Similar behavior was observed for 
povidone samples containing NH4+. Thus, a 5 min reaction 
time was used for all standard and sample analyses.
Response linearity was determined for ammonium ion 

standard solutions in the 0.5-30 ppm range. The equation 
of linear regression is:
Peak current (nA) = (23.40 ±0.19 nA/ppm)C

+ 2.02 ± 1.72 nA
(where C = solution concentration [ppm]) with a correlation 
coefficient of 0.9996 and a standard error of 3.10. The de
tection limit, defined as the ammonium ion level producing 
a peak amplitude twice that of the noise level, was 0.5 ppm. 
This corresponds to 15 ppm analyte in the sample.
The precision of the proposed method was examined for 

3 different molecular weight grades of povidone from 2 man
ufacturers. Table 1 shows the results compared with those 
obtained by the digestionless Kjeldahl procedure. Agreement 
between the 2 methods is excellent. The detection limit for 
the electrochemical method (15 ppm) is superior to the Kjel
dahl procedure (about 30 ppm), with the added advantages 
of speed, small sample size, and ease of sample preparation. 
The overall coefficient of variation for ammonium ion levels 
detected in the samples is 3.4%.Known amounts of ammonium ion standard were added 
to povidone samples to evaluate recovery. Sample solutions 
were fortified with ammonium ion in the 4.0-40 ¡xg range. 
The mean recovery of ammonium ion over the entire range 
of povidone molecular weights was 100.3 ± 6% at the 95% 
confidence level (Table 2).
Specificity for ammonium ion was evaluated by spiking

Table 2. Recovery of ammonium ion in povidone
Sample Added, t i g Found, f i g Ree., %

1 39.79 39.16 98
34.71 36.96 105
35.54 36.12 101

3 25.49 26.66 104
27.24 27.81 102
26.85 26.43 98

5 4.99 4.68 94
4.01 4.14 103
4.01 3.92 98
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sample solutions with all known process impurities at high 
levels (0.1% w/w) and examining the current response. Hy
drazine gave rise to an intense peak at about -0.70 V vs Ag/ 
AgCl, which partially overlapped the analyte peak. However, 
because hydrazine is typically present at levels much lower 
than the USP limit of 3 ppm (7), no interference would be 
observed. Other compounds that form reducible derivations 
with formaldehyde will cause interference if present. How
ever, these compounds, which include primary amines, hy- 
droxylamine, and semicarbazide, are not normal process im
purities.

Conclusions
Derivatization of ammonium ion and detection by square 

wave voltammetry allow for its fast, accurate, and sensitive 
determination in povidone. The procedure has the added

advantage of simplicity of sample preparation and a lower 
detection limit compared to the digestionless Kjeldahl pro
cedure.
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Determination of Aztreonam and L-Arginine Combination in Parenteral Formulations

A B D E L - A Z IZ  M . W A H B I , * 1 M O H A M M A D  A . A B O U N A S S IF ,  E L - R A S H E E D  A. G A D - K A R IE M ,  and 
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A rapid, sensitive and precise liquid chromatographic method is pre
sented for the determination of aztreonam alone, in the presence of 
its degradation product, and in a parenteral formulation containing 
L-arginine. A reverse phase column and 0.2M phosphate buffer (pH 
6)-methanol (95 + 5) with mobile phase at a flow rate of 2 mL/min 
is used. The method is sensitive for the range of 10-50 gg/mL with 
a relative standard deviation of less than 2%. The method has been 
applied to a parenteral formulation containing aztreonam and 
L-arginine. L-Arginine is also determined by a nonaqueous titrimetric 
method.

Aztreonam (Figure 1) is a synthetic monocyclic /3-lactam 
antibiotic highly active against a broad range of gram-neg
ative organisms (1, 2). Aztreonam has been determined in 
sera and urine by a reverse-phase liquid chromatographic 
(LC) method (3). The results were in good correlation with 
those from the microbiological assay. The stability of intra
venous admixtures of aztreonam and clindamycin phosphate 
has been studied using liquid chromatography (4).
Aztreonam is prescribed as a parenteral formulation with 

L-arginine (Azactam®, a blend of aztreonam and L-arginine, 
contains approximately 780 mg L-arginine per gram aztreo
nam). The present paper describes a rapid, sensitive, and 
precise LC method for the determination of aztreonam and 
a nonaqueous titration method for the determination of 
L-arginine in the formulation.

METHOD
Apparatus and Reagents
(a) L iq u id  ch rom atograph.—Varian Model 5000 equipped 

with variable wavelength Varian UV 50 detector and Varian
Received December 10, 1986. Accepted March 22, 1987.
1 Address correspondence to this author. Present address: Faculty of Phar

macy, University of Alexandria, Alexandria, Egypt.

Model 9176 recorder (Varian Instrument Group, Sunnyvale, 
CA 94089) and Rheodyne Model 7125 injector (Rheodyne, 
Inc., Cotati, CA 94928). Chromatographic parameters were 
controlled by Varian data system (DCS 111 L). Optimum 
parameters established were as follows: mobile phase, 0.2M 
phosphate buffer (pH 6)-methanol(95 + 5); stationary phase, 
reverse-phase MicroPak MCH-10 (30 cm x 4 mm) column 
(Varian); flow rate, 2 mL/min; chromatography time, 4.15 
min; detection at 254 nm.

(b) S o lv e n ts  a n d  r e a g e n ts . — Chromatographic grade 
methanol (Merck, Darmstadt, FRG). Phosphate buffer (pH
6): 50 mL 0.2M KH2P04 + 5.70 mL 0.2M NaOH, diluted 
with water to 200 mL. All reagents were AR grade.
(c) S ta n d a r d  s o lu t io n s .— Prepare aztreonam standard 

(Squibb & Sons, New York, NY) solution in water (0.100% 
w/v). Dilute 10 mL aliquot to 100 mL with mobile phase to 
obtain 0.010% w/v solution. Prepare 5 dilutions to cover the 
concentration range 10-50 p g /m L , using mobile phase. Inject 
10 p L onto column, and average 3 readings for each con
centration. Prepare calibration curve for peak area and con
centration, and compute linear equation by regression anal
ysis.
Sample Preparation for Liquid Chromatography
Accurately weigh quantity of Azactam powder (ca 89 mg) 

equivalent to ca 50 mg aztreonam and dissolve in water in 
100 mL volumetric flask. Dilute 10.0 mL to 50 mL with 
mobile phase. Dilute 5 mL of this solution to 20 mL with 
mobile phase. Inject 10 p L onto column and take average of 
3 readings. Interpolate concentration from calibration curve.
N o n a q u e o u s  T i t r a t i o n  o f  L - A r g i n i n e

Dry sample of Azactam 2 h at 35°C under vacuum. Ac
curately weigh quantity equivalent to ca 44 mg L-arginine
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and add 1 mL formic acid (99-100%) to dissolve powder. 
To the clear solution, add 50 mL glacial acetic acid and 2 
drops of crystal violet solution. Titrate with 0.1M HC104 
until color changes to blue, which corresponds to maximum 
value of AE/dV (where E is electromotive force and V is 
volume of titrant) in a potentiometric titration. Determine 
quantity of L-arginine, taking into consideration that 1 mL 
0.1N HC104 is equivalent to 0.00871 g L-arginine.
P r e p a r a t i o n  o f  A l k a l i - I n d u c e d  D e g r a d a t i o n  P r o d u c t

Add 5 mL of 1M NaOH to 10 mL of 0.1% w/v aztreonam 
standard solution. After 30 min, add 5 mL of 1M HC1 to 
neutralize solution. Quantitatively transfer solution to 100 
mL volumetric flask and dilute to volume with mobile phase. 
Dilute 2 mL of this solution to 20.0 mL with mobile phase 
in volumetric flask. Inject 10 uL onto column under con
ditions previously described.

Results and Discussion
Cleavage of the (S-lactam ring in aztreonam takes place 

after treatment with NaOH. The hydrolysis product is the 
corresponding acid (Figure 1). Under the conditions de
scribed, the retention times for the hydrolytic product and

Minutes
Figure 2. LC analysis of aztreonam II in presence of hydrolysis

product I.

aztreonam were 1.35 and 4.15 min, respectively (Figure 2). 
The hydrolytic product, being more polar, appeared earlier 
than aztreonam.
The calibration curve (peak area vs concentration) was 

constructed with 5 points, using a series of concentrations of 
aztreonam (10-50 ̂ g/mL). Each point was the average of 3 
injections. Regression analysis indicated a linear relationship 
between peak area, y, and concentration Oug/mL), c, with the 
following equation:

y = -6688.6 + 23955.2c
The correlation coefficient (r) was 0.9999. The value of the 
intercept was shown to be not significantly different from 
zero according to the Mest.
The mean percentage recoveries of aztreonam (authentic 

sample) and aztreonam in parenteral formulations were 100.5 
and 100.7, respectively (Table 1). Excellent precision of the 
method for the determination of Aztreonam alone and in 
parenteral formulations is indicated by the relative standard 
deviations of the mean percent recovery which were 1.1% 
and 1.2%, respectively.
Three mixtures of aztreonam-hydrolytic product (2:1) were 

prepared and assayed for aztreonam. The mean percentage 
recovery (±SD) of aztreonam was 100.4 ± 1.0. Recovery 
experiments for added aztreonam to azactam injection for
mulation in the ratio 2:1 (5 experiments) and 1:2 (5 exper
iments) gave mean values of 100.4 ± 1.4 and 101.1 ± 1.1, 
respectively. All these experiments indicate the efficiency, 
selectivity, and reproducibility of the method. Furthermore, 
the minimum detectable concentrations of aztreonam and 
its hydrolytic product were 5 and 0.25 /¿g/mL, respectively.

l -Arginine in the parenteral formulation, dried under vac-

Table 1. Precision and recovery for LC determination of aztreonam

Sample n Mean % rec.

Preci
sion

(RSD,%)

Aztreonam (authentic) 5 100.5 1.08
Azactam injection* 6 100.7 1.18

Mean % rec.
of added

aztreonam
Mixtures (ratios) (±SD)

Aztreonam + hydrolytic product (2:1) 3 100.4 ± 0.98
Aztreonam + Azactam* (2:1) 5 100.4 ± 1.36
Aztreonam + Azactam* (1:2) 5 101.1 ± 1.06

•Azactam injection powder labeled to contain 1 g aztreonam + 0.780 g 
L-arginine.
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uum, was determined by the nonaqueous titration method 
using 0.1M HC10„ as a titrant. The sample gave a turbid 
solution in glacial acetic acid. Formic acid (99-100%, 1 mL) 
was used to effect a clear solution suitable for titration. The 
end point was detected using the potentiometric method and 
indicator method (crystal violet). The change of the indicator 
color at the maximum of the differential potentiometric ti
tration curve was from violet to blue.
The mean percentage found of L-arginine in the parenteral 

formulation was 99.1 ± 0.5%, based on 5 separate deter
minations for quantities ranging from 70 to 100 mg dried 
sample. Recovery experiments of added L-arginine to the 
parenteral formulation were performed. Three different 
quantities of L-arginine (25, 40, and 50 mg) were separately 
added to three 50 mg quantities of Azactam. The mean per
centage recovery of the added L-arginine was 99.1 ± 0.7%. 
The authentic sample of L-arginine used in this work was

assayed by the same method and was 99.9% (2 determina
tions). Aztreonam did not interfere with the nonaqueous 
determination of L-arginine by the present method.
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Liquid Chromatographic Determination of Flucytosine in Capsules: Collaborative Study

D O N A L D  S H O S T A K  and C L IF F O R D  K L E IN
F o o d  a n d  D ru g  A d m in is tra tio n , N e w  Y o rk  R e g io n a l L a b o ra to ry , 8 5 0  T h ird  A ve, B ro o k lyn , N Y  1 1 2 3 2 -1 5 9 3  

Collaborators: C. Cappon; N. Falcone; J. P. Hanus; F. Mahn; D. T. O’Brien; S. Ting; B. W. Williams
A liquid chromatographic method for the determination of flucytosine 
in capsules was collaboratively studied by 7 laboratories. The method 
uses a Cls reverse phase column, water-methanol-acetic acid mobile 
phase containing 1-octanesulfonic acid sodium salt, p-aminobenzoic 
acid as internal standard, and photometric detection at 285 nm. The 
mean recovery value (±SD) of flucytosine from a synthetic formu
lation representing capsules was 99.2 ± 1.72% (CV = 1.73%). Com
posited samples of 250 and 500 mg commercial capsules gave assay 
values of (mean ± SD) 103.17 ± 2.21 and 99.29 ± 1.29% of declared, 
respectively. CV values were 2.15 and 1.30%. Reproducibility and 
repeatability CVs were 2.19 and 1.50%, respectively, for the 250 mg 
capsules, and 1.34 and 0.63%, respectively, for the 500 mg capsules. 
The method has been adopted official first action.

Flucytosine (5-fluorocytosine) is a fluorinated pyrimidine with 
antifungal properties, which is used medicinally against C a n 
d id a and C ryp tococcus infections. A liquid chromatographic 
(LC) procedure was developed for the identification and assay 
of flucytosine in capsules (1). This method also detects fluo- 
rouracil, which can be present as a synthesis contaminant or 
degradation product (2). The USP assay is a nonspecific spec- 
trophotometric procedure (3). Although several LC methods 
for flucytosine have been reported in the literature (4-6), none 
has dealt with pharmaceutical samples. Because of its sim
plicity and specificity, the LC procedure was collaboratively 
studied.
Collaborative Study
Collaborators from 7 laboratories received blind duplicate 

powdered samples of 2 commercial capsule formulations and
Submitted for publication August 27, 1987.
This report of the Associate Referee, D. Shostak, was presented at the 99th 
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one synthetic capsule formulation. Each collaborator was 
also furnished with an instruction sheet and a copy of the 
method. No restriction was placed on the source of the chro
matographic column to be used in the study.

Flucytosine in Drug Capsules 
Liquid Chromatographic Method 

First Action
Principle

Flucytosine content of capsules is detd by liq. chromatgy on C18 
reverse phase column, using H.O-MeOH-HOAc mobile phase contg 
1 -octanesulfonic acid Na salt, p-aminobenzoic acid as internal std, 
and UV detection at 285 nm.

A pparatus

(a) L i q u i d  c h r o m a t o g r a p h .— Model 8800 solv. pump with vari
able wavelength detector capable of monitoring elution at 285 nm 
(Du Pont Instruments Div.), injection valve with 20 pL sample loop 
(Valeo Instruments Co., Inc., PO Box 55603, Houston, TX 77055), 
and suitable strip chart recorder. Equiv. LC system may be used. 
Operating conditions: flow rate 1.5 mL/min; detector 285 nm, 0.32 
AUFS; chart speed 0.5 cm/min; temp, ambient; injection vol. 20 
u L . To detect fluorouracil, main degradation/precursor product of 
flucytosine, monitor sepn at 266 nm to maximize sensitivity.

(b) C h r o m a t o g r a p h ic  c o l u m n .— Stainless steel, 300 mm x 3.9 
mm id, packed with 10 /xm /rBondapak C,s (Waters Associates, Inc.), 
or equiv. column that meets LC system suitability requirements.

R ea g en ts

(a) 1 - O c ta n e s u lfo n ic  a c i d  N a  sa lt . —(Eastman Kodak Co.).
(b) p - A m in o b e n z o ic  a c id . —Certified ACS grade (Fisher Scientific 

Co.), or equiv.
(c) M o b i le  p h a s e . — H,0-MeOHc-HOAc (785 + 200 + 15 v/v/ 

v) contg 2 g/L of 1-octanesulfonic acid Na salt.
(d) I n t e r n a l  s t d  s o l n .— Accurately weigh ca 160 mg p-aminoben- 

zoic acid and transfer to 200 mL vol. flask. Add 100 mL mobile 
phase, sonicate 5 min, shake mech. 25 min, dil. to vol. with mobile 
phase, and mix well.
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1 2

Figure 1. LC separation of (1) flucytosine and (2) p-aminoben- zoic acid internal standard. Conditions as described in method.

(e) F lu c y t o s in e  s t d  s n ln .—Accurately weigh ca 30 mg USP Flu
cytosine Ref. Std and transfer to 50 mL vol. flask. Add 25 mL mobile 
phase, sonicate 5 min with gentle swirling, shake mech. 25 min, dil. 
to vol. with mobile phase, and mix. Transfer 10.0 mL of this soln 
to 100 mL vol. flask, add 5.0 mL internal std soln, dil. to vol with 
mobile phase, and mix. Prep, this soln fresh daily.

Sam ple  Preparation

Accurately weigh contents of >20 flucytosine capsules and det. 
av. wt/capsule. Accurately weigh portion of powder equiv. to ca 100 
mg flucytosine and transfer to 100 mL vol. flask. Add 50 mL mobile 
phase, sonicate 5 min with gentle swirling, shake mech. 25 min, dil. 
to vol. with mobile phase, and mix well. Filter portion of soln thru 
suitable paper or 0.45 mui membrane filter, discarding first 10 mL 
filtrate. Transfer 6.0 mL filtrate to 100 mL vol. flask, add 5.0 mL 
internal std soln, dil. to vol. with mobile phase, and mix well. From 
this point, complete detn on same day.

Suitability T est an d  Determ ination

Inject 20 p L  each of sample and std solns into LC system by using 
sampling valve or high pressure microsyringe. Operate system as 
described in A p p a r a t u s . Adjust detector sensitivity so peak response 
for flucytosine is between 40 and 75% full scale. In suitable chro
matogram, CV of peak ht (or area) ratios for 6 replicate injections 
of std soln should be <2.0%. and resolution factor, R , for flucytosine 
peak and internal std peak should be >2.

Calc, resolution factor as follows:

r = [2(t2 -  tm w 2 + w.j
where t2 and t, = retention times of 2 components, and W 2 and IF, = 
corresponding widths of peaks, measured by extrapolating sides of 
peaks to baseline.

I-1-- 1--1--1
0 4 8

MIN
Figure 2. LC chromatogram of (1) fluorouracil and (2) flucytosine. Chromatographic conditions: column, mobile phase, flow rate, and temperature as described in method. Wavelength 266 nm; detector attenuation 0.08 AUFS; chart speed 0.5 cm/min.

Calculation

Calc, amt flucytosine in dosage form, using response ratios based 
on either peak hts or peak areas, according to following equation:

Flucytosine, mg/capsule = 1.667C x ( R / R 1) x (77IF)

where C  = concn, pg/mL, of flucytosine in std soln; R and R' = 
response ratios for flucytosine peak to internal std peak for sample 
and std, resp.; T  =  av. capsule wt, mg; W  =  wt sample taken for 
assay, mg.

CAS-2022-85-7 (flucytosine)

Results and Discussion
When the liquid chromatograph was operated isocratically 

with a mobile phase flow rate of 1.5 mL/min, flucytosine 
and p-aminobenzoic acid were eluted with approximate re
tention times of 5.5 and 7 min, respectively. As shown in 
Figure 1, baseline resolution between the 2 compounds was 
achieved under the described experimental conditions. The 
system was linear for a concentration of flucytosine from 30 
to 90 p g / m L .  During development of the method we also 
found that it was possible to resolve flucytosine from fluo
rouracil, its main degradation/precursor product, which may 
be present in pharmaceutical dosage forms. Fluorouracil typ
ically eluted at about 2.5 min and was detectable to a min
imum level of about 0.1%. To maximize sensitivity for the 
detection of fluorouracil, it is recommended to monitor the 
separation at 266 nm (Figure 2). None of the samples ex
amined in this study contained fluorouracil.
The collaborative results together with their statistical 

evaluation are presented in Table 1. All assays were con
ducted in duplicate. During the study the collaborators used 
4 different types of LC columns representing 3 different man-
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Table 1. Collaborative results for LC determination of flucytosine in commercial capsules and synthetic capsule formulation as blind
duplicate samples

Coll.

Found, % of declared

Ree., %'250 mg/cap." 500 mg/cap.'

1 102.8 102.4 99.5 99.7 99.0 99.6
2 99.2 99.1 99.6 97.3 97.8 99.0
3 104.1 103.0 99.2 99.4 99.6 100.5
4 102.3 104.5 97.8 97.9 98.0 97.1
5 103.3 106.9 98.1 98.5 96.7 96.8
6 101.6 105.4 100.0 100.0 101.8 99.5
7 104.8 105.8 101.6 101.5 101.3 101.5

Mean 103.17 99.29 99.16
SD 2.21 1.29 1.72
CV, % 2.15 1.30 1.73
Reproducibility SD 2.26 1.33 1.78
Reproducibility CV, % 2.19 1.34 1.79
Repeatability SD 1.55 0.63 0.79
Repeatability CV, % 1.50 0.63 0.80

*Av. capsule weight = 389.1 mg.
“ Av. capsule weight = 616.3 mg.
'Prepared to contain 64.8 mg flucytosine/100 mg formulation.

ufacturers. All of the columns used produced statistically 
valid results. None of the 7 participating laboratories re
ported any difficulties with the analytical procedure.

Recommendation
It is recommended that the liquid chromatographic meth

od for the determination of flucytosine in capsules be adopted 
official first action.
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C O S M E T I C S

Stability-Indicating Liquid Chromatographic Determination of Alpha-Ionone in Toothpaste

R A M E SH  J. T R IV E D I
W a rn e r -L a m b e r t C o ., C o n su m e r  P ro d u c ts  R esea rch  a n d  D e v e lo p m e n t C en ter , 1 7 5  T a b o r  R d ,

M o rr is  P la in s , N J  0 7 9 5 0

A  s im p le ,  s e n s i t iv e ,  a n d  r a p i d  l i q u id  c h r o m a t o g r a p h i c  m e th o d  fo r  
q u a n t i t a t i n g  a - io n o n e  in  t o o t h p a s t e  a t  le v e ls  o f  2 0  p p m  in  t h e  p r e s e n c e  

o f  l a r g e  a m o u n t s  o f  f l a v o r  h a s  b e e n  d e v e lo p e d .  T h e  m e th o d  i s  a c 
c u r a t e ,  p r e c i s e ,  c o s t - e f f e c t iv e ,  a n d  s p e c i f i c  f o r  a - io n o n e .  A v e r a g e  r e 
c o v e ry  o f  a  l a b o r a t o r y - p r e p a r e d  s a m p l e  w a s  9 9 .0 %  w ith  t h e  r e la t iv e  

s t a n d a r d  d e v ia t i o n  w a s  1 .2 9 %  (n  =  6 ) .

Toothpaste contains fluoride to prevent cavities, a-ionone 
for breath protection, and thymol for plaque reduction. It 
also contains additional abrasives and flavor to mask the a- 
ionone/thymol tastes. Parabens are added as preservatives. 
a-Ionone is usually incorporated into toothpaste because of 
its olfactory properties at low concentration. At levels below 
20 ppm, it is a challenge to isolate a-ionone from a complex 
sample matrix for subsequent quantitation.

A library search indicated that there are no liquid chro
matographic (LC) or thin-layer chromatographic (TLC) 
methods in the literature, but several gas chromatographic 
(GC) methods have been published (1, 2). The LC method 
reported here is preferred over the GC method because it is 
specific, simple, has no interferences from flavor compo
nents, and is cost-effective since it does not require elaborate 
sample preparation. The method affords complete baseline 
separation of a-ionone from the sample matrix and offers 
excellent precision, recovery, and linearity over a wide range.

METHOD
Apparatus and Reagents

(a) L C  a ppara tu s. — Perkin-Elmer Series 3B pump, LC-75 
variable wavelength spectrophotometric detector with LC 
auto controller, LC-420B auto sampler, and Sigma 15 chro
matography data station, or equivalent. Operating condi
tions: flow rate, 2.0 mL/min; ultraviolet detector at variable 
wavelength programmed as follows (according to product 
manual), A = 265 nm, 1 = 230 nm, 2 = 0 nm, T, = 9.0 min, 
T2 = 15.0 min; injection volume, 100 pL loop; chart speed, 
5 mm/min.

(b) L C  co lum n. — 300 mm x 4.5 mm id, packed with 10 
Atm C|§ packing (Analytical Sciences, Inc., Santa Clara, CA), 
or equivalent.

(c) M o b ile  p h a s e .— Methanol-acetonitrile-0.01M mono
basic potassium phosphate (35 + 20 + 45). Filter separately 
through appropriate filter paper. Degas under vacuum while 
stirring for ca 30 min.

(d) S ta n d a rd  so lu tio n s .—S to c k  so lu tion  7.—Accurately 
weigh ca 0.050 g reference standard a-ionone into 100 mL 
volumetric flask. Dissolve in and dilute to volume with meth
anol. Mix well. S to c k  so lu tion  2. — Pipet 10 mL stock solution 
1 into 500 mL volumetric flask. Dilute to volume with meth
anol. Mix well. W o rk in g  s ta n d a rd  so lu tio n .— Pipet 10 mL 
stock solution 2 into 100 mL volumetric flask and then add 
50 mL (graduated cylinder) deionized water. Mix well and 
let solution equilibrate to room temperature. Add methanol 
to volume and mix well. Solution is stable for 3 days.

Sample Preparation
Accurately weigh ca 5.0 g sample into a 100 mL volumetric 

flask. Make sure sample is delivered to bottom of flask (a 
syringe with long plastic tubing is recommended). Add 50 
mL deionized water (graduated cylinder) into flask and shake 
for ca 30 min using mechanical shaker. Add 40 mL methanol 
to volume and mix well. Let flask sit while residue settles to 
bottom. Filter supernatant liquid into a sample vial using
0.45 Ami disposable filter unit (Millipore Co., or equivalent).

Procedure
Equilibrate column to a steady baseline by pumping a 

mobile phase at 2 mL/min. When column reaches equilib
rium at the chromatographic conditions, inject 100 pL ali
quots of working standard solution until constant response 
is obtained.

Inject sample solutions into liquid chromatograph. Com
pute sample value from data obtained from standard solu
tions.

Calculations
% a-ionone (as is) =

PA sample ^ Concn (g working std./100 mL) ^
PA standard wt of sample (g)

where PA = area counts.

Results and Discussion
The toothpaste contains methyl- and propylparabens and 

a-ionone at concentrations of 0.05, 0.10, and 0.0020%, re
spectively. Our objective was to quantitate these analytes 
using a single sample preparation. The detector was initially 
programmed to 265 nm to quantitate parabens and then was 
changed after 9 min to the maximum absorption of 230 nm 
for a-ionone. Thus, by using a variable-wavelength detector, 
we were able to quantitate 3 analytes with a single sample 
preparation. The method was not validated for methyl- and 
propylparabens since we were generating paraben numbers 
for information only.

The precision and recovery data (0.00196-0.00203 for 6 
samples, mean 0.00198, standard deviation 0.00003, percent

Table 1. Linearity of detector response in LC determination of 
a-ionone in toothpaste

Detn no. Concn, mg/mL Area counts

1 0.00058 1.4804
2 0.000928 2.3852
3 0.00116 2.9488
4 0.00174 4.4224
5 0.00232 5.8867
6 0.0029 7.3337

Correlation coefficient = 0.9999 

= slope • x  + intercept
Area = 2.5213E + 03-amount + 3.0390E-02 

Amount = 3.9662E-04 area + -1.2053E-05Received August 1 1, 1986. Accepted April 18, 1987.
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TIME (MIN)

Figure 1. Chromatogram of a-ionone (A) in toothpaste sample.

relative standard deviation 1.29, and percent recovery 99.0) 
from the laboratory spiked samples (placebos spiked with 
a-ionone at label claim of 0.0020%) validate the method for 
the determination of a-ionone in toothpaste without inter
ference from other ingredients (parabens) and excipients. The 
linearity of response of the detector (correlation coefficient 
0.999) was established in each case for the concentration 
range 0.00058 to 0.0029 mg/mL (Table 1). Figures 1 and 2 
show chromatograms of a-ionone in a toothpaste sample and 
of the standard containing methyl- and propylparabens, re
spectively.

Table 2. Stability of a-iononea in toothpaste over 3-month 
period

Room Storage temperature

Sample temperature 37°C 45°C

Formulation A
Initial 0.0021 — —

1 month — — 0.0017
2 month — 0.0017 0.0018
3 month 0.0020 0.0018 0.0016

Formulation B
Initial 0.0019 — —

2 month 0.0021 0.0020 —

3 month 0.0019 0.0020 0.0017

Formulation C
Initial 0.0020 — —

1 month — 0.0020 0.0018
2 month — 0.0021 0.0019
3 month 0.0020 0.0018 0.0019

* Theoretical a-ionone, 0.0020%.

Figure 2. Chromatogram of standard containing methyl- and 
propylparabens. A = a-ionone.

The data of formulation C (in Table 2) verify that the 
method is stability indicating, since the active concentration 
remained close to the target amount after 3 months of study. 
Whereas, in the case of formulations A and B, we lost a-io
none concentration at 45°C after 3 months.

It will be very difficult to study the decomposition products 
of a-ionone at the 20 ppm level. Hence, we did not develop 
a chromatographic procedure for assaying a-ionone in pres
ence of its decomposition products. We assumed that a-io
none decomposition will result in changing its concentration 
and, consequently, the detector response, as we observed in 
formulations A and B.

In conclusion, on the basis of the data, the method is 
precise, accurate, simple, cost-effective, and stability indi
cating.
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FISH A N D  O T H E R  M A R I N E  P R O D U C T S

Manual Determination of Minced Fish Flesh in Mixed Fillet-Minced Cod Blocks: 
Collaborative Study

J. P E R R Y  L A N E  and R O B E R T  J. L E A R S O N 1
N a tio n a l  M a r in e  F ish erie s  S erv ice , N o r th e a s t F ish erie s  C en ter , G lo u ces te r  L a b o ra to ry , E m e r s o n  A ve , G lo u ces ter , 
M A  0 1 9 3 0

Collaborators: S. Berube; N. Farstad; A. F. LaTerza; R. J. Learson; P. O’Rourke; J. Powers; H. Price; K. Rowe; A. Williams

A simple, rapid method for determining the amount of minced fish 
in mixed fillet-minced cod blocks was tested by 9 collaborators. Each 
collaborator first examined 2 practice blocks containing 20% mince, 
and then examined 6 blind duplicate samples of 5 lb cod blocks from 
each of 3 test lots containing, respectively, 26.25, 18.75, and 12.5% 
mince. The data from one of the 9 collaborators was not usable 
because of a malfunctioning scale. Standard deviations (SD) for the 
3 lots (all 8 collaborators combined) were 1.77, 1.51, and 1.65, and 
coefficients of variation (CV) were 6.8, 8.9, and 16.2%, respectively. 
For comparison, the results of an informal collaborative study by 10 
participants on 16.5 lb mixed cod blocks containing 20.1% mince 
were SD 2.72 and CV 0.136%. Collaborators reported no problems 
with the method, and statistical analysis shows the method to be 
sufficiently precise for this type of determination. The method has 
been adopted official first action for cod.

Material recovered by use of a meat/bone separating machine 
from fish frames or small headed and gutted fish is called 
minced fish. In some countries other than the United States, 
producers add minced fish to fish blocks made from fillets. 
They claim that this reduces breakage when the blocks are 
processed into fish sticks and fish portions.

U.S. producers of fish sticks and portions have expressed 
an interest in having the Department of Commerce develop
U.S. Standards for Grades of Mixed Fillet-Minced Fish 
Blocks. One prerequisite for developing such standards is the 
availability of a method to determine the amount of minced 
fish in a mixed block. An industry-government committee 
identified several methods that had been used to determine 
minced fish in mixed fillet-minced fish blocks. These meth
ods were evaluated for practicality of use in a production 
situation (1).

One method was selected as practical in terms of time, 
equipment, and materials required to perform the test. The 
selected method was evaluated by 3 members of the govern
ment-industry committee. Their results on blocks at 3 levels 
of minced fish, 15, 20, and 25% (non-U.S. fish block man
ufacturers generally use 20 ± 5% minced fish) looked prom
ising (2), so a collaborative study was proposed. This paper 
reports the results of the collaborative study.

Collaborative Study
A collaborative study was designed to evaluate the pro

posed separation method. Nine government and industry
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laboratories agreed to participate. A total of twenty 5 lb cod 
(Gadus morhua) mixed blocks were prepared in the Associate 
Referee’s laboratory for each of the collaborators. Each col
laborator received 2 blocks with 20% mince, which were 
identified and used as practice blocks. The collaborators also 
received 6 blocks with 26.25% mince, 6 with 18.75% mince, 
and 6 with 12.5% mince. The blocks were randomly num
bered and distributed among the collaborators along with 
instructions and the method. Only the practice blocks were 
identified as to mince content. The collaborators were di
rected to analyze each sample and to submit their results to 
the Associate Referee.

Minced Fish Flesh in Mixed Fillet-Minced Cod Blocks 

Physical Separation Method 

First Action

Principle
M ix e d  f i l l e t - m i n c e d  c o d  b lo c k  is  a i r - t h a w e d ,  d r a i n e d ,  w e ig h e d ,  

a n d  i m m e r s e d  in  c o ld  H , 0  b a t h .  F i l l e t s  a r e  s e p d  f r o m  m i n c e  b y  
h a n d  a n d  p l a c e d  o n  p e r f o r a t e d  t r a y  t o  d r a in .  H 20  f r o m  b a t h  is  p o u r e d  

t h r u  s ie v e ,  a n d  a n y  f i l le t  p ie c e s  o n  s ie v e  a r e  r e m o v e d  a n d  a d d e d  to  
d r a i n  t r a y .  F i l l e t s  a r e  d r a i n e d  15 m i n  a n d  w e ig h e d .  A m t  o f  m i n c e d  
f is h  is  c a l c d  f r o m  d r a i n e d  w t  o f  b lo c k  a n d  d r a i n e d  w t  o f  f i l le ts .

Apparatus
(a) Trays.— A1 o r  g a lv a n iz e d .  (1) S h a l lo w ;  la rg e  e n o u g h  t o  h o l d  

1 f is h  b lo c k  f o r  th a w in g .  (2) P e r f o r a t e d ,  w i t h  h o l e s  %  in .  d i a m .  d r i l l e d  

t o  c o v e r  e n t i r e  b o t t o m  o f  t r a y ,  o r  m a d e  f r o m  U .S .  S t a n d a r d  N o .  8 
m e ta l  w i r e  c lo th .

(b) Container. — T u b  o f  s u f f ic ie n t  s iz e  t o  h o l d  f is h  b l o c k  p lu s  H 20 .
(c )  Scale. — S e n s i t i v e  t o  0 .2 5  o z  (7  g).
(d) Sieve.— U .S .  N o .  8.

Determination
T h a w  s a m p l e  ( e n t i r e  f is h  b lo c k )  o n  p r e w e ig h e d  t r a y  a t  a m b i e n t  

( r o o m )  t e m p ,  ( u s u a l ly  t a k e s  o v e r n ig h t ) .  P e r f o r m  d e t n  w i t h i n  8 h  a f t e r  
b lo c k  is  c o m p le t e l y  th a w e d .

D r a i n  a n y  e x u d e d  f lu id  ( th a w - d r ip )  a n d  d e t .  w t  o f  d r a i n e d  f is h  
b lo c k  (w t  =  WB).

I m m e r s e  d r a i n e d  f is h  f le s h  in  t u b  o f  c o ld ,  1 0 - 2 1 °  ( 5 0 - 7 0 ° F ) ,  H 20 .  
U s e  r a t i o  o f  2 - 3  p a r t s  H 20  to  1 p a r t  f is h  b y  w t .  S e p .  f i l le ts  b y  h a n d  
a n d  w a s h  m i n c e d  f is h  f le s h  f r o m  f i l le ts  i n  t u b .  P la c e  w a s h e d  f i l le ts  
o n  u p p e r  s e c t io n  o f  p r e w e ig h e d  p e r f o r a t e d  t r a y .  I n c l in e  t r a y  a t  a n g le  
o f  2 0 - 4 0 °  t o  f a c i l i t a t e  d r a in in g .

P o u r  H 20  c o n tg  m i n c e d  f is h  a n d  a n y  s m a l l  p ie c e s  o f  f i l le t  f r o m  
t u b  t h r u  s ie v e .  R e m o v e  a n y  f i l le t  p ie c e s  f r o m  s ie v e ,  p l a c e  t h e m  o n  

d r a i n  t r a y  w i th  f i l le ts ,  a n d  l e t  f i l le ts  d r a i n  15 m i n .  R e m o v e  a n y  e x c e s s  
H 20  f r o m  lo w e r  s e c t io n  o f  t r a y  a n d  w e ig h  d r a i n e d  f i l le ts  ( w t  =  Wr).

Calculation

m i n c e d  f is h ,  %  =  [(WB -  WF)/WB] x  1 0 0

w h e r e  WB =  w t  o f  t h a w e d ,  d r a i n e d  f is h  b lo c k ,  a n d  WF =  w t  o f  d r a i n e d  
f i l le ts .
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Table 1. Collaborative results for determination of % minced fish flesh in 5 lb randomly numbered blocks

Collaborator*

Sample 2 3 4 5 6 7 8 9

26.25% mince

1 26.5 26.6 25.0 27.0 25.1 25.9 25.6 27.4
2 26.3 24.4 23.7 26.5 25.1 21.8 26.3 29.3
3 27.1 26.2 24.9 25.8 22.9 24.9 24.7 28.4
4 23.7 29.5 24.5 26.2 24.6 26.0 27.4 28.3
5 27.3 25.0 25.1 26.7 25.1 23.5 26.5 28.7
6 27.4 26.2 25.5 28.0 25.1 22.4 28.3 29.3

Average 26.4 26.3 24.8 26.7 24.7 24.1 26.5 28.6
Range 23.7-27.4 24.4-29.5 23.7-25.5 25.8-28.0 22.9-25.1 21.8-26.0 24.7-28.3 27.4-29.3
SD 1.39 1.77 0.62 0.76 0.88 1.79 1.28 0.71

18.75% mince

1 17.9 14.1 15.9 15.1 16.5 15.1 17.9 17.8
2 17.7 15.5 15.9 16.6 14.8 16.6 16.7 18.8
3 18.3 17.8 16.5 19.1 18.3 15.0 17.2 18.6
4 19.2 15.3 16.1 17.4 17.4 14.9 17.9 19.5
5 17.8 15.5 17.0 19.1 17.5 16.9 18.3 18.3
6 18.7 13.9 16.1 16.1 16.5 14.2 18.8 19.0

Average 18.3 15.4 16.3 17.2 16.8 15.5 17.8 18.7
Range 17.7-19.2 13.9-17.8 15.9-17.0 15.1-19.1 14.8-18.3 14.2-16.9 16.7-18.8 17.8-19.5
SD 0.59 1.39 0.43 1.63 1.21 1.06 0.75 0.59

12.5% mince

1 10.8 9.3 8.8 10.9 9.5 8.6 10.9 11.7
2 10.0 9.4 9.2 10.5 9.3 10.7 10.6 12.2
3 10.7 8.1 7.9 11.7 11.0 9.5 9.8 13.4
4 6.5 9.4 9.4 16.8 9.0 9.1 11.7 12.2
5 11.1 10.5 8.4 10.3 9.5 10.1 10.9 12.2
6 9.2 9.5 7.4 11.4 9.5 9.9 10.5 10.9

Average 9.7 9.4 8.5 11.9 9.6 9.7 10.7 12.1
Range 6.5-11.1 8.1-10.5 7.4—9.4 10.3-16.8 9.0-11.0 8.6-10.7 9.8-11.7 10.9-13.4
SD 1.72 0.76 0.77 2.44 0.70 0.75 0.62 0.81

* Data for collaborator 1 not included; used incorrectly calibrated balance.

Results and Discussion
A complete set of data was received from each of the 9 

collaborators. However, after collaborator 1 had completed 
analyses of the samples, it was found that incorrectly cali
brated scales had been used; therefore, those data were dis
carded. The data from the other 8 collaborators are shown 
in Table 1; the statistical summary is given in Table 2.

Five lb blocks were used in this study because of the ex
pense involved in preparing sufficient samples at 3 levels of 
mince for all collaborators. However, the common block 
sizes used in industry are 16.5 and 18.5 lb. We also ran an 
informal collaborative study with 10 collaborators who each 
examined 16.5 lb fish block samples containing 20.1% mince. 
The results of this informal study are given in Table 3 for 
comparison. Although these blocks were over 3 times the 
weight, the average SD was only about 1% larger, indicating 
that the 5 lb samples were representative of the 16.5 lb com
mercial fish block.

To determine where potential errors may occur in the de
termination, samples of blocks containing only fillets were 
examined using exactly the same procedure. The results of 
this test showed that during the washing procedure, the fillets 
absorbed some water, indicating a larger error with a higher 
percentage of fillets. The results of the collaborative study 
support this; the average error increased with the increased 
percentage of fillets in the test samples.

The collaborators in the formal study found that the meth
od was simple and relatively rapid, and required only one 
specialized piece of equipment, i.e., the drain tray. The ac

curacy is well within the reported degree (± 5%) used by those 
non-U. S. processors who prepare mixed blocks. However, 
only cod was used in this study; therefore, it is recommended 
that this method be adopted official first action for mixed 
blocks prepared from cod. Cod and other gadoid species such 
as pollack, haddock, and whiting represent approximately 
70% of the current fish block production. The species in this 
family are discussed in another report (3).

Recommendation
The Associate Referee recommends that this method be 

adopted official first action for cod.

Table 2. Statistical summary of collaborative data for % mince 
in fish blocks

Mince, %

Statistic 26.25 18.75 12.5

N 48 48 48
Mean 26.0 17.0 10.2
Range 21.8-29.5 13.9-19.5 6.5-16.8
SD 1.77 1.51 1.65
cv, % 6.8 8.9 16.2

Rei. std dev., %
Repeatability 5.9 8.2 13.8(8.5)*
Reproducibility 6.9 8.9 15.5 (12.5)*

* Numbers In parentheses reflect removal of 1 Cochran outlier (laboratory 2, 
sample 4).
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Table  3. Data fo r % m inced fish  fle sh — inform al co llabora tive  s tudy on 16.5 lb m ixed f ille t-m in ce d  cod b locks con ta in ing  20 .1%
m inced cod

Collaborator

Sample 1 2 3 4 5 6 7 8 9 10
1 18.3 25.2 20.9 18.5 19.2 17.9 18.6 21.8 21.0 11.9
2 18.7 23.5 20.4 18.4 23.0 17.7 18.9 21.7 21.4 20.0
3 19.6 23.4 21.2 21.3 18.7 19.8 18.7 24.0 21.5 17.9
4 18.4 23.7 21.4 19.9 21.8 16.5 19.0 21.3 21.3 19.1
5 20.6 21.9 19.6 18.0 22.3 18.0 19.0 26.1 21.1 17.3
6 17.9 22.7 20.1 20.7 22.3 19.6 14.6 21.8 22.2 18.5
7 19.2 23.3 21.6 17.8 20.6 18.9 16.1 21.7 20.8 18.6
8 19.2 22.6 23.1 19.6 22.2 18.9 18.5 22.2 22.4 12.2
9 18.6 22.2 17.8 20.7 21.4 18.5 10.9 24.7 20.5 13.7

10 19.1 20.4 21.0 21.5 21.5 18.9 13.6 22.5 22.0 17.1
Average 19.0 22.9 20.7 19.6 21.3 18.5 16.8 22.8 21.4 16.6
Range 17.9-20.6 20.4-25.2 17.8-23.1 17.8-21.5 18.7-23.0 16.5-19.8 10.9-19.0 21.3-26.1 20.5-22.4 11.9-20.0
SD 0.77 1.27 1.40 1.39 1.40 0.98 2.87 1.60 0.62 2.94
N 10 10 10 10 10 10 10 10 10 10
Overall values:

N = 100 
Mean = 20.0 

SD = 2.72 
CV = 13.6%
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M Y C O T O X I N S

Use of Ten Gram Samples of Corn for Determination of Mycotoxins

O C T A V E  J. F R A N C IS, Jr , G E O R G E  M . W A R E , A L L E N  S. C A R M A N , G A R Y  P. K IR S C H E N H E U T E R , 
and SH IA  S. K U A N
F o o d  a n d  D ru g  A d m in is tra tio n , N a tu r a l T o x in s  R e se a rc h  C en ter , 4 2 9 8  E ly s ia n  F ie ld s  A ve,
N e w  O rlean s, L A  7 0 1 2 2

Data were gathered, during a study on the development of an auto
mated system for the extraction, cleanup, and quantitation of my
cotoxins in corn, to determine if it was scientifically sound to reduce 
the analytical sample size. Five, 10, and 25 g test portions were 
analyzed and statistically compared with 50 g test portions of the 
same composites for aflatoxin concentration variance. Statistical tests 
used to determine whether the 10 and 50 g sample sizes differed 
significantly showed a satisfactory observed variance ratio (Fobs) of
2.03 for computations of pooled standard deviations; paired /-test 
values of 0.952, 1.43, and 0.224 were computed for each of the 3 
study samples. The results meet acceptable limits, since each sample’s 
/-test result is less than the published value of the | / 1, which is 1.6909 
for the test conditions. The null hypothesis is retained since the 
sample sizes do not give significantly different values for the mean 
analyte concentration. The percent coefficients of variation (CVs) for 
all samples tested were within the expected range. In addition, the 
variance due to sample mixing was evaluated using radioisotope- 
labeled materials, yielding an acceptable CV of 22.2%. The variance 
due to the assay procedure was also evaluated and showed an aflatoxin 
B, recovery of 78.9% and a CV of 11.4%. Results support the original 
premise that a sufficiently ground and blended sample would produce 
an analyte variance for a 10 g sample that was statistically compa
rable with that for a 50 g sample.

Recently, published reports (1-3) have presented results 
ranging from 5 to 25 g of mycotoxin determinations con
ducted on analytical samples of grains. In addition, auto
mated equipment (4) reportedly capable of grinding and ex
tracting small quantities of solids, semisolids, and powders 
has become available. Experimental evaluation of the use of 
these smaller analytical samples for mycotoxin determina
tion was needed because erroneous results may be obtained 
due to the nonuniform nature of this type of contamination 
and due to the inherent difficulties associated with preparing 
analytical samples representative of the parent lots. The het
erogeneity of this type of contamination becomes apparent 
when the random nature of aflatoxin occurrence and con
tamination, along with the varied particle sizes associated 
with grains, is taken into account. Under such circumstances, 
it is reasonable to advocate the use of larger analytical sam
ples or multiple analysis of the subject material, the conclu
sion being that the larger sample sizes or multiple aliquots 
are statistically more representative of the parent lots. For 
analyte distribution in solids, homogeneity increases as the 
size of the particles that constitute these solids is reduced. 
Therefore, it is reasonable to conclude that when grains are 
sufficiently ground and mixed, the analyte variance obtained 
from the analysis of a small sample aliquot should not differ 
significantly from results obtained from a larger portion of 
the same sample. The present research was designed to de
termine experimentally the analyte dispersion or variance 
between the larger (50 g) and smaller (principally 10 g) sam
ples.

Experimental data are presented showing the distribution 
and variation of aflatoxin contamination when 5-50 g sam-
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pies of ground com are analyzed. The variability associated 
with testing com for aflatoxin has been shown by Whitaker 
and Dickens (5). Their data were obtained from analysis of 
50 and 500 g samples along with statistical functional rela
tionships developed to predict the aflatoxin variance for any 
size sample. That report expanded on results that had been 
presented earlier by Stoloff et al. (6), Cuculla et al. (7), and 
Shotwell and Stubblefield (8), who studied the variability of 
aflatoxin contamination in peanuts, peanut kernels, and com, 
respectively. The Shotwell and Stubblefield report is the basis 
for the AO AC official method (9) for the sample preparation 
of com and soybeans for the determination of aflatoxins. It 
stipulates that the entire sample be coarse-ground to pass a 
No. 14 sieve and that a 1-2 kg subsample of the coarse- 
ground material be reground to pass a No. 20 sieve (0.850 
mm). For sample preparation, this laboratory and others, 
such as that of the North Carolina Department of Agriculture, 
improved on the recommended coarse-fine grinding proce
dure. This laboratory comminutes the entire sample to pass 
a sieve opening o f0.889; the North Carolina laboratory com
minutes the entire sample to pass a sieve opening of 1.00 
mm (10). This procedure increases the precision of the af
latoxin determination because the entire sample is finely re
duced and mixed.

Experimental 
Bulk Sample Preparation

Three 15 lb (6.8 kg) samples of aflatoxin-contaminated 
com were ground to pass a 0.889 mm sieve opening (No. 19 
mesh), using a Model 3600 Comitrol Mill (custom modified) 
(Urschel Laboratories, Inc., Plano, TX 75023). The ground 
samples were individually blended in a planetary mixer for 
20 min.

Analytical Samples
From sample A, thirty 10 g portions, six 50 g portions, six 

25 g portions, and six 5 g portions were removed for aflatoxin 
determination. From sample B, thirty 10 g and six 50 g 
portions were removed for aflatoxin determination. From 
sample C, twenty-four 10 g and twelve 50 g portions were 
removed for aflatoxin determination; 15 additional 10 g por
tions were removed from sample C for the radioisotope dis
tribution study.

Sample Mixing Efficiency and Analyte 
Distribution Study

Thirty g sample C was spiked with tritium-labeled afla
toxin B, (3H-B,) as follows; 10 yL 3H-B,, specific activity 60 
Ci/mmol (Moravek Biochemicals, Inc., Brea, CA 92621) was 
dissolved in 20 mL methylene chloride (CH2C12) and added 
to the 30 g sample. The mixture was tumbled in a 500 mL 
indented round-bottom powder mixing flask (RE-35, Brink- 
mann Instruments, Inc., Westbury, NY 11590) for 10 min 
in a rotary evaporator without vacuum. Using vacuum and 
a 40°C water bath, the CFLCL was completely evaporated
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Table 1. Precision measurements to determine aflatoxin dis
tribution and sample mixing efficiency in corn samples"

Sample 
size, g

Aflatoxin found
Sample Mean, yxg/kg SD CV, %

A 50» 34.3 3.18 9.3
25» 36.1 3.02 8.4
5» 36.1 2.10 5.8

10» 30.2 7.32 24.2
B 50» 26.3 9.35 35.5

10» 32.6 9.90 30.3
C 50» 30.3 5.77 19.1

B, column
10» 31.0 9.98 31.9

spike _t 78.9s 9.01 11.4
* Application of the Dixon test (12) for measurement with a 1 in 20 probabili
ty of a wrong decision (5% risk of unjust value rejection) shows no out
liers.

»n = 6.
»n = 30.
" n =  12.
•n = 24.
' n = 8.
» Percentage of added aflatoxin B, recovered.

by tumbling and mixing the sample overnight. The spiked 
com was combined with an additional 270 g 3H-free sample 
C corn in a 1 L powder mixing flask and then was blended 
on the rotary evaporator 30 min without vacuum. Fifteen 
10 g portions of this 3H-spiked composite were removed for 
assay. Portions of 3H-free samples were also used for instru
ment calibrations and to determine the variances of individ
ually spiked samples when the sample sizes were held con
stant while the radioactivity was varied and vice versa.

All samples were extracted with 10 mL reagent grade tol
uene by shaking for 30 min in glass-stopper flasks. Extracts 
were filtered through plastic disposable columns with 20 ¿¿m 
frits (Quik-Sep, Isolab Inc., Akron, OH 44321).

Aliquots (3.0 mL) of filtrate from each sample were pre
pared by diluting to 6.0 mL with Beckman’s Ready Solvent
N.A. scintillation fluid. Samples were counted 1 min each 
on a Beckman LS 1800 instrument, and data were computed 
in disintegrations per minute (dpm).

Aflatoxin Determination
All samples were analyzed using the CB procedure (11). 

Extracts were spotted on thin-layer chromatographic plates 
and quantitated by densitometry (Shimadzu Scientific In
struments, Inc., Columbia, MD 21046).

Results and Discussion

Investigators have hypothesized the degree of random oc
currence of aflatoxin contamination in solid commodities 
with sound statistical reasoning to cover extreme situations

(6). Aflatoxin methods have an inherent imprecision, as is 
validated by collaborative study (8) and as is also determined 
in the present study (Table 1). The total analytical variance 
associated with laboratory samples of this type is attributed 
to the analyte distribution associated with grinding and mix
ing and to the variance of the analytical method. The study 
reported here was primarily concerned with the variance 
related to the former. Due to the physical nature of the ma
terials involved, at best we can only decrease the variance 
by reducing the sample particles to a very fine grind. The use 
of 3 different naturally contaminated samples provided a 
good measure of the grinding procedure and analyte distri
bution after mixing. Using 3 different samples rather than 
one large sample also eliminated the possibility of later con
cluding that results were biased, since one sample could be 
abnormally homogeneous or heterogeneous in its analyte dis
tribution.

The results of the analyte distribution study (Table 1) show 
good agreement for all weights of samples analyzed. The 
percent coefficients of variation (CVs) obtained for sample 
A, as well as those obtained for samples B and C, at both 
the 10 and 50 g sample sizes, are all well within the expected, 
acceptable range. The results obtained for the 10 g samples 
are in close agreement with results previously obtained for 
50 g samples (8). A two-tailed F-test was conducted on the 
experimental data of the 10 and 50 g samples to determine 
whether the standard deviations (SDs) of the 2 sample sizes 
differed significantly. Computation of pooled SDs (Table 2) 
for samples A, B, and C for the 10 and 50 g sizes shows an 
observed variance ratio (Fobs) of 2.03, which is satisfactory 
since that value is less than the published value (13) of 2.16 
at the 5% confidence level for F8] 21. Paired 7-tests, used for 
comparing the means of the 2 sample sizes, had computed 
values of 0.952, 1.43, and 0.224 for samples A, B, and C, 
respectively. These results are also within satisfactory limits 
because 171 for each sample is less than the published value
(13), where 17 j is 1.6909 for the degree of freedom (df =34), 
for each sample. The null hypothesis is retained because the 
sample sizes do not give significantly different values for the 
mean analyte concentrations. The data from this study sup
port the original premise, which was that a com sample that 
was ground to pass a No. 20 or finer sieve and that was well 
mixed would produce analytical results for sample weights 
of <50 g whose analyte level and variance would be statis
tically comparable to results obtained for 50 g samples.

The design of this study provided an opportunity to eval
uate the variance due to sample mixing by using a radioactive 
tracer, which also provided a corroborative means for eval
uation of the aforementioned experimental data. This ex
periment was designed to simulate a (1 + 9 )  contaminated- 
noncontaminated sample ratio, using tritium-spiked com 
(sample C) to represent the contaminated sample portion.

Table 2. Variation of 2 sample sizes (10 and 50 g) for determination of aflatoxins

Two-tailed F-test at 5% 
confidence level

Computation of pooled SDs 
minus sums of squares

10 g 50 g 10 g 50 g
Sample X s n X s n df df x s' df df x s'

A 30.3 7.32 30 34.3 3.18 6 29 1553.89 5 50.56
B 32.6 9.90 30 26.3 9.35 6 29 2842.29 5 437,11
C 31.0 9.98 24 30.3 5.77 12 23 2290.81 11 366.22
Sum 81 6686.99 21 853.89
ffp 82.56 40.66
Sp 9.09 6.38
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The dpm were 18.8 x 104 (4.18 x 103 SD) for n = 15 
determinations. These results show that the distribution of 
the isotope-labeled material was acceptable, yielding a 22.2% 
CV. These data indicate that acceptable sample mixing can 
be achieved even when analyte distribution is very hetero
geneous.

Another experiment that was part of this study evaluated 
the variance of the assay procedure. A series of eight 10 g 
silica gel columns prepared and processed in accordance with 
the CB procedure (11) were each directly spiked with 250 ng 
aflatoxin B,. The results (Table 1) reveal an average B, re
covery of 78.9% and a CV of 11.4%. These data were not 
needed to complete the study but, as in the previous case, 
served as a reference to establish that study procedures were 
satisfactory. The combined CVs for this work and the iso- 
tope-labeled material study totaled 33.6%, which agrees with 
published data (8).

The use of smaller analytical sample sizes offers the ad
vantages of reduced cost per sample analysis, faster analysis 
time, amenability to automation, and reduction in the 
amounts of toxic and obnoxious solvents used in current 
methods, consequently affording the user the option of in
creasing sample surveillance. Therefore, we suggest that lab
oratories involved in mycotoxin surveys consider using 10 
g samples of grains. However, we suggest that positive or 
regulatory borderline samples be reanalyzed by the official 
method, using larger analytical samples.

Acknowledgment
The authors express their appreciation to Foster D. 

McClure, Food and Drug Administration, Division of Math

ematics, Washington, DC, for his advice on experimental 
design and interpretation of some statistical data.

R e f e r e n c e s

(1) Hart, L. P., Park, D. L„ Miller, B. M„ Yang, G. C., McVey,
J., & Page. S. W. (1986) presented at the 100th Annual Inter
national Meeting of the AO AC, Scottsdale, AZ, Sept. 15-18, 
abstr. 131

(2) Romer, T. R. (1986) J. A ssoc. Off. A n a l. C h em . 69, 699-703
(3) Ware, G. M., Carman, A. S., Francis, O. J. Jr, & Kuan, S. 

(1984) J. A ssoc. Off. A n a l. C h em . 67, 731-734
(4) O p era tio n  M a n u a l f o r  th e  T ech n icon  S o l id  P rep  S a m p le r  I I  

(April 1977) Technical Publication No. TA 2-0296-10, Tech
nicon, Tarrytown, NY

(5) Whitaker, T. B., & Dickens J. W. (1979)7. A m . O il  C h em . S oc. 
56, 789-794

(6) Stoloflf, L., Campbell, A. D., Beckwith, A. C., Nesheim, S., 
Winbush, J. S., Jr, & Fordham, O. M„ Jr (1969) J. A m . O il  
C h em . S oc. 46, 678-684

(7) Cuculla, A. F., Lee, L. S., Mayne, R. Y., & Goldblatt, L. A. 
(1966) J. A m . O il  C h em . Soc. 43, 89-92

(8) Shotwell,O.L.,&Stubblefield,R.D.(1972)7./4iioc. O ff.A n a l. 
C h em . 55, 781-788

(9) O ffic ia l M e th o d s  o fA n a ly s is  (1984) 14th Ed., AO AC, Arlington, 
VA, sec. 26.049

(10) Dickens, J. W., & Whitaker, T. B. (1983) in A fla to x in  a n d  
A sp erg illu s  f la v u s  in  C orn , U. L. Diener, R. L. Asquith, & J. 
W. Dickens (Eds), Dept, of Research Information, Auburn Uni
versity, Auburn, AL, pp. 35-37

(11) O ffic ia l M e th o d s  o f  A n a ly s is  (1984) 14th Ed., AOAC, Arlington, 
VA, secs. 26.026-26.031

(12) Youden, W. J., & Steiner, E. H. (1975) S ta tis t ic a l  M a n u a l  o f  
th e  A O A C , AOAC, Arlington, VA

(13) Wemimont, G. T. (1985) U se o f  S ta t is t ic s  to  D eve lo p  a n d  E v a l
u a te  A n a ly tic a l M e th o d s , W. Spendley (Ed.), AOAC, Arling
ton, VA

Rapid Determination of Aflatoxins in Raw Peanuts by Liquid Chromatography with 
Postcolumn Iodination and Modified Minicolumn Cleanup

JO E  W. D O R N E R  and R IC H A R D  J. C O L E
U.S. Department o f Agriculture, Agricultural Research Service, National Peanut Research Laboratory, 
1011 Forrester Dr SE, Dawson, GA 31742

A  m e th o d  i s  d e s c r ib e d  f o r  r a p i d  c l e a n u p  fo l lo w e d  b y  r e v e r s e - p h a s e  
l i q u id  c h r o m a t o g r a p h i c  ( L C )  q u a n t i t a t i o n  o f  a f l a to x in s  in  r a w  p e a 
n u ts .  A  m o d if ie d  m in ic o lu m n  c le a n u p  is  u s e d  f o r  s a m p l e  p r e p a r a t i o n ,  

a n d  a  p r e l i m i n a r y  e s t i m a t i o n  o f  a f l a t o x i n  c o n te n t  b y  m in ic o lu m n  c a n  
b e  m a d e  s o  t h a t  h ig h ly  c o n ta m in a t e d  s a m p l e s  c a n  b e  d i lu t e d  b e fo r e  
L C  a n a l y s i s .  T h e  u s e  o f  t h e  s im p le ,  q u i c k  m in ic o lu m n  c l e a n u p  e l im 

i n a t e s  t h e  n e e d  f o r  f u r t h e r  c o lu m n  o r  c a r t r i d g e  c le a n u p ,  t h u s  g r e a t ly  
r e d u c in g  s a m p l e  p r e p a r a t i o n  t im e .  S e n s i t i v e  q u a n t i t a t i o n  i s  a c h i e v e d  
u s in g  a  p h e n y l  c o lu m n ,  a  m o b i le  p h a s e  o f  w a t e r - t e t r a h y d r o f u r a n  
(8 0  +  2 0 ,  v /v ) ,  a n d  p o s tc o lu m n  d e r i v a t i z a t i o n  w i th  w a t e r - s a t u r a t e d  

i o d in e  fo l lo w e d  b y  f l u o r e s c e n c e  d e t e c t io n .  T h e  r e c o v e r ie s  o f  a f l a to x in s  
B „  B 2, G „  a n d  G 2 f r o m  p e a n u t  m e a l  s p ik e d  a t  3  le v e ls  r a n g e d  f r o m
7 1 .7  to  8 8 .3 %  ( a v e r a g e  8 0 % )  w i th  c o e f f ic ie n t s  o f  v a r i a t i o n  f r o m  2 .7  
to  1 0 .4 % .

Aflatoxin contamination of peanuts is the most significant 
economic problem facing the peanut industry. Contamina
tion can occur in the field before harvest in response to drought 
stress, and it can occur during improper storage (1). Thus, 
all peanuts and peanut products destined for human and 
animal consumption must be monitored for the presence of
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aflatoxins throughout all phases of production. Numerous 
procedures have been published on the analysis of agricul
tural commodities for aflatoxins using various methods of 
extraction, cleanup, and detection. The AOAC has adopted 
2 official thin-layer chromatographic (TLC) methods (CB 
method, secs 26.026-26.031, and BF method, secs 26.032- 
26.036) for the determination of aflatoxins in peanuts and 
peanut products with visual analysis of TLC plates as the 
method of detection and quantitation (2). Hutchins and Hag- 
ler (3) noted that while the CB method is reliable and is 
widely used, it is very time-consuming and expensive. This 
is probably one of the reasons that many “rapid” methods 
have been developed and published, many of which use liq
uid chromatography (LC) for separation, detection, and 
quantitation of the aflatoxins.

In most of the LC methods published recently using re- 
verse-phase chromatography with a C,8 column and fluores
cence detection of aflatoxins, trifluoroacetic acid (TFA) is 
used for derivatization. The derivatization procedure occurs 
following sample cleanup but before injection into the LC 
system, and converts the weakly fluorescent aflatoxins B, and 
G, to their respective highly fluorescent hemiacetals, B2a and
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G2a. Aflatoxins B2 and G2 do not react but are already highly 
fluorescent in aqueous mobile phases.
More recently, a technique has been developed using post

column derivatization with aqueous iodine to enhance the 
fluorescence of B, and G,. The procedure was first reported 
by Thorpe et al. (4) and was based on observations by Davis 
and Diener (5) that B, and G, could be reacted with iodine- 
saturated water to yield derivatives as fluorescent as B2 in 
aqueous mobile phases. Subsequent modifications and usage 
have been reported by Tuinstra and Haasnoot (6), Thiel et 
al. (7), and Gilbert and Shepherd (8). Shepherd and Gilbert
(9) investigated various combinations of reaction coil tubing 
dimensions, coil temperature, eluant and reagent flow rates, 
and reagent concentration and reported the optimum for 
each. This postcolumn derivatization procedure has 2 dis
tinct advantages over precolumn derivatization with TFA. 
First, it is faster because the derivatization is accomplished 
automatically without human manipulation. Second, confir
mation of the presence of B, and G,, if desired, is done simply 
by reinjecting the same sample with the postcolumn reagent 
pump turned off. This results in a drastic reduction in the 
height of peaks corresponding to B, and G, and provides a 
simple, dependable confirmation.
One of the problems encountered in our laboratory when 

we analyze peanuts for aflatoxin by liquid chromatography 
is the wide range in the levels of contamination. Aflatoxin 
content may range from < 1 to > 10 000 ng/g. When diversely 
contaminated samples are analyzed using the same LC sys
tem parameters, many samples will not fall within the linear 
range established for such a system. Therefore, a method was 
needed in which a preliminary estimation of the aflatoxin 
concentration could be made quickly before LC analysis. 
Highly contaminated extracts could then be diluted to fall 
within the linear range of the LC system. This report de
scribes a method developed to achieve these goals using mini
column chromatography and liquid chromatography with 
postcolumn iodination.

METHOD
A p p a ra tu s

Equipment specified is not restrictive; other suitable equip
ment can be substituted.
(a) L iq u id  ch ro m a to g ra p h .— Two M6000A pumps, Mod

el 712 WISP automatic injector, Model 730 data module, 
with Intelink (Waters Chromatography Division, Millipore 
Corp., Milford, MA 01757).
(b) L C  g u a rd  colum n. — 30 x 4.6 mm 5 ¿im Spheri-5 MPLC 

phenyl cartridge (Brownlee Labs, Inc., Santa Clara, CA 95050).
(c) L C  co lum n. —10 cm x 8 mm Nova-Pak phenyl Ra- 

dial-Pak cartridge used with Model RCM-100 radial 
compression module (Waters-Millipore).
(d) P o stco lu m n  reactor. — Model PCRS 510 heater system 

for LC postcolumn reactions containing 0.5 mL reaction coil 
(8.2 m x 0.48 mm; Kratos Analytical, Ramsey, NJ 07446).
(e) L C  flu o rescen ce  detec tor. — Model LS-1 LC, with ex

citation wavelength of 365 nm and emission cutoff at 418 
nm (Perkin-Elmer, Norwalk, CT 06856).
(f) S ep a ra to ry  fu n n e l.— 30 mL, graduated to 0.5 mL with 

tapered, reduced diameter (5 mm od) tip and 18 mm top id 
to accept disposable plastic tube closure (Tudor Glass Co., 
Belvedere, SC 29841).
(g) S a m p le  v ia ls .— 4 mL, with open top caps, PTFE septa, 

self-sealing septa, and limited volume inserts with springs 
for use with autoinjector (Waters-Millipore).
(h) B lenders. — Waring Mini-Jar, 37 mL, HOmL, 250 mL;

Waring glass jar, 1250 mL; Waring 2 qt; and Waring 1 gal. 
(Thomas Scientific).

(i) V ortex  m ixer. — Fisherbrand Touch (Fisher Scientific).
0) F ilter p u lp .— Schleicher and Schuell, ash-free analyt

ical.
R e a g e n ts

(a) A fla to x in  sta n d a rd s. — Commercial mixed standards of 
aflatoxins B, and G, (5.0 /ng/mL) and B2 and G2 (1.5 /ig/'mL) 
in benzene-acetonitrile (98 + 2) (Applied Science Labora
tories, State College, PA 16901). In silanized test tube, evap
orate to dryness, under stream of nitrogen, 50 ¿¿L commercial 
standard solution and redissolve in 10 mL injection solvent. 
Transfer to 4 mL vials for placement in autoinjector.
(b) L C  m obile  p h a se .—L C grade water (80%) and LC grade 

tetrahydrofuran (THF) (20%).
(c) R ea c tio n  so lv e n t.— Saturated aqueous iodine solution 

prepared by stirring ca 100 mg iodine in 1 L LC grade water 
overnight in closed container protected from light. Vacuum- 
filter saturated solution through 0.45 ¿¿m filter just before use 
and replace daily.
(d) In jection  solven t. — Mix 80 mL LC grade water and 20 

mL THF and 0.1 mL LC grade acetic acid.
(e) S o lv e n ts .—ACS grade methanol, chloroform, meth

ylene chloride, acetone, and distilled water.
S a m p le  P re p a ra tio n , E x tr a c tio n ,  a n d  P r e lim in a r y  E s t im a t io n  
o f  A f la to x in  C o n te n t

Proceed as in Holaday-Velasco minicolumn method for 
corn, secs 26.020-26.025 (2), with following exceptions:
(a) P rep a ra tio n  o f  S a m p le . — Samples can be prepared as 

in sec. 26.020 (2). However, to eliminate sampling error, 
blend entire sample at high speed for 2 min with volume of 
methanol-water equal to twice sample weight in suitable size 
blender. For example, Mini-Jars are ideal for <75 g samples 
because small samples are not ground and blended well in 
larger blenders. Choose blender capacity that produces fine, 
homogeneous blend. Maximum sample size is ca 1700 g in 
1 gal. blender.
(b) R e a g e n ts .— Substitute chloroform for benzene and 

methylene chloride-acetone (9+1, v/v) for chloroform- 
acetone (9 + 1, v/v) in sec. 26.022 (2).
(c) P rep a ra tio n  o f  co lum n. —Use Holaday-Lansden mini

column (10), which is prepared by plugging bottom of column 
with filter pulp followed by addition of ca 15 mm Florisil, 
15 mm activity V neutral alumina, and top plug of filter pulp.

(d) E x tra c tio n .— After adding salt solution to initial fil
trate and shaking, filter 15 mL contents into separatory fun
nel, add 3 mL chloroform, shake, and let layers separate.
(e) C h ro m a to g ra p h y .—C o llec t 2.5 mL chloroform layer 

in 4 mL LC vial. Withdraw 1 mL and apply to top of mini
column and let extract drain into column. Wash with 2 mL 
methylene chloride-acetone under vacuum and examine col
umn for blue fluorescent band at top of Florisil layer as in 
sec. 26.019 (2). Compare with standard minicolumn to which 
has been added 1 mL chloroform containing 62.5 ng total 
aflatoxin. This corresponds to 50 ng/g concentration in orig
inal sample and is near maximum concentration allowable 
for accurate LC quantitation without dilution. If fluorescence 
of sample minicolumn is less than or equal to that of standard 
minicolumn, evaporate remainder of sample (1.5 mL) in LC 
vial to dryness under stream of nitrogen and redissolve in
1.5 mL injection solvent. Mix ca 10 s with vortex mixer and 
load into autosampler. If fluorescence of sample minicolumn 
is greater than that of standard minicolumn, dilute remaining
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sample as necessary (1:10, 1:100, 1:1000, etc.) so that min
icolumn analysis of diluted sample yields fluorescence less 
than or equal to that of standard minicolumn. Volume of 
diluted sample should be exactly 2.5 mL if it is to be checked 
by minicolumn. If additional minicolumn analysis of diluted 
sample is deemed unnecessary, sample should be diluted to
1.5 mL. After proper dilution has been made, proceed as 
with undiluted sample.
L C  Q u a n ti ta t io n

Set mobile phase flow rate at 1.5 mL/min and reagent flow 
rate at 0.4 mL/min. Obtain 40°C column temperature and 
75°C postcolumn reactor temperature. Let system equilibrate 
until steady baseline is achieved and then repeat injections 
(20 fj.L) of aflatoxin standard while adjusting detector settings 
to give 50% full scale deflection for B, (equivalent to 0.5 ng 
B, or 20 ng/g peanuts). Optimize peak integration parameters 
as described in data module manual and calibrate data mod
ule for external standard quantitation with following values: 
B, = 20; G, = 20; B, = 6; G2 = 6. These values (in ng/g) 
correspond to 100% recovery of aflatoxins from peanuts with 
20 ¿¿L injection for standard and samples.

Results and Discussion
The LC conditions reported here are similar to those in 

earlier reports (4, 6-9) with 3 major exceptions: use of a 
phenyl column, use of a water-THF mobile phase, and use 
of a postcolumn reactor. The latter makes control of the 
reaction simpler and more reliable; however, coiled Teflon 
tubing in a temperature-controlled water bath can be sub
stituted (9). Figure 1 illustrates a typical separation of the 
aflatoxin standard solution with and without the iodination 
reaction. The elution order of G, and B2 is reversed when 
compared with most reverse-phase separations. This obser
vation has also been made by Shepherd (11). Figure 1B shows 
how the presence of aflatoxins B and G, can be confirmed 
by shutting off the iodine reagent pump and reinjecting the 
sample. In that case, the B, and G, peak heights are drastically 
reduced. On the other hand, other peaks that are present, 
such as B, and G2, usually increase in height in the absence 
of the iodine reagent. Also, a slight shift in retention times 
occurs when the iodine pump (0.4 mL/min) is turned off. 
Exact retention times can be maintained during a confir
mation run by substituting mobile phase for aqueous iodine 
in the reagent pump.
The detection limit using the system as described was 0.1 

ng B, and G,/g, which corresponds to an injection of 2.5 pg, 
and 0.06 ng B2 and G,/g, which corresponds to an injection 
of 1.5 pg. Repeated injections of the standard solution showed 
the response to be linear in the range of 0.025-1.25 ng B, 
and G,, which corresponds to 1-50 ng/g, and 0.0075-0.375 
ng B, and G2, corresponding to 0.3-15 ng/g. If required, the 
detector sensitivity can be increased to achieve a lower de
tection limit and a reduced linear range.

BZ

M NUTES MINUTES

Figure 1. LC separation of aflatoxins with postcolumn iodina
tion and fluorescence detection. Conditions described in Meth
od. A, chromatogram of aflatoxin standard solution; B, chro
matogram of aflatoxin standard solution with iodine reagent pump 
turned off and mobile phase flow rate increased to 1.6 mL/min.

A recovery study using this method was carried out with 
aflatoxin-free peanut meal spiked at 3 concentrations each 
of B„ B,, G,, and G2. Twelve 50 g samples were spiked with 
the aflatoxin standard mixture—4 each at 5, 20, and 50 ng 
B, or G,/g and 1.5,6.0, and 15.0 ng B2 or G2/g. Data presented 
in Table 1 show that recoveries of the 4 aflatoxins were 
reasonably uniform (range 71.7-88.3%) with acceptable coef
ficients of variation (CVs). Chloroform was substituted for 
benzene in the partitioning phase of the Holaday-Velasco 
method (sec. 26.024) (2) because our data (unpublished) 
showed poor recovery of aflatoxins from the aqueous phase 
by benzene (about 12% for G2 to about 40% for B,). Recov
eries (Table 1) using the current method were much more 
uniform, and the procedure was more efficient when chlo
roform was substituted for benzene. Use of chloroform in 
the Holaday-Velasco minicolumn method, particularly when 
that method is used quantitatively, requires certain conces
sions. With the chloroform layer on the bottom, pipetting 1 
mL extract for transfer to the minicolumn is not feasible 
without also removing an unacceptable portion of the aqueous 
phase. However, the use of separatory funnels eliminated 
this problem because the chloroform is drained from the 
bottom directly into the vials. The chloroform also may ex
tract impurities that make quantitation by minicolumn dif
ficult. This usually occurs in samples which have been extensively damaged. However, the use of chloroform as 
described here was acceptable since the minicolumn was not 
used for accurate quantitation, but only as a screen to identify 
highly contaminated samples that required dilution.

Table 1. Recovery of aflatoxins from 50 g spiked peanut meal

Aflatoxins

Statistic B, G, b2 g2

Added ng/g 5.0 20.0 50.0 5.0 20.0 50.0 1.5 6.0 15.0 1.5 6.0 15.0
Reed, ng/g* 3.85 16.33 40.44 3.74 15.56 35.83 1.23 5.30 11.71 1.25 5.20 11.28
Std dev., ng/g 0.16 1.10 1.08 0.14 1.31 1.14 0.07 0.19 0.33 0.13 0.23 0.46cv, % 4.2 6.7 2.7 3.7 8.4 3.2 5.7 3.6 2.8 10.4 4.4 4.1
Rec., % 77.0 81.7 80.9 74.8 77.8 71.7 82.0 88.3 78.1 83.3 86.7 75.2

* Mean of 4 determinations. Aflatoxin was not detected in the unspiked meal.
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Table 2. Precision study of proposed method using extracts of 3 samples of field-contaminated peanuts

Statistic

Aflatoxin, ng/g

B, G, b2 g2 Total

Sample 1
Range 10.0-10.9 0.6-0.9 10.8-11.7
Mean* 10.4 0.8 11.2
Std dev. 0.3 0.1 0.3
CV, % 2.9 12.5 2.7

Sample 2
Range 41.7-46.4 23.0-26.3 5.4-6.1 3.2-4.3 73.4-83.1
Mean 44.3 24.8 5.8 3.8 78.6
Std dev. 1.5 1.0 0.2 0.4 2.9
CV, % 3.4 4.0 3.4 10.5 3.7

Sample 3
Range 143.7-168.5 267.1-312.3 7.0-10.4 17.9-26.3 450.3-515.5
Mean 159.2 298.2 8.8 22.9 489.1
Std dev. 7.5 13.5 1.1 2.8 20.4
CV, % 4.7 4.5 12.5 12.2 4.2

* Mean of 10 determinations of an extract of 150 g peanuts. Ten 15 mi portions of the extract were processed by the method as described to determine
method precision.

The precision of this procedure was evaluated in peanuts 
naturally contaminated with low, medium, and high levels 
of aflatoxin. For each sample, 150 g was extracted and fil
tered. The filtrate was then divided into ten 15 mL portions, 
and each was prepared according to the procedure outlined 
in M eth od . This study was done in this manner so that any 
variations would result from the procedure itself and not 
from variable contamination within the peanut samples. Data 
from this study are presented in Table 2 and show that a 
high degree of confidence can be placed in the method re
gardless of whether a sample is slightly or heavily contami
nated. The CV for total aflatoxins ranged from 2.7 to 4.2% 
for the 3 samples. The CVs for B, and G, were <5% for all 
samples. The CVs for B2 and G2 (range 3.4-12.5%) were 
generally higher than for B, and G,, and this will usually be 
true because the contamination level for B2 and G2 is gen
erally about 10% that of B, and G,. Because B, and G, are 
the more important toxins, the system was designed to op
timize their quantitation with some resulting loss in precision 
for B2 and G2. These results illustrate the degree of precision 
that can be expected with this method when analyzing sam
ples that have variable levels of contamination, including 
some extremely high levels.

Figures 2A and B compare the chromatograms obtained 
with an extract of aflatoxin-free peanuts and peanuts spiked 
with the aflatoxin standard mixture at 20, 20, 6, and 6 ng 
B|, G|, B2, and G2/g, respectively. This illustrates that raw 
peanuts did not require extensive, time-consuming cleanup 
to yield extracts suitable for accurate LC quantitation. The 
option of running confirmatory chromatograms on samples 
suspected of containing a compound(s) interfering with B, or 
G, ensures confidence in using the simple, rapid extraction- 
cleanup procedure. Figure 2C shows the chromatogram of a 
naturally contaminated peanut sample used in the precision 
study (Table 2, sample 3), and illustrates the advantage of 
using the minicolumn for preliminary estimation of the level 
of aflatoxins in the sample. The extract was diluted 1:10 
before LC injection based on 1 minicolumn analysis. In this 
case, accurate quantitation of the undiluted sample would 
have been impossible because it was well beyond the linear 
range of the system. However, it took <2 min to analyze the 
sample by minicolumn and to make the appropriate dilution 
needed for accurate LC quantitation. In most cases, a slightly 
experienced analyst can determine the degree of dilution 
needed to bring the sample into the linear range for LC anal
ysis (usually 1:10, 1:100, or 1:1000 is adequate) with 1 mini-

B|

Figure 2. A, chromatogram of aflatoxin-free peanut sample prepared as described in Method, B, chromatogram of aflatoxin-free 
peanut sample that was spiked with standard solution to give 20 ng B, and G,/g and 6 ng B2 and G2/g before extraction and cleanup; 

C, chromatogram of naturally contaminated peanut sample diluted 1:10 before LC injection based on minicolumn analysis.
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column analysis based on the intensity of the fluorescent band 
in the minicolumn. However, if necessary, a second mini
column analysis can be made with the diluted sample to 
ensure that a proper dilution has been made. The remainder 
of the diluted sample (1.5 mL) is then evaporated and pro
cessed in the normal fashion.
The method described here was found to be sensitive, 

efficient, and extremely rapid. The greatest time-saving came 
from using the simple sample preparation procedure, which, 
when used in conjunction with the LC conditions described, 
produced a chromatogram that was free of interferences. This, 
therefore, eliminated the need for further column or cartridge 
cleanup before LC injection. Certain aspects of this method 
can be streamlined to increase speed and efficiency. First, 
use of the graduated separatory funnel allows simultaneous 
filtration of the initial filtered extract plus salt solution and 
collection of 15 mL of this filtrate. Second, the 2.5 mL portion 
of the chloroform layer from the separatory funnel can be 
collected in the LC vial in 1 step with a vial holder prepared 
in the following manner. Using a 9/32 in. drill bit, bore several 
holes in a 9-12 in. length of wood (2 x 4) to a precise depth 
so that when a vial (containing 2.5 mL chloroform) is placed 
in the hole, the meniscus is exactly in line with the top level 
of the wooden block. With an empty vial placed in such a 
vial holder, lower the tip of the separatory funnel into the 
vial (this is the reason for the special, tapered 5 mm od tip 
on the separatory funnel) and drain the chloroform into the 
vial until the meniscus is in line with the top level of the vial 
holder. In this way 2.5 mL chloroform can be quickly deliv
ered directly from a set of separatory funnels to a corre
sponding set of vials without pipet transfer.
In conclusion, this method provides the following com

bined advantages over most existing LC methods: First, the 
derivatization step with iodine is automatic and does not 
require human manipulation as is the case for precolumn 
derivatization. Second, it provides the option for a simple

but effective confirmation of aflatoxins B, and G, by rein
jecting the same sample with the iodine pump turned off. 
Third, the analysis is extremely rapid, enabling 2 experienced 
analysts to perform up to 60 analyses in a normal work day. 
Fourth, the method does not significantly compromise pre
cision for this reduced analysis time. Finally, the method 
provides a high degree of flexibility in that highly contami
nated samples can be quickly identified and diluted so that 
they can be chromatographed along with samples of very low 
contamination.
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DRUG RESIDUES IN A N IM A L  TISSUE

Simultaneous Liquid Chromatographic Screening of Five Coccidiostats in Chicken Liver

KEITH D. GALLICANO, HYUN PARK, JOHN YEE, and LARRY M. YOUNG 
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A reverse-phase liquid chromatographic (LC) method is described 
for sim ultaneously determining 5 coccidiostats—aklomide, dinsed, 
ethopabate, nitromide, and zoalene in chicken liver. The method 
entails blender extraction of 10 g liver with ethyl acetate, column 
chrom atography through Sephadex LH-20 and neutral alum ina, and 
LC analysis on a C I8 column with UV detection a t 260 nm. The drugs 
were eluted from Sephadex with m ethanol-benzene (10 +  90), from 
alum ina with m ethanol-dichlorom ethane (10 +  90), and from C18 
with acetonitrile-w ater (linear gradient: 25% acetonitrile for 10 min, 
increasing to 55% over 15 min; flow rate 1 m L/m in). Liquid chro
matography was completed in 40 min and calculations were based 
on peak height m easurements. Average recoveries of the coccidiostats 
from fortified liver ranged from 72 to 97%, except for dinsed, which 
showed a relatively constant average recovery of 57%. The detection 
lim it for the standards was 2.5 ng on column. Levels as low as 50 
ng/g were detected in fortified liver samples.

The addition of chemotherapeutics to animal feeds as an aid 
to increase feed efficiency and prevent disease has caused 
considerable debate regarding potential danger to human 
health. Regulatory tolerances and withdrawal periods have 
been established to minimize human exposure (1, 2). Ana
lytical methods to detect and quantitate low levels of such 
drugs in edible tissues are therefore important.
Several analytical methods involving gas chromatography 

(3, 4), liquid chromatography (LC) with ultraviolet (UV) (5-
7), fluorescence (8), or electrochemical (9) detection, thin- 
layer chromatography (10, 11), and colorimetry (12-14) are 
available for detecting individual coccidiostats or chemically 
and structurally related groups of coccidiostats in animal 
feeds and tissues. However, few procedures are capable of 
simple multiresidue screening for quantitating chemically dif
ferent feed additives. This paper describes an LC procedure 
for simultaneous identification in chicken liver of 5 coccidio
stats that belong to 3 distinctly different chemical classes, 
namely nitrobenzamides (aklomide, nitromide, and zoalene), 
nitrobenzene sulfonamides (dinsed), and V-phenylacet- 
amides (ethopabate). Aklomide (2-chloro-4-nitrobenzamide) 
was used in Canada until March 1985 at a level of 250 mg/ 
kg (0.025%) in combination with sulfanitran at a level of 200 
mg/kg (0.020%) to prevent coccidiosis in chicken. This entry 
has now been deleted from the Medicating Feed Ingredients 
Brochures (1). Nitromide (3,5-dinitrobenzamide) is used at 
a level of 250 mg/kg (0.025%) in combination with sulfan
itran and roxarsone as an aid in preventing deaths from 
coccidiosis in chicken and to improve feed efficiency and 
pigmentation in broilers and replacement chickens. A 5 day 
withdrawal period is prescribed. Zoalene (3,5-dinitro-o-tol- 
uamide) is used at a level of 125 mg/kg (0.0125%) to prevent 
deaths from coccidiosis in broilers and replacement chickens 
and as a prophylactic against intestinal coccidiosis in turkeys. 
A withdrawal period has not been prescribed, but there are 
tolerances of 2 ppm in chicken fat, 3 ppm in turkey fat and
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chicken and turkey muscle, and 6 ppm in liver and kidney 
of chickens and turkeys (1).
Dinsed (dinitrodiphenylsulfonylethylenediamine) is used 

at a level of 200 mg/kg (0.02%) in combination with sulfani
tran, dibutyltin dilaurate, and roxarsone in a multi-ingredient 
medication to prevent coccidiosis and as an anthelmintic in 
chicken and turkeys. A 5 day withdrawal period is in effect.
Ethopabate is used at levels of 4 mg/kg (0.0004%) and 40 

mg/kg (0.004%) in combination with amprolium at 125 mg/ 
kg (0.0125%) to prevent coccidiosis in replacement chickens 
intended as caged layers and to prevent deaths from coccid
iosis in broilers. Withdrawal is to commence 3 days prior to 
slaughter.
The aim of the LC method described here is to monitor 

any significant residual levels (>50 ng/g) of the 5 coccidio
stats that may be found in chicken liver.

METHOD
R e a g e n ts  a n d  M a te r ia ls

(a) S o lv e n ts .— Distilled-in-glass ethyl acetate, benzene, 
hexane, dichloromethane and methanol; LC grade acetoni
trile, (Caledon Laboratories, Georgetown, Ontario).
(b) P ip e t tip. — Pasteur disposable pipet, glass, 5 mm id x 

145 mm long (Maple Leaf brand, Cat. No. 14672-029).
(c) F ilter  p a p e r .—G rade 934-AH, glass microfiber, 0.304 

mm thick, 7 cm diam (Whatman, Canlab Cat. No. F2835-
7)-(d) N eu tra l a lu m in a .— Brockmann Activity I, 80-200 
mesh (Fisher Scientific Co.). Plug pipet with silanized glass 
wool and fill with alumina to height of 5 cm, tapping gently 
to pack adsorbent. Add 0.5 cm anhydrous sodium sulfate. 
Activate column at 180°C overnight, cool to room temper
ature in desiccator, and wash with 5 mL hexane-dichloro- 
methane (10 + 90) before use. (The column has been acti
vated at 180°C for 3 days with no detrimental effects.)
(e) S ep h a d e x  L H - 2 0 .— Bead size 25-100 /¿m (Sigma 

Chemical Co., St. Louis, MO 63178). Add 2.5 g Sephadex 
to 30 mL methanol inside 31 cm x 11 mm id glass column 
equipped with Teflon stopcock. Equilibrate Sephadex 1 h. 
Drain methanol to top of column packing and wash column 
sequentially with 30 mL each methanol, benzene, and hex
ane-benzene (30 + 70), letting it equilibrate 1 h in each 
solvent before draining. Prior to chromatography, let column 
equilibrate an additional 1 h in hexane-benzene mixture. 
After chromatography, regenerate column by adding 30 mL 
methanol and repeating equilibration sequence as described 
above. Do not let column run dry at any time.
(f) C occid iosta ts. — Aklomide, nitromide, dinsed, and zo

alene (Salsbury Laboratories, Charles City, IA 50616); eth
opabate (Merck Frosst Canada, Pointe-Claire, Dorval, Que
bec).
(g) S ta n d a rd  so lu tio n s .—In d iv id u a l s to c k  so lu tion s. —1.0 

mg analytical standard of each individual coccidiostat/mL 
acetonitrile. In d iv id u a l in te rm e d ia te  s to ck  so lu tion s. — 100.00
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Table 1. Recovery of coccidiostats added to 10 g chicken liver

Recovery, %*
Added, ^g/g Aklomide Nitromide Zoalene Ethopabate Dinsed

0.2 93.9 ± 9.0 100.0 ± 11.7 93.4 ±11.0 71.1 ± 6.0 53.5 ±11.7
0.5 92.9 ± 7.1 98.3 ± 7.4 92.4 ± 5.5 68.9 ± 6.9 58.4 ± 12.5
1.0 93.7 ± 5.9 94.6 ± 7.5 93.3 ± 8.1 72.3 ± 7.8 61.3 ± 11.2
2.0 92.6 ± 9.3 93.2 ± 11.3 93.0 ± 10.9 73.3 ± 9.8 55.5 ±11.1

Mean and standard deviation of 12 determinations at each concentration, based on LC peak height responses of drug recovered relative to quantity of drug 
added.

Mg of each of the 5 coccidiostats/mL. Dilute 1.0 mL stock 
solution to 10 mL with acetonitrile. M ix e d  w o rk in g  so lu 
tio n s .— Prepare a set of 12 working solutions, i.e., 0.10,0.50,
0.75, 1.0, 2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5, 20.0 Mg/mL 
acetonitrile, containing all 5 coccidiostats at the same con
centration from individual intermediate stock solutions (100 
Mg/mL). In d iv id u a l w o rk in g  so lu tion s. — 1.0 Mg/mL of each of 
the 5 coccidiostats/mL. Dilute 1.0 mL of individual inter
mediate stock solutions to 100 mL with acetonitrile. S ta n 
d a rd  curve so lu tio n s .— 0.10-20 Mg of each of the 5 coccid- 
iostats/mL. Dilute aliquots of individual intermediate stock 
solutions with acetonitrile to yield desired concentrations. 
Refrigerate all standard solutions.
A p p a ra tu s

(a) T issu e g r in d e r .— Brinkmann Polytron homogenizer 
(Brinkmann Instruments Inc., Westbury, NY 11590).
(b) E vapora tor. —Rotavapor Model RE 121 equipped with 

a Model 461 water bath (Biichi, Ravil, Switzerland).
(c) L iq u id  ch ro m a to g ra p h . — Waters Associates LC sys

tem consisting of 2 M45 pumps, WISP 710B autosampler, 
Model 480 variable-wavelength UV detector, 5 p m Radial- 
Pak C18 column enclosed in a radial compression unit (RCM- 
100), M730 data module, and system controller (Waters As
sociates, Milford, MA 01757). Operating conditions: column 
temperature, ambient; gradient, mobile phase of acetonitrile- 
water starting at (25 + 75) for 10 min, increasing linearly to 
(55 + 45) over 15 min, and maintaining this composition 
for a further 15 min; total run time, 40 min; flow rate, 1 mL/ 
min; sensitivity, 0.01 AUFS; wavelength, 260 nm; chart speed, 
0.5 cm/min.
A n a ly t ic a l  P ro c e d u re

Weigh 10 g macerated, partially thawed chicken liver into 
250 mL Erlenmeyer flask. Add 100 mL ethyl acetate and 
blend at medium speed 30 s with Polytron homogenizer. 
Filter mixture with suction through Whatman glass-fiber fil
ter paper placed on Buchner funnel. Collect filtrate in 500 
mL evaporating flask, concentrate filtrate to ca 10 mL on evaporator (40°C water bath), and transfer extract to 50 mL 
screw-cap test tube. Rinse flask twice with two 5 mL portions 
of ethyl acetate. Wash combined extract with 20 mL of 7% 
sodium chloride solution, back-extracting aqueous layer twice 
with two 20 mL portions of ethyl acetate. Dry combined 
ethyl acetate extracts over anhydrous sodium sulfate in 500 
mL evaporating flask. Filter dried extract and remove solvent 
on evaporator (40°C water bath). Reconstitute residue in 2 
mL hexane-benzene (30 + 70) 3 times and transfer each 
aliquot to Sephadex LH-20 column, equilibrated in solvent 
mixture. Discard first 8 mL eluate and elute coccidiostats 
with methanol-benzene (10 + 90), collecting next 20 mL 
eluate in 30 mL beaker. Evaporate solvent at 45°C under 
stream of nitrogen. Transfer residue with four 2 mL portions 
hexane-dichloromethane (10 + 90) to an alumina column 
prewashed with 5 mL solvent mixture. Discard first 10 mL

eluate and elute coccidiostats with methanol-dichlorome- 
thane (10 + 90) and then collect the next 13 mL eluate in 
15 mL test tube. Evaporate solvent at 45°C under stream of 
nitrogen. Reconstitute residue in 2 mL acetonitrile-water (30 
+ 70) and inject one 25 mL aliquot into LC system.
L in e a r ity ,  P re c is io n , a n d  R e c o v e r y

Linearity of the UV detector response for each coccidiostat 
was determined from a set of 12 working standards of con
centrations ranging from 0.1 to 20 Mg/mL. Each working 
standard contained all 5 coccidiostats at the same concen
tration and was prepared by evaporating the appropriate vol
ume of mixed stock solution (100 Mg/mL in acetonitrile) to 
dryness and reconstituting the residue in 2 mL acetonitrile- 
water (30 + 70). A single calibration curve was constructed 
for each coccidiostat by plotting peak height response vs 
amount expected on column from a 25 mL injection. To 
monitor instrumental precision, 25 mL of 1.0 Mg/mL standard 
was injected into the LC system once per day for 12 days.
For recovery studies, 10 g samples of frozen chicken liver, 

obtained locally, were fortified at 5 different concentrations, 
0.0, 0.2, 0.5, 1.0, and 2.0 Mg/g, for each coccidiostat. Twelve 
livers were spiked with each concentration by using the ap
propriate volume of acetonitrile-mixed stock solution (0, 20, 
50, 100, and 200 mL, respectively) and were held frozen 1 h 
before extraction and LC analysis as described in A n a ly tic a l  
P rocedure. All recoveries were determined by comparing the 
amount of drug recovered from liver to the amount of drug 
spiked onto liver, calculated from the linearity curve, PH = 
m x  +  b, where PH = peak height of drug recovered, m = 
slope of calibration curve, x  = amount of coccidiostat ex
pected on column from a 25 mL injection, and b =  ̂-intercept 
of calibration curve.
% Coccidiostat recovery = [2000 mL (P H  — b) x 100]/

[CL x 10 g x 25 mL x m ]

where CL = concentration of spiked drug in liver (Mg/g).

Results and Discussion
The UV detector response was linear over the range stud

ied, 2.5-500 ng coccidiostat on column. Linear regression 
analyses of the data (n = 12) produced the following linear 
equations and correlation coefficients:

aklomide PH = 9.23x - 3.54, 0.9996 
ethopabate PH = 16.29x - 174.5, 0.9997 
nitromide PH = 12.53x + 11.85, 0.9998 
zoalene PH = 14.20x + 28.02, 0.9999 
dinsed PH = 8.35x - 18.97, 0.9999

Instrumental precision was monitored for 25 ng coccid
iostat on column over 12 days. The coefficient of variation 
(CV) of peak height measurements indicated good repro
ducibility for all 5 drugs. The CVs for dinsed, aklomide, 
zoalene, ethopabate, and nitromide were 0.9, 6.1, 6.7, 6.9,
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Figure 1. Liquid chromatograms of organic residue remaining after extraction and Sephadex and alumina cleanup of 10 g of (A) 
blank liver and (B) blank liver fortified with 1000 ng each of aklomide (AKL), nitromide (NIT), zoalene (ZOA), ethopabate (ETH), and 
dinsed (DIN). Retention times, min: AKL 11.36; NIT 15.53; ZOA 16.44; ETH 20.58; DIN 33.16. Amount on column was 12.5 ng each.

and 7.1%, respectively. The excellent reproducibility of dinsed 
stands in sharp contrast to its lower average recovery.
The percent recoveries of the spiked coccidiostats taken 

through the entire analytical procedure are summarized in 
Table 1. Recoveries were similar at each concentration and 
were highest for the nitrobenzamides and lowest for dinsed. 
Most of the dinsed was lost on the alumina column, which 
was expected because of the acidic nature of the drug. To 
obtain high recoveries of the nitrobenzamides it is necessary 
to spike the drugs into frozen liver because of in vitro me
tabolism at room temperature (10).
The optimal LC operating conditions were studied by vary

ing the gradient composition, column particle size, and UV 
detector wavelength. For equal concentrations, the UV de
tector response was greatest for ethopabate at the selected 
wavelength of 260 nm. Nitromide and zoalene were not sep
arated on a 10 jum Cls column using the gradient scheme 
outlined in A p p a ra tu s (c). However, full separation was 
achieved on a 5 /un C18 column. All 5 coccidiostats were 
separated within 40 min. Figure 1A shows the LC chro
matogram of a blank liver sample; Figure IB shows the same 
sample fortified with 100 ng/g coccidiostats. Both alumina 
and Sephadex column cleanup of the samples was necessary 
to lower the UV background absorbance and to eliminate 
interfering peaks on the chromatograms.
The method was field tested in a survey of 211 chicken 

liver samples, randomly selected from registered meat pack
ing establishments across Canada; it demonstrated that res
idue levels for all 5 coccidiostats were below the threshold 
of quantitation. The detection limit for standards was 2.5 ng 
on column. Levels as low as 50 ng/g were easily discernible 
by this method for fortified samples, although concentrations 
of 0.5 ng/g have been achieved for ethopabate by LC with 
fluorescence detection (8). Work is currently in progress to

expand this technique to the detection of known metabolites 
of these drugs and to examine various feed additive com
binations to substantiate further the absence of interferences, 
however unlikely such an occurrence may be.
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TECHNICAL C O M M U N IC A T IO N S

Spectrophotometric Method for the Microdetermination of Bendiocarb Standard Residues 
in Water

S W A D E S H  K . H A N D A
In d ia n  A g r ic u ltu ra l R e se a rc h  In s titu te , D iv is io n  o f  A g r ic u ltu ra l C h em ica ls , N e w  D e lh i-1 1 0 0 1 2 ,  In d ia

A spectrophotometric method has been developed for the microde
termination of bendiocarb in water. The method is based on the 
reaction of bendiocarb phenol resulting from the hydrolysis of ben
diocarb with nitric acid to form a yellow complex with an adsorption 
maximum at 420 nm. The method is applicable for estimation of 
residues of bendiocarb in the range of 10-100 pg/5  mL solution.

Bendiocarb (2,3-isopropylidenedioxyphenyl A-methyl car
bamate), formulated as 80% wettable powder Ficam W, has 
been evaluated as a control agent against several agricultural 
pests in com, sugar beet, maize, and other crops (1-4). Acute 
oral and dermal LD50 values for the male rat are 45-48 and 
566 mg/kg, respectively. After bendiocarb is applied, its res
idues may be present in lakes, streams, and ponds because 
of runoff from treated areas. A rapid, sensitive, and reliable 
method is required to study its persistence in aquatic systems. 
A survey of literature revealed that only gas (5) and liquid
(6) chromatographic methods have been reported for the 
analysis of residues of bendiocarb; so far, no spectrophoto
metric method has been reported. There was, therefore, a 
need to develop a simple spectrophotometric method for the 
determination of bendiocarb residues in water. A quantita
tive color reaction of dilute nitric acid and bendiocarb phenol 
(2,2-dimethyl-1,3-benzodioxol-4-ol) is the basis of the pres
ent method for bendiocarb determination.

METHOD
A p p a ra tu s

(a) S p ec tro p h o to m eter. — Perkin-Elmer Model 402 with 1 
cm silica cells.

(b) C o lo r im e te r .— Bausch and Lomb Spectronic 20 with 
12 x 100 mm tube.
(c) G lass co lum ns. —10 mm x 200 mm length.
(d) T est tubes. — 30 mL capacity with B19 sockets and stop

per.
R e a g e n ts

All are laboratory reagent grade unless otherwise specified.
(a) M e th y le n e  chloride.
(b) S o d iu m  sulfate.
(c) N itr ic  a c id .— 50%. Analytical grade (sp. gr. 1.42).
(d) E th y l aceta te .
(e) S ilica  g e l .— 60-80 mesh.
(f) B en diocarb . —Analytical grade, 99% purity, obtained 

from Rallis India, Bangalore, India.
P re p a ra tio n  o f  S ta n d a r d  S o lu tio n

Dissolve 100 mg bendiocarb in acetone and dilute to 100 
mL with acetone in calibrated flask. Transfer 2 mL of this 
solution to 100 mL calibrated flask and dilute to volume 
with acetone, thus obtaining a solution containing 20 p g /m L  
of bendiocarb.

Received September 2, 1986. Accepted February 4, 1987. 
Contribution No. 306 of the Indian Agricultural Research Institute.

P r e p a ra tio n  o f  S ta n d a r d  C u r v e

Transfer 0, 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 mL portions of 
bendiocarb standard solution into a series of clean, dry test 
tubes. Dilute solution in each test tube to 5.0 mL with acetone 
and then evaporate solvent under current of dry air. Into 
each tube, pipet 1.0 mL IN methanolic potassium hydroxide 
solution. Rotate tubes 5 min to wet sides with solution and 
then evaporate methanol from each test tube. Next pipet 5 
mL nitric acid into each tube. Place tubes in water bath 25 
min at 50°C, remove them from bath, and cool in beaker of 
cold water. Read absorbance of each solution against blank 
in spectrophotometer at 420 nm.
E x tr a c tio n  o f  W a te r  S a m p le s

Filter 100 mL water samples, saturate with sodium chlo
ride, and extract with methylene chloride (3 x 50 mL). Wash 
methylene chloride extract with 0.1M K2C03 solution to 
remove any free phenols present in samples, including any 
bendiocarb phenol that may be present as a residue. Dry 
methylene chloride extract by passing it through sodium sul
fate in filter funnel and then collect in 500 mL flask. Con
centrate methylene chloride to about 10 mL in Kudema- 
Danish evaporator.
S i l ic a  G e l  C le a n u p

Pack glass column with silica gel to height of 100 mm and 
place layer of sodium sulfate on top of silica gel. Wash column 
with methylene chloride (50 mL) and add methylene chloride 
extract containing bendiocarb to column. Elute column with 
ethyl acetate-methylene chloride (60 mL, 1+9, v/v) solu
tion, concentrate solution, and dilute with methylene chlo
ride to 25 mL in calibrated flask.
D e te r m in a t io n

Place suitable portion of methylene chloride extract (ex
pected to contain 10-100 pg of bendiocarb) in test tube, 
evaporate solution, and proceed exactly as described under 
P rep a ra tio n  o f  S ta n d a rd  C urve.

Results and Discussion
R e c o v e ry

Recovery of bendiocarb was checked by adding a definite 
amount of insecticide to samples of tap and pond water and

Table 1. Recovery of bendiocarb from water sam ples9

No.

Fortifi
cation
level,
ppm

Tap water Pond water

Amt re
covered, 

ppm
Ree., %, 

±SD

Amt re
covered, 

ppm
Ree., %, 

±SD

1 0.1 0.085 85.0 ± 0.95 0.087 87.0 ± 0.45
2 1.0 0.92 92.0 ± 1.0 0.90 90.0 ± 0.50
3 1.5 1.30 86.6 ± 1.1 1.35 90.0 ± 0.80
4 2.0 1.82 91.0 ± 0.86 1.85 92.50 ± 1.0

■ Each value is the mean of 4 separate determinations.
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then extracting as described in the method of analysis. The 
results given in Table 1 indicate that acceptable recoveries 
(85-92%) of bendiocarb were obtained with the proposed 
procedure.
C o lo r  R e a c tio n

Under normal conditions, phenols undergo nitration with 
an electrophillic reagent such as nitric acid by substitution 
in the ring (7). These nitration reactions were performed on 
bendiocarb phenol from bendiocarb, using an appropriate 
concentration of nitric acid.

C h a ra c te r is tic s .— The absorption spectrum of the yellow 
complex obtained from bendiocarb phenol and dilute nitric 
acid was determined on the Perkin-Elmer spectrophotometer 
in the wavelength range of 350-650 nm. Figure 1 shows the 
spectrum obtained when 40 fig of bendiocarb was present in 
5 mL of solution. Maximum adsorption occurred at 420 nm.

Temperature l*c)
Figure 2. Effect of temperature on colored compound.

Figure 3. Stability of colored compound.

The relationship between the concentration and the color 
intensity obeyed Beer’s Law in the range 1 to 20 /xg/'mL of 
solution.

E ffect o f  h e a t.—T h e absorbances of the color developed 
with 40 fig of bendiocarb at various temperatures between 
20 and 100°C were studied. The relationship between the 
temperature of reaction and absorbance at 420 nm is shown 
in Figure 2. The color complex was stable up to a temperature 
of 70°C, after which it decomposed steadily with increase in 
temperature.

S ta b i li ty .— The stability of the color complex developed 
with 40 fig bendiocarb was studied by reading absorbances 
at 420 nm at an interval of 1 h. The color was stable for 2 
h, after which it gradually deteriorated (Figure 3).

E ffect o f  n itric  a c id  co n cen tra tio n .— Different concentra
tions of nitric acid ranging from 10 to 60% were used for 
formation of the color complex. At a concentration of 50% 
nitric acid, the absorbance reached a maximum and re
mained constant up to a 60% concentration.

Conclusions
A sensitive and precise method for the determination of 

bendiocarb in field water samples is presented. It is based on 
the reaction of bendiocarb phenol resulting from hydrolysis 
of bendiocarb with dilute nitric acid. The method is appli
cable for residues of bendiocarb in the range 10-100 fig /5 
mL solution. The method can be used for the determination 
of bendiocarb in lake, stream, and pond water samples.
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Liquid Chromatographic Method for Determination of Piperine in P ip e r  n ig r u m  
(Black and White Pepper)

KENNETH M. W EAVER and M ICHAEL E. NEALE
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A method was developed for the detection and quantitation of piperine 
in Piper nigrum. A reverse-phase liquid chrom atographic system 
equipped with a C 18 column with detection a t 340 nm was used. A 
rapid 1 h acetone extraction followed by solvent dilution was used to 
avoid sample cleanup. The detection limit is 3 ng injected piperine, 
with 97.5-100.5%  recovery of added piperine.

Piperine has been de term ined by u ltra v io le t (U V ) spectro- 
pho tom e tric  (1 -3 ), co lo rim e tric  (4), and K je ld ah l n itrogen 
m ethods (5). The U V  and co lo r im e tr ic  m ethods were com 
pared (6), and an early liq u id  chrom atograph ic (LC ) m ethod 
was com pared w ith  bo th  the U V  and K je ld ah l m ethods (7). 
These researchers (6, 7) no ted tha t the no n -L C  m ethods were 
nonspecific because they de term ined o ther com ponents along 
w ith  p iperine. G ale tto  et al. (7) reported tha t LC  analysis, 
w ith  detection at 254 nm , tended to  m in im iz e  the U V - in -  
terfering effect o f  p ipere ttine  (Xmax 364 nm ), the second m ost 
abundant a lka lo id  in  P ip er  n igrum . A  m ore recently devel
oped LC  m ethod (8) invo lves  the iso la tion  o f  a no nvo la tile  
ether extract before analysis; the analyte is eluted in  3 m in .

These authors discussed above presum ed tha t the reso
lu tio n  o f  p iperine  fro m  o ther a lka lo ids was incom ple te  and 
tha t p iperine was no t specifica lly determ ined. W e have de
veloped a m ethod tha t gives results equ iva lent to those ob
ta ined w ith  the cu rre n tly  accepted U V  m ethod (1). The m e th 
od uses an isocratic reverse-phase LC  system s im ila r to  tha t 
reported p rev ious ly  fo r  capsaicin de te rm ina tion  (9). U V  de
tection is perform ed at 340 nm , w h ich  is a lm ost o p tim a l fo r  
piperine (Xmax 343 nm ). T h is  system was selected to  make 
the m ethod suitable fo r  laboratories using fixed wavelength 
detectors and single pum p LC  systems.

M E T H O D

Reagents
(a) A c e to n e .— ACS grade (A nachem ia Chem icals, M iss is

sauga, O n ta rio  L 5 C  1T9).
(b) M e th a n o l.—L C  grade (Caledon Labs, Georgetown, 

O n ta rio  L7 G  4R9).
(c) W a te r .—L C  grade (Caledon Labs).
(d) S o d iu m  p e n ta n e  su lfo n a te . — Regis C h e m ica l Co., 

M o rto n  G rove, IL  60053.
(e) A cetic  acid. — D is tilled -in -g lass (Caledon Labs).
(f) M e th a n o l-w a te r  so lu tio n .—{IQ +  30).
(g) E lu tin g  so lv e n t.— D isso lve  0.95 g sod ium  pentane su l

fonate in  160 m L  water; add 335 m L  m ethano l and 5 m L  
acetic acid. F ilte r  and degas through 0.5 /um filte r.

(h) P iperine. — A ld r ic h  Chem ica l Co., M ilw aukee , W I 
53233.

(i) O th er p e p p e r  a lk a lo id s . — P iperlongum in ine , p ipe ry lin , 
piperanine, p ipe re tty line , and p ipe re ttine  (F igure 1) were syn
thesized and supplied as powders by M cC o rm ick  &  Co.. H u n t 
Valley, M D  21031. Each was d issolved in  m ethano l to  give 
a concentration o f  ca 9.15 m g /m L . The so lu tions were stored 
at -2 0 °C  in  am ber containers. Before use, a 1 m L  a liq u o t

o f  each was diluted to 10 m L with the m ethanol-w ater so 
lution in separate volum etric flasks.

Apparatus
(a) Liquid chromatograph. — Beckman M odel 332 with 2 

M odel 110A pumps, M odel 420  controller, and M odel 210  
injection valve (Altex, Berkeley, CA 94719).

(b )  Detector. — Hewlett-Packard M odel 1040A  diode ar
ray, H P85B computer, 2225A  printer, and 7470A  plotter 
(Hewlett-Packard, Palo A lto, CA 94304).

(c) UV spectrophotometer. — Pye U nicam  S P I700 (Pye 
U nicam , Cambridge, UK ).

(d )  Column. —C l 8 (ion pair), 5 nm, 4.6 x 250 m m  (Altex).
(e) Amber glassware.— 250 m L boiling flasks, 10 and 100 

mL volum etric flasks.

Samples
A 1 kg sample o f  peppercorns from each o f  8 cultivars was 

obtained from M cCorm ick & Co., and a 5 kg sam ple o f  
Malabar black pepper was obtained from Stange Canada, 
Inc.

Preparation. —Samples were ground to pass a U .S . 20 m esh  
screen.

Moisture determination.—The m oisture content o f  each 
sam ple was determined using A ST A  M ethod 2.0 (10).

Spectrophotometry
The U V  spectrophotom etric analysis was carried out in 

duplicate on each sam ple according to A STA M ethod 12.1
(D-

P I P E R L O N G U M I N I N E

P I P E R Y L I N

P I P E R A N I N E

P I P E R I N E

P I P E R E T T Y L I N E

P I P E R E T T I N E

Received September 20, 1986. Accepted May 13, 1987. Figure 1. Structures of the pepper alkaloids.



54 WEAVER ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988)

4

Figure 2. LC chromatograms of pepper alkaloids at 280 and 340 Figure 3. Typical LC chromatogram of black pepper at 340 nm. 
nm. Peaks: 1, piperlonguminlne; 2, piperylin; 3, piperanine; 4, See Figure 2 for peak numbers,

piperine; 5, piperettyline; 6, piperettine.

Determination
Set flow  rate o f  l iq u id  chrom atograph at 1.0 m L /m in  and 

use a ttenua tion  o f  0.08 A U F S  w ith  detector set at 340 and 
280 nm . Prepare ca lib ra tion  curves by m aking  tr ip lic a te  20 
fiL  in jec tions fro m  standard so lu tions o f  each a lka lo id  and 
then p lo tt in g  ¿ig in jected vs peak area count. Prepare stan
dards to  give concentrations between 0.1 and 1.0 ¿¿g in jected.

Prepare ground pepper samples fo r  LC  analysis by we igh
ing  2 g (±0 .0 01  g) in to  250 m L  am ber b o ilin g  flask connected 
to  300 m m  water-cooled condenser and re flux  1 h using 
heating m antle. A fte r  coo ling, d ilu te  0.4 m L  a liq u o t to  10.0

Table 1. Analysis of Malabar black pepper using LC and UV 
methods

UV results,
LC results, % dry basis % dry basis

Detn Piperine Piperettine
Piperine + 
piperettine

All alkaloids 
as piperine

1 3.72 0.63 4.35 4.38
2 3.75 0.49 4.24 4.40
3 3.81 0.50 4.31 4.77
4 3.81 0.51 4.32 4.33
5 3.93 0.54 4.47 4.32
6 3.91 0.52 4.43 4.32
7 3.74 0.52 4.26 4.33
8 3.73 0.60 4.33 4.54
9 3.88 0.52 4.40 4.53

10 3.91 0.52 4.43 4.49
11 3.94 0.57 4.51 4.41
12 3.84 0.52 4.36 4.27
13 3.79 0.49 4.28 4.37
14 3.78 0.50 4.28 4.34
15 3.84 0.52 4.36 4.33
16 3.91 0.54 4.45 4.49

Mean 3.83 0.53 4.36 4.41
SD 0.076 0.039 0.080 0.125
CV, % 1.97 7.33 1.84 2.84

m L  using m e thano l-w a te r so lu tion . In je c t 20 /¿L on to  co l
um n.

Calculation
Calculate content o f  each a lka lo id  from  its ca lib ra tion  curve 

and convert to  d ry  basis (db) using fo llo w in g  equation:

A lk a lo id , % (db) =  (a lka lo id , ng [fro m  ca lib ra tion  curve] 
x  100)/(sample size [ftg in jected] 
x 100)/(100 -  % m oisture)

Results and Discussion
U n de r the cond itions o f  the m ethod, p ipe rine  was w e ll 

separated fro m  the o ther 5 com m on alkalo ids. The e lu tio n  
order was p ipe rlongum in ine , p ip e ry lin , p iperanine, p iperine , 
p ipe re tty line , and p iperettine. The chrom atogram s (F igure
2) show tha t p iperanine was n o t detected at 340 n m  and 
therefore does no t con tribu te  to  the U V  d e te rm in a tion  o f  
p iperine.

Table 2. Analysis of pepper varieties by LC and UV methods

Variety

Results, % dry basis

UV results, 
% dry 
basis

Piperine
Piperet

tine

Piperine + 
piperet

tine

All alka
loids as 
piperine

Lampong 4.69 0.21 4.90 5.06
Tellicherry 3.05 0.56 3.61 3.40
Muntok (black) 5.52 0.38 5.90 5.92
Lampong/Pegama 4.55 0.24 4.79 4.50
Sarawak (white) 3.03 0.39 3.42 3.37
Brazilian 3.30 0.50 3.80 3.93
Muntok (white) 4.20 0.51 4.71 4.73
Sarawak (black) 5.00 0.64 5.64 5.68
Malabar 3.83 0.53 4.36 4.41
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Table 3. Response factors of 4 alkaloids relative to piperine

Alkaloid 340 nm 280 nm

Piperlonguminine 0.93 1.06
Piperylin 1.04 1.01
Piperanine 0 0.27
Piperine 1.00 1.00
Piperettine 0.90 0.65

Table 4. Recovery of piperine added to black pepper

Piperine in 
sample, mg Added, mg Total, mg Found, mg Ree., %

76.6 50.6 127.2 127.8 100.5
77.0 40.1 117.1 115.5 98.6
76.2 25.4 101.6 99.1 97.5

Table 1 shows the results o f  16 rep licate analyses per
fo rm ed on a M a lab a r b lack pepper sample using the L C  and 
U V  methods. A  1-test o f  these data shows no sign ificant 
difference (P  <  0.005) in  the results. The a lka lo id  contents 
were calculated on a d ry  basis to  prevent possible varia tions  
caused by m oisture. T h is  w o u ld  n o t be requ ired fo r rou tine  
analysis, however, because p ipe rine  is n o rm a lly  reported on 
an “ as is ”  basis.

The U V  m ethod  measures a ll U V -a bso rb in g  m ate ria l at 
343 nm  as p iperine . The sum o f  p ipe rine  and p ipe re ttine  as 
determ ined by  L C  is presented since they represent approx
im a te ly  98% o f  the to ta l a lka lo ids. In  a ll cases, the levels o f  
p ipe rlongum in ine  and p ip e ry lin  were < 2 %  o f  the to ta l a l
ka lo id  content; p iperanine does n o t adsorb at 340 nm , and 
p ipe re tty line  levels were ins ign ificant.

Table 2 shows the results o f  analysis o f  each o f  the 9 pepper 
varie ties using L C  and U V  analysis. The data were analyzed 
by linea r regression analysis, and the corre la tion  coeffic ient 
between p iperine  (U V ) and p ipe rine  +  p ipe re ttine  (LC ) was 
0.987 (P  <  0.01).

Table 3 shows the response factors o f  the pepper a lka lo ids 
in  re la tion  to  pure p iperine . These are shown because the 
alka lo ids are n o t com m e rc ia lly  ava ilable. P ipere ttine was no t 
inc luded since i t  was n o t found  in  any o f  the samples.

Recovery experim ents were conducted by adding a know n 
am oun t o f  pure p ipe rine  to  the flask con ta in ing  a ground 
sample ju s t before extraction . Recoveries ranged fro m  97.5 
to  100.5% (Table 4). The p ipe rine  used was checked fo r  p u r ity  
by m easuring its  ex tin c tio n  coefficient, w h ich  was 99.4%.

The m in im u m  detectable leve l o f  p ipe rine  was calculated 
to  be 170 ppm  in  the sample, based on the sample weight, 
d ilu tio ns , and in s tru m en t settings using a m in im u m  area 
count o f  15 on the in tegra tor. Low er levels (< 1 0  ppm ) can 
be detected by concentra ting the firs t extract. O ve r the range 
0 .1 -1 .0  /tg/20 juL, the re la tionsh ip  between detector response 
and ^g in jected was linea r (r =  0.985).

A n  acceptable co rre la tion  has been shown between the 
curren tly  accepted m ethod fo r  p ipe rine  de te rm ina tion  (1) and

the LC  m ethod w ith  detection at 340 n m  and using the sum 
o f  p iperine  and p iperettine. F urthe rm ore , since the ra tio  o f  
p iperine  to  p ipe re ttine  can also be determ ined, the m ethod 
m ay be used to  ind ica te  sample o rig in  o r to  detect adu lte r
a tion  (6). T h is  aspect was no t pursued, however, due to  the 
sm all num ber o f  pepper samples. I t  is suggested th a t the LC  
m ethod be subjected to  a co llabo ra tive  study by organiza
tions  interested in  pepper analysis.
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GENERAL REFEREE REPORTS: COM M ITTEE  ON  
PESTICIDE FORM ULAT IONS AND  DISINFECTANTS

Disinfectants

A R A M  B E L O IA N
E n v iro n m e n ta l P rotection A gency, B enefits a n d  Use 
D ivision , W ashington, D C  20 4 6 0

U se-D ilution  T est.— In  the past year, a second co llabora
tiv e  test inco rpo ra ting  31 standardized item s was carried ou t 
w ith  12 laboratories. In  the firs t study, 18 laboratories too k  
part. The same dis infectants were used in  bo th  co llabora tive  
studies. In  the second study, a ll laboratories used the same 
cu ltu re  p ro v id ed  by the Associate Referee. The results show 
no sign ificant decrease in  v a r ia b ility  o f  pass/fa il results when 
the 31 standardized item s were incorpora ted in to  the test 
m ethod. The A R  conducted tests to  determ ine the concen
tra tio n  o f  d is infectants tha t w ou ld  show com plete k i l l  in  the 
test and found  tha t some showed increased k i l l  w ith  increas
ing  concentra tion o f  d is in fectant, w h ile  others d id  no t (3 
quaternary am m o n iu m  chlorides and 3 substitu ted phenols 
were tested).

A  th ird  co llabora tive  study using higher concentra tions o f  
d is infectants tha t show com plete k i l l  in  p re -tr ia l tests against 
P seu d om o n a s aeru ginosa  was requested.

Tests were also done using sod ium  hypoch lo rite , at the 
request o f  the General Referee, w ith  the in te n t o f  specifying 
a know n chem ical w ith  know n bacteria l k il l in g  a b ility . B y 
using such a chem ical, the v a r ia b ility  o f  the test cou ld  be 
defined and new pass/fa il c rite ria  cou ld  be developed.

The A R  fe lt tha t th is  w o u ld  pose a new prob lem . B y using 
a chem ica l tha t cou ld be classified as a “ Class I ”  d is in fectant 
(able to k i l l  viruses, bacteria l spores, vegetative bacteria, and 
tuberculosis bacteria), i t  w o u ld  be inconsis tent to  com pare 
such test results w ith  generally used dis in fectants app lied  in  
no n critica l m edica l env ironm en ts  where “ Class I ”  d is in fec
t io n  is no t needed.

In  ad d itio n  to  these largely ph ilosoph ica l problem s, the 
second co llabora tive  test was n o t a true test o f  the 31 stan
dardized po rtions o f  the m ethod because the laboratories 
in v o lv e d  were re luc tan t to  buy equipm ent, m aterials, o r 
chem icals fo r a test s t ill in  developm ent. Thus, bo th  the 
dis infectants used and the equ ipm ent requirem ents o f  the 
test v itia te d  against successful com p le tion  o f  a m ethod m od 
ifica tion .

The O ffice o f  Pesticide Programs, U .S. E nv iron m en ta l P ro
tec tion  Agency, as the regulatory agency w ith  pu rv ie w  over 
disinfectants, strong ly supports re ten tion  o f  the use -d ilu tion  
test as the test o f  choice in  assessing the perform ance o f  
disinfectants. The A R  has conclus ive ly  shown tha t the m a jo r 
causes o f  v a ria tio n  in  the test are due to  w ide v a r ia b ility  in  
the num bers o f  bacteria on the steel cylinders, together w ith  
in tr in s ic  va ria tions  in  and on the surfaces o f  the cy linde r 
itse lf, plus the inhe rent ce llu la r characteristics o f  the test 
bacterium .

Para lle l studies, using washed test bacteria l cells, o f  a sus
pension test also showed v a r ia b ility , b u t n o t to  the same 
extent as the use -d ilu tio n  test. The A R  believes tha t a new 
suspension test should be developed and used in  lieu  o f  the 
present test because o f  (1) greater con tro l over bacteria l test 
num bers; (2) a 7- to  8-log reduction  in  bacteria l num bers in  
1010 to  m in im u m  (1010 ce lls /m L, start) w h ich  is suffic ient fo r 
con tro l o f  bacteria in  noncritica l m edica l environm ents; and

(3) a greater a b ility  to  s ta tis tica lly  define pass/fa il in  the co l
labora ting  laboratories.

The General Referee believes tha t every e ffo rt shou ld  be 
made to  com plete the update o f  the current m ethod. T o  th is  
end, a new steel carrie r w i l l  be recom m ended and m uch m ore 
a tten tion  w il l  be pa id  to  specific details before the next c o l
labo ra tive  test is run. C ontinued study is recom m ended.

T u bercu lo cid a l Test. —The tubercu loc ida l test m e tho d  has 
been subm itted  to  the C om m ittee  on Pesticide F o rm u la tio ns  
and D is in fectants fo r  de te rm in ing  w hether the test is suffi
c ien tly  precise to  w arrant a co llabora tive  test. The Associate 
Referee has experienced some d iff ic u lty  w ith  repea tab ility  o f  
test results. C om m ents have been received fro m  the C o m 
m ittee  sta tis tic ian on the num ber o f  replicates requ ired in  
the co llabora tive  study. These com m ents are being evaluated 
by the Associate Referee before the fina l proposal is sub
m itte d  to  the General Referee fo r  testing. C ontinued  study 
is recom m ended.

S p o ric id a l Test. — I t  is recom m ended tha t th is  to p ic  be de
leted u n t il an Associate Referee can be appointed.

Recommendations
(1) Delete the top ic  Sporic ida l Tests.
(2) C ontinue study on a ll o ther topics.

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  th e  101 s t  A O  A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t.  1 4 - 1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m m it t e e  o n  P e s t ic id e  F o r m u la t io n s  
a n d  D is in f e c ta n ts .  S ee  th e  r e p o r t  o f  th e  c o m m it te e ,  th i s  is s u e .

Pesticide Formulations: Fungicides and Disinfectants

P E T E R  D . B L A N D
I C I  A m erica s In c., P O  B o x  20 8, G oldsboro,
N C  2 7 5 3 3 - 0 2 0 8

N o  studies have been done in  th is  area d u rin g  the past 
year. The fo llow ing  is a status repo rt o f  selected top ics  in  
th is  section:

A n ila z in e .— T h is  m ethod was granted in te r im  o ffic ia l firs t 
action  and was presented in  a poster session in  September 
by Associate Referee Stephen Slahck.

B e n o m y l.— Associate Referee M ik io  C h iba  reports no 
progress and has no plans fo r the next year to  co llabora te  on 
his m ethod because o f  fund ing  problem s.

O xy th io q u in o x .— The m ethod o f  analysis was recom 
m ended fo r o ffic ia l fina l action  du ring  the year.

T ria d im efo n  (Bayleton). —The m ethod o f  analysis was rec
om m ended fo r  o ffic ia l fina l action  du ring  the year.

T rip h en y ltin .— Associate Referee P. Pasma reports  no 
progress du ring  the past year.

Recommendations
(1) Delete D io x in s  in  Pentachlorophenol as an active  to p 

ic.
(2) A d o p t as o ffic ia l firs t action  the LC  m ethod  fo r  a n i

lazine in  fo rm u la ted  products.
(3) A d o p t as o ffic ia l fina l action the m ethods fo r  o x y th io 

qu in ox  (6 .B34-6.B39) and tria d im e fo n  (6 .A 31-6 .A 36).
(4) C ontinue study in  a ll o ther areas.
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T h is  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  t h e  101 s t  A O A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t. 1 4 -1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m m it t e e  o n  P e s t ic id e  F o r m u la t io n s  
a n d  D is in fe c ta n ts .  S ee  th e  r e p o r t  o f  t h e  c o m m m i t te e ,  th i s  is su e .

S e c tio n  n u m b e r s  r e f e r  to  “ C h a n g e s  in  O ff ic ia l M e th o d s ,”  J. A sso c . Off. A na l. 
C hem . (1 9 8 5 )  6 8 , 3 6 9 -4 1  1 (A  m e th o d s ) ;  a n d  J. Assoc. Off. A na l. C hem . (1 9 8 6 )  
69, 3 4 9 - 3 9 0  (B m e th o d s ) .

Pesticide Formulations: Herbicides I; Other 
Organophosphorus Insecticides: Rodenticides and 
Miscellaneous Pesticides

G. MARSHALL GENTRY
F lo r id a  D epartm en t o f  A gricu lture a n d  C on su m er Services, 
Tallahassee, F L  3 2 3 0 1

T w o outstanding Associate Referees, A . A ne r C arls trom  
and R obert B. G ro rud , re tired  th is  past year. M an y  thanks 
fo r a ll the w o rk  perfo rm ed over the years by these 2 dedicated 
ind iv idua ls .

The fo llow ing  is a sum m ation  o f  ac tiv ities  th is  past year. 

Herbicides I
C h lorph en ox y  H e rb ic id e s .— R icha rd  D . Larson has been 

appointed to  con tinue the w o rk  R obert G ro ru d  was doing.
D ic a m b a .— B en jam in  B e lk ind  is con tinu ing  to  study a 

m ethod.

Other Organophosphorus Insecticides
Crotoxyphos. — W endy K in g  is con tinu ing  to  study a m e th 

od.
F en a m ip h o s (N em acur). — C arl Gregg has a m ethod w ritte n  

and is ready fo r a co llabora tive  study.
N a le d .— R obert Iw am o to  has replaced A . A . C arlstrom .

Rodenticides and Miscellaneous Pesticides
B ro d ifa c o u m .—]e ss  Parker w ill be appo inted to  replace 

R ichard  Freedlander. H e should have the m ethod fo r wax 
ba it fo rm u la tio ns  ready fo r co llabora tive  study du ring  the 
next year.

Recommendation
C ontinue study on a ll topics.

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  th e  101 s t  A O A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t .  1 4 - 1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m m it t e e  o n  P e s t ic id e  F o r m u la t io n s  
a n d  D is in fe c ta n ts .  S e e  th e  r e p o r t  o f  th e  c o m m it te e ,  th i s  is su e .

Pesticide Formulations: Herbicides II 

ARTHUR H. HOFBERG
C ib a -G e ig y  C orp., 4 1 0  S w in g  R d , G reensboro, N C  2 7 4 0 9

Associate Referees were n o t able to  in it ia te  o r com plete 
any co llabora tive  studies th is  year. Reregistrations, data ca ll- 
ins from  the EPA and several states, as we ll as reorganizations 
in  several com panies have a ll prevented the use o f  analytica l 
resources fo r  co llabora tive  studies. There has, however, been 
considerable progress in  im p ro v in g  and va lid a tin g  in-house 
m ethodology. M ost s ign ificant is the increased use o f  cap il
la ry G C and the rou tine  use o f  w ide-bore G C  fo r fo rm u la tio n  
analyses. LC  analysis is now  qu ite  rou tine  in  a lm ost a ll lab 
oratories, as are com puterized in tegra tion  systems and the 
use o f  autom ated in jectors.

Associate Referees are needed fo r  substitu ted urea h e rb i
cides, o ryza lin , dinoseb, m etasu lfu ron-m ethy l, su lfom etu- 
ron -m e thy l, and ch lo rsu lfu ron . The status o f  current assign
m ents is as fo llow s:

B e n su lid e  (B e ta s a n ) .- 'W . Ja has developed an im p roved  
in-house LC  m ethod. I t  is possible tha t a co llabo ra tive  study 
cou ld be in itia te d  in  1988.

B ro m a c il.— P. Tseng is ready fo r co llabora tive  study o f  an 
LC  m ethod as soon as tim e  perm its.

F lu o m etu ro n  (C oto ra n m) . —k .  H o fberg  has con tinued  to 
test an LC  m ethod in-house and is ready to  in it ia te  a co l
labo ra tive  study w h ich  w i l l  be com ple ted in  1988.

M eth a zole  (P robe).— B. B e lk in d  has com ple ted develop
m en t and testing o f  an L C  norm al-phase m ethod. H e is ready 
fo r a co llabora tive  study.

N a p ta la m  (Alanap). —P. Parkins has been unable to  com 
plete the needed in-house m ethod  testing. He hopes to  com 
plete th is  in  1988 and possib ly be ready fo r  a co llabora tive  
study.

T h ioca rb a m a tes .—Nf. Ja w ill con tinue to  study the use o f  
cap illa ry  G C  analysis fo r  these com pounds as tim e  allows.

Recommendations
(1) A p p o in t Associate Referees fo r the com pounds listed.
(2) C ontinue study on a ll o ther topics.

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  th e  101 s t  A O A C  A n n u a l  
I n t e r n a t io n a l  M e e t in g , S e p t.  1 4 -1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m m it t e e  o n  P e s t ic id e  F o r m u la t io n s  
a n d  D is in f e c ta n ts .  S e e  th e  r e p o r t  o f  th e  c o m m it te e ,  th i s  is s u e .

Pesticide Formulations: Herbicides III

PETER D. BLAND
I C I  A m erica s Inc., P O  B o x  20 8 , G oldsboro,
N C  2 7 5 3 3 - 0 2 0 8

N o  co llabora tive  studies were carried ou t du ring  the year, 
a lthough one had been planned. A  con flic t was h igh ligh ted 
between the rules o f  acceptance o f  C IP A C  and A O A C  m eth
ods w h ich  needs to  be resolved. T w o  new Associate Referees 
were appo in ted—one o f  them  in  a new study area on the 
chem ical fomesafen.

The fo llow ing  is a status rep o rt o f  selected top ics in  th is  
section:

A lach lor, Butachlor, a n d  P ro p a c h lo r.— Associate Referee 
D a v id  T om k in s  reports considerable in terest w o rldw id e  in  
the p ropach lo r/bu tach lo r m ethods. N o  negative com m ents 
have been received. The m ethod fo r a lach lor in  m ic roen 
capsulated fo rm u la tio ns  was granted in te r im  o ffic ia l firs t ac
tion . He plans to  carry ou t a co llabo ra tive  study on a m ethod 
o f  analysis fo r atrazine and a lach lor in  m ixe d  fo rm u la tions .

B en ta z o n .— Associate Referee Thom as S chm id t has de
layed consideration o f  a fu rth e r co llabora tive  study u n t il the 
IU P A C  general assembly m eeting in  Boston in  September 
1987 to see i f  new harm on ized pro tocols fo r  C IP A C -A O A C  
studies are developed.

B ro m o x y n il.— Associate Referee Laurence H e lfan t reports 
tha t he has pu t on ho ld  a co llabo ra tive  study o f  a m ethod 
fo r  the analysis o f  M C P A  esters and a lkanoic esters o f  b ro 
m oxyn il, fo llow ing  the takeover o f  h is com pany by  another 
chem ical com pany and the po ten tia l ra tio na liza tion  o f  p ro d 
uct ranges.

C y a n a z in e .— James Launer k in d ly  redrafted the C IP A C
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m ethod in to  A O A C  fo rm a t and recalculated the statistics. 
These have been subm itted  to  the sta tis tic ian  fo r  review .

D a la p o n .— Associate Referee T im o th y  Stevens recom 
mends tha t da lapon be dropped as a subject area now  tha t 
the m ethod (6.296-6.301) is o ffic ia l fina l action.

F lu a z ifo p -B u ty l.— Associate Referee Steve E ite lm an rec
om m ends tha t the subject area be dropped now  tha t the 
m ethod (6.353-6.357) is o ffic ia l fina l action.

P esticides in  F e rt iliz e rs .— Associate Referee Paul K orger 
has id en tified  a prob lem  w ith  the app lica tion  o f  A O A C  m eth 
ods (6.321 and 6.387 fo r  fe rtiliz e r samples im pregnated w ith
2 ,4 -D  IO E  and M C P P  IO E. The extraction  procedure has 
been m od ifie d  to  im p rove  recovery, and a m in i-co lla b o ra tive  
study is planned th is  year. I f  the data fro m  th is  study are 
acceptable, then i t  is proposed tha t an A O A C  co llabora tive  
study be in it ia te d  in  1988.

F o m e sa fe n .—k  new Associate Referee has been ap po in t
ed, Steven E ite lm an. He has an L C  m ethod  o f  analysis fo r 
fomesafen and plans a co llabora tive  study in  the next year.

P ro pan il. — A  new Associate Referee has been appointed, 
Steve Gazaway. H e plans to  co llabo ra tive ly  study an LC  
m ethod o f  analysis fo r p ro pa n il in  the next year.

Recommendations
(1) A d o p t as o ffic ia l firs t action the G C  m ethod fo r ala- 

ch lo r m icroencapsulated fo rm u la tions.
(2) A d o p t as o ffic ia l fina l action the G C m ethods fo r  bu- 

tach lo r (6 .B 12-6.B 16) and p ropach lo r (6 .B17-6.B21).
(3) Rem ove the subject areas o f  dalapon, fluaz ifop -bu ty l, 

m e tribuz in , and glyphosate from  fu rth e r consideration.
(4) C ontinue study in  a ll o ther areas.

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  t h e  101 s t  A O A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t.  1 4 -1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m m it t e e  o n  P e s t ic id e  F o r m u la t io n s  
a n d  D is in f e c ta n ts .  S e e  th e  r e p o r t  o f  th e  c o m m it te e ,  th i s  is s u e .

S e c t io n  n u m b e r s  r e f e r  to  O ffic ia l M e th o d s  o f  A n a ly s is  (1 9 8 4 )  1 4 th  e d i t io n ,  
a n d  to  “ C h a n g e s  in  O ffic ia l M e th o d s ,”  J . Assoc. O ff. A na l. C h em .  (1 9 8 6 )  69, 
3 4 9 - 3 9 0  (B  m e th o d s ) .

Pesticide Formulations: Organohalogen Insecticides; 
Other Insecticides, Synergists, and 
Insect Repellents

J A M E S  E. L A U N E R
1 2 6 0  A ca cia  D r S ., S a lem , O R  9 7 3 0 2

The General Referee subm itted  a C IP A C  p ro v is io na l G C  
m ethod fo r the de term ination  o f  m ethyl, ethyl, propyl, bu ty l, 
Three Associate Referees were appo inted on 3 top ics th is  
year: N . S. B ird ie  on resm ethrin , C. F. H a rpe r on benzene 
hexachloride (and lindane), and J. F. M u n iz  on m ethoxy-

ch lor. Associate Referees are needed fo r a lu m in u m  phos
phide, cyhexatin , and fenvalerate. The G eneral Referee re
w ro te the fu ll C IP A C  m ethod fo r  cyanazine in to  A O A C  style.

The fo llo w in g  is the present status o f  selected top ics as
signed to  Associate Referees:

Organohalogen Insecticides
E th y la n  (P e r t h a n e ) .-D .  B radway is investiga ting  G C  and 

L C  methods.
F e n v a le ra te .— The General Referee recom m ends ad op tion  

o f  the p ro v is io na l C IP A C  gas chrom atograph ic m e thod  as 
an o ffic ia l firs t action C IP A C -A O A C  m ethod.

M eth o x y c h lo r.— J. M u n iz  is investiga ting  G C  and LC  
methods.

T rich lo rfo n .— D . B radway is investiga ting  G C  and LC  
methods.

Other Insecticides, Synergists, and Insect Repellents
C yh ex a tin  (P lictran ).— The fu ll C IP A C  liq u id  ch rom ato 

graphic m ethod received A O A C  in te r im  o ffic ia l firs t ac tion  
approval.

N ico tin e .— R. Bush way is investiga ting  L C  m ethods. 
P erm eth rin .— The General Referee recom m ends ad op tion  

o f  the o ffic ia l C IP A C -A O A C  gas chrom atograph ic m ethod  
(6.B 06-6 .B 11) as o ffic ia l fina l action.

R o te n o n e .— R. Bush way plans a co llabora tive  study o f  
m od ifica tions  to the o ffic ia l firs t action A O A C  liq u id  ch ro 
m atographic m ethod (6.182-6.186).

Recommendations
(1) C ontinue firs t action  status o f  the fo llo w in g  m ethods:

(a) t it r im e tr ic  m ethod fo r technica l a lle th r in  (6.165-6.170);
(b) C IP A C -A O A C  gas chrom atograph ic m ethod fo r  cyper- 
m e th rin  (6 .B01-6.B05); (c) hydro lyzable ch lo ride  m ethod  fo r 
d ico fo l (6.332-6.337); (d) liq u id  chrom atograph ic m ethod fo r 
rotenone (6.182-6.186); and the in fra red  m ethod fo r  ro te 
none (6.179-6.180).

(2) A d o p t as o ffic ia l firs t action  the C IP A C  m ethod  fo r  
cyhexatin.

(3) Consider fo r adop tion  the fo llo w in g  m ethods: (a) fu ll 
C IP A C  m ethod fo r  de ltam e th rin ; (b) p ro v is io na l C IP A C  G C  
m ethod fo r  fenvalerate.

(4) A d o p t as o ffic ia l fina l action  the C IP A C -A O A C  G C  
m ethod fo r pe rm e th rin  (6 .B06-6.B11).

(5) C ontinue study on a ll o ther topics.

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  th e  101 s t A O A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t. 1 4 -1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m m it t e e  o n  P e s t ic id e  F o r m u la t io n s  
a n d  D is in f e c ta n ts .  S e e  th e  r e p o r t  o f  t h e  c o m m it te e ,  th i s  is s u e .

S e c t io n  n u m b e r s  r e f e r  to  O fficial M e th o d s  o f  A n a lys is  (1 9 8 4 )  1 4 th  e d i t io n ,  
a n d  to  “ C h a n g e s  in  O ffic ia l M e th o d s ,”  J. Assoc. O ff. A na l. C hem . (1 9 8 6 )  69, 
3 4 9 - 3 9 0  (B  m e th o d s ) .
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GENERAL REFEREE REPORTS: C O M M U T E E  ON  
DRUGS AND  RELATED TOPICS
Cosmetics

R O N A L D  L . Y A T E S
F o o d  a n d  D ru g  A dm inistration , D ivision  o f  C olors a n d  
Cosm etics, W ashington, D C  2 0 2 0 4

A loe. —T h is  top ic  was in it ia te d  to  develop ana ly tica l m e th 
ods fo r the estim a tion  o f  aloe in  cosm etic raw  m ateria ls and 
fin ished products to  detect adu lte ra tion . The m ethod fo r aloe 
assay w ou ld  p robab ly  in v o lv e  the qu an tita tive  de te rm ina tion  
o f  one o r m ore com pounds tha t occur in  aloe, and cou ld 
in vo lve  the d e te rm ina tion  o fa loe -em od in , an an thraquinone 
de riva tive , o r a lo in , the glycoside o f  a loe-em odin . The p ro b 
lem w ith  th is  approach is tha t the chem ica l com pos ition  o f  
aloe w ill va ry  depending on factors such as c lim ate , soil, 
ra in fa ll, and species. One o ther fac to r com p lica ting  any assay 
m ethod is the deliberate adu lte ra tion  w ith  com pounds that 
are used as p u r ity  ind ica tors. A lo in , fo r  example, is com 
m erc ia lly  ava ilable a t a cost o f  ten cents per gram. Depending 
on the levels no rm a lly  present in  the p lan t extract, i t  m ay be 
econom ica lly  feasible to  use i t  as an adulterant.

E sse n tia l O ils a n d  F ra g ra n c e  M a teria ls , C om position. — 
The Associate Referee, H a rris  H . W isneski, has com pleted 
w o rk  on the deve lopm ent and eva luation  o f  a gas ch rom ato 
graphic m ethod fo r the d e te rm ina tion  o f  m usk am brette (2,4- 
d in itro -3 -m e thy l-6 -te rt.-b u ty la n iso le ) in  fragrance com po
sition . The m ethod w il l  be subm itted  fo r co llabora tive  study. 
He is presently d ra ftin g  d irections fo r  co llabora tors and pre
paring the kits.

P reservatives.— Associate Referee A n n  R. Stack has com 
pleted w o rk  on the deve lopm ent o f  a liq u id  chrom atograph ic 
m ethod fo r the de te rm ina tion  o f  m ethy l, ethyl, p ropy l, bu ty l, 
and isobu ty l parabens in  cosm etic creams and lo tions. The 
m ethod has been evaluated w ith in  the D iv is io n . D irec tions  
fo r collaborators are being drafted.

W ater a n d  E th y l A lcohol. —T h is  top ic  is being rev ived  to 
develop a m ethod to  replace 35.001-35.006.

Recommendations
(1) C ontinue o ffic ia l firs t ac tion  status o f  the m ethod fo r 

water and e thy l a lcohol, 35.001-35.006, and the m ethod fo r 
soluble z ircon ium , 35.020-35.024.

(2) C ontinue study on a ll o ther topics.

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  t h e  101 s t  A O A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t .  1 4 - 1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m m it t e e  o n  D ru g s  a n d  R e la te d  T o p ic s .  
S ee  th e  r e p o r t  o f  th e  c o m m it te e ,  th i s  is su e .

S e c t io n  n u m b e r s  r e f e r  to  O fficia l M e th o d s  o f  A n a ly s is  (1 9 8 4 )  1 4 th  e d i t io n .

Diagnostics and Test Kits

R IC H A R D  A .  B A L D W I N
F o o d  a n d  D ru g  A dm inistration , 900 M a d iso n  Ave, 
B altim ore, M D  2 1 2 0 1

The recent establishm ent o f  the D iagnostics and Test K its  
General Refereeship recognizes the rap id  expansion o f  th is  
area. These diagnostics and k its  o ffer re la tive ly  s im ple and 
qu ick analyses o f  a va rie ty  o f  specimens ranging fro m  foods 
and drugs to c lin ica l samples. A n a ly tica l techniques tha t are

em ployed also vary  considerably. They inc lude  b iochem ica l 
autom ated m ic ro b ia l id en tifica tion , E L IS A  procedures fo r 
pregnancy detection, enzyme-based test strips to  determ ine 
b lood  glucose levels, e ither by the s trip  alone o r w ith  a po rta 
ble reflectom eter, and so fo rth . M an y  products are m arketed 
fo r hom e use. Present efforts are focused on recru iting  A s
sociate Referees and establishing m echanism s fo r developing 
ana lytica l procedures, protocols, test mechanism s, reference 
standards, and o ther means o f  characterizing p roduc t per
form ance. As these issues are addressed by Associate R ef
erees, we w ill proceed tow ard  co llabo ra tive  studies. Thus far, 
7 in d iv id u a ls  have ind ica ted th e ir  w illingness to  serve as 
Associate Referees.

F ive  Associate Referees have actua lly  been appointed. The 
areas covered include: gene probes fo r T B  and enteric in fec
tions; im m uno log ica l and diagnostic assay o f  pesticides, ho r
mones, and enzymes; autom ated m ic ro b ia l id en tifica tio n  sys
tems; and m u lticom po ne n t analysis o f  c lin ica l specimens.

Recommendations
(1) D iscontinue study on the top ic  Oxalates.
(2) C ontinue study on a ll o ther topics.

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  th e  101 s t  A O A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t.  1 4 - 1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  re c -  
o m  m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m  m i t te e  o n  D ru g s  a n d  R e la te d  T o p ic s .  
S ee  th e  r e p o r t  o f  t h e  c o m m it te e ,  th i s  is su e .

Drug Residues in Animal Tissues 

C H A R L IE  J. B A R N E S
F o o d  a n d  D ru g  A dm inistration , D iv ision  o f  V eterinary  
M e d ic a l R esearch , Beltsville, M D  2 0 7 0 5

T w o  U.S. federal agencies, the Food and D rug  A d m in is 
tra tio n  (F D A ; o f  the D epartm ent o f  H ea lth  and H u m an  Ser
vices, and the Food Safety and Inspection Service (FSIS) o f  
the U.S. D epartm ent o f  A g ricu ltu re , have leading roles in  
the an im a l drug residue area. FSIS leads in  m o n ito r in g  res
idues in  an im a l tissues tha t are offered fo r hum an consum p
tion . F D A  ( i )  approves drugs tha t can be safely used in  
anim als, (2) establishes tolerances fo r drug residues in  food- 
producing an im als, and (5) leads in  the approva l o f  ana lytica l 
m ethods fo r m o n ito r in g  drug residues in  ed ib le an im a l t is 
sues.

In  last year’s report, I  m entioned the fo rm a tio n  o f  a task 
force on an im a l drug m ethodo logy needs w ith  representatives 
from  F D A  and FSIS. T h is  task force has evaluated the a v a il
able de te rm ina tive  and con firm a to ry  procedures and has es
tab lished a lis t o f  p rin c ip a l needs fo r im p ro ve d  analytica l 
procedures. F D A  has developed a p r io r it iz e d  lis t o f  drugs 
tha t need im p roved  ana lytica l m ethods. Some sponsors o f  
an im a l drugs have already been d irected by F D A  to  im p rove  
th e ir analytica l procedures.

B oth  federal agencies have increased th e ir  staffing and con
trac t fund ing  targeted fo r the developm ent o f  analytica l 
m ethods fo r drug residues in  ed ib le an im a l tissues. A ttem pts  
are being made to  exp lo it new technologies, fo r  example, 
supercritica l f lu id  technology. E ffo rts to  u tiliz e  com pe titive  
b ind ing  techniques, especially as a fou nda tion  fo r  rap id
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screening procedures, and sample cleanup by so lid  phase 
extractions continue.

A lthough  analytica l m ethodo logy needs are num erous and 
considerable w o rk  is being done by bo th  the drug sponsors 
and the agencies, i t  is d iff ic u lt to recru it scientists to serve 
as A O A C  Associate Referees. Perhaps in terest w ou ld  be s tim 
ulated i f  A O A C  cou ld  establish a means o f  recogn ition fo r 
an im a l drug residue m ethods tha t have been approved by 
F D A  and FSIS.

N o  Associate Referee reports were received on D im e tr i-  
dazole, Levam isole, o r Benzim idazoles. W o rk  on the la tte r 
was done under an FD A -sponsored contract. The d ra ft fina l 
contract report, in c lud ing  a co llabora tive  study o f  the m u l
tiresidue m ethod fo r thiabendazole, 5-hydroxyth iabenda- 
zole, fenbendazole, oxfendazole, and mebendazole, has been 
received and reviewed by the P ro ject A d v is o ry  G roup . A d 
d itio n a l in fo rm a tio n  was requested in  A p r i l 1987. The fina l 
contract report and the ad d itiona l in fo rm a tio n  were due A u 
gust 15, 1987.

Recommendations
(1) D is c o n tin u e  the  to p ic s  D im e tr id a z o le ; E strogen ic  

Com pounds; Levam isole ; and T ia m u lin  (Screening M ethod).
(2) C ontinue study on a ll o ther topics.

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  th e  101 s t  A O A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t.  1 4 -1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  t h e  C o m m it t e e  o n  D ru g s  a n d  R e la te d  T o p ic s . 
S e e  th e  r e p o r t  o f  th e  c o m m it te e ,  th i s  is su e .

Drugs I

J A M E S  W . F IT Z G E R A L D
F o o d  a n d  D ru g  A dm inistration , W inchester E n g in e e r in g  
a n d  A n a lytica l Center, 1 0 9  H olton  St,
W inchester, M A  0 18 9 0

p -A m in o b en z o ic  A c id  a n d  S a lic y lic  A c id  S a lts  in P h a r
m aceu tica ls .— The Associate Referee, R ichard  D . T h o m p 
son, reported tha t a ll co llabora tive  study results were re
ceived and that he was in  the process o f  com p iling  the data 
and preparing his m anuscrip t in  A O A C  fo rm at. The LC  
m ethod on w h ich  the co llabora tive  study was based was 
recently published by M . Carlson and the Associate Referee 
(J. L iq . C hrom atogr. [1987] 10, 997-1009). M r. Thom pson 
plans to  present the co llabora tive  study results at the 102nd 
A nn ua l M eeting o f  A O A C .

D iethylpropion  H y d ro c h lo rid e .— The Associate Referee, 
W a lte r D unbar, w il l present the results o f  his co llabora tive  
study at the 101st A nn ua l M eeting o f  A O A C  in  San F ran
cisco, CA. The in te r im  o ffic ia l m ethod is cu rren tly  scheduled 
fo r pub lica tion  in  the January/February 1988 issue o f  the 
Jo u r n a l o f  the A O A C .

Three top ics (A sp ir in  and Caffeine w ith  O ther Drugs; Phe- 
no th iaz ine and T ric y c lic  Antidepressants in  F o rm u la tions  by 
LC ; and Sulfam ethoxazole and T rim e th o p rim ) were d iscon
tinued.

Recommendations
(1) C ontinue o ffic ia l firs t action status o f  the liq u id  ch ro 

m atographic m ethod fo r d e te rm ina tion  o f  acetam inophen in  
tablets, 37.C01-37.C06. As p rev ious ly  reported (J. Assoc. OJf. 
A n al. C hem . [1987] 70, 212-214), th is  m ethod is applicable 
to  bo th  s ingle-com ponent tablets and m u lti-com po ne n t tab 
lets con ta in ing  asp irin  and caffeine. C ontinue study.

(2) A d o p t as o ffic ia l firs t action  the in te r im  o ffic ia l m ethod 
fo r LC  qu an tita tion  o f  d ie th y lp ro p io n  h yd roch lo ride  fo r  b u lk  
drug substance and tablets. C on tinue  study.

(3) A d o p t as o ffic ia l fina l action  the o ffic ia l firs t action  LC  
m ethod fo r p rim id o n e  in  tablets, 37 .A 17-37.A 22.

(4) D iscontinue study on the top ics A s p ir in  and Caffeine 
w ith  O ther Drugs; Phenothiazines and T ric y c lic  A n tid ep res
sants in  F orm u la tions  by LC ; P rim idone ; and S u lfam ethox
azole and T rim e th o p rim .

(5) C ontinue study on the top ics A cetam inophen w ith  
Codeine Phosphate; p -A m inobenzo ic  A c id  and Salicylic A c id  
Salts in  Pharmaceuticals; and P henoth iazine-Type D rugs by 
T LC .

T h i s  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  th e  101 s t A O A C  A n n u a l  
I n te r n a t io n a l  M e e t in g , S e p t. 1 4 -1 7 ,  1 9 8 7 , a t  S a n  F r a n c is c o ,  C A . T h e  r e c 
o m m e n d a t io n s  w e re  r e v ie w e d  b y  th e  C o m m it t e e  o n  D ru g s  a n d  R e la te d  T o p ic s .  
S ee  th e  r e p o r t  o f  th e  c o m m it te e ,  th i s  is su e .

S e c t io n  n u m b e r s  r e f e r  to  “ C h a n g e s  in  O ffic ia l M e th o d s ,"  J. Assoc. O ff. A na l. 
C hem . ( 1 9 8 5 ) 6 8 ,  3 6 9 -4 1 1  (A  m e th o d s )  a n d  /  Assoc. O ff. A na l. C hem . (1 9 8 7 )  
70, 3 8 5 - 4 0 3  (C  m e th o d s ) .

Drugs II

E D W A R D  S M IT H
F o o d  a n d  D ru g  A dm inistration , C en ter f o r  D rugs a n d  
B iologies, W ashington, D C  2 0 2 0 4

A m in a crin e. — The Associate Referee, E la ine A . Bunch, re
ported tha t she is investigating LC  m ethods fo r  de te rm ina 
tio n  o f  am inacrine  HC1 in  drug preparations in  the presence 
o f  degradation products. The results o f  her recent co llabo 
ra tive  study were published (1).

A tro p in e in M o rp h in e  a n d  A tro p in e  Tablets a n d  In je c 
tion s.—T h e  Associate Referee, I. J. H o lcom b , reported tha t 
no fu rth e r w o rk  has been accom plished and recom m ends 
tha t the top ic  be d iscon tinued because these products are no 
longer w ide ly  available.

B ella d o n n a  A lkalo ids. — A. replacem ent fo r  th is  vacant A s 
sociate Refereeship is being sought. LC  m ethodo logy fo r  de
te rm in a tio n  o f  the d -  and L-hyoscyam ine content is ava ilab le  
(2-4 ). The scope o f  th is  top ic  w ou ld  also inc lude d e te rm i
na tion  o f  in d iv id u a l a lka lo ids as w e ll as ensuring the s u ita b ili
ty  o f  the procedure to  detect any decom position  p roduc t tha t 
m ay be present.

C olch icin e in Tablets. —The Associate Referee, R icha rd  D . 
Thom pson, reported tha t he is p lann ing a co llabo ra tive  study 
o f  an LC  m ethod fo r de te rm ina tion  o f  co lch ic ine  in  tablets 
in  com b ina tion  w ith  probenecid. M ore  w o rk  is being planned 
fo r m ethodo logy fo r de te rm ina tion  o f  the decom position  
p roduct colchiceine.

C u ra re  A lk a lo id s .—The, Associate Referee, John R. H o h - 
m ann, reported tha t he investigated a proposed L C  procedure 
fo r  m etocurine iod ide  (5) o r tubocurarine  ch lo ride  (6) con tent 
in  b u lk  drug and in jections. In it ia l results look  prom is ing ; 
previous problem s o f  interferences fro m  decom position  
products o f  the preservatives appear to  be overcom e. He 
recom m ends tha t i t  be considered fo r a co llabo ra tive  study. 
O ther peaks detected should also be iden tified .

D icyclom in e C a p su les .— The Associate Referee, H e n ry  S.
I. Tan, reported the results o f  an in tra la bo ra to ry  study o f  his 
proposed G C  m ethod fo r d icyc lom ine  in  capsules. O n the 
basis o f  these results, he is recom m ending tha t the proposed 
m ethod be subjected to  a co llabora tive  study.

E p in e p h r in e -L id o c a in e  C om bin ation s. —T h is  to p ic  is s till 
vacant.
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E p in e p h rin e  a n d  R e la te d  C om p ou n d s by  L C —E le ctro 
ch em ica l D etectors.— The Associate Referee, John N ew ton , 
reported tha t no fu rth e r w o rk  was accom plished.

E rg ot A lkaloids. —The Associate Referee, Thom as C. K no tt, 
reported no fu rth e r w o rk  was accom plished on th is  top ic.

H o m a trop in e M e th y l B ro m id e  in T a b lets .— T h is  top ic  is 
s till vacant.

M o rp h in e  S u lfa te  in M o rp h in e  S u lfa te  In jection . — The A s
sociate Referee, A da  C. Bello , reported the results o f  a co l
laborative study at the A O A C  m eeting (7). The proposed LC  
m ethod was dem onstrated to  be suitable fo r  de te rm ina tion  
o f  the m orph ine  con tent o f  these products even where the 
samples contained decom position  products and some know n 
contam inants. O n the basis o f  these results, the Associate 
Referee recom m ends tha t the proposed LC  m ethod be adop t
ed offic ia l firs t action  fo r  de te rm ina tion  o f  m orph ine  sulfate 
and certain con tam inants in  b u lk  drug and in jections.

N eo stig m in e .— The Associate Referee, R ita  K lin g  Jhan- 
giani, reported tha t no fu rth e r w o rk  was done and she rec
om m ends tha t the top ic  be discontinued.

P h en eth y la m in e Drugs, S e m ia u to m a te d  In d iv id u a l Unit 
A n a ly s is .— The Associate Referee, Percy A . M cC u llen , re
ported no fu rth e r w o rk  was accom plished on th is  top ic.

P h en ira m in e  with P y rila m in e , P h en ylp ro p a n o la m in e, a n d  
P h en y lep h rin e .— The Associate Referee, H e n ry  S. Scroggins, 
reported no fu rth e r w o rk  was accom plished.

P h yso stigm in e a n d  Its  Salts. — The Associate Referee, N o r- 
l in  W . Tym es, reported no fu rth e r w o rk  on th is  top ic.

P ilo ca rp in e .— The Associate Referee, Irv in g  W . W ainer, 
reported no fu rth e r w o rk  on th is  top ic.

R auw olfia  A lka lo id s (R eserpine a n d  R escinnam ine). — A  new 
Associate Referee is needed fo r th is  top ic.

R a u w o lfia  serp en tin a .— The Associate Referee, U go R. 
C ieri, reported no fu rth e r w o rk  on th is  top ic . M ore  v a lid a tio n  
w o rk  is needed before any co llabora tive  study is undertaken.

Recommendations
(1) A d o p t as o ffic ia l firs t action  the LC  m ethod fo r deter

m in a tio n  o f  m orp h in e  sulfate and certa in con tam inants in  
in jections and b u lk  drug m ateria l.

(2) D iscon tinue  the fo llo w in g  topics: A tro p in e  in  M o r 
phine and A tro p in e  Tablets and In jec tions; E p ine ph rine - 
L idocaine C om bina tions; H o m a trop ine  M e th y l B rom ide  in  
Tablets; Neostigm ine; Phenethylam ine Drugs, Sem iauto
m ated In d iv id u a l U n it  Analysis.

(3) Declare open any top ic  tha t has been inac tive  fo r  an 
extended pe riod  (m ore than 2 years).

(4) A p p o in t new Associate Referees fo r the fo llo w in g  to p 
ics: Belladonna A lka lo ids ; P heniram ine w ith  P yrilam ine , 
Phenylpropanolam ine, and Phenylephrine; R auw o lfia  A l 
kaloids.

(5) C ontinue study on a ll o ther topics.

R e f e r e n c e s
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T h is  r e p o r t  o f  th e  G e n e r a l  R e fe re e  w a s  p r e s e n te d  a t  th e  101 s t A O A C  A n n u a l  
In te rn a t io n a l  M e e t in g , S e p t.  1 4 -1 7 ,  1 9 8 7 , a t  S a n  F ra n c is c o ,  C A . T h e  r e c 

o m m e n d a t io n s  w e re  re v ie w e d  b y  th e  C o m m it t e e  o n  D ru g s  a n d  R e la te d  T o p ic s . 
S ee  th e  r e p o r t  o f  th e  c o m m it te e ,  th i s  is su e .

Drugs III

MARTIN J. FINKELSON
F o o d  a n d  D ru g  A dm inistration , W inchester E n g in e e r in g  
a n d  A n a ly tic a l Center, 1 0 9  H olton  St,
W inchester, M A  0 18 9 0

A m p ic illin  a n d  A m o x ic il lin .—N o  report was received th is  
year. N o  fu rthe r co llabora tive  studies are antic ipated. I t  is 
recom m ended tha t the top ic  be dropped.

C o u m a rin  A nticoagulants. —The m ethod described in  the 
m anuscrip t, “ L iq u id  C hrom atograph ic D e te rm in a tio n  o f  
C oum arin  Anticoagulants in  Dosage F orm s,”  by Associate 
Referee E lla M oore  (F D A , N ew  Y o rk  Regional Labora to ry) 
has been granted in te r im  o ffic ia l firs t action  status.

F lu cytosin e  —The revised m ethod  in  the m anuscrip t, “ LC  
D e te rm ina tion  o f  F lucytos ine in  Capsules,”  by D ona ld  Sho- 
stak and C liffo rd  K le in  (F D A , N ew  Y o rk  R egional Labora
to ry ) has been granted in te r im  o ffic ia l firs t ac tion  status.

H a lo g en a ted  H y d ro x y q u in o lin e  D rugs. — N o  fu rth e r w o rk  
has been dons on th is  top ic  since the reporting  o f  the co l
labo ra tive  study results and the subm ission o f  a m anuscrip t 
fo r in te r im  firs t action  consideration.

H y d ra la z in e .— The revised vers ion o f  the paper t it le d  “ U V  
S pectrophotom etric D e te rm ina tion  o f  H yd ra laz ine  H y d ro 
ch lo ride  in  Tablets”  by Associate Referee B arry  M op pe r 
(F D A , N ew  Y o rk  Regional Labora to ry) has been subm itted  
fo r consideration as in te r im  o ffic ia l firs t action.

In su lin  by  L iq u id  C h ro m a to g ra p h y .—N o  repo rt has been 
received. T h is  pro ject has been inac tive  fo r  over 2 years. I t  
is recom m ended th a t the top ic  be dropped.

L evo d op a. — The m ethod described in  the m anuscrip t, “ LC  
D e te rm ina tion  o f  Levodopa and Levodopa-C arb idopa  in  
Tablets,”  by Associate Referee Susan T in g  (F D A , N ew  Y o rk  
Regional Labora to ry) has been granted in te r im  o ffic ia l firs t 
action  status.

M e d ic in a l G ases. — T h is  top ic  continues to  be o f  consid
erable interest to  the U.S. Food and D rug  A d m in is tra tio n . 
I t  is hoped tha t co llabora tors can be found  fo r  th is  study. 
Interested persons should con tact the Associate Referee, 
M a rt in  W oodhouse, at F D A , N ew  Y o rk  Regional Labora
tory.

M ep ro b a m a te .— N o  repo rt was received. The top ic  should 
be dropped.

M ercu ry-C o n ta in in g  D rugs.—T h is  top ic  should be dropped.
M eta ls  in B u lk  D ru g  Pow ders. — Study should con tinue on 

th is  top ic.
P e n ic illin s .—T h e  m anuscrip t t it le d  “ LC  D e te rm in a tio n  o f  

P en ic illin  V  Potassium  in  Tablets”  by  Associate Referee B ar
ry  M oppe r (F D A , N ew  Y o rk  Regional Labora to ry) is cur
ren tly  being prepared fo r  resubm ission fo r in te r im  o ffic ia l 
firs t action status.

S a lts  o f  O rgan ic  N itrogenous B ases. —N o  ad d itio n a l w o rk  
has been done on th is  pro ject. A  co llabo ra tive  study is s till 
anticipated.

T rim eth o b en z a m id e.— T h is  top ic  should be dropped. 

Recommendations
(1) D iscon tinue  the top ics A m p ic il l in  and A m o x ic ill in ; 

In su lin  by L iq u id  C hrom atography; F luo ride ; M eprobam ate; 
M ercu ry -C on ta in ing  Drugs.

(2) A d o p t as o ffic ia l firs t ac tion  the LC  m ethod  fo r  flu -
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cytosine, the LC method for coumarin anticoagulants, and 
the LC method for levodopa and levodopa-carbidopa.
(3) Adopt as interim first action the UV spectrophoto- 

metric method for hydralazine HC1.
(4) Adopt as official final action the ion-pair column chro

matographic procedure for trimethobenzamide, 36.A01-
36.A06; discontinue the topic.
(5) Adopt as official final action the microchemical iden

tification tests for promethazine, triflupromazine, perphena
zine, and triethylperazine as indicated in 36.A07-36.A10; 
discontinue the topic.
(6) Adopt as interim first action the LC method for haloge- 

nated hydroxyquinoline drugs.
(7) Continue study on all other topics.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Drugs and Related Topics. 
See the report of the committee, this issue.

Section numbers refer to “Changes in Official Methods,” J. Assoc. O ff. A na l. 
C hem . (1985) 68, 369-411 (A methods).

D r u g s  I V

LINDA L. NG
M e r c k  S h a r p  & D o h m e  R e se a rc h  L a b o ra to r ie s ,  
P h a r m a c e u tic a l  R e se a rc h , W e s t P o in t,  P A  1 9 4 8 6

d -  a n d l - A m p h e ta m in e s .— Associate Referee Irving Wai- 
ner reported that a liquid chromatographic method has been 
collaboratively studied. The method has been adopted in
terim first action:

B e n z o d ia z e p in e s . — Associate Referee Eileen Bargo is plan
ning a collaborative study on flurazepam. For oxazepam in 
tablets and capsules, 40.014, she plans to evaluate one more 
manufacturer before submitting the method for official final 
action.

D ia z e p a m .— Associate Referee Michael Tsougros is plan
ning a collaborative study on diazepam in injectable and 
capsule formulations, using the same LC procedure specified 
for tablets.

H e r o in .—Associate Referee Charles Clark set up a collab
orative study for heroin HC1. Of the 12 volunteers, only 3 
submitted results. He is planning a new study, using different 
collaborators.
Recommendations
(1) Adopt as official final action the official first action 

liquid chromatographic method for determination of diaze
pam in drug tablets, 40.A01-40.A06, Continue the topic.

(2) Adopt as official first action the interim official first 
action liquid chromatographic method for d- and L-am- 
phetamines.
(3) Continue study on all other topics.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Drugs and Related Topics. 
See the report of the committee, this issue.

Section numbers refer to O fficial M e th o d s  o f  A n a lys is  (1984) 14th edition, 
and to “Changes in Official Methods,” J. Assoc. Off. A n a l. C hem . (1985) 68, 
369-411 (A methods).

D r u g s  V

THOMAS G. ALEXANDER
F o o d  a n d  D r u g  A d m in is tr a t io n ,  C e n te r  f o r  D r u g s  a n d  
B io lo g ie s , W a sh in g to n , D C  2 0 2 0 4

C o n ju g a te d  E s tro g e n s  in  D r u g s .— The elaborate colori
metric method (39.001-39.005) is tedious and nonspecific. 
The substances which are indicated (equilin, estrone, and 
estrone sodium sulfate) currently have LC methods in the
U .S . P h a r m a c o p e ia  (USP). The Referee recommends sur- 
plusing this method.

C o n ju g a te d  E s tr o g e n s  b y  L C . — The Associate Referee’s 
developmental work was published (J. C h r o m a to g r .  S c i.
[1985] 74, 201-204). However, this derivative-fluorescence 
approach now appears to be too cumbersome. Continued 
study is recommended, but using a more direct approach 
such as ultraviolet absorption measurement.

D e x a m e th a s o n e  P h o s p h a te  in  D r u g s .—The Referee rec
ommends continuation of the first action status of this non
specific, spectrophotometric method (39.056-39.060). In ad
dition, it is recommended that this method be surplused. The 
USP has an LC method for these preparations.

D ig i to x in ,  A u to m a te d  In d iv id u a l  T a b le t  A n a ly s i s .— The 
Associate Referee has been unable to work on this topic 
because of more pressing assignments. Furthermore, it now 
appears that LC analysis is a better approach. Discontinua
tion of the topic is recommended.

H y d r o c o r t i s o n e .— T h e  method (39.047-39.055) has been 
official first action for over 2 years. It is being used regularly 
and no problems have been reported. The Referee recom
mends adoption as official final action and discontinuation 
of the topic.

M e th o c a r b a m o l .— The method, (36.212-36.218) has been 
official first action for over 2 years. It has been used suc
cessfully on numerous occasions and there have been no 
adverse reports. Adoption of the method as official final ac
tion and discontinuation of the topic is recommended.

M ic o n a z o le .  — The Associate Referee has changed posi
tions and is no longer able to work on this topic. A gas 
chromatographic method is specified in USP. Discontinua
tion of the topic is recommended.

P ro g e s tin s  in  T a b le ts . — The Associate Referee has not been 
able to work on this topic due to other priorities and he does 
not foresee any future opportunities. A collaborative study 
was conducted using an automated scheme, but with fewer 
than the required participants. The results indicated that the 
method works well and it is now being used successfully. In 
view of the difficulties of obtaining the proper number of 
participants for this type of a study, it is recommended that 
the information obtained be published and that the topic be 
discontinued.

S te r o id  A c e ta te s . — Adoption as official first action of the 
method now undergoing interim review is recommended. 
The results were most satisfactory and the method indeed 
shows great promise. Continued study is recommended.

S te r o id  P h o sp h a te s . — Adoption of the interim method as 
official first action is recommended. There are 4 parts to this 
study: liquid chromatographic determination of dexameth
asone in bulks and elixers, infrared identification of dexa
methasone, thin layer chromatographic identification of 
dexamethasone in elixers, and gas chromatographic deter
mination of alcohol in elixirs. All 4 parts had excellent col
laborative results. Continued study is recommended.
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Recommendations
(1) Surplus the following methods: conjugated estrogens 

in drugs, 39.001-39.005; dexamethasone phosphate in drugs, 
39.056-39.060.
(2) Adopt as official first action the following interim of

ficial first action methods: LC method for determination of 
dexamethasone acetate in suspensions; LC determination 
of dexamethasone, TLC identification of dexamethasone in 
bulk and elixirs, IR identification of dexamethasone, and GC 
determination of alcohol in dexamethasone elixirs. Continue 
study.
(3) Adopt as official final action the following official first 

action methods: LC determination and IR identification of 
hydrocortisone in bulk and tablets, 39.047-39.055; LC de
termination of methocarbamol in injections and tablets,
36.212-36.218,
(4) Discontinue the topics Digitoxin, Automated Individ

ual Tablet Analysis; Hydrocortisone; Miconazole; Progestins 
in Tablets—Automated Methods.
(5) Continue study on all other topics.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Drugs and Related Topics. 
See the report of the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A na lysis  (1984) 14th edition.

I m m u n o c h e m i s t r y

DENNIS M. HINTON
F o o d  a n d  D r u g  A d m in is tr a t io n ,  W a sh in g to n , D C  2 0 2 0 4

Development of Quality Standards Criteria for 
Monoclonal Antibodies Used in Immunoassays
In the development of any immunoassay, i.e., ELISA, RIA, 

etc., criteria for selection of the antibody is defined with 
regard to “affinity” and “specificity.” There are various levels 
of effort in antibody selection, and successful immunoassays 
are usually associated with more rigorous determinations of 
the antibody quality. To enable evaluation of a “kit” or 
immunoassay product, a user should be informed of the an
tibody quality and hence the quality of the assay itself. For 
these reasons as well as others, e.g., insurance of “long term 
quality” and reproducibility, the first project in this area will 
be to develop criteria for evaluation of monoclonal antibody

quality and later to apply the standards developed in collab
orative studies of various immunoassay applications.

B a c k g r o u n d  a n d  A p p ro a c h :  With support of the California 
Department of Agriculture, projects have been initiated and 
are underway for development of monoclonal antibodies to 
various environmental compounds in the laboratories of 
Bruce Hammock, University of California at Davis, in col
laboration with Alex Karu, University of California at Berke
ley. Target compounds that have been defined include: (a) 
triazines; (b) carborfurans; (c) thiocarbamates; and (d) certain 
bacterial toxins used as biorational pesticides. Once the mon
oclones have been selected and antibodies produced, collab
orative evaluation studies will be undertaken in various lab
oratories.

T im e ta b le :  In 1988, at least one monoclonal antibody 
evaluation will be planned and initiated with at least 4 other 
participating laboratories. A draft document will be prepared 
by the Associate and General Referees, outlining the study 
protocol. A position paper will also be drafted outlining the 
proposed quality evaluation criteria and standards.
Development of Study Design and Protocol for 
Collaborative Study on Immunoassay of Pyridostigmine
Pyridostigmine (3-hydroxy-1 -methyl pyridinium bromide 

dimethylcarbamate) is a drug used in the treatment of or- 
ganophosphate poisoning and in the treatment of the au
toimmune disease, myasthenia gravis. Plasma and metabo
lite assays are important for assessing and planning of 
treatment and assessment of toxicity. An immunoassay for 
pyridostigmine, utilizing polyclonal antibody preparation, has 
been developed and is now being evaluated.

B a c k g r o u n d  a n d  D e v e lo p m e n t  o f  C o l la b o r a tiv e  S tu d y  D e 
s ig n : Antibodies to pyridostigmine have been developed in 
laboratories of the U.S. Army Medical Research and De
velopment Command. A number of studies have been car
ried out with regard to the quality and potential of the im
munoassay for quantitation of pyridostigmine. The data 
support consideration of an interlaboratory study on the im
munoassay method. In 1988, a protocol will be developed 
and submitted for approval. Participating laboratories and 
an Associate Referee will be chosen and the study will be 
initiated.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Drugs and Related Topics. 
See the report of the committee, this issue.
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GENERAL REFEREE REPORTS: COMM ITTEE ON  
FOODS 1
C o f f e e  a n d  T e a

ROBERT H. DICK
F o o d  a n d  D r u g  A d m in is tr a t io n  8 5 0  T h ir d  A ve, B ro o k ly n ,  
N Y  1 1 2 3 2

The Associate Referee on Ash in Instant Tea, Francis J. 
Farrell, was to have reported on his study on ash. However, 
because of other work he still has not finished a written report 
although the collaborative work has been completed. Dr. 
Farrell has also completed a study under ISO auspices which 
he intends to write in AOAC format for submission as an 
AOAC method.
John W. Newton, Associate Referee on Methyl Xanthines, 

lacked the time to work on his planned work on this topic.
During the year, Daniel J. Zuccarello was appointed As

sociate Referee to study a liquid chromatographic method 
for caffeine in coffee. The appointment came so late that he 
was unable to get his study started this year.
B. Denis Page, Associate Referee on Solvent Residues in 

Decaffeinated Coffee and Tea, did not make a report.
Although not appointed as an AOAC Associate Referee 

on Water Extract in Tea, Francis Farrell has been actively 
leading an ISO study of a modification of the AOAC method. 
He will submit his report when he has converted it to AOAC 
format.
Recommendations
(1) Appoint an Associate Referee on the topic Water Ex

tract in Tea.
(2) Continue study on all topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods I. See the report of 
the committee, this issue.

D a i r y  C h e m i s t r y

GARY H. RICHARDSON
U ta h  S ta te  U n iv e rs ity , D e p a r tm e n t  o f  N u tr i t io n  a n d  F o o d  
S c ie n c e s , L o g a n , U T  8 4 3 2 2 - 8 7 0 0

A d u lte r a tio n  o f  D a ir y  P r o d u c ts .— Associate Referee Gra
ham MacEachem has been asked to consider the Interna
tional Dairy Federation (IDF) studies on fatty acid analysis 
and their relevance to adulteration monitoring.

A u to m a te d  M e th o d s  f o r  F a t, T u r b id im e tr ic  M e th o d s .— As
sociate Referee Frank Shipe suggests that these studies be 
discontinued since the infrared methods have superseded 
turbidimetry except with in-line milk plant control instru
ments. He also suggests discontinuation of the 16.074-16.082 
method. Aldo Conetta, Technicon, agrees, and Associate 
Referee Ray King has not forwarded comments.

B a b c o c k , M o jo n n ie r , a n d K j e ld a h l  T e s ts .— David M. Bar- 
bano was appointed Associated Referee, has submitted a 
collaborative study, and is submitting a poster this year to 
justify modifications of the Babcock and Mojonnier methods 
for fat in milk.

B a b c o c k  T e s t  a n d  B a b c o c k  G la s s w a r e .— Associate Referee 
Robert L. Bradley requested changes in O ffic ia l M e th o d s  o f

A n a ly s is  to standardize the test for cream to allow 8 min 
centrifuge time. He is conducting a collaborative study on 
improperly marked Babcock test bottles, and he is obtaining 
bottles with different markings that may be easier to read.

C a lc iu m , P h o sp h o ru s , a n d  M a g n e s iu m  in  C h e e se . — As
sociate Referee Roger Pollman conducted a collaborative 
study, but the overall variance for Ca/P was too large. He is 
requesting an additional study with modifications to improve 
these statistics.

C a se in  a n d  C a s e in a te s .— Associate Referee Charles Pyne 
reported no activity in this area.

F a t in  B u tte r , D ire c t  M e th o d .—Associate Referee Doug 
Engebretsen suggested repeal of the method 16.233 in favor 
of the Kohman method (SMEDP-15, 18.9C) because the 
latter has significantly lower estimates for fat.

F a t T e s t in  C h o c o la te  M i l k .— Associate Referee James 
Marshall reported no work being done in this area and re
quested discontinuation of the study.

G e rb e r  T e s t f o r  F a t in M i lk .— Associate Referee Dick Kleyn 
reports that publication is pending in the J. A sso c . O ff. A n a l.  
C h e m .

Ic e  C r e a m  a n d  F r o z e n  D e sse r ts . — Margreet Lauwaars re
quested returning 16.309 from surplus status because of Co
dex requirements.

In fr a r e d  M i lk  A n a ly s e s  (IR M A ). — Associate Referee D. L. 
Biggs and the General Referee have sought considerable as
sistance in writing the calibration procedures for infrared 
instrumentation. These should be completed this year.

Io d in e . — Associate Referee Dave Sertl is organizing a col
laborative study on the method reported last year.

L a b o r a to r y  Q u a li ty  C o n tr o l .— Associate Referee Ray Ma- 
tulis has no plans to publish the poster paper guidelines for 
control sampling.

L a c to s e  b y  C h r o m a to g r a p h ic  D e te r m in a t io n . — Leslie West 
is publishing the method in the J. A sso c . O ff. A n a l. C h e m .  
but requests replacement as Associate Referee.

L a c to s e  b y  E n z y m a t ic  D e te r m in a t io n . — Associate Referee 
Dick Kleyn reported that no studies are underway in this 
area.

M o is tu r e  in  C h e e se  (M ic r o w a v e ) .— Associate Referee Judy 
Arey requests official status for the microwave oven method 
for moisture in Cheddar and cottage cheese and requests that 
the current write-up be changed to reflect the data generated 
in recent studies.

M o is tu r e  in  C h e e se . —Associate Referee Ron Case is co
operating with the National Cheese Institute to supervise 
extensive comparative studies at the University of Wiscon
sin, Madison. The studies will examine Cheddar, Mozzarella, 
and processed cheeses, and cheese spread using several drying 
and preparation techniques. The in-depth comparative study 
is considered adequate to refine the techniques for this assay.

M o jo n n ie r  R o b o t .— The General Referee requested that 
Robert L. Bradley serve as Associate Referee for the Zymate 
II method assembled by Forcoven Products, Humble, TX. 
Three units may be operational by 1988 so that a collaborative study can be initiated.

P ro te in  R e d u c in g  S u b s ta n c e s  T es t. — Associate Referee Joe 
Cardwell suggests continuation of studies to rapidly identify 
milk powder and other proteins added to milk.

P ro te in  in  M i lk  (D y e  B in d in g ) .—Associate Referee Doyle 
Udy has been asked to assemble the data to allow the acid
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orange-12 dye binding method to be more usable in cali
bration of mid-infrared instrumentation.

R e a c t iv a te d  P h o s p h a ta s e .— Associate Referee G. K. Mur- 
thy is conducting a collaborative study on the American 
Public Health Association rapid colorimetric method and 
AOAC official method 16.304-16.306 for phosphatase in se
lected cheeses. Associate Referee Dick Kleyn is conducting 
reactivation studies on alkaline phosphatase.

T y r a m in e .— Thea Reuvers accepted the opportunity to 
serve as Associate Referee and is preparing a collaborative 
study and seeking collaborators.

W h e y  P r o te in s  in  N o n fa t  D r y  M i l k . — Method was again 
recommended for official first action.
The General Referee recommended appointment of Dick 

Kleyn, Rutgers University, as Associate Referee for Fat in 
Milk, Gerber Method, and Robert L. Bradley as Associate 
Referee for Mojonnier Robot.
No reports were received on the topics Chloride Meters, 

Whey Proteins in Nonfat Dry Milk, Milk Fat Test— 
AutoAnalyzer, Nitrates in Cheese, Phosphorus, Protein Con
stituents in Processed Dairy Products, Protein in Milk—Rap
id Methods, and Nonfat Solids.
Invitations to serve as Associate Referees for gas chro

matographic determination and titrimetric determination of 
free fatty acids, pH measurements in cheese, detection of 
heat treatment of milk, methods for whey protein in nonfat 
dry milk, fat in milk (turbidimetric), and fat analysis in butter 
have not been accepted. We need an Associate Referee to 
accept the challenge to work on vitamins A and D fortifi
cation problems in response to a challenge from the National 
Association of State Departments of Agriculture (Policy No. 
DFD-23, 1986).

Recommendations
(1) Approve the changes suggested in the Babcock and 

Mojonnier tests for fat.
(2) Appoint Robert L. Bradley Associate Referee for ro

botic Mojonnier method.
(3) Include in “Changes in Methods,” 4th supplement, 

the following change in paragraph 16.178(a): “... centrf. 5 
min. Fill bottle to neck with hot H20 and centrf. 2 min. Add 
hot...”

(4) Approve as official first action the Olieman method 
for measurement of whey proteins in nonfat dry milk.

(5) Approve as official first action the microwave meth
ods for moisture in Cheddar and cottage cheese.

(6) Include precision statistics by Drudgington for fat in 
dry milk in O ffic ia l M e th o d s  o f  A n a ly s is , 15th Ed.

(7) Approve as official first action the mid-infrared spec
troscopic method for fat, lactose, protein, and total solids in 
milk (16.083-16.092) and approve the use of “A,” “B,” and 
“A + B” filters for measurement of fat in milk.

(8) Return 16.309 (16.220-16.221, 11th Ed.) from sur
plus status.

(9) Initiate repeal of method 16.233, the direct method 
for fat in butter.
(10) Approve “Determination of Phosphorus in Processed 

Cheese,” IDF Bulletin 207, pp. 41-93.
(11) Approve “Enzymatic Determination of the Lactic 

Acid and Lactates Content of Dried Milk,” IDF Bulletin 207, 
pp. 94-121.
(12) Approve “Flame Photometric Determination of So

dium, Potassium, and Calcium Contents of Dried Milk,” 
IDF Bulletin 207, pp. 122-132.
(13) Add precision values to Thermistor Method 16.096

from “Determination of the Freezing Point of Milk by Means 
of the Thermistor Cryoscope,” IDF Bulletin 207, pp. 198— 
207.
(14) Request that Tim Peeler be invited to provide pre

cision parameters for inclusion in O ffic ia l M e th o d s  o f  A n a l 
y s is , 15th Ed.
(15) Establish a procedure whereby methods previously 

approved by the American Public Health Association Tech
nical Committee working on S ta n d a r d  M e th o d s  f o r  th e  E x 
a m in a t io n  o f  D a ir y  P ro d u c ts , 15th Ed., may be included in 
O ffic ia l M e th o d s  o f  A n a ly s is .
(16) Discontinue Fat Test in Chocolate Milk.
(17) Replace Ray Matulis with Ron Case (same address) 

as Associate Referee for Moisture in Cheese.
(18) Discontinue studies on Automated Methods for Fat 

Analysis, Turbidimetric Methods, as suggested by Frank 
Shipe. These include methods 16.074-16.082 and 16.068-
16.073. Initiate repeal of method 16.074-16.082.
(19) Appoint Doyle Udy to be Associate Referee for Fat 

in Dairy Products, Udy Turbidity Test.
This report of the General Referee was presented at the 101st Annual In

ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods I. See the report of 
the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A n a ly s is  (1984) 14th edition.

D e c o m p o s i t i o n  a n d  F i l t h  i n  F o o d s  ( C h e m i c a l  M e t h o d s )

W A L T E R  F .  S T A R U S Z K I E W I C Z ,  Jr
F o o d  a n d  D r u g  A d m in is tr a t io n ,  D iv is io n  o f  C o n ta m in a n ts  
C h e m is tr y , W a sh in g to n , D C  2 0 2 0 4

A m m o n ia  in  D o g f is h .— Associate Referee Beverly Hunter 
reported that the second collaborative study on the enzymatic 
procedure for the determination of ammonia in dogfish is 
ready to begin. The General Referee concurs with the rec
ommendation of the Associate Referee that the study be 
continued.

G a s  a n d  L iq u id  C h ro m a to g ra p h y . — Samples of canned tuna 
are in preparation for a collaborative study of the GC pro
cedure for the determination of cadaverine and putrescine 
(/. A sso c . O ff. A n a l. C h e m . [1981] 64, 584-591). The levels 
of the compounds to be included in the study cover the range 
0.5-50 Mg/g- The Referee recommends continued study.
Although there were no reports on the topics Ethanol in 

Seafoods, Coprostanol, Crabmeat, GC Determination of 
Volatile Amines-TMA and DMA, and TLC Determination 
of Amines in Fishery Products, the General Referee rec
ommends that study be continued.
Recommendations
(1) Appoint an Associate Referee on the topic Shellfish 

Decomposition and continue study.
(2) Continue study on all other topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods I. See the report of 
the committee, this issue.
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F i s h  a n d  O t h e r  M a r i n e  P r o d u c t s

LOUIS L. GERSHMAN
F o o d  a n d  D r u g  A d m in is tr a t io n ,  5 8 5  C o m m e r c ia l  S t,
B o s to n , M A  0 2 1 0 9

D e te r m in a t io n  o f  F ish  C o n te n t  in  C o a te d  P ro d u c ts  (B re a d 
e d  o r  in  B a t te r ) .— Associate Referees Frederick J. King and
H. Houwing did not submit a report this year. In a personal 
communication with King, he has advised that the West 
European Fish Technologists’ Association (WEFTA) has not 
had an opportunity to extend the study of the 3 procedures 
because of other priorities. WEFTA is currently concentrat
ing its effort to develop improved methodology for micro
biological analyses of fish products. It is, therefore, recom
mended that the AOAC European representative contact 
Associate Referee H. Houwing to determine whether WEF
TA will have the time and resources to continue with the 
subject study. The General Referee recommends continued 
study.

D r a in e d  W e ig h t o f  B lo c k  F ro ze n , R a w , P e e le d  S h r im p . — 
The Associate Referee initiated the collaborative study, but 
completion of the study has been delayed because of the 
seasonal nature of the product. The study consists of ex
amining 3 groups of 12 blocks of frozen, raw peeled shrimp 
by the procedure developed by the Associate Referee. The 
first group of blocks has been examined, and the results have 
been submitted. The second group of shrimp blocks has now 
been prepared and shipped to the collaborators. The Asso
ciate Referee is confident that the final group of blocks of 
frozen shrimp can be prepared and shipped to the collabo
rators within the next several months. The General Referee 
recommends continued study.

M in c e d  F ish  in  F ish  F ille t  B lo c k s .— Associate Referee J. 
Perry Lane submitted a report last year describing the results 
he obtained in a collaborative study that he conducted using 
only cod fillets. Since then, Lane retired and Frederick King 
was appointed Associate Referee to continue the study. After 
a title change in the Associate Referee’s report, the method 
was accepted and a recommendation was made to adopt it 
as an interim first action method. The subject was changed 
to Minced Fish Flesh in Mixed Fillets-Minced Cod Blocks. 
The newly appointed Associate Referee has recommended 
that other Gadoid species, such as Alaska pollock, be studied. 
The General Referee concurs with this recommendation.

N itr i te s  in  S m o k e d  F is h .— The General Referee recom
mends that an Associate Referee be appointed to conduct a 
collaborative study using the method developed.

O r g a n o m e ta l l ic s  in  F is h .— By mutual agreement with the 
General Referee for Metals and Other Elements and with the 
concurrence of the Association, this subject was recom
mended to be reassigned to the General Referee for Metals 
and Other Elements. The general Referee concurs with this 
recommendation.

O th e r  T o p ic s .— The current official final action method for 
“Total Solids for All Marine Products except Raw Oysters” 
is method 18.023. This method uses asbestos fibers in the 
determination. However, because of current safety concerns 
regarding the use of asbestos fibers, the General Referee is 
recommending that sand be substituted for asbestos in the 
cited method. Ten to 15 g washed sand would be a suitable 
substitute for the 2 g asbestos fibers. In the original “Report 
on Total Solids in Fish and Other Marine Products,” J. A sso c . 
Off. A n a l. C h e m . (1952)35,216, the Associate Referee mixed 
the product with sand, pumice, or asbestos to facilitate the 
removal of moisture. All 3 gave satisfactory results although

the Associate Referee judged that the results obtained with 
asbestos fibers were slightly superior.
Recommendations
(1) Adopt as official first action the interim official action 

method for minced fish flesh in mixed fillets-mixed cod blocks.
(2) Continue study on all other topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods I. See the report of 
the committee, this issue.

Section numbers refer to O fficial M e th o d s  o f  A n a ly s is  (1984) 14th edition.

F o o d  A d d i t i v e s

THOMAS FAZIO
F o o d  a n d  D r u g  A d m in is tr a t io n ,  O ffice  o f  P h y s ic a l  S c ie n c e s ,  
W a sh in g to n , D C  2 0 2 0 4

A n t io x id a n ts .— A. paper was presented at the Spring Work
shop by the Associate Referee on the “Confirmation of An
tioxidants by HPLC-Diode Array Detection.” The diode ar
ray detector was most useful for the confirmation analysis of 
the more interference-prone dried foods, e.g., snack foods 
and soup mixes as well as salad dressings.
In the FDA laboratory, work was undertaken to study the 

reactions of BHA in deep-fat frying with a model fat system 
consisting of 90% methyl stearate and 10% methyl linoleate. 
The results closely paralleled those obtained with studies 
utilizing animal fat to prepare french fried potatoes.
In summary, the BHA level dropped to less than 15% of 

its initial level, whereas >85% of the decomposition products 
of BHA were retained in the fat. Chromatographic analysis 
of the reaction products revealed the presence of a wide 
variety of substances directly derived from BHA. Two prom
inent peaks did, however, rise above a broad spectrum of 
products that coalesced into a single elongated mound. All 
of these products on reverse phase chromatography were less 
polar than BHA; however, thin-layer chromatography (TLC) 
on silica gel revealed that the decomposition products are 
much more polar than BHA. This phenomenon may be ex
plained by assuming that BHA-derived products are stable 
in deep-fat frying medium, but that they react readily with 
oxygen when deposited on a TLC plate. This is exactly what 
one would expect for substances that provide the carry-through 
antioxidant activity found in french fries prepared in BHA- 
protected fat. Work is presently underway to identify these 
substances.

B r o m in a te d  V e g e ta b le  O ils  (B V O s). — Little work was done 
during this past year due to higher priority projects. Capillary 
gas chromatography (GC) after acid-catalyzed transesterifi
cation appears to be the gel technique for characterizing BVOs. 
Although both the liquid chromatographic (LC) and the cap
illary GC systems completely resolve the di-, tetra-, and hexa- 
brominated methyl stearates, gas chromatography is better 
than liquid chromatography for analyzing citrus based soft 
drinks. Plans to collaboratively study the capillary GC meth
od next year are under consideration.
The LC method has been published (J. L iq . C h r o m a to g r .

[1987] 10, 205).
In d ir e c t  A d d i t iv e s  f r o m  F o o d  P a c k a g in g .— The following 

is a summary report of the activities worked on during the 
past year.

(1) P V C :  Extensive studies of the migration characteristics
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of rigid and flexible PVC have been conducted with one 
exception—the verification that 95% ethanol is a suitable 
food-stimulating solvent for plasticized polyvinyl chloride. 
Initial experiments indicate this to be true.

(2) P E T :  A rapid screening procedure has been used to 
obtain qualitative analysis of apparent residuals present in 
polyethylene terephthalate (PET) soft drink bottles obtained 
from 4 different manufacturers and resin obtained from one 
commercial source. The identifications were made based on 
LC retention volumes and have not been confirmed by mass 
spectroscopy. Extractions of PET were performed in di
methyl acetamide at 60°C. Assuming somewhat similar UV 
absorption coefficients, the relative amounts of residuals in 
the bottles followed this order: MET = E1/2AE > DMT > 
BHET > TA, where MET = methyl ethyl terephthalate, El/ 
2AE = half ethyl ester of TA, TA = terephthalic acid, DMT = 
dimethyl terephthalate, BHET = Bis hydroxy ethyl tere
phthalate. All had TA present, some having more than oth
ers.

(3) C P E T :  Crystallized PET (CPET), a primary polymer 
used for dual ovenable trays, has been examined. Trays from 
commercial manufacturers have been characterized. The LC 
elution profile of the CPET tray extracts appears similar to 
that of the PET bottle, except MET is more abundant.
Work is underway to find a suitable fatty food-simulating 

solvent for studying migration of residues from PET food 
packaging materials. Such investigations require that the ini
tial concentration of the adjuvant in the polymer be known 
before migration experiments are undertaken. Two methods 
have been compared. One is based on dissolving and repre
cipitating the polymer and analyzing the resulting solution. 
The other is based on using size exclusion chromatography 
to separate solution fractions for separate analysis by re- 
verse-phase liquid chromatography.
The solution/reprecipitation method is based on dissolving 

the polymer (PET) in trifluoroacetic acid and slowly precip
itating the polymer by adding chloroform, acetone, water, 
and ammonium hydroxide. The precipitated polymer and 
solution are separated, and the solution is analyzed by liquid 
chromatography.
Size exclusion chromatography is being studied as the tech

nique of choice to separate and quantitate DMT and TA in 
PET articles. This method involves dissolving the polymer 
in hexafluoroisopropyl alcohol and collecting the low mo
lecular weight fraction to be quantitatively analyzed by liquid 
chromatography.

(4 ) B e n z e n e  in  P o ly p r o p y le n e :  A new catalyst is being used 
in the production of polypropylene (PP). In addition to in
creasing polymer yield, it also increases the level of benzene 
residue in the polymer.
Work was initiated to (a) develop a screening method for 

determining low levels (ppb) of benzene in PP articles and
(b) survey a limited sample of food packaging articles for 
residual benzene. The screening method employs a photoion
ization detector permitting detection limits of 10 to 20 ppb. 
Analysis is done by dissolving 10 g polypropylene in 150°C 
hexadecane in a septum-sealed vial, sparging with helium, 
and then trapping the volatiles in a 0°C methanol trap. An 
equal volume of water is added to the methanol, and the 
solution is analyzed by headspace gas chromatography on an 
OV-1 megabore column.
In screening for benzene in polypropylene food contact 

materials, relatively low levels of apparent benzene (<0.5 
ppm) have been detected in the 19 samples examined. Some
what higher levels (low ppm) of benzene were previously 
found in other food contact materials such as polystyrene

cups and tubs. Samples examined included cookie trays, syr
up bottles, salad containers, general use cups, and yogurt 
cups. Apparent benzene findings ranged from about 3 to 530 
ppb. Samples containing the higher levels of apparent ben
zene are being examined by mass spectrometry for confir
mation.

N itr o s a m in e s  in  F o o d s . — A considerable effort was applied 
to methods development, instrument modification, and de
tection systems for the determination of nonvolatile ,'V-ni troso 
compounds in foods and food-contact materials.
The Associate Referee compared 3 methods for the de

termination of ,'Y-nitrosamino acids in cured meats: (7) Sen 
et al. (1980) I A R C  S c i. P u b l. 31, 457-463; (2) Tricker et al.
(1984) F o o d A d d i t .  C o n ta in . 1, 245-252; (3 ) Sen et al. (1982) 
I A R C  S c i. P u b l. 41, 185-197.
Although all 3 methods gave comparable results for NPRO 

and NTCA, (7) and (2) produced cleaner extracts and resulted 
in cleaner chromatograms and would thus be suitable for 
AOAC collaborative studies. The last method (3) is better 
suited for rapid screening purposes.
In addition, 2 reports must be written and submitted for 

publication by N. P. Sen and coworkers: “Further Studies 
on the Formation of Nitrosamines in Cured Pork Products 
Packaged in Elastic Rubber Nettings” reports that traces of 
/V-nitrosodibutylamine (NDBA) and 7V-nitrosodiethylamine 
(NDEA) can form due to the interaction of nitrite in meat 
and amines in rubber, in cured pork products packaged in 
elastic rubber netting. Studies were conducted to determine 
if taking the netting off immediately after processing or if 
placing a layer of collagen as a barrier between nettings and 
meat could prevent or minimize formation of the aforemen
tioned nitrosamines. None were effective. Cured pork prod
ucts packaged in a reformulated rubber netting, made with 
different amine additives, contained either none or only neg
ligible levels of NDBA or NDEA, but, they did contain 15- 
104 ppb levels of a new nitrosamine, TV-nitrosodibenzyl- 
amine, which is reported to be noncarcinogenic.
The second study, “An Investigation on the Possible Pres

ence of Morpholine and TV-Nitrosomorpholine in Apples 
Coated With Waxes” reports that fairly high levels (1.1- 
3.85%) of morpholine (MOR) and traces (140-670 ppb) of 
iV-nitrosomorpholine (NMOR) were detected in 8 commer
cial samples of liquid waxes used for coating apples. Also, 
low levels (0.25-7.7 ppm) of MOR, but no NMOR, were 
detected in 17 batches of apples coated with these waxes. 
Uncoated apples were negative for both MOR and NMOR. 
Although MOR is easily nitrosated, incubation of wax-coated 
apples with 10 ppm nitrite under simulated gastric conditions 
did not form any detectable levels of NMOR (detection limit, 
0.5 ppb). Therefore, the possibility of formation of NMOR 
in the human stomach, after ingestion of such wax-coated 
apples, is highly unlikely.

P o ly d im e th y ls i lo x a n e  in  F o o d s . —Two methods have been 
developed: (7) “Polydimethylsiloxane in Pineapple Juice By 
Atomic Absorption Spectroscopy” and (2) “Polydimethyl
siloxane in Vegetable Oils By Atomic Absorption Spectros
copy.” The methods and collaborative study protocols have 
been reviewed and approved. Participants for the studies 
have been obtained, primarily from the European scientific 
community. Preliminary ruggedness and familiarization 
studies are currently underway.

P o ly c y c lic  A r o m a t ic  H y d r o c a r b o n s  in  F o o d s . — Work in this 
area involved the completion of a survey of fast-food (ham
burger) establishments. Hamburgers from 10 different res
taurants, all using an open flame to charbroil the meat, were 
examined. Eight PAHs were found and confirmed by liquid
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chromatography-scanning UV. The compounds were fluor
anthene, pyrene, benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, benzo(ghi)perylene, 
and indeno(cd)pyrene. The levels found ranged from unde
tected to over 20 ppb and varied from establishment to es
tablishment. Apparently, the position of the flame relative 
to the meat being cooked was a significant factor in the de
position of PAHs on the hamburgers. A manuscript is in 
preparation for publication.
Future studies will involve determination of PAHs in foods 

and food contact materials (packaging, etc.).
S u lf i t in g  A g e n ts  in  F o o d s. — A collaborative study jointly 

sponsored by the National Food Processors Association and 
FDA was conducted of FDA’s optimized Monier-Williams 
method for determining sulfites in foods {F ed . R e g is t. [July 
9, 1986] 51 (131), 25012-25024). Twenty-one industry and 
government laboratories participated in the study. The study 
design involved 3 food matrixes (hominy, juice, and seafood), 
each prepared at 4 sulfite levels—the regulatory level, half 
the regulatory level, twice the regulatory level, and a blank. 
All test portions were analyzed as blind duplicates, giving 
each collaborator a total of 24 samples. Samples were mon
itored throughout the course of the study.
Results indicated a reproducibility (among laboratories) 

coefficient of variation, for those 3 foods at 10 ppm, ranging 
from 15.5 to 26.6%.
It is recommended that the method be adopted official first 

action for the quantitation of sulfites in foods.
The Associate Referee, Charles R. Warner, has developed 

an LC method and has submitted it for publication. The 
manuscript is entitled “Sulfite Stabilization and High Per
formance Liquid Chromatographic Determination: A Ref
erence Method for Free and Reversibly Bound Sulfite in 
Food.” Briefly, a liquid chromatographic (LC) postcolumn 
reactor combination was developed for the determination of 
sulfite (free and reversibly bound) in 15 different foods. The 
foods were treated with a pH 5.1 buffered aqueous 2% form
aldehyde solution to convert the labile sulfite to the relatively 
stable hydroxymethylsulfonate. Reverse-phase, ion-pairing 
liquid chromatography with postcolumn detection consisting 
of an initial reaction with KOH followed by colorimetric 
reaction with Ellman’s reagent buffered at pH 6.3 was used 
for separation and quantitation.
The photometric detector at 412 nm quantitated the 

strongly absorbing 3-carboxy-4-nitrothiophenolate anion, the 
product of the sulfite reaction with Ellman’s reagent. The 
recovery at levels of 5-100 ppm as sulfur dioxide was >90% 
by reverse isotope dilution assay. Repetitive analysis of a 
single grape juice extract containing 20 ppm SO, showed a 
relative standard deviation of 2.2%.
Recommendations
(1) Adopt as official first action optimized Monier-Wil

liams method for determining sulfites in foods.
(2) Appoint Associate Referees for Anticaking Agents; Di- 

lauryl Thiodipropionate; and Propylene Chlorohydrin.
(3) Continue study on all other topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods I. See the report of 
the committee, this issue.

M e a t ,  P o u l t r y ,  a n d  M e a t  a n d  P o u l t r y  P r o d u c t s

JON E. McNEAL
U .S . D e p a r tm e n t  o f  A g r ic u ltu re . F o o d  S a fe ty  a n d  
In sp e c tio n  S e rv ic e , S c ie n c e , C h e m is tr y  D iv is io n ,
W a sh in g to n , D C  2 0 2 5 0

During the past year, collaborative studies were conducted 
in 5 topic areas: Minimum Processing Temperature, Nitro- 
samines in Bacon, Nonmeat Proteins in Meat, Protein in 
Meat and Meat Products—Mercury vs Copper Catalysts, and 
Sample Preparation Techniques for Meat Analysis. Four As
sociate Refereeships remain vacant.
A mini collaborative study has been conducted by CEM 

Corp. for the use of Freon TF in lieu of methylene chloride 
in the CEM microwave instrument for total fat analysis in 
meats. The results of that study will be evaluated for possible 
inclusion of Freon TF as an alternative solvent in method
24.A04.
The U.S. Department of Agriculture, Food Safety and In

spection Service (FSIS), conducted two 96-sample studies on 
new methodologies. The first was done with CEM Corp. on 
their microwave digestion instrumentation for determination 
of total protein in meat. Analytical values compared favor
ably with those obtained from the same samples analyzed 
by official method 24.027. When more commercial instru
ments are available, CEM would like to do a full collaborative 
study. To that end, a new Associate Refereeship is recom
mended. The second 9 6-sample study was conducted with 
Udy Corp. for the dye binding technique for total protein in 
meat. This test was found not to be useful for regulatory 
purposes due to excessive variability. No collaborative study 
is anticipated.
The Codex Alimentarius Commission Joint FAO/WHO 

Food Standards Program met in Rome, Italy, in June 1987. 
The Codex Committee on Residues of Veterinary Drugs in 
Foods issued a priority list of veterinary drugs requiring 
evaluation: chloramphenicol, anabolic agents (estradiol, pro
gesterone, testosterone, trenbolone acetate, zeranol), sulfon
amides, nitrofurons, nitroimidazoles, quinoxaline-di-V-ox- 
ides, and trypanocides. AOAC should take an active role in 
studying analytical methodology for these compounds in meat.

A u to m a te d  M e th o d s . — Vacant.
B io a s s a y  M e th o d s  f o r  M e a t  a n d  P o u l tr y  P r o d u c ts .— Va

cant .
C h e m ic a l  A n tib io t ic  M e th o d s .— The Associate Referee, 

William Moats, is presenting a paper at the 1987 Annual 
International Meeting on a newly developed method for no
vobiocin residues and hopes to conduct a collaborative study 
during the coming year.

C ru d e  P ro te in  A n a ly s is  o f  M e a t  (P e r o x y m o n o s u lfu r ic  A c id  
D ig e s t io n  a n d  I m p r o v e d  N e s s le r iz a t io n ) .— The Associate 
Referee, David Christians, continues study on this topic. The 
concomitant total phosphorus method has been successfully 
collaboratively studied and reviewed by the Committee on 
Foods I. It will be considered for adoption when the authors 
complete recommended manuscript changes.

F a t in  M e a t  P ro d u c ts . — The Associate Referee, Max Foster, 
presented a paper at the 1987 Annual International Meeting 
comparing total fat analysis in various meat products by the 
Soxhlet and the Tecator Soxtec Systems (Randall application 
of the Soxhlet procedure). He has designed a collaborative 
study for the Soxtec apparatus.

I m m u n o c h e m ic a l  Id e n tif ic a tio n  o f  A d d i t iv e s  in  M e a t  P r o d 
u c ts .— T h e  Associate Referee, Ronald Berger, has developed
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an immunochemical method for the identification of species 
in cooked products and hopes to conduct a collaborative 
study during the coming year, as soon as reagents become 
commercially available.

H is to lo g ic a l  Id e n tif ic a tio n  M e th o d s . — Vacant.
L C  M e th o d s  f o r  M e a t  P r o d u c ts .— The Associate Referee, 

M. Sher Ali, is preparing a manuscript for publication of the 
LC method developed for the simultaneous determination 
of 10 different carbamate pesticide residues in meat.

3 - M e th y l  H is tid in e . —The Associate Referee, Roger Wood, 
reports that no further progress was made on this topic during 
the past year.

M in im u m  P r o c e s s in g  T e m p e r a tu re . — Jim Eye has resigned 
as Associate Referee for this topic. The new Associate Referee 
is Grover Pickle, Special Projects Chemist, USDA-FSIS, Sci
ence, Eastern Laboratory, Athens, GA.
During the past year, a collaborative study on the use of 

the APIZYM and Boehringer Mannheim enzyme test kits to 
detect undercooked canned hams was conducted. USDA re
quires all pork products from countries not free from exotic 
animal diseases be cooked to 156°F prior to exportation to 
the United States. If test kits could be used at ports of entry 
to detect undercooked product, USDA would save a consid
erable amount of resources. The Boehringer kit for acid phos
phatase enzyme activity appears to be insensitive for the 
amount of enzyme present in the product tested between 
150°-l 56°F and, therefore, could not be used for this screen
ing determination. Of the 19 enzymes tested by the APIZYM 
system, 2, valine and leucine amino peptidases, might be 
useful for a “go/no go” screen at 156°F. A manuscript de
scribing this study and its evaluation is being prepared for 
submission to J. A sso c . O ff. A n a l.  C h e m .

N itr a te s  a n d  N i t r i t e s .— Vacant. Interest continues in this 
topic, especially on the question of reagent and sample blanks.

N itr o s a m in e s  in  B a c o n .— The Associate Referee, Walter 
Fiddler, presented a paper at the Institute of Food Technol
ogists’ annual meeting, June 1987, in Las Vegas, NV, on a 
collaborative survey for nitrosopyrrolidine (NPYR) in dry 
cured bacon after frying. Conclusions included that NPYR 
is not of major concern for this product. During the coming 
year a collaborative study for dimethylnitrosamine in minced 
fish/meat formulations will be conducted under the General 
Referee for Food Additives, Thomas Fazio.

N M R  S y s te m s  f o r  M e a t  A n a ly s i s .— The Associate Referee, 
Michael A. Wilson, reports no activity on this topic due to 
the lack of funding. It is recommended that this topic be 
discontinued.

N o n m e a t  P r o te in s  in  M e a t . — The Associate Referee, 
Christopher Hitchcock, reports that the official first action 
semiquantitative ELISA test for soy in meat has been con
verted to a commercially available kit form, and a collabo
rative study for the kit has been completed. A manuscript 
entitled “Determination of Soya Protein in Meat Products 
by a Commercial Enzyme Immunoassay Procedure: Collab
orative Trial” has been submitted to J. A sso c . P u b l. A n a l.  
for publication. In addition, a poster was presented at the 
1987 AOAC Annual International Meeting.

P ro te in  in  M e a t  a n d  M e a t  P r o d u c ts — M e r c u r y  vs C o p p e r  
C a ta ly s ts . —The Associate Referee, Carolyn Henry, reports 
that the U.S. Department of Agriculture, FSIS, has completed 
a collaborative study on this topic under contract with Webb 
Foodlab, Inc., Raleigh, NC. Preliminary evaluation of the 
data indicates that copper catalysts have about a 0.1% neg
ative bias for protein in meat when compared to mercury.

However, due to environmental concerns and local ordi
nances against the use of mercury, many laboratories have 
switched to copper catalysts. For most regulatory and quality 
control work, the low bias may not be of concern. Further 
study on optimization of the copper catalyst formulation may 
eliminate the bias. A manuscript of this study is being pre
pared for publication and recommendation to AOAC.

S a m p le  P r e p a r a t io n  T e c h n iq u e s  f o r  M e a t  A n a ly s is . —This 
is a new topic this year. The Associate Referee, Sylvan Ei- 
senberg, reports on a collaborative study underway for the 
use of commercial food processors to prepare meat samples 
for analysis in lieu of the conventional meat chopper (grinder). 
He conducted a poster presentation at the 1987 AOAC An
nual International meeting.

S e r o lo g ic a l  Id e n tif ic a tio n  o f  A  n im a l  a n d  P o u l tr y  S p e c ie s . — 
The Associate Referee, Arthur Marin, reports that the “OR
BIT” and “PROFIT” tests are now official first action. He 
recommends that the U.S. Department of Agriculture, FSIS, 
collaboratively study its newly developed method for the 
determination of species in cooked product. The developers 
of the procedure, Richard Mageau and Ronald Berger, have 
prepared a manuscript describing the procedure and are con
sidering an interlaboratory study.

S p e c ie s  Id e n tif ic a tio n  b y  “O r b i t”  a n d  “P r o f i t”. — The As
sociate Referee, Mark Cutrufelli, has successfully studied these 
procedures and they have become official methods. The Gen
eral Referee and the Association recognize Mark’s exemplary 
efforts. This topic may now be discontinued.

S p e c if ic  Io n  E le c tr o d e  A p p l ic a t io n s .— T h e  Associate Ref
eree, Randy Simpson, reports no further work on this topic 
during the past year. Additional statistical evaluation is being 
prepared on the collaborative study for sodium, potassium, 
and chloride in processed meat products using ion selective 
electrode analysis.
Recommendations
(1) Seek new Associate Referees for the topics Automated 

Methods, and Nitrates and Nitrites.
(2) Discontinue the topics Bioassay Methods for Meat and 

Poultry Products, Histological Identification Methods, NMR 
Systems for Meat Analysis, and Species Identification by 
“ORBIT” and “PROFIT.”
(3) Initiate a new Associate Refereeship for Microwave 

Digestion of Meat and Poultry Samples for Total Protein 
Determination.
(4) Associate Referee Ronald Berger, Immunochemical 

Identification of Additives in Meat Products, should conduct 
a collaborative study on the U.S. Department of Agriculture’s 
method for species identification in cooked product.
(5) Evaluate manuscripts (when submitted) for possible 

official action recommendations on the completed collabo
rative studies for Protein in Meat and Meat Products—Mer
cury vs Copper Catalysts and the Use of Food Processors for 
Meat Sample Preparation in Lieu of the Conventional Meat 
Chopper.
(6) Continue study on all other topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods I. See the report of 
the committee, this issue.

Section numbers refer to “Changes in Official Methods,” J. Assoc. O ff. A na l. 
C hem . (1985) 68, 369-411 (A methods).



70 GENERAL REFEREE REPORTS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988)

M y c o t o x i n s  

PETER M. SCOTT
H e a lth  a n d  W e lfa re  C a n a d a , H e a l th  P r o te c t io n  B ra n ch , 
B u re a u  o f  C h e m ic a l  S a fe ty , O tta w a , O n ta r io  K 1 A  0 L 2 ,  
C a n a d a

Recent developments in mycotoxin methodology include 
the first published applications of some new instrumental 
techniques to the estimation of mycotoxins in foodstuffs. 
Capillary column supercritical fluid chromatography-mass 
spectrometry (MS) of T-2 toxin and diacetoxyscirpenol in 
wheat extracted with the same supercritical fluid (C02) has 
been demonstrated (1). Also liquid chromatography (LC) with 
diode-array UV detection and the more sensitive thermo
spray LC/MS technique have been used to determine patulin, 
ochratoxin A, zearalenone, and 4 trichothecenes in wheat (2). 
Going from complex to the simple, the development of rapid 
immunochemical test kits for aflatoxins and other mycotox
ins continues at a rapid pace and further collaborative testing 
is planned. A new Associate Refereeship on Immunochem
ical Methods for Mycotoxins is proposed. Any person inter
ested in developing this topic, working where necessary with 
the Associate Referee concerned with a particular mycotoxin, 
is invited to contact the General Referee.
A new book that will be useful to all persons involved in 

mycotoxin analysis is M o d e r n  M e th o d s  in  th e  A n a ly s is  a n d  
S tr u c tu r a l  E lu c id a t io n  o f  M y c o to x in s  (1986) edited by R. J. 
Cole (3). Also of interest are an in-depth book on F u s a r iu m  
S p e c ie s :  T h e ir  B io lo g y  a n d  T o x ic o lo g y  (1986) by A. Z. Joffe
(4), a report on M y c o to x in s  prepared by the United Kingdom 
Ministry of Agriculture, Fisheries and Food (5), and, of more 
general interest, books on M y c o to x in s :  F o rm a tio n , A n a ly s is  
a n d  S ig n if ic a n c e  (1985) by J. E. Smith and M. O. Moss (6) 
and M y c o to x ic o lo g y  (1987) by W. F. O. Marasas and P. E. 
Nelson (7).
With the present coverage of individual mycotoxins or 

groups of mycotoxins by the Associate Referees, it is apparent 
that recent developments in other areas are omitted in their 
reports. Flere are a few highlights: F u s a r iu m  mycotoxins oth
er than the trichothecenes and zearalenone are active research 
topics: 2 new LC methods for moniliformin in grains have 
been reported (8, 9), its derivatization for GC/MS has been 
investigated (10), and both moniliformin and fusarin C have 
been detected in U.S. corn screenings associated with a field 
outbreak of equine leukoencephalomalacia (LEM) (11). It is 
unlikely, however, that either toxin is responsible for LEM 
or hepatocarcinogenicity of F u s a r iu m  m o n ili fo r m e  cultures 
(11-13), and the mycotoxins that cause these diseases remain 
unknown. LC methods for citreoviridin (in com), cyclosporin 
A (in rice), and phomopsin A (in lupin stubble) have also 
been reported recently (14-16); phomopsin A has, in fact, 
been detected in Australian lupin seed (17,18). Progress in 
the area of multimycotoxin methodology, which is also not 
a current Associate Referee topic, includes an LC method 
for patulin, penicillic acid, zearalenone, and sterigmatocystin 
in cocoa beans (19); and, although not applied to foodstuffs, 
the reverse-phase LC analysis of 134 mycotoxins and other 
secondary fungal metabolites has been performed (20).
Associate Referees are encouraged to keep abreast of the 

actions of the AOAC Committee on Interlaboratory Studies, 
whose most recent report (21) includes 11 recommendations 
for harmonization of protocols for the design, conduct, and 
interpretation of collaborative studies on analytical chemical 
methods.
Two collaborative studies (on aflatoxins) have been carried

out during the last year. Reports of the Associate Referees 
are as follows:

A fla to x in  M . —Associate Referee Robert D. Stubblefield 
(USDA, Peoria, IL) notes several papers published during 
the last year that deal with methodology for aflatoxin M, (22- 
28). Carisano and Della Torre (22) described a method for 
dry milk that is sensitive to <2 ng/L (ppt). The method 
utilizes a C1S Sep-Pak cartridge to extract M, and basic and 
acidic acetonitrile-water washes to clean up the extract. Af
latoxin B, is used as an internal standard in the reverse-phase 
LC determination step. Recoveries of 92% at 10 ng/L levels 
were reported. Serralheiro and Quinta (24) reported a thin- 
layer chromatographic (TLC) confirmation method for M, 
that uses p-anisaldehyde either as an overspotting solution 
or as a spray reagent. A green fluorescent derivative is pro
duced that has an Rr value lower than M, after TLC devel
opment. The limit of detection is 0.3 ng with this technique. 
Dominguez et al. (27) used an alkaline extraction system in 
a new TLC method for milk and dairy products, and Bijl et 
al. (28) described a 2-dimensional TLC or LC method for 
cheese with a detection limit in the range of 10 ng/kg.
Van Egmond et al. (25) reported on a study of four 

methods of analysis of aflatoxin M, in milk powders. Twenty- 
four Dutch Government laboratories tested 2 TLC methods 
and 2 LC methods with milk powder samples containing 
0.02-0.40 ng M,/g. One of the methods included in the study 
was the AOAC method II (26.095-26.099). The 4 methods 
differed little from each other with regard to accuracy and 
precision. Reproducibility requirements were satisfactory. It 
was noted that a large number of outliers were present with 
the AOAC method which has been under discussion by the 
International Dairy Federation Group E33 Mycotoxins 
Committee to eliminate some of the problems that are char
acteristic of the methodology. They are also investigating 
another TLC method (29). The Associate Referee has not 
investigated this method but has chosen to investigate newer 
methodology that utilizes enzyme-lmked immunosorbent as
say (ELISA). Both affinity columns and an ELISA kit for 
aflatoxin M, are under investigation. The investigation will 
be reported at the 1987 AOAC Annual International Meet
ing. Should the data merit it, a collaborative study will be 
contemplated.
Additional recent papers of interest concern an assessment 

of liver cancer risk posed by aflatoxin M, (30); heat stability 
of M, in milk (31); degradation of M, by UV energy (32, 33); 
presence of aflatoxin M, in Italian consumer milk (34, 35) 
and cheeses imported to the U.S. (36); aflatoxin residues in 
milk from naturally contaminated grain (37); and compar
ative carcinogenicity of aflatoxin M, and B, in male Fischer 
rats (38). A newly characterized hydroxy derivative of afla
toxin B,, designated aflatoxin M„ has been detected in com
mercial milk samples in France using a TLC method (39).
The Associate Referee recommends that the official AOAC 

methods for the determination and confirmation of identity 
of aflatoxin M, in milk and cheese (26.095-26.100) and for 
LC determination of aflatoxins M, and M 2 in fluid milk 
(26.B02-26.B06) be retained in first action status; that the 
procedure for preparation of standards for TLC (M,) (26.008-
26.011) and the TLC methods for determination of aflatoxin 
M, in dairy products (26.090-26.094) and for determination 
and confirmation of aflatoxins B, and M, in liver (26.101- 
26.109) be made official final action; and that the alternative 
confirmatory method for aflatoxin M, in liver (26.110) be 
declared as surplus.

A f la to x in  M e th o d s .— Associate Referee Douglas L. Park 
(University of Arizona, Tucson, AZ) reports that 2 collab-



71GENERAL REFEREE REPORTS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988)

ora tive studies were com ple ted du ring  the past year and tha t 
2 m ore are underway.

A  co llabora tive  study was conducted to evaluate an LC  
m ethod fo r the de te rm ina tion  and qu a n tita tio n  o f  afla toxins 
B „  B2, G „  and G , in  corn, peanut bu tte r, and raw  peanuts
(40). Ten laboratories fro m  the U n ite d  States, Canada, S w it
zerland, and South A fr ic a  pa rtic ipa ted  in  the study. S tatistica l 
analysis o f  the data was perform ed to  determ ine o r con firm  
ou tlie rs and com pute repea tab ility  and re p ro d u c ib ility  o f  the 
m ethod. The data support a recom m endation  tha t th is  m eth 
od be adopted as o ffic ia l firs t action. A  com plete repo rt o f  
the study and results obta ined is being prepared.

A  co llabora tive  study was also conducted to evaluate a 
so lvent-e ffic ient T L C  m ethod fo r  the de te rm ina tion  and 
quan tita tion  o f  a fla toxins B „  B2, G „  and G 2 in  com , peanut 
butter, and raw  peanuts (41). Fourteen laboratories fro m  the 
U n ited  States, Canada, France, D enm ark, and T un is ia  par
tic ipa ted in  the study. S tatistica l analysis o f  the data was 
perform ed to  determ ine o r con firm  ou tlie rs and com pute 
repea tab ility  and re p ro d u c ib ility  o f  the m ethod using e ither 
v isual o r densitom étrie  techniques fo r the de te rm ina tive  step. 
The data support the use o f  th is  m ethod fo r these com m od
ities at the h igher levels o f  con tam in a tion  (20 -100  ng/g o f 
to ta l aflatoxins). The use o f  a densitom eter resulted in  greater 
precision than v isua l com parison to  standards. A  com plete 
report o f  the study and results ob ta ined is being prepared.

The Associate Referee has revised his recom m endation  o f  
last year concerning the E L IS A  screening m ethod fo r  afia- 
to x in  B, to  inc lude a p p lic a b ility  to  cottonseed products and 
m ixed feed on ly . Fie recom m ends the m ethod fo r adop tion  
as offic ia l f irs t ac tion  as a screening m ethod, i.e., to  determ ine 
the presence o r absence o f  a fla tox in  B, at a g iven concentra
tio n  in  cottonseed products and m ixed  feed, using visual 
de te rm ina tion  o r an E L IS A  reader. A  fu ll report on the co l
labo ra tive  study has been prepared fo r pub lica tion .

A  fo llow -u p  co llabora tive  study o f  the E L IS A  screening 
m ethod fo r a fla tox in  B, is underway. Samples have been 
d is tribu ted  to 14 laboratories in  the U n ite d  States, Canada, 
The Netherlands, Japan, Sw itzerland, T un is ia , France, and 
the U n ite d  K in gd om . N a tu ra lly  and a rt if ic ia lly  contam inated 
samples o f  corn, peanut butte r, and raw  peanuts are included 
in  the study. Results are cu rren tly  being returned to  the A s
sociate Referee’s labora tory. A  co llabora tive  study to  eva l
uate a second E L IS A  screening m ethod (rap id  screening card) 
is also underway. Samples w il l  inc lude na tu ra lly  and a r t if i
c ia lly  contam inated com , peanut bu tte r, raw  peanuts, co t
tonseed meal, and p o u ltry  feed. The m ethod w il l  detect a f
la tox ins B „  B 2, and G ,. A p p ro x im a te ly  15 laboratories w i l l  
be selected to  pa rtic ipa te  in  the study, and samples are cu r
ren tly  being prepared.

The fo llow ing  o ffic ia l firs t ac tion  m ethods have been rec
om m ended fo r adop tion  as o ffic ia l fina l action: afla toxins in  
food (R om er m in ic o lu m n  m ethod) (26.014-26.019); a fla tox
ins in  corn and peanuts (Ho laday-Ve lasco m in ic o lu m n  m eth
od) (26.020-26.025); a fla tox ins in  peanuts and peanut p ro d 
ucts (CB m ethod) (26.026-26.031); a fla tox ins in  peanuts and 
peanut products (B F  m ethod) (26.032-26.036); a fla tox ins in  
coconut, copra, and copra m eal (T L C  m ethod) (26.044- 
26.048); a fla tox ins in  corn (T L C  m ethod) (26.049-26.051); 
aflatoxins in  cottonseed products ( inc lud ing  sample prepa
ration incorporated under 26.003) (T L C  and LC  methods) 
(26.052-26.060); a fla tox ins in  green coffee (T L C  m ethod) 
(26.061-26.066); afla toxins in  p is tach io nuts (T L C  m ethods) 
(26.067 and 26.068); a fla tox ins in  soybeans (T L C  m ethod) 
(26.069); a fla toxins in  eggs (T L C  m ethod) (26.070-26.075); 
iden tifica tion  o f  a fla tox in  by de riva tive  fo rm a tio n  on T L C

plate (26.083); and con firm a tio n  o f  id e n tity  o f  a fla tox in  B, 
by negative chem ica l io n iza tio n  M S  (26 .A 01-26 .A 08). The 
T L C  m ethod fo r afla toxins in  green coffee (26.061-26.066), 
w h ich  has been proposed fo r a d op tion  as o ffic ia l fina l action, 
and the T L C  m ethod fo r iden tifica tion  o f  a fla tox in  B, (26.076- 
26.082) are recom m ended fo r declaration as surplus. The 
section on preparation o f  a fla tox in  standards should be 
amended under section 26.007 to advise tha t stock solu tions 
should no t be stored in  m ethano l fo llo w in g  U V  measure
ments. A lso  the section on T L C  de te rm ina tion  o f  a fla toxins 
(26.031) should be revised to  a llow  the use o f  m ixe d  reference 
standards in  m u ltia fla to x in  methods.

Recent pub lica tions on a fla tox in  m ethodo logy inc lude pa
pers on a high perform ance T L C  m ethod fo r  screening af
la tox ins in  p o u ltry  feed using s ilica Sep-Pak cartridges (42), 
the estim ation  o f  a fla tox in  in  com  by m easurem ent o f  B G Y  
fluorescence in  aqueous extracts (43), m easurem ent o f  fem - 
tom oles o f  afla toxins, th e ir m etabolites, and D N A  adducts 
by synchronous fluorescence spectrophotom etry (44), LC  de
te rm in a tio n  o f  afla toxins in  cattle feed using b rom ine  fo r 
postco lum n d e riva tiza tion  (45), app lica tion  o f  E L IS A  to  de
te rm ine  and survey a fla tox in  B, in  peanut bu tte r (46, 47), 
an E L IS A  m ethod fo r a fla tox in  B, in  com  and cottonseed 
(48), and app lica tion  o f  m onoc lona l an tibodies to  m o n ito r 
hum an exposure to  a fla tox ins (49).

A ltern a ría  Toxins. — Associate Referee Edgar E. S tinson 
(U S D  A , P hiladelph ia , P A ) reports no new ana ly tica l m ethods 
fo r A ltern a ría  m ycotox ins, apart fro m  the use o f  T L C  and 
LC  to  determ ine a lte rna rio l, a lte m a rio l m ethy l ether, alten- 
uene, and tenuazonic acid in  o lives (50). E xam ina tion  o f  
fresh, v is ib ly  m o ld y  tom atoes fro m  catsup processing plants 
revealed tha t C a lifo rn ia  tomatoes were generally infected w ith  
G eotrichum  candidum , A spergillus, and P en ic illiu m , whereas 
tom atoes from  the M idw est and East U .S .A . were p redom 
in a n tly  in fected w ith  A ltern a ría  (51). Tenuazonic acid  was 
found in  73 ou t o f  146 tom ato  samples at an average level 
o f  4.9 /ig/g o f  m o ld y  tissue (range 0 .4 -7 0  ¿ig/g), bu t i t  should 
be noted tha t A ltern a ría  spp. were no t detected in  35 o f  these 
pos itive  samples (51). T oxigen ic A ltern a ría  a lternata  isolates 
fro m  tom ato  in  Iraq  have also been reported (52).

Characterization o f  phyto tox ins from  A lternaría  spp. con
tinues. Pyrenocines A  and B (53) are am ong the latest o f  
these to  be reported. The Associate Referee notes tha t the 
m a in  p o ss ib ility  o f  A ltern a ría  ph y to tox in s  affecting hum ans 
and livestock w ou ld  be through A ltern a ría  con tam in a tion  o f  
tobacco and pasture foliage, respectively. The hazard asso
ciated w ith  pyro lys is  products o f  A ltern a ría  (as w o u ld  be 
encountered in  A ltern a ria -con tam ina ted  tobacco) was estab
lished over 20 years ago (54) b u t has never been tho rough ly  
investigated. There w o u ld  seem to  be li t t le  chance o f  hazard 
fro m  A ltern aría  phy to tox ins  in  c itrus, strawberry, K ik u -  
chiana pear, o r rad ish leaves.

The Associate Referee recom m ends tha t fu rth e r w o rk  be 
done on the id en tifica tion  o f  to x ic  A ltern a ría  m etabolites 
lik e ly  to  occur in  foods and feedstuff’s and tha t ana lytica l 
m ethods be developed.

C itr in in .—Associate Referee D a v id  M . W ilso n  (U n iv e rs ity  
o f  Georgia, T if to n , G A ) reports tha t the p lanned co llabora
tiv e  study on a c itr in in  m ethod was delayed b u t hopes to 
in it ia te  th is  study in  the near fu ture . N o  new m ethods have 
been published fo r c itr in in . I t  was inc luded in  a study on 
T L C  de te rm ina tion  o f  107 m etabolites o f  P en ic illiu m  and 
o ther fung i (55). Interest in  c itr in in  seems to  be high, how 
ever, because several new papers on the p ro du c tion  and b i
o log ical effects o f  c it r in in  have appeared (56-62).

C yclop ia zo n ic  A c id s .— Associate Referee John Lansden
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(U S D A , Dawson, G A ) reports tha t there is lit t le  o r no interest 
in  the com m ercia l sector in  analysis o f  com m od ities  fo r cy- 
c lop iazon ic  acid. There are, however, ind ica tions tha t cyclo- 
p iazon ic acid m ay be a m ore com m on m etabo lite  o f  A sp er
g illu s fla vu s  than afla toxins (63, 64). The effect o f  some 
nu trien ts  on the p roduc tion  o f  cyclop iazon ic acid by P en i-  
c illiu m  verrucosum  var. cyclopium  has also been studied 
recently (65).

E m o d in  a n d  R e la te d  A n th ra q u in o n es.— T h is  top ic  is s till 
vacant.

E rg o t A lk a lo id s .— Associate Referee George M . Ware 
(F D A , New  Orleans, L A ) reports tha t he plans to  con firm  
the separation o f  8 ergot a lka lo ids and th e ir isom ers achieved 
by Magg and B a llschm ite r (66) using a co lum n o f  L iC hroso rb  
RP-18 (5 pm ) o r N ucleosil-5  C I8 w ith  a m ob ile  phase o f 
ace to n itr ile -0 .0 2 M  phosphate buffe r (pH  7) (1 +  1). Reten
t io n  indices fo r  the ergot a lka lo ids were calculated by  using 
alkan-2-ones as standards. N ew  developm ents in  analytica l 
m ethodo logy fo r ergot a lka lo ids include use o f  a K e l-F  graph
ite  electrode fo r e lectrochem ical detection o f  ergonovine m a
léate (67) and a m ethod fo r  de te rm ina tion  o f  ergot a lka lo ids 
in  cereal products tha t uses LC , T L C , and G C /M S  fo r  de
te rm in a tio n  (68). Tandem  mass spectrom etry was used to 
separate and com pare the ergot a lka lo ids occurring in  the 
sc le ro tium  o f  C laviceps pu rpu rea  parasitic  on ta ll fescue w ith  
those found in  th is  fungus parasitic on wheat and barley (69).

The effect o f  feeding ergot-contam inated grain to pregnant 
and nursing sows was reported (70). The Associate Referee 
recom m ends tha t a co llabora tive  study on the m ethod de
veloped in  his labo ra to ry  (71) fo r ergot a lka lo ids be com -' 
pleted. W ith  respect to  fu ture  research, the Associate Referee 
recom m ends tha t research on the s ta b ility  o f  ergot a lka lo ids 
be continued. The Associate Referee also recom m ends tha t 
research on a better chrom atograph ic system be conducted 
du ring  the next year.

O ch ra to xin s.— Associate Referee Stanley Nesheim  (F D A , 
W ashington, D C ) reports tha t w o rk  is s t ill in  progress to 
determ ine the reasons fo r lo w  and variab le  recoveries o f  
och ra tox in  A  fro m  stored samples o f  barley, com , and swine 
tissue tha t delayed the co llabora tive  study last year. The 
m ethod (72) has now  become som ewhat outdated. Several 
m ethods have recently been published w h ich  offer apparent 
im provem ents. I t  is im p o rta n t tha t these be checked because 
they con ta in  features tha t cou ld be inc luded in  a m ethod to 
be co llabo ra tive ly  studied. One o f  the recent m ethods (73) 
reports 90.6 ±  3.6% recovery o f  och ra tox in  A  fro m  several 
an im a l feeds. T h is  m ethod em ploys a new extraction  solvent 
(e tha no l-ch lo ro fo rm -5%  aqueous acetic acid) and cleanup 
using a Sep-Pak silica cartridge fo llow ed by a cyano cartridge. 
A n o th e r m ethod includes the use o f  a C ,8 Sep-Pak cartridge 
(74).

In  o ther areas o f  m ethodo logy fo r ochratoxins, L C /M S  has 
been used fo r barley analysis (75), and rad io im m unoassays 
have been applied to  de te rm ina tion  o f  och ra tox in  A  in  serum 
and pig kidneys (76, 77). D eve lopm ent o f  och ra tox in  A  in  2 
granary-stored barley cu ltiva rs  has been stud ied (78). O ther 
recent research has shown tha t, con tra ry  to  previous exper
im ents, lit t le  o r no och ra tox in  A  is destroyed when con tam 
inated green coffee beans are roasted and coffee decoction is 
prepared (79). F ina lly , fungi o f  the A sp erg illu s g lancus  group 
isolated fro m  cereals have been shown to  fo rm  och ra tox in  
A  (80).

The Associate Referee recom m ends tha t the T L C /L C  
m ethod fo r och ra tox in  A  in  barley, corn, and swine tissue 
be m od ified  to  incorpora te  the latest s ta te-o f-the-art m e th 
odology and then be co llabo ra tive ly  studied. He also rec

om m ends tha t the o ffic ia l firs t action  T L C  m ethods fo r  ochra
tox ins in  barley (26.111-26.118) and och ra tox in  A  in  green 
coffee (26.119-26.125) be adopted as o ffic ia l fina l action.

P en ic illic  A c id .— Associate Referee Charles W . Thorpe  
(F D A , W ashington, D C ) reported last year on the variab le  
and low  recoveries o f  p e n ic illic  acid added to  freshly ground 
samples o f  corn and d ried  beans w h ich  were then stored fo r 
up to  2 m onths. I t  has now  been found  tha t w hen the ground 
samples e ither are a ir d ried  fo r 1 week o r are exposed to  
rad ia tion  p r io r  to  the ad d itio n  o f  p e n ic illic  acid the recoveries 
are satisfactory. The co llabora tive  study on the m ethod  fo r 
pe n ic illic  acid (81) is now  planned fo r the fa ll o f  1987.

Some b io log ica l research on pe n ic illic  acid was conducted 
du ring  the past year. P en ic illic  acid was one o f  4 m yco tox ins  
found to  give a pos itive  response in  the SOS spot test using 
E sch erich ia  coli (82). Bacterial tests have also been used to  
dem onstrate de tox ifica tion  o f  p e n ic illic  acid  by am m o n ia  
(83). P en ic illic  acid (and sterigm atocystin) induced D N A  s in 
gle-strand breaks and in h ib it io n  o f  D N A  synthesis in  cell 
cultures (84). In  a study o f  the to x ic ity  o f  p e n ic illic  acid  fo r 
ra t a lveo lar macrophages in  v itro , the results were s im ila r  to 
those observed fo r pa tu lin  in  an earlie r study, and the data 
suggest the p o ss ib ility  o f  a resp ira to ry hazard to  workers 
exposed to  contam inated grains (85). In  a m ic ro b io lo g ica l 
study o f  m o ld -spo iled  foods obtained fro m  in d iv id u a ls  and 
bakeries, 6 fungi, a ll id en tified  as P en ic illiu m  ex p a n su m , p ro 
duced pa tu lin  o r pe n ic illic  acid (86).

The Associate Referee repeats his earlie r recom m endation  
tha t a co llabora tive  study o f  the m ethod fo r the d e te rm i
na tion  o f  pe n ic illic  acid in  com  and dried  beans (81) be 
conducted.

P en ic illiu m  islan d icu m  Toxins. —T h is  top ic  is s t ill vacant.
S ec a lo n ic  A cids. — T h is  top ic  is s till vacant.
Sterig m a tocystin .—Associate Referee Octave J. Francis, 

Jr, (F D A , N ew  Orleans, L A ) reports tha t the co llabora tive  
study o f  the m ethod fo r the de te rm ina tion  o f  sterigm atocys
t in  in  cheese w h ich  was sum m arized in  the last rep o rt is 
scheduled fo r  pu b lica tio n  (87). In  tha t report, the Associate 
Referee deferred recom m ending the m ethod fo r o ffic ia l firs t 
action approval pend ing developm ent o f  a m ore satisfactory 
de te rm ina tive  system. Since the last report, an L C  m u lt ito x in  
m ethod has been published tha t a llows the de te rm in a tion  o f  
several specified toxins, inc lud ing  sterigm atocystin, in  cocoa 
beans (19). The m ethod reports a low er l im it  o f  de tection o f  
1 ng w h ich  equates to  13 ng sterigm atocystin per g o f  cocoa 
beans. Recoveries o f  s terigm atocystin added to  sample m a
tr ix  were 101 and 108% fo r the spiked levels o f  30 and 60 
ng/g, respectively. The m ethod u tilizes reverse-phase liq u id  
chrom atography, a cyano co lum n, and U V  detection at 245 
nm . The Associate Referee plans to  evaluate com b in a tio n  o f  
th is  LC  de te rm ina tive  step w ith  the extraction  and cleanup 
procedure o f  the cheese m ethod.

A n  E L IS A  m ethod fo r s terigm atocystin in  barley (88), 2 
artic les discussing the p roduc tion  o f  s terigm atocystin  on 
com m od ities  such as corn (89) and sunflow er (90), and at 
least 4 reports dealing w ith  tox ico log ica l studies (91 -94 ) were 
published recently.

The Associate Referee recom m ends con tinued study on 
th is  top ic . He also recom m ends tha t the o ffic ia l f irs t ac tion  
T L C  m ethod fo r sterigm atocystin in  barley and wheat (26.132- 
26.138) be adopted as o ffic ia l fina l action.

T ree  Nuts. —Associate Referee V incen t P. D iP ross im o  
(F D A , B rook lyn , N Y ) reports no fu rthe r w o rk  on th is  top ic . 
The T L C  m ethods fo r afla toxins in  p istach io nuts (26.067 
and 26.068) are recom m ended fo r adop tion  as o ffic ia l fina l 
action.
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T richothecen es.— Associate Referee R obert M . Eppley 
(F D A , W ashington, D C ) reports tha t no  new co llabora tive  
studies were planned fo r th is  year. Im provem en ts  and m o d 
ifica tions to  existing and newer m ethods need to  be evaluated 
fu rthe r before a d d itiona l studies are in itia te d . The next study 
should also inc lude a procedure fo r  the de te rm ina tion  o f  
deoxyn iva leno l (D O N ) in  com . There have been recent de
velopm ents in  imm unoassay procedures fo r D O N  and 3-acetyl 
D O N  (95, 96), and com m erc ia l developm ent o f  im m unoas
say k its  is pending. A  lim ite d  v a lid a tio n  s tudy o f  one o r m ore 
o f  these k its  is possible w ith in  the next year o r so.

W ith  regard to  the o ther trichothecenes, on ly  a few  have 
so fa r been detected as na tu ra l con tam inants in  cereal grains,
i.e., (in  a d d itio n  to  D O N ) 3- and 15-acetyl D O N , n iva leno l, 
T -2  tox in , H T -2  to x in , d iacetoxyscirpenol, and tricho thec in  
(97-100); recently, sc irp en trio l and 15-m onoacetoxyscirpen- 
ol, in  a d d itio n  to  n iva leno l, were detected in  sorghum  fro m  
T ha iland  (101). M ost o f  these tox ins  have been reported 
occasionally in  iso lated s ituations. The reported occurrences 
o f  the acetyl D O N s and n iva leno l in  association w ith  the 
presence o f  D O N  w arrants consideration o f  va lid a tio n  o f  a 
m ethod o r m ethods to  detect these tox ins  in  cereal grains.

R eview  o f  recent lite ra tu re  revealed several new and m o d 
ified  approaches fo r the de te rm in a tion  o f  trichothecenes, in 
c lud ing m acrocyclic trichothecenes (1, 2, 101-117). Several 
m ethods have been reported fo r the detection o f  tr ich o th e 
cenes and th e ir  m etabolites present in  body flu ids  and tissues 
(102, 103, 110, 111, 118). A d d it io n a l studies have been con
ducted on de tox ifica tion  o f  D O N  (119, 120).

The Associate Referee recom m ends tha t studies be con
tinued  on the im p ro v in g , developing, and eva luating o f  m e th 
ods fo r know n, na tu ra lly  occurring trichothecenes, in c lud in g  
screening m ethods and procedures fo r  con firm a tio n  o f  iden 
t ity , w h ich  cou ld  be selected fo r co llabora tive  study in  the 
near future.

X a n th om eg n in  a n d  R e la te d  N aphthoquinones. — Associate 
Referee A lle n  S. Carm an, J r (F D A , N e w  Orleans, L A ) reports 
tha t w o rk  planned on the deve lopm ent o f  screening m e th 
odology fo r xanthom egnin, v io m e lle in , and och ra tox in  was 
no t com pleted due to  o ther duties, bu t i t  w i l l  be con tinued 
next year. In  the past year, there have been no new a dd itions 
to  the lite ra ture ; on ly  one lite ra tu re  c ita tio n  is to  be added 
(121) and i t  is fro m  1985. I t  reports the id e n tifica tio n  and 
screening o f  P en ic illiu m  isolates fro m  Ind iana  shelled com  
fo r the p roduc tion  o f  6 m yco tox ins (c itr in in : 0 /20  positive ; 
cyclop iazon ic acid: 0 /496; och ra tox in : 0 /496; pa tu lin : 0 /158; 
pe n ic illic  acid: 3 /350; xanthom egnin: 11/87); xanthom egnin 
was produced by P. viridicatum .

Z e a ra le n o n e .— Associate Referee G lenn Bennett (U S D A , 
Peoria, IL )  reports an increased awareness o f  zearalenone as 
dem onstrated by  the large num ber o f  pub lica tions on oc
currence, an im a l studies, and m ethodo logy fo r th is  m yco- 
to x in  du ring  the last year.

Num erous recent surveys have con firm ed tha t zearalenone 
is present in  cereal grains in  m any areas o f  the w o rld  and 
tha t i t  usually coexists w ith  o ther trichothecenes, p r im a rily  
n iva leno l a n d /o r deoxyn iva leno l. W heat rejected in  N ew  
Zealand contained 0 .04-0 .35  fig zearalenone/g (122). The 
authors concluded tha t the zearalenone con tam in a tion  d id  
no t preclude using the gra in  fo r  feeds. N iva le n o l (0 .02-0 .77 
fig/g) and deoxyn iva leno l (1 .5 -10 .8  fig/g) were also present 
in  these samples. E ight o f  20 im p o rted  com  samples in  Korea 
contained > 0 .5  fig zearalenone/g w ith  2 samples con ta in ing  
1 fig/g (123). These authors concluded tha t these 2 samples 
w ou ld  be hazardous fo r  pigs. Zearalenone was also detected 
in  maize and maize products im p o rte d  in to  Sweden (124).

Cereals grown in  the U n ite d  K in g d o m  (4/31 samples) con
ta ined an average o f  1 fig zearalenone/kg (125). In  Korea, 
42/51 samples contained zearalenone (126); whereas in  Po
land, on ly  one o f  63 samples o f  wheat conta ined detectable 
levels (127). Zearalenone has also been found  in  cereals fro m  
C h ina  and Ta iw an (128), in  preharvest com  in  Spain (129), 
in  com  grown in  Queensland, A us tra lia  (130) and in  Ita ly  
(131), in  stored sorghum  in  In d ia  (132), and in  he av ily  dam 
aged soybeans in  the U n ite d  States (133). A  survey o f  395 
samples o f  grains and an im a l feeds stored on U.S. farm s in  
4 states ind ica ted th a t 16% o f  the com  samples, 23% o f  feed 
samples, and 35% o f  o ther gra in  samples con ta ined zearale
none (134).

Processing o f  contam inated cereals does reduce o r red is
tr ib u te  zearalenone to  some degree. M il l in g  o f  na tu ra lly  con
tam inated wheat (2.05 fig/g) resu lted in  a 48 -66%  reduction  
o f  zearalenone in  f lo u r fractions in tended fo r  hum an con
sum ption , w h ile  those fractions in tended fo r  an im a l feed 
incurred  a 1.9- to  2 .3 -fo ld  increase (135). A n o th e r m illin g  
study showed tha t less than 10% o f  the zearalenone in  the 
starting wheat (8 ng/g) rem ained in  the flo u r fractions (136). 
The baking process d id  no t affect levels o f  to x in  in  the flou r. 
A ltho ug h  the po ten tia l exists fo r  zearalenone to  be present 
in  foods prepared fro m  con tam inated cereals, a l im ite d  sur
vey o f  baby foods on the m arke t in  Japan showed no zearale
none in  the 27 samples assayed (137). A  s im u la ted com 
m erc ia l process fo r re fin ing  vegetable o ils  effective ly  rem oved 
zearalenone (10 fig/g) fro m  spiked corn o il (138). The prep
a ra tion  o f  to rtilla s  fro m  com  samples na tu ra lly  con tam inated 
w ith  zearalenone (0 .23-4 .23 fig/g) resulted in  a 59-100%  re
duction  o f  to x in  (139). These na tu ra lly  con tam inated com  
samples had been in  storage since 1972 and dem onstrated 
the s ta b ility  o f  zearalenone in  cereal grains in  storage (99). 
The carryover o f  zearalenone in to  na tive  beer (bu ruku tu ) 
prepared in  villages in  N igeria  was h igh (51%), o n ly  12% 
being rem oved w ith  the discarded so lid  residues (140).

Studies on the p roduc tion  o f  zearalenone by F u sa riu m  
g ra m in ea ru m  strains ind ica ted  th a t a food-acceptable stra in  
o f./7, gra m in ea ru m , A -3 /5 , lacks the s tructura l genes fo r  zea
ralenone p roduc tion  and p robab ly  w o u ld  n o t produce the 
m yco tox in  under any en v ironm en ta l co n d itio n  (141). O ther 
investigations dem onstrated tha t h igh  levels o f  zearalenone 
are produced (along w ith  deoxyn iva leno l) by F . g ra m in ea ru m  
strains isolated fro m  com  in  the U n ite d  States and G erm any 
(142, 143). A  study on the m ic ro b ia l conversion o f  zearal
enone by various species o f  fung i showed tha t R h iz o p u s  sp. 
was able to  convert zearalenone to  a glycoside (144).

Zearalenone has been im p lica te d  as a c o n trib u tin g  agent, 
v ia  contam inated feed, to  disorders in  cows and buffaloes in  
Egypt (145), h igh m o rta lity  in  chickens in  Israel (146), and 
to  estrus and abortions in  pigs in  Ita ly  (147) and Yugoslav ia  
(148). H ow ever, con tro lled  studies w ith  pu rifie d  zearalenone, 
at levels m uch higher than those found  in  na tu ra lly  con tam 
inated feed, dem onstrate tha t zearalenone by its e lf  does no t 
seem to  be an im p o rta n t fac to r in  d a iry  cow health  (149). 
Feeding studies using lo w  levels o f  zearalenone (3, 6, and 9 
iig/g) in  the diets o f  m ature g ilts  showed th a t the m ost ap
parent effect is increased pseudopregnancy (150). In  a related 
study, the same levels (3, 6, and 9 fig/g) o f  zearalenone were 
fed to  boars (151). T h is  study suggested th a t the h igher con
cen tra tion  m ay affect testicu lar e p id idym a l fu n c tio n  because 
a trend tow ard low er tes ticu la r w e ight and reduced to ta l m o 
b ile  spermatozoa was observed. The estrogenic effect o f  a 
single dose o f  zearalenone (10 fig/g body weight, in tra p e ri- 
toneally) in  female rats resulted in  a s ign ificant increase in  
u terine acetyl cholinesterase a c tiv ity  (152). A n o th e r repo rt
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showed that, when it  was o ra lly  adm in istered, zearalenone 
was 650 tim es less po tent than 17/J-estradiol in  female rats 
(153).

N ew  reports on screening m ethods fo r zearalenone de
scribed T L C  detection o f  toxigen ic F u sa riu m  isolates (154) 
and the screening o f  cereals fo r  zearalenone by feeding con- 
tam ined cereals to  in fa n t m ice (155). M ore  specific LC  m eth
ods were developed to  discern estrogens, used as anabolic 
drugs, from  zearalenone and zearalenol in  av ian tissue (156) 
and to  detect the fraudu len t use o f  zearanol and the na tura l 
occurrence o f  zearalenone in  cattle urine (157). Therm ospray 
LS /M S  has been applied to  the analysis o f  a w ide range o f 
m ycotox ins, in c lud in g  zearalenone (2). ELIS A s con tinue to 
be o f  interest. A  specific and sensitive m onoc lona l an tibody  
fo r zearalenone and «-zearalenol has been produced and was 
used to  detect zearalenone at 0.5 ng /m L ; i t  showed a low er 
degree o f  v a r ia b ility  than po lyc lona l antibodies (158). T h is  
an tibody reacted as w e ll w ith  a-zearalenol as w ith  zearale
none. The a p p lica b ility  o f  E L IS A  fo r detection o f  zearalenone 
in  m ilk  was also evaluated (159). The detection l im it  was 10 
ng /m L . A n  im p o rta n t and c ritica l risk  assessment o f  zearal
enone has been com pleted by the H ealth  P rotection Branch, 
H ealth  and W elfare Canada ( 160). T h is  extensive report eva l
uates the po tentia l hum an exposure to zearalenone from  com  
cereals and recom m ends studies to  m ore fu lly  assess the ef
fects o f  zearalenone in  humans, especially ch ildren.

The Associate Referee recom m ends tha t the E L IS A  p ro 
cedure fo r zearalenone be va lida ted  by co llabora tive  study. 
He also recom m ends tha t the o ffic ia l firs t action T L C  m ethod 
fo r zearalenone in  com  (26.139-26.147) and the o ffic ia l firs t 
action LC  m ethod fo r a-zearalenol and zearalenone in  com  
(26 .A 09-26.A 16) be adopted as o ffic ia l fina l action.

Recommendations
( 1 ) A d o p t as o ffic ia l firs t action the E L IS A  screening m eth

od fo r a fla tox in  B, in  cottonseed products and m ixed  feed.
(2) A d o p t as o ffic ia l fina l action the o ffic ia l firs t action 

m ethods fo r p reparation o f  standards fo r T L C  (M ,) (26.008-
26.011); a fla tox ins in  food (R om er m in ic o lu m n  m ethod) 
(26.014-26.019); afla toxins in  com  and peanuts (H o laday- 
Velasco m in ico lu m n  m ethod) (26.020-26.025); a fla tox ins in  
peanuts and peanut products (CB m ethod) (26.026-26.031); 
afla toxins in  peanuts and peanut products (B F  m ethod) 
(26.032-26.036); aflatoxins in  coconut, copra, and copra meal 
(T L C  m ethod) (26.044-26.048); a fla tox ins in  corn (T LC  
m ethod) (26.049-26.051); afla toxins in  cottonseed products 
(inc lud ing  sample preparation incorporated under 26.003) 
(T L C  and LC  m ethods) (26.052-26.060); a fla tox ins in  green 
coffee (T L C  m ethod) (26.061 -26.066); a fla tox ins in  p istach io 
nuts (T L C  m ethods) (26.067 and 26.068); a fla tox ins in  soy
beans (T L C  m ethod) (26.069); afla toxins in  eggs (T L C  m eth
od) (26.070-26.075); id en tifica tio n  o f  a fla tox in  by de riva tive  
fo rm a tio n  on T L C  plate (26.083); con firm a tio n  o f  id e n tity  
o f  a fla tox in  B, by negative chem ical io n iza tio n  M S (26 .A 01- 
26.A08); a fla tox in  M , in  d a iry  products (T LC ) (26.090- 
26.094); afla toxins B, a n d M , in  l iv e r  (T L C ) (26.101-26.106); 
con firm a tio n  o f  a fla toxins B, a n d M , in  liv e r (26.107-26.109); 
ochratox ins in  barley (T LC ) (26.111-26.118); och ra tox in  A  
in  green coffee (T LC ) (26.119-26.125); sterigm atocystin  in  
barley and wheat (T LC ) (26.132-26.138); zearalenone in  com  
(T LC ) (26.139-26.147); and a-zearalenol and zearalenone in  
corn (LC ) (26.A 09-26.A 16).

(3) Declare as surplus the o ffic ia l firs t action  (proposed fo r 
fina l action) T L C  m ethod fo r a fla tox ins in  green coffee 
(26.061-26.066) as w e ll as the o ffic ia l firs t action  m ethods

fo r id en tifica tion  o f  a fla tox in  B, by T L C  (26.076-26.082) and 
fo r  con firm a tio n  o f  a fla tox in  M , in  liv e r  (26.110).

(4) A m end section 26.007 to  advise tha t stock so lu tions 
o f  a fla tox in  standards should n o t be stored in  m ethano l. 
M o d ify  the section on T L C  o f  afla toxins (26.031) to  a llow  
use o f  the m ixed “ reso lu tion  reference standard”  (26.012) 
fo r  qu an tita tion  o f  afla toxins B „  B2, G „  and G 2.

(5) Create a new Associate Refereeship on Im m uno che m 
ica l M ethods fo r M yco tox ins.

(6) C ontinue study on a ll topics.
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Oils and Fats 

DAVID FIRESTONE
F o o d  a n d  D ru g  A dm inistration , D ivision  o f  C on ta m in a n ts  
C hem istry, W ashington, D C  2 0 2 0 4

A n tio x id a n ts .— Associate Referee B. D . Page con tinued  in 
vestigation o f  the d iode array detector fo r co n firm a tio n  o f  
an tiox idan ts  detected by the LC  m ethod (1 ,2 ). Perform ance 
o f  various C 18 reverse-phase co lum ns was also investigated, 
concentrating on the separation o f  dodecyl gallate (D G ) and 
bu ty la ted hyd roxy  toluene (B H T ). A  s ign ificant d ifference in  
the separation o f  D G  and B H T  was observed w ith  6 d iffe ren t 
co lum n packing m ateria ls (separation varied  fro m  coe lu tion  
to  baseline separation). In  ad d ition , i t  was fou nd  th a t the 
newer Supelcosil R P -18 packing (5 gm , spherical shape) p ro 
v ided  excellent peak shape w ith o u t the use o f  5% acetic acid 
in  the m ob ile  phase. A pparen tly , suppression o f  io n iz a tio n  
is no t a fac to r in  reducing peak ta iling . The acetic ac id  appears 
to  m ask unreacted s ilano l groups o f  the s ilica  gel packing 
m ateria ls w h ich  cause ta ilin g  o f  the po la r an tiox idan ts .

The IU P A C  C om m ission on O ils, Fats and D e riva tive s  
conducted an in te rla bo ra to ry  study o f  the liq u id  ch ro m a to 
graphic (LC ) m ethod to  ob ta in  recovery data on oc ty l and 
dodecyl gallate as w e ll as to  a ffirm  recoveries o f  B H A , B H T , 
PG, T B H Q  and N D G A  ob ta ined in  the o rig in a l A O A C  c o l
labo ra tive  study. Three vegetable o il samples and one a n im a l 
fa t sample, a ll con ta in ing  various an tiox idan ts , were sent to  
28 pa rtic ipants  w ith  ins tructions to  conduct 2 separate ana l
yses and 2 LC  in jec tions per analysis fo r each sample. A l 
though the m ethod (in  IU P A C  style) subm itted  to  p a r t ic i
pants inc luded a so lvent system iden tica l to  tha t specified in  
A O A C  20.011 , in s tructions to  co llabora tors inc luded  a sam 
ple solvent system (m ob ile  phase program ) and a washing 
program  tha t were d iffe ren t fro m  those specified in  the A O A C  
m ethod. The U.S. pa rtic ip an t observed tha t the A O A C  so l
ven t system produced better shaped LC  peaks than d id  the 
sample solvent system. The C om m iss ion adopted the m e th 
od du ring  its  Ju ly 1987 meeting.
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E m u ls ifie rs .— There was no Associate Referee a c tiv ity  on 
th is top ic  du rin g  the past year. R iisom  and H o ffm eyer (3) 
described an LC  m ethod fo r  separation o f  m ono-, d i-, and 
trig lycerides on a d io l co lum n (d io l phase chem ica lly  bonded 
to silica gel). C h ris topou lou  and Perkins (4) reported the 
separation o f  fa tty  acids, m ono-, d i-, and trig lyceride  m ix 
tures by size exclusion chrom atography (HPSEC) on colum ns 
packed w ith  5 ¿¿m styrene/d iv iny lbenzene copolym er. Taka- 
no and K on do h  (5) used reverse-phase liq u id  chrom atogra
phy fo r analysis o f  m onoglycerides in  m ix tu res and com 
m ercia l products. The use o f  va rious L C  modes fo r glyceride 
analysis was reviewed by A itz e tm iille r  (6).

H yd ro g en a ted  F a t s .— Associate Referee R. A . DePalm a 
conducted a p re lim in a ry  in te rla bo ra to ry  study o f  a cap illa ry  
co lum n G C  m ethod fo r de te rm ina tion  o f  C -18 trans m on- 
oene and cis-c is  m ethylene in te rrup te d  unsaturated diene and 
triene levels in  vegetable o ils  and m argarines. A  60 m  x 0.25 
m m  fused s ilica cap illa ry  co lum n coated w ith  SP-2340 (cy- 
ano-silicone sta tionary phase) was specified. The in te rla bo 
ra to ry  study was successful and a p ro toco l was developed fo r 
a fo rthcom ing  co llabora tive  study o f  the m ethod, expanded 
to include de te rm ina tion  o f  to ta l trans and cis  m onoene and 
to ta l cis-cis m ethylene in te rrup ted polyunsaturated fa tty  acids 
(cA -P U FA ). A thnasios et al. (7) dem onstrated tha t cA -P U F A  
in  fats and o ils  cou ld  be de term ined w ith  good precis ion using 
a 60 m  SP2340 cap illa ry  co lum n. A lso , the G C  results agreed 
w e ll w ith  those ob ta ined by  the enzym atic m ethod (8).

L o w e r F a tty  Acids. — Associate Referee G. B ig a lli con
ducted a d d itiona l studies o f  m ethodo logy fo r G C  de te rm i
na tion  o f  low er fa tty  acids. Iverson and Sheppard (9) de
scribed the de te rm ina tion  o f  fa tty  acids in  bu tte r by 
tem perature-program m ed gas chrom atography o f  the b u ty l 
esters. F lem ing  et al. (10) developed a G C  m ethod using a 
25 m  fused-silica cap illa ry  co lum n coated w ith  Carbowax 
20M  fo r de te rm ina tion  o f  vo la tile  fa tty  acids in  b io log ica l 
samples. The IU P A C  C om m iss ion  on O ils , Fats and D e r iv 
atives com pleted co llabora tive  study o f  2 m ethods fo r  de
te rm in a tio n  o f  b u ty ric  acid in  fats con ta in ing  b u tte rfa t (11) 
and adopted one o f  the m ethods (12). The results o f  co llab 
ora tive  study o f  the 2 m ethods (P h illip s  and Sanders and 
Kuzdzal-Savoie procedures) as w e ll as the P h illip s  and Sand
ers m ethod w h ich  was adopted ( IU P A C  M e tho d  2.310) were 
published in  P u re  A ppl. C hem . (13). I t  is recom m ended tha t 
IU P A C  m ethod 2.310 be adopted as o ffic ia l firs t action.

M a rin e  Oils. — Associate Referee R. G. A ckm an  com pleted 
a p re lim in a ry  in te rla bo ra to ry  eva luation  o f  a cap illa ry  co l
um n G C m ethod fo r  de te rm in a tion  o f  the fa tty  acid  com 
pos ition  o f  m arine  o ils  (14). Results o f  the analysis o f  a cod 
liv e r  o il sample were satisfactory. R e la tive  standard dev ia 
tions fo r  20:5 n-3 and 22:6 n-3 (each, 7% o f  to ta l fa tty  acids 
determ ined as m e thy l esters) were 8.0 and 13.7%, respec
tive ly . The Associate Referee, in  association w ith  Jeanne D . 
Joseph, Southeast F isheries Center, N a tio n a l M a rine  F ish 
eries Service, Charleston, SC, is p lann ing a jo in t  A O A C - 
AOCS co llabora tive  study o f  the m ethod.

O live O il A dulteration . — Associate Referee E. Fedeli has 
in itia te d  studies on de te rm ina tion  o f  vegetable o i l sterols by 
cap illa ry  gas chrom atography, waxes in  vegetable o ils, and 
quan tita tive  de te rm in a tion  (absolute am ount) o f  sterols in  
vegetable o ils. Kapou las and A nd riko pou lo s  (15) proposed 
use o f  second-derivative spectrophotom etry fo r  de tection o f  
v irg in  o live  o i l adu lte ra tion  w ith  refined oils. F lo r (16) used 
LC  to  determ ine o live  o i l grades as w e ll as to detect the 
presence o f  o ther vegetable o ils  in  o live  o il. I t  was found  tha t 
6 m ain trig lycerides (LO O , LO P , O O O , PO O, POP, and 
SOO) cou ld be used to  d is tingu ish  v irg in  o live  o i l fro m  other

grades o f  o live  o il. The area before L L L  ( tr ilin o le in ) and the 
ra tios o f  O O O /P O O  and L O O /L O P  were also used fo r  grade 
de te rm ina tion . M o re  than a ve ry  lo w  leve l o f  L L L  ind ica ted 
the presence o f  another vegetable o il (soybean, sunflower, 
etc.).

O x id iz ed  Fate. — Associate Referee M . M . B lum en tha l par
tic ipa ted  in  an IU P A C  co llabora tive  study o f  a m ethod fo r 
LC  m easurement o f  trig lyceride  po lym ers (17). S ix samples 
w ith  a trig lyceride  po lym er con tent (as de term ined by gel 
perm eation liq u id  chrom atography) o f  0 -10%  were sent to 
17 laboratories. R e la tive  standard dev ia tions (R S D r ) o f  5 -  
12% were obta ined fo r samples w ith  5 -10%  trig lyceride  p o ly 
mers (R S D r was 24% fo r  a sample con ta in ing  1.8% tr ig lyc 
eride polym ers). W u  and N aw ar (18) evaluated 9 ana lytica l 
m ethods (measurement o f  v iscosity , po lym ers, d ie lec tric  
constant, po la r com pounds, d im ers, free fa tty  acids, smoke 
po in t, carbonyls, and cyclic m onom ers) as w e ll as some com 
b ina tions o f  these m ethods fo r m o n ito r in g  ox id a tio n  o f  fry ing  
fats. These workers po in ted  ou t tha t no single test cou ld be 
expected to  reflect the to ta l decom position  patte rn  o f  fry in g  
fats o r determ ine the precise p o in t at w h ich  a fry in g  o il should 
be rejected. H ow ever, i t  was suggested tha t m easurem ent o f  
the po lym er/F O S  ra tio  (po lym ers de term ined by  Peled’s p ro 
cedure [ 19] and change in  d ie lec tric  constant as measured by 
the F ood o il Sensor [N o rth e rn  Ins trum ents  Co., M inneapo lis , 
M N ])  was m ost suitable fo r m o n ito r in g  the q u a lity  o f  used 
fry in g  fats. W ya tt (20) developed a purge and trap  procedure 
to  measure vo la tiles  associated w ith  vegetables o il au tox i- 
da tion . V o la tiles  are purged fro m  the o il, concentrated onto 
an external trap, and then backflushed on to  a benchtop G C / 
M S fo r subsequent analysis. Pongracz (21) investigated the 
use o f  headspace G C detection o f  pentane to  de term ine ran
c id ity  o f  ed ib le fats.

P o rk  F a t  in O ther Fats. — There was no Associate Referee 
a c tiv ity  on th is  top ic  du rin g  the past year. Saeed et al. (22) 
proposed tha t 11,14-eicosadienoic acid (20:2) can be used as 
an in d ica to r fo r  the presence o f  po rk  o r la rd  in  beef and 
m u tto n  o r th e ir fats. However, P ock ling ton  (personal com 
m un ica tion ) presented evidence tha t 20:2 does occur in  beef 
and m u tton  fa t and cannot be used as an in d ica to r o f  the 
presence o f  p o rk  fa t in  beef and m u tto n  m ixtures.

Stero ls  a n d  T o co ph ero ls.— There was no Associate Referee 
a c tiv ity  on th is  top ic  du ring  the past year. The U n ite d  K in g 
dom  proposed a rev is ion  o f  In te rn a tio n a l S tandard iza tion  
O rgan iza tion  (ISO) m ethod 6799 (23) fo r  de te rm in a tion  o f  
sterol content o f  vegetable fats and o ils  as absolute values 
(expressed as mg s te ro l/100 g o il o r  fat). The revised m ethod 
invo lves sapon ification o f  the o il o r fat, a d d itio n  o f  be tu lin  
(in te rna l standard) p r io r  to  extraction  o f  the unsaponifiab le 
m atte r con ta in ing  the sterols, separation o f  the sterol frac tion  
by T L C , s ily la tio n  o f  the iso lated sterols, and qu an tita tive  
analysis o f  the s ily la ted sterols by cap illa ry  co lum n  GC. Bu- 
ko v its  and Lezerovich (24) described a m ethod  fo r  d irec t 
de term ination o f  in d iv id u a l tocopherols in  m ixtures by means 
o f  second d e riva tive  U V  spectrophotom etry.

O ther T o p ics .— In  the absence o f  adverse com m ents, the 
General Referee recom m ends th a t the fo llo w in g  o ffic ia l firs t 
action m ethods be adopted o ffic ia l fina l action: 28.104-28.109, 
Beta-S itosterol in  B u tte r O il; 28.120-28.123, Cyclopropene 
F a tty  A cids in  O ils; 28.130-28.131, Foreign Fats C onta in ing  
T ris tea rin  in  Lard; and 28.139-28.141, C h ick  Edema Factor 
(D iox ins) in  O ils  and Fats.

The General Referee recom m ends tha t 28 .B01-28.B05 
(Trig lycerides in  Fats and O ils, Gas C hrom atograph ic M e th 
od) (25) be revised by adding the fo llo w in g  at the end o f  
section 28.B02(b): “ (E qu iva len t results m ay be ob ta ined w ith
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use o f  a short cap illa ry  co lum n, i.e., 6 m  o r less.)”  In  the 
course o f  an IU P A C  co llabora tive  study o f  the G C  m ethod 
fo r  trig lycerides, 4 laboratories subm itted  results obtained 
using cap illa ry  colum ns. N o  sign ificant difference was ob
served between results obta ined by use o f  the cap illa ry  o r 
packed co lum ns (26).

C o m m is s io n  o n  O ils ,  F a ts  a n d  D e r iv a tiv e s , A p p l ie d  
C h e m is tr y  D iv is io n ,  I U P A C

The C om m iss ion m et on Ju ly  7 -9 , 1987, in  M unste r, Fed
eral R epub lic  o f  G erm any, and on August 23 -24 , in  Boston, 
M A . The C om m ission discussed 16 pro jects and top ics in 
c lud ing m ethods fo r  de te rm ina tion  o f  po lycyc lic  a rom atic  
hydrocarbons (PAHs), m ine ra l o il residues, co lo r in  lecith ins, 
acetone-inso luble m ateria ls in  lec ith ins, po lyeno ic (n-3 and 
n-6) fa tty  acids in  food fats, tocopherols by liq u id  chrom a
tography, de te rm ina tion  o f  heavy m etals by graphite furnace 
a tom ic  absorp tion spectrophotom etry (AAS), trig lycerides 
according to  th e ir  equ iva lent chain num ber (ECN ) by re- 
verse-phase liq u id  chrom atography, phospho lip ids  by liq u id  
chrom atography, po lym erized trig lycerides by gel perm e
a tion  (GP) liq u id  chrom atography, an tiox idan ts  by liq u id  
chrom atography, trans unsatura tion  in  fats and oils, fa tty  
acid com position  o f  unhydrogenated and hydrogenated an
im a l fats and m arine oils, m ono- and diglycerides by liq u id  
chrom atography, extraction o f  fats fro m  foods, and guide
lines fo r  conducting and eva luating the results o f  co llabo
ra tive  studies.

Study was proposed o f  2 m ethods fo r  PA H s, one a rap id  
m ethod fo r  benzo(a)pyrene (BaP) in  fats and oils, the o ther 
a m ethod fo r to ta l P A H s in  fats and oils. The m ethod fo r 
BaP invo lves passage o f  a pe tro leum  ether so lu tion  o f  the 
sample th rough a co lum n o f  neutra l a lum in um  oxide fo l
low ed by ad d itiona l reverse-phase LC  cleanup (flu o rim e tric  
detection) and op tiona l con firm a tio n  by G C /M S . The m eth
od fo r to ta l P A H s invo lves  com p lexa tion -ex trac tion  w ith  
caffeine, s ilica gel co lum n pu rifica tion , and reverse-phase LC  
separation and qu an tita tion  w ith  a d iode array (U V ) detector.

A  single m ethod is no t capable o f  de te rm in ing  a ll the sub
stances w h ich  m ig h t be considered as m inera l o il residues. 
C onventiona l G C  w ou ld  be applicab le to  the m id d le  frac tion  
o f  pe tro leum  products, generally term ed m ine ra l o il. Head- 
space gas chrom atography w o u ld  be suitable fo r  analysis o f  
the lig h t frac tion , and liq u id  chrom atography cou ld  be con
sidered fo r the heavy frac tion . S tudy o f  an a lum ina  co lu m n 
cap illa ry  co lum n G C m ethod was proposed fo r de te rm ina
t io n  o f  the m id d le  fraction .

C ap illa ry  co lum n gas chrom atography was evaluated fo r 
de te rm ina tion  o f  n-3 and n-6 po lyunsatura ted fa tty  acids in  
vegetable o ils  w ith  d iffe ren t degrees o f  hydrogenation . F ive  
samples o f  soybean o il were subm itted  to  co llabora tors fo r 
cap illa ry  co lum n G C  analysis (m ost pa rtic ipants  used CP S il 
88 colum ns). R eso lu tion  o f  in d iv id u a l fa tty  acids presented 
a prob lem  w ith  h igh ly  hydrogenated samples. V a ria tio ns  in  
reported results were also a ttr ibu ted  to  d ifficu ltie s  in  iden 
tify in g  in d iv id u a l com ponents. I t  was decided tha t (1) a re
vised m ethod should be dra fted  in  w h ich  in te rp re ta tion  o f  
the G C chrom atogram  is standardized, and (2) a cap illa ry  
co lum n G C  m ethod should be proposed fo r de te rm in ing  the 
com plete fa tty  acid com pos ition  ( inc lud ing  trans com po
nents) o f  unhydrogenated and hydrogenated an im a l fats and 
m arine o ils  and blends o f  m arine  and vegetable oils.

A  co llabora tive  study was conducted to  check the a p p li
ca b ility  o f  the IU P A C  L C  m ethod  fo r  tocopherols to  products 
such as m argarine w h ich  con ta in  added tocophero l esters 
(added a-tocophero l acetate). F ou r samples (2 pairs o f  b lin d

duplicates) were sent to  10 co llabora ting  laboratories. One 
o f  the pairs contained 10 ¡x% a -tocophero l/g  and a q u a n tity  
o f  added a-tocophero l acetate equ iva lent to 85 ng a -tocoph - 
erol/g. A  sign ificant num ber o f  laboratories reported po o r 
results fo r  the samples w ith  added a -tocophero l acetate, ap
paren tly  due to  incom ple te  sapon ification before L C  analysis. 
The m ethod was deemed suitable fo r  free tocopherols, bu t 
i t  requires rev is ion  to  define the sapon ifica tion  tim e , te m 
perature, and degree o f  v igorous shaking requ ired to  achieve 
com plete sapon ification o f  tocophero l esters.

A  m ethod was proposed fo r de te rm ina tion  o f  lead in  fats 
and o ils  by graphite furnace a tom ic  absorp tion  spectrom etry 
(AAS). Use o f  a m a tr ix  m od ifie r (lec ith in ) is requ ired to  
prevent loss o f  lead at the ashing tem perature. A  co llabo 
ra tive  study w il l  be conducted beginning in  late 1987.

A  co llabora tive  study was com pleted o f  a reverse-phase 
LC  m ethod fo r de te rm ina tion  o f  ECNs o f  trig lycerides. Soy
bean o il, a lm ond o il, sunflow er o il,  and m ix tu res  o f  a lm on d  
and sunflow er o i l were exam ined by 18 laboratories. The 
results were satisfactory, except fo r  E C N  50 (present at 1 - 
2% level). I t  was proposed tha t a 1987-1988 study o f  the 
m ethod include analysis o f  pa lm  o il, rapeseed o il, and o live  
o il. D e te rm ina tion  o f  low  levels o f  t r il in o le in  w o u ld  a llow  
detection o f  sm all am ounts o f  undeclared seed o ils  in  o live  
o il (o live  o il contains on ly  a very  lo w  o r undetectable leve l 
o f  tr ilin o le in ). I t  was also suggested tha t the m ethod cou ld  
be extended to  de te rm ina tion  o f  m ono- and diglycerides.

A  m ethod fo r de te rm ina tion  o f  po lym erized  trig lycerides 
by gel perm eation liq u id  chrom atography was subjected to  
co llabora tive  study. The m ethod was unsatisfactory fo r  levels 
less than 5%. A  new co llabora tive  study was p lanned fo r 
levels o f  1-5%  fo llo w in g  va lid a tio n  o f  a revised procedure.

Excellent results were obta ined in  an in te rla bo ra to ry  study 
o f  A O A C  m ethod 20.009-20.013 fo r de te rm ina tion  o f  an
tiox ida n ts  in  o ils  and fats, and the m ethod was adopted by 
the C om m ission. New  top ics fo r  consideration inc luded  
m ethods fo r extracting lip id s  fro m  foods and m ethods fo r 
detecting re fin ing  and de te rm in ing  m in o r com ponents o f  fats 
and oils.

The C om m ission issued a set o f  guidelines fo r design, con
duct, and in te rp re ta tion  o f  co llabora tive  studies representing 
the m a in  recom m endations agreed upon at a jo in t  IS O / 
IU P A C /A O A C  H a rm on iza tio n  W orkshop he ld  in  M a y  1987 
in  Geneva. The guidelines state th a t the m in im u m  num ber 
o f  m ateria ls to  be used in  m ost co llabora tive  studies is 5, the 
m in im u m  num ber o f  pa rtic ipa ting  laboratories is 8 (absolute 
m in im u m  5 laboratories). The best estimates o f  repea tab ility  
are to  be obtained using a sp lit- leve l design (single values 
fro m  each o f  2 closely related m aterials); a co m b in a tio n  o f  
sp lit levels and b lin d  duplicates in  the same study; o r a lte r
na tive ly , b lin d  duplicates. Ana lys is  o f  know n  (para lle l) d u 
plicates should be discouraged. P recision estimates should 
be calculated w ith  no ou tlie rs  rem oved and w ith  ou tlie rs  
rem oved, using the Cochran and G rubbs o u tlie r tests. The 
G rubbs test should on ly  be applied to  la bo ra to ry  means. 
O u tlie r rem ova l should be ha lted when m ore than 22% (i.e., 
> 2  o f  9 labs) w o u ld  be rem oved as a resu lt o f  sequentia l 
app lica tion  o f  the o u tlie r tests.

M ethods fo r em ulsifiers, th io b a rb itu r ic  acid, th in - la y e r 
chrom atography o f  phospho lip ids, and metals ( iro n , copper, 
and n icke l) in  vegetable o ils  by A A S  were prepared fo r  p u b 
lica tio n  in  P u re  A ppl. C hem . The 7th revised and enlarged 
ed itio n  o f  the C om m iss ion ’ s “ Standard M ethods fo r  the 
Ana lysis o f  O ils, Fats and D e riva tive s ”  (B lackw ell S c ien tific  
Pub lications, Boston, M A ) was published in  1987. The  new 
chairperson and v ice-chairperson o f  the C om m iss ion  are J.
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Beare-Rogers and A . D ieffenbacher, respectively. D . Pock- 
ling ton  continues as secretary. The next m eeting o f  the C om 
m ission w il l  be he ld  August 16-18, 1988, at the U n iv e rs ity  
o f  St. Andrew s, St. Andrew s, Scotland.

R e c o m m e n d a tio n s

(1) A d o p t as o ffic ia l f irs t action IU P A C  m ethod 2.310, 
D e te rm ina tion  o f  B u ty ric  A c id .

(2) Revise 28.B01-28.B05 to  add the fo llo w in g  at the end 
o f  section 28.B02(b): “ (E qu iva len t results m ay be obta ined 
w ith  use o f  a short cap illa ry  co lum n, i.e., 6 m  o r less.)”

(3) A d o p t as o ffic ia l fina l action the fo llo w in g  o ffic ia l firs t 
action methods: 28.104-28.109, beta-sitostero l in  bu tte r o il; 
28.120-28.123, cyclopropene fa tty  acids in  o ils; 28.130- 
28.131, foreign fats con ta in ing  tr is tea rin  in  la rd; and 28.139-
28.141, ch ick  edema facto r (d iox ins) in  o ils  and fats.

(4) C ontinue study on a ll o ther topics.
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This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods 1. See the report of 
the committee, this issue.

Section numbers refer to Official M eth ods o f  A n a lysis  (1984) 14th edition, 
and “Changes in Official Methods,” J. Assoc. Off. Ana). C hem . (1986) 69, 
349-390 (B methods).

Plant Toxins

S A M U E L  W . P A G E
F o o d  a n d  D ru g  A dm inistration , D iv ision  o f  C on tam in an ts  
C hem istry, W ashington, D C  2 0 2 0 4

Recent reports have focused increased a tten tion  on the 
health hazards tha t m ay be associated w ith  the ingestion o f  
in tr in s ic  p lan t tox ins  (1, 2). In  ad d ition , the E U R O  Food 
T ox  I I  M eeting, O ctober 15 -18 ,1986 , in  Z u rich , Sw itzerland, 
addressed top ics o f  concern in  th is  area (3).

Substantial progress has been made in  the developm ent 
and eva luation  o f  m ethodo logy in  the Associate Refereeships 
fo r  G lucosinolates and fo r S tero ida l A lka lo ids . C o llabo ra tive  
studies are being organized in  these areas. O n the basis o f  
grow ing concern about the presence o f  hydrazine deriva tives 
in  m ushroom s, the establishm ent o f  an Associate Refereeship 
in  th is  area is recom m ended. O the r subjects under active 
consideration w ith  regard to  o ffic ia l m ethods requirem ents 
are cyanogenic g lucosides/cyanide in  cassava, hypog lyc in  in  
ackee fru it ,  and lathyrogens.

G lucosino lates  (D . Ian  M cG regor, A g ricu ltu re  Canada, 
Saskatoon, Saskatchewan, Canada).—O ver the past years, 
progress in te rna tiona lly  on im p rovem e n t o f  m ethods fo r  glu- 
cosinolate analysis has been closely fo llow ed. T h is  was fa 
c ilita ted  by a w orkshop organized on ana ly tica l aspects o f  
glucosinolates in  rapeseed sponsored by  the European Eco
nom ic  C o m m u n ity  (EEC) and he ld at G em bloux, Belgium , 
O ctober 1-3, 1986, and the 7 th  In te rn a tion a l Rapeseed C on
gress he ld at Poznan, Poland, M ay  11-14, 1987.

In  ad d ition  to  A O A C , the In te rn a tion a l Standards Orga
n iza tio n  (ISO) and EEC cu rren tly  have an in terest in  estab
lish ing  standard m ethods fo r  g lucosino la te analysis. The la t
te r organizations are interested in  establishing a standard 
m ethod o f  analysis fo r B ra ssica  crops, in  pa rticu la r, rapeseed. 
O ver the past couple o f  years, th is  in terest has in tens ified  
because o f  the im m in e n t conversion o f  com m erc ia l rapeseed 
p roduc tion  in  Europe to  the lo w  g lucosino la te (canola) type. 
Such a conversion too k  place in  Canada ove r a decade ago. 
H ow ever, whereas com m erc ia l rapeseed p ro du c tion  in  Can
ada is a lm ost exclusive ly o f  the spring (annual) type, m ost 
o f  the rapeseed p ro du c tion  in  Europe is o f  the w in te r (b ien
n ia l) type. P roduction  o f  the superior lo w  glucosinolate (can
ola) rapeseed has been he ld up due to  d ifficu ltie s  encountered 
by p lan t breeders in  in tro du c ing  the lo w  glucosino la te char
acteristic in to  the w in te r type.

T h is  past year has seen 2 in te rla bo ra to ry  studies conducted 
in  Europe, one by ISO  and the o ther by  EEC. The ISO  study 
should rea lly  be classified as a com parison o f  m ethodo logy 
ra the r than as a co llabora tive  s tudy because pa rtic ipan ts  were 
allow ed to  use one o r m ore o f  several m ethods o f  analysis. 
Indeed, no t on ly  were pa rtic ipan ts  g iven a choice, b u t use o f  
m ore than one m ethod was ac tive ly  encouraged. A n  array o f  
diverse m ethods was used, w h ich  inc luded gas chrom atog
raphy o f  tr im e th y ls ily l de riva tives, enzym atic  release and 
co lo rim e tric  measurem ent o f  glucose, co lo rim e tric  measure
m ent o f  pa llad ium  com plexing, l iq u id  chrom atography (LC ) 
o f  desulfo glucosinolates, and near in fra red  reflectance spec
tropho tom e try . The exercise m ere ly showed the va rie ty  o f  
m ethods curren tly  in  use fo r de te rm in ing  the glucosino la te 
con tent o f  B ra ssica  crops, specifica lly rapeseed, and gave lit t le
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insight into the potential for agreement between laboratories. 
Results of this study are to be presented and discussed at an 
ISO meeting to be held in London, England, September 29- 
October 1, 1987.

The EEC study, on the other hand, was limited to 2 meth
ods of analysis, LC analysis of intact glucosinolates and of 
desulfo glucosinolates. Of the 6 participating laboratories, 
only one performed LC analysis of intact glucosinolates, 
whereas all 6 performed LC analysis of desulfo glucosino
lates. It was originally intended that the EEC study would 
be completed before and discussed at the meeting held at 
Gembloux, Belgium; however, this timetable was not met. 
Instead, the meeting dealt in depth with the problems en
countered in optimizing both LC methods and also consid
ered other possible approaches that could be of value in 
monitoring the conversion of the European crop from high 
to low glucosinolate quality. In addition to an accurate and 
precise method of analysis suitable for adoption as an official 
or standard method of analysis, a need was expressed for a 
rapid and simple method suitable for screening the com
mercial crop throughout the production and marketing sys
tem.

From the deliberations of EEC on the determination of 
the glucosinolates of rapeseed by LC analysis, the following 
may be concluded:

(7) Extraction: Water, as opposed to water alcohol (meth
anol) mixtures, is a better solvent for extraction of glucosi
nolates rapeseed meal. Water-methanol mixtures do not 
completely extract indole glucosinolates.

(2) Ion exchange purification: Washing the column after 
addition of the sample with acidic buffer, preferably acetate 
buffer pH 4.0, and incubating with desulfatase at elevated 
temperature, preferably 39°C, improves glucosinolate recov
ery.

(3) Column separation: Elevating column temperature can 
improve resolution but also can result in the loss of indole 
glucosinolates, in particular, 4-hydroxy-3-indolylmethyl glu
cosinolate.

(4) Quantitation: Storage of aqueous extracts or purified 
desulfo glucosinolates can result in losses, particularly of
4-hydroxy-3-indolylmethyl glucosinolate.

Although 2-hydroxy-2-phenylethyl glucosinolate (gluco- 
barbarin) is preferred over benzyl glucosinolate (glucotro- 
paeolin) as an internal standard which can be added early in 
the analysis procedure, neither is as yet readily (commer
cially) available, and o-nitrophenylgalactoside internal stan
dard is better resolved than either of the glucosinolates.

A second collaborative study is planned by EEC to further 
optimize the LC method. Of particular interest will be the 
determination of the extent to which variability between lab
oratories is due to differences in equipment as opposed to 
influences in sample-dried extract prepared in one laboratory 
which need only be dissolved and injected into the LC in
struments. It has also been proposed to EEC that a larger 
collaborative study be performed once the method has been 
further optimized.

The Associate Referee intends, over the next few methods, 
to verify that the proposed changes to LC analysis of desulfo 
glucosinolates will improve quantitative analysis, particu
larly as it applies to the seed of rapeseed and mustard. If no 
further changes appear warranted, a decision will then have 
to be made as to whether AOAC should adopt the EEC 
method or should consider an independently conceived 
method.

Steroidal Alkaloids (Allen S. Carman, Natural Toxins Re
search Center, Food and Drug Administration, New Orleans,

LA.)—This report will be limited to those steroidal alkaloids 
commonly known as glycoalkaloids. Those alkaloids and their 
glycosides elaborated by the genera Solanum and Lycoper- 
sicum will be covered. Those elaborated by the genus Vera- 
trum will not. Because of the relative abundance of literature 
on the subject (more than 50 publications since 1986), the 
review presented herein will be limited to the aspects of 
analysis and determination with emphasis on the literature 
since 1985. For broader coverage, the reader is referred to 
several comprehensive reviews (4-6).

Historically, glycoalkaloids were most commonly analyzed 
by colorimetry (7) or titrimetry (8). Thin-layer chromatog
raphy (TLC) (9) and gas chromatography (GC) (10) have also 
been used. With the maturation of liquid chromatography 
(LC) as an analytical technique, approaches utilizing it began 
to appear in the literature (11, 12). The above brief survey 
by no means includes all of the citations for any particular 
approach. Those given are only cited as examples.

Since 1985, chromatographic and immunoassay proce
dures have dominated. Van Gelder (13) described a proce
dure using capillary GC that resolves the aglycones solani- 
dine, demissidine, solasadiene, tomatidine, and solasodine 
without derivatization. A novel feature of the method was a
2-phase technique using dilute hydrochloric acid and carbon 
tetrachloride for the hydrolysis of the glycoalkaloids. Morgan 
and coworkers (14) reported an enzyme-linked immunosor
bent assay (ELISA) for total glycoalkaloids (TGA) in pota
toes. They later compared this method to 2 others which use 
colorimetry as the determinative step (15). Agreement of the 
ELISA method with the colorimetric methods is good, and 
overall reproducibility for replicate assays is as good or better 
than for the 2 colorimetric methods. This was one of the first 
complete assay protocols to appear that does not require 
precipitation of the glycoalkaloids by base as part of the 
cleanup procedure, a tedious and time-consuming step. A 
radioimmunoassay (RIA) procedure reported earlier by oth
ers (16) does not appear to have gained wide acceptance due 
to cross-reactivity of the antiserum and the requirement of 
using a relatively small antiserum dilution. However, an RIA 
for the determination of TGA in serum (17) does not appear 
to suffer from these problems. Recently, 2 similar LC pro
cedures have appeared which should have broad appeal be
cause of the rapidity of analyses and requirement of only 
standard LC equipment or expertise. The method developed 
by the Associate Referee (18) uses an ion-pairing reagent in 
the presence of aqueous acetic acid to extract the glycoal
kaloids and retain them on a disposable C-18 cartridge col
umn for cleanup. The analytes are eluted with aqueous ace
tonitrile and injected directly onto a C-8 LC column for 
analysis using UV absorbance at 202 nm for detection. The 
method offers a TLC procedure for confirmation of identity.

A modification of this method has also been published
(19). The other method by Hellenas (20) uses an almost 
identical approach except that no ion-paring reagent is uti
lized and a sample enrichment column replaces the sample 
loop on the LC injector. Separation is accomplished on a 
C-18 LC column. Recoveries, sensitivities, and reproduc
ibility of the 2 methods are comparable. A novel departure 
from the above approaches has been taken by Price and 
coworkers (21) in the use of fast atom bombardment mass 
spectrometry (FAB-MS) for the determination of tomatine 
in tomatoes. The freeze-dried fruit was extracted with an 
aqueous-organic solvent mixture, filtered, evaporated to a 
small volume, and mixed with ion-exchange resin. The su
pernatant was freeze-dried and mixed with dilute acetic acid, 
and an aliquot of the solution was analyzed by FAB-MS.
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The method is offered as an example of the potential of FAB- 
MS for quantitative minor component analysis.

A collaborative study of the method described in (18) was 
planned for the past year but was delayed due to the difficulty 
in stabilizing the analytes in samples for shipment to collab
orators. The problem is being resolved, and the study is 
scheduled for completion next year.

Pyrrolizidine Alkaloids. — Progress in this area continues 
to be delayed by difficulties in obtaining reference standards.

Phytoestrogens.—A. published (22) procedure for the anal
ysis of genistein, biochanin A, daidzein, formonetin, and 
coumestrol in several commodities is being evaluated (S. S. 
Kuan, private communications). Initial studies gave poor 
recoveries. Modifications of the extraction solvent systems 
are being investigated.

Recommendations
(1) Glucosinolates: Coordinate collaborative study with 

EEC; continue study in other areas.
(2) Hydrazines: Appoint Associate Referee; continue study.
(3) Pyrrolizidine Alkaloids: Continue study.
(4) Steroidal Alkaloids: Complete collaborative study for 

potato glycoalkaloids; continue study in other areas.
(5) Phytoestrogens: Complete pre-collaborative study of 

LC method for isoflavones and coumestanes; continue study 
in other areas.
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This report of the General Referee was presented at the 101st Annual In
ternational Meeting. Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods I. See the report of 
the committee, this issue.

Seafood Toxins

EDWARD P. RAGELIS
Food and Drug Administration, Division o f Contaminants 
Chemistry, Washington, DC 20204

Cyanobacterial Peptide Toxins. —The Associate Referee is 
Harold W. Siegelman of Brookhaven National Laboratory, 
Biology Department, Upton, NY.

The cyclic heptapeptide toxins called cyanoginosins of M i
crocystis aeruginosa are the primary cause of poisoning cor
related with blooms of freshwater cyanobacteria. The toxin 
cyanoginosin-LR was found to be the principal toxin of spe
cific clones of a Norwegian and a Canadian strain of M. 
aeruginosa, and the same toxin was found in a Canadian 
strain of Anabaena flos-aquae (1). This is the first report of 
a cyanoginosin in a cyanobacteria other than M. aeruginosa. 
Identifications were based on liquid chromatography (LC), 
amino acid analyses, and mass spectrometry. Small-scale pu
rification and identification of the cyanoginosins by liquid 
chromatographic and thin-layer chromatographic methods 
have been described (1, 2).

A monoclonal antibody for cyanoginosin-LA has been ob
tained (3) that cross reacts with equal efficiency with 6 other 
variants (-LB, -LR, -LY, -AY, -FR, and -YR) of cyanogi
nosin. When cyanoginosin-YM labeled with 125I was admin
istered intraperitoneally to male mice, the liver was the prin
cipal target, with minor radioactivity found in the kidneys
(4). The ultrastructural changes in mouse liver induced by 
either lethal or sublethal doses of cyanoginosin-LR have been 
described (5). A general review of algal toxins, including the 
cyanobacterial toxins, has appeared (6).

Diarrhetic Shellfish Poisoning (DSP). — The Associate Ref
eree is Takeshi Yasumoto of the Faculty of Agriculture, To- 
hoku University, Tsutsumidori-Amamiyamachi, 1-1 Sendai 
980, Japan.

Toxins: The chemical structure of yessotoxin (YTX) has 
been determined by NMR techniques (7). YTX, which has 
a molecular formula of C56H80O2i S2Na2, resembles the breve- 
toxins in having 11 ether rings contiguously fused in a trans 
configuration, but it is distinct from the brevetoxins in having 
a longer backbone of 47 carbons, a terminal side chain of 9 
carbons, and 2 sulfate esters and in lacking carbonyl groups.

A new member of pectenotoxin analogs has been isolated 
and named pectenotoxin-6 (PTX6). Unlike the other pec- 
tenotoxins, PTX6 was obtained from an acidic fraction. Elu
cidation of its chemical structure is underway.

The principal toxin in European mussels had been reported 
to be okadiac acid (8). However, in a recent study, the toxin 
composition of mussels collected from Sognefjord in Norway 
was comparable to that of Japanese mussels, i.e., dinophysis- 
toxin-1 was the major toxin with a pectenotoxin-like toxin 
and a yessotoxin-like toxin as minor constituents. This find
ing is the first indication of the presence of more than one 
toxin in a European mussel.

Source o f the toxins: Production of okadaic acid by Pro- 
rocentrum lima collected from tropical coral reefs was pre
viously established (9). However, the toxigenicity of the same 
species growing in temperate waters has not been determined. 
In collaboration with researchers in Vigo, Spain, both oka-
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daic acid and dinophysistoxin-1 were detected in a strain of
P. lima collected from Vigo. Production of both toxins by a 
temperate water-strain of P. lima suggests the possible in
volvement of this species in DSP.

Assay: The LC/fluorometric method being developed for 
the detection of the DSP toxins has been found useful in 
determining okadaic acid and dinophysistoxin-1 in shellfish
(10). Efforts are underway to expand the method to determine 
the other toxins.

Effects on human health: Okadaic acid appears to be a 
tumor promoter possessing a non-TPA type of activity (11). 
This report calls for a careful investigation to assess the tu
mor-promoting activity of okadaic acid and its derivatives 
present at concentrations below the current quarantine level 
for shellfish.

Neurotoxic Shellfish Poisoning.— The Associate Referee is 
Daniel G. Baden of the Rosenstiel School of Marine and 
Atmospheric Sciences, University of Miami, FL.

Florida’s red tide dinoflagellate Ptychodiscus brevis pro
duces at least 8 membrane-depolarizing agents (12, 13). All 
of the known toxins are based on 2 distinct multiring poly
ether backbones (12). Several different detection methods are 
under development including (a) radioimmunoassay, (b) en
zyme-linked immunosorbent assay, (c) molecular pharma
cological assays using voltage-dependent sodium channel 
preparations from rodent brain, and (d) liquid chromatog
raphy.

Fiquid chromatography of brevetoxins using reverse-phase 
C-18 columns and an isocratic elution solvent of 8 5% aqueous 
methanol resolves the toxins in order of increasing hydro- 
phobicity (PbTx-3, PbTx-6, PbTx-2, PbTx-7, PbTx-5, and 
PbTx-1) (14). Toxins eluted are detected by UV absorbance 
at 215 nm.

Two separate radiometric assays have been developed to 
detect brevetoxins. Brevetoxin PbTx-3 has been produced 
in tritiated form by reductive tritiation of brevetoxin PbTx-
2. Tritiated PbTx-3 (sp. act. = 10 Ci/mmole) has been used 
as a specific probe in competitive radioimmunoassays de
veloped to detect brevetoxins in food sources and in body 
fluids (15). This probe has also been utilized to characterize 
the brevetoxin binding site in rat brain synaptosomes (14). 
Detection sensitivity using each of the assays is in the nano
molar to picomolar concentration ranges (16). Preliminary 
experiments indicate that PbTx-1 can be readily reduced in 
a fashion similar to PbTx-2 to produce tritiated PbTx-7 at 
similar specific activities (unpublished data).

Four brevetoxins (PbTx-2 and -3 and PbTx-1 and -7), 2 
possessing the same structural backbone as PbTx-3 and 2 
brevetoxins possessing a second structural backbone, have 
been compared quantitatively in their abilities to competi
tively displace tritiated PbTx-3 from its specific site in each 
assay. In radioimmunoassay, the ability to displace appeared 
to be based solely on each toxin’s structural similarity to 
PbTx-3, the hapten against which the antibodies were raised. 
In the synaptosome assay, the ability to competitively dis
place labeled PbTx-3 correlated in a positive fashion with 
each toxin’s potency in whole animals (16).

Further work is underway (a) to produce antibodies to each 
of the 2 structural backbone brevetoxins and evaluate their 
respective cross-reactivities, and (b) to examine further the 
feasibility of converting the sodium channel assay to a type 
of enzyme-linked assay. This latter endeavor is undertaken 
with the new knowledge that in the sodium channel assay 
binding affinity parallels potency.

The radioimmunoassay has been converted to a compet

itive sandwich ELISA assay, which uses microtitre plates, 
with adsorbed toxin followed by specific gamma-globulin, 
and visualized using Protein A-urease conjugate. Assay sen
sitivity is currently similar to radioimmunoassay, and further 
refinement promises pico- to femtomolar sensitivity by late 
1987. Antibodies to each of the brevetoxin backbones will 
be used in the ELISA. Further work is underway to produce 
PbTx-3- and PbTx-7-linked enzymes to permit competitive 
ELISA to be evaluated.

With the increasing frequency and intensity of Ptycho
discus brevis red tides along Florida coasts and the coasts of 
Texas through Mexico, it is imperative (a) that specific assays 
for the subject toxins be developed, and (b) that the assays 
developed reflect the potency of the materials being assayed. 
It is useless to have at our disposal assays which detect pre
cisely the amount of toxin present, when that detection has 
no element of potency measurement within it. In other words, 
a small amount of a highly potent material is much more 
dangerous from a public health point of view than is a larger 
amount of a low potency material. Neurotoxic shellfish re
search is addressing “composite potency” measurements in 
a much more rigorous manner than ever before.

Paralytic Shellfish Poisons (PSP)—Electrochemical Detec
tion.— The Associate Referee is William L. Childress, FDA, 
Boston, MA.

An investigation is underway to determine the PSP toxins 
by electrochemical detection after LC separation and pho- 
tolytic derivatization of the toxins.

Paralytic Shellfish Poisons—LC Determination.—The, As
sociate Referee is John J. Sullivan, FDA, Seattle, WA.

Work has progressed in several areas relating to the de
velopment of an LC method for the PSP toxins. One area 
involved an interlaboratory comparison of the method on 
approximately 100 samples and a more intensive single lab
oratory comparison of the LC method with the standard 
mouse bioassay procedure. The data from these studies are 
being evaluated and, when evaluation is complete, should 
indicate the scope of application of the LC method and 
whether any refinements in the procedure need to be made.

Progress continues on preparation for the LC/PSP collab
orative study. The laboratory recruiting process was started 
by surveying those laboratories worldwide that might be in
terested in participating. The survey is intended to identify 
laboratories that have the proper instrumentation available 
and are willing to commit the necessary time. Based on the 
results of the survey, laboratories will be selected for partic
ipation in the collaborative study which will probably be 
initiated in the fall of 1987. Between now and when the study 
is actually started, refinements in the methodology will be 
made if required and work will be started in collecting the 
necessary samples and standards.

Paralytic Shellfish Poisons—Immunoassays.—The Asso
ciate Referee is Patrick Guire, Bio-Metric Systems, Inc. (BSI), 
Eden Prairie, MN.

Results have been published (17) from the FDA study 
comparing the BSI radioimmunoassay kit and liquid chro
matography with the mouse bioassay for PSP in Connecticut 
and Maine shellfish. Findings indicate usefulness of the im
munoassay system based on the BSI antibody preparation 
for the rapid economical detection of saxitoxin in those sam
ples not requiring detection of neosaxitoxin or its derivatives. 
Researchers at the University of Wisconsin-Madison (F. S. 
Chu) have resumed their work towards a PSP enzyme im
munoassay, but the results are still in the prepublication 
stage. A manuscript has been submitted for publication from
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Woods Hole, MA, (D. M. Anderson) using the BSI polyclonal 
antibody against saxitoxinol for studies of the intracellular 
synthesis and localization of PSP toxins in toxic algal cells.

Tetrodotoxin. — Associate Referee is Yuzuru Shimizu, Col
lege of Pharmacy, University of Rhode Island, Kingston, RI. 
Prof. Shimizu has no report.

Evaluation of the LC procedure of Yasumoto and Mich- 
ishita (18) is currently underway at FDA (E. Calvey, private 
communication).

Ciguatoxin—Biochemical Methods.—The Associate Ref
eree is Yoshitsugi Hokama of the John. A. Bums School of 
Medicine, University of Hawaii at Manoa, Honolulu, HI.

The preliminary, practice trial of the 9-laboratory collab
orative study to evaluate the rapid enzyme immunoassay 
stick test for the detection of ciguatoxin and related polyeth
ers has been concluded. Eight of the 9 laboratories obtained 
results that were within acceptable limits for each of the 3 
fish cake samples homogenized with ciguatoxin. The RSD 
(reproducibility, CV) among the laboratories was 23-30%. 
The full collaborative study will commence in the fall of 
1987.

Recommendations
(1) Complete the collaborative study on the enzyme im

munoassay “stick test” as a screening method to detect cig
uatoxin and related polyethers.

(2) Initiate collaborative study of the fluorometric pro
cedure for paralytic shellfish poisons.

(3) Continue study on other topics.
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GENERAL REFEREE REPORTS: COMMITTEE ON  
FOODS II
Alcoholic Beverages 

RANDOLPH H. DYER
Bureau o f Alcohol, Tobacco and Firearms, 1401 Research 
Blvd, Rockville, MD 20850

Sam Blittman, chemist at the Bureau of Alcohol, Tobacco 
and Firearms Laboratory in San Francisco, has been ap
pointed the Associated Referee for Alcohol Content by Os
cillating U-Tube Density Meter. He reports no additional 
collaborative studies are planned at this time; however, he 
is closely following the literature for data and maintaining 
contact with laboratories using the density meter for alcohol 
determinations.

Tom Peffer of Beringer Vineyards and Jeff Kasavan of 
Taylor California Cellars have been appointed as co-Asso
ciate Referees for the topic Sugars in Wine by LC. They report 
that a survey of methods and instruments and of current 
applications being used in various laboratories, a literature 
search, and inquiries for possible collaborators are in prog
ress, and a collaborative study is being planned.

Associate Referee Barry Gump at Fresno State University 
has sent a report with the preliminary data collected from 
the sulfur dioxide in wine collaborative study conducted in 
May 1987. The completed data were presented along with 
his recommendation at the AOAC Annual International 
Meeting in September at San Francisco. His initial review 
indicates a good response from collaborators and favorable 
results for blind duplicates and the recovery of added sulfur 
dioxide. He anticipates presenting a comprehensive paper 
showing comparative results with other methods and exper
imental data indicating the ruggedness of this method. After 
reviewing the preliminary report, the General Referee also 
anticipates the data will substantiate a recommendation for 
adoption as interim official first action.

The method described by Arthur Caputi in the manuscript 
“Titrimetric Determination of Carbon Dioxide in Wine” has 
been granted interim official first action. Since the paper had 
already been presented in poster form at an Annual Meeting, 
it was not presented at the 1987 meeting.

David Chia, the Associate Referee for Malic Acid Wine, 
reports continued problems with the analysis; nevertheless, 
work is progressing slowly, although no new collaborative 
experiment is planned.

The American Society of Brewing Chemists’ (ASBC) meth
od, Specific Gravity of Beer and Wort Using a Digital Density 
meter, which was presented by the AOAC-ASBC Liaison 
Officer Peter Gales, has been granted interim official first 
action, was presented in poster form at the Annual Inter
national Meeting in September 1987, and will be submitted 
to the Journal o f AOAC.

Recommendations
(1) Adopt as official first action the interim official action 

methods for carbon dioxide in wine and for specific gravity 
of beer and wort.

(2) Continue study on all topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Cereals and Cereal Products

RALPH H. LANE
University o f Alabama, Department o f Food, Nutrition and 
Institution Management, Tuscaloosa, AL 35487-1488

Fat Acidity in Flour.—A. study was conducted to compare 
fat acidity values between the method of the American As
sociation of Cereal Chemists (AACC), which is similar to the 
AOAC method (1 4 .0 6 9 -1 4 .0 7 1 ) ,  and the method of the In
ternational Standardization Organization (ISO) using 8 com
mercially available flours. AACC/AOAC methodology yield
ed values significantly lower than those obtained by the ISO 
method. As the fat solvent, AACC/AO AC methodology uti
lized petroleum ether, which extracted fatty acids only, 
whereas the ISO method utilized ethyl alcohol, which ex
tracted amino acids and acid phosphates as well as fatty acids. 
This study was undertaken to establish comparative data as 
requested by the working group of the Codex Alimentarius 
Committee on Cereals and Legumes.

A minimum collaborative study also was conducted to 
determine if a difference in fatty acid values occurred when 
benzene was used as part of the titration medium as pre
scribed in 1 4 .0 6 9 -1 4 .0 7 1 ,  compared to values derived when 
toluene was substituted for benzene. Ralph Lane served as 
Associate Referee for the study and participated with Dick 
Erickson and Frank Ebert as collaborators. Data from the 
study indicated no differences in fat acidity values with re
spect to use of these 2 solvents. It appears that toluene, which 
is reported to be less toxic than benzene, may be used in 
place of benzene without influencing the outcome of the fat 
acidity analysis.

Iron in Flour. —Collaborators for the study on reducing 
the 1 1-point standard curve for iron (1 4 .0 1 2 )  to a 4-point 
standard curve has been selected from the AOAC Talent File. 
The study under the direction of Jim Martin, Associate Ref
eree, is currently underway.

Phytate in Foods.— Associate Referee Barbara Harland 
continues to be active in the area of phytate analysis. She 
served as Associate Referee for the phytate method, 1 4 .B 0 1 -  
1 4 .B 0 5 , which is due for consideration as official final action.

Recommendations
(1) Consider substitution of toluene for benzene in method

1 4 .0 6 9 -1 4 .0 7 1 ,  based on data from a minimum collaborative 
study.

(2) Continue collaborative study of rapid analysis of iron 
in cereal based products.

(3) Adopt as official final action the official first action 
method for phytate in foods, 1 4 .B 0 1 -1 4 .B 0 5 .

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Section numbers refer to O fficial M e th o d s  o f  A n a ly s is  (1984) 14th edition, 
and “Changes in Official Methods,” J. Assoc. Off. A n a l. C hem . (1986) 69, 
349-390 (B methods).
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Chocolate and Cacao Products

HENK J. VOS
Populierenlaan 1A, NL 3735 LG Bosch & Duin,
The Netherlands

Because of the General Referee’s involvement with Work
ing Group 18 of the International Office of Cocoa, Chocolate 
and Sugar Confectionery (IOCCC), “Revision and Updating 
of IOCCC Standard Methods of Analysis,” little progress has 
been made on AOAC collaborative studies. However, as a 
result of that involvement, several methods of analysis, new 
ones and revised old ones, are under consideration for adop
tion by both AOAC and IOCCC.

In a followup to last year’s report (J. Assoc. Off. Anal. 
Chem. [ 19 8 7] 70,289), the General Referee plans to establish 
an expert group to deal with the problem of revising the 
existing IOCCC method for determination of moisture in 
cocoa and cocoa products. Another urgent item being con
sidered is a method for determination of total fat in cocoa 
products. It is hoped that this project will be conducted with 
close cooperation between AOAC and IOCCC.

Recommendations
Continue study on all topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987. at San Francisco, CA. The recom- 
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Color Additives 

SANDRA J. BELL
Food and Drug Administration, Division o f Colors and 
Cosmetics, Washington, DC 20204

A new Associate Referee for the Analysis of Color Addi
tives for Arsenic, Barium, and Heavy Metals, William 
McShane, has been appointed. He is with Kraft, Inc., Tech
nical Center, Glenview, IL.

The Associate Referee for Color in Candy and Beverages, 
Mary Young, reports that she is preparing a poster presen
tation and a final draft of her paper, “Rapid Determination 
of Color Additives, Using the C18 Cartridge: Collaborative 
Study.” The method has been granted interim first action 
status.

The Associate Referee for Colors in Other Foods, Nicholas 
Adamo, reports publication of “Survey of Color Usage in 
Food,” by the United Kingdom Ministry of Agriculture, 
Fisheries and Food (Food Surveillance Paper No. 19 [1987] 
Ministry of Agriculture, Fisheries and Food, 86 pp.).

The Associate Referee for Color by Liquid Chromatog
raphy, Elizabeth Cox, reports that her work in this area was 
published in the November 14, 1986, FDA Laboratory In
formation Bulletin No. 3093 (“Liquid Chromatographic De
termination and Thin Layer Chromatographic Identification 
of Synthetic Colors in Unsweetened Powdered Soft Drink 
Mixes” by Elizabeth A. Cox and Naomi Richfield-Fratz, 
Food and Drug Administration, Division of Colors and Cos
metics, Washington, DC 20204). Elizabeth Cox has recently 
transferred within FDA and is no longer working in the field 
of analysis for color additives. We expect to continue the 
topic and recommend appointment of another Associate Ref-

The Associate Referee on Colors in Cosmetics, Sandra Bell, 
reports that LC methods for the separation of cosmetic 
color additives have been published: “Identification of Cos
metic Dyes by Ion-Pair Reversed-Phase High Performance 
Liquid Chromatography” by L. Gagliardi, G. Cavazzutti, A. 
Amato, A. Basili, and D. Tonelli (/. Chromatogr. [1987] 394, 
345-352) and one newly found in a recent literature search, 
“A Combined HPLC-VIS Spectrophotometric Method for 
the Identification of Cosmetic Dyes” by J. Weneger, H. 
Greenbauer, R. Fordham, and W. Karcher (J. Liq. Chro
matogr. [1984] 4, 809-821).

The Associate Referee for Uncombined Intermediates of 
Water-Soluble Azo Colors, Daniel Marmion, reports that he 
is no longer working in this field. We recommend that the 
topic be continued and a new Associate Referee be appointed. 
A potential candidate has been located. We are waiting for 
a final decision. Activities under this topic include a paper 
accepted for publication in the Journal o f Chromatography 
entitled “Determination of Cresidine in FD&C Red No. 40,” 
by Naomi Richfield-Fratz and John Bailey. A poster is being 
presented at the 101st AOAC annual meeting entitled “Iso
lation and Characterization of Trace Organic Constituents 
in FD&C Red No. 40” by Naomi Richfield-Fratz, William 
Baczynskyj, John Bailey, and George Miller.

The Associate Referee for Subsidiary Colors in Certifiable 
Color Additives, John Bailey, reports that 2 papers were 
published under the topic area, “HPLC Determination of 
Subsidiary Dyes, Intermediates and Side Reaction Products 
of Erythrosine” by Frank Lancaster and James Lawrence (J. 
Chromatogr. [1987] 388, 248-252) and “Characterization, 
Purification and Analysis of Solvent Yellow 33 and Solvent 
Green 3 Dyes” by William Blakemore, Larry Rushing, Har
old Thompson Jr., James Freeman, Robert Levine, and 
Charles Nony (J. Chromatogr. [1987] 391,219-231). Solvent 
Yellow 33 is certifiable as D&C Yellow No. 11. Bailey reports 
that time constraints make it necessary to appoint a replace
ment as Associate Referee. Two potential candidates are being 
considered.

Another publication recently uncovered in a literature 
search and related to the analysis of color additives is “De
tection and Determination of Organic Impurities in Food 
Coal-Tar Dyes by HPLC” by Y. Tonogai, Y. Ito, and M 
Iwaida of the National Institute of Hygienic Science, Osaka, 
Japan (J. Food Hyg. Soc. Jpn [1983] 24, 275-281 [in En
glish]).

Recommendations
(1) Continue study on all present topics.
(2) Adopt the interim official method on “Rapid Deter

mination of Color Additives using the C18 Cartridge” by 
Mary Young, Associate Referee for Color in Candy and Bev
erages as official first action.

(3) Consider the need for a new topic on determination 
of color additives exempt from certification. The trade lit
erature indicates increased use of the colors exempt from 
certification in foods. Analytical problems have arisen in the 
FDA district laboratories due to the lack of tested method
ology in this area.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

eree.
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Flavors

K U R T  L. SC H O E N
David Michael & Co., 10801 Decatur Rd, Philadelphia,
PA 19154

In the past year, Sidney Kahan, Associate Referee for Va
nilla, has submitted a rewritten collaborative study for the 
liquid chromatographic determination of vanillin and related 
flavor compounds in vanilla. The General Referee strongly 
recommends that this method be adopted official first action.

Recommendations
(1) Adopt official first action the liquid chromatographic 

determination of vanillin and related flavor compounds in 
vanilla.

(2) Continue study on all other topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Fruits and Fruit Products

FR E D E R IC K  E. B O L A N D
Food and Drug Administration, Division o f Food 
Chemistry and Technology, Washington, DC 20204

Adulteration o f Apple Juice. — Last year, Associate Referee
E. R. Elkins reported that the paper “Interlaboratory Vari
ability of Methods Used for Detection of Economic Adul
teration in Apple Juice” had been published (Zyren, J, & 
Elkins, E. R. [1985] J. Assoc. Off. Anal. Chem. 68, 672-676). 
The methods have been studied extensively by the National 
Food Processors Association (NFPA) Committee of Food 
Industry Analytical Chemists, and good results have been 
obtained. The methods were used in an AOAC collaborative 
study conducted by Elkins earlier this year. The study, in
volving the L-malic/total malic acid ratio, has been com
pleted and the results are being statistically evaluated. The 
CV values ranged from 4 to 10%. The Associate Referee 
plans to recommend official first action. Elkins recommends 
continued study, and the General Referee concurs.

Adulteration o f Orange Juice by Pulpwash and Dilution. — 
Associate Referee Don Petrus reports that his laboratory has 
completed the chemical and spectral characterizations of cit
rus products from California, Arizona, Mexico, Belize, and 
Brazil. He also indicated that a mini-collaborative study, 
using the visible and ultraviolet absorption and fluorescence 
spectral methodology, will be initiated soon to apply the 
methodology to other citrus-producing areas. The Associate 
Referee recommends continued study, and the General Ref
eree concurs.

Fruit Acids. — Associate Referee E. D. Coppola reports that 
his organization has received many reprint requests for his 
collaborative study on determination of fruit acids (Coppola,
E. D., & Starr, M. S. [1986] ./. Assoc. Off. Anal. Chem. 69,
594-597). Recently, John Heuser, NFPA, referred to this 
methodology in his work on apple and pineapple juices.

One caveat for the user of the AOAC method is that isocit- 
ric acid does not separate well from malic acid. Therefore, 
in certain juices where isocitric acid may be present at sig
nificant levels, the malic acid value may be inflated. In com
mon juices, such as cranberry and apple, however, this po

tential interference does not seem to be a problem, because 
isocitric acid is present in trace amounts only.

Fruit Juices, Identification and Characterization.—The 
General Referee recommends continued study on this sub
ject.

Limonin in Grapefruit Juice.— Associate Referee Russell 
Rouseff reports that 11 laboratories took part in interlabo
ratory research designed to study the characteristics of an 
immunoassay for the determination of limonin in grapefruit 
juice. Each laboratory received 16 randomly coded samples 
(8 blind duplicates) in accordance with AOAC recommen
dations. The results are in, and the data have been statistically 
analyzed. Using procedures in the AOAC Statistical Manual 
(Steiner’s ranking test), results from 2 of the laboratories 
could not be used because of consistently high or low values. 
Average coefficients of variation for the 8 blind duplicate 
samples from the remaining 9 laboratories ranged from 11 
to 31%, an acceptable level of precision at the low ppm level. 
The complete results will be submitted to /. Assoc. Off. Anal. 
Chem. in the form of a paper in the near future; therefore, 
the General Referee recommends continued study.

Moisture in Dried Fruits.— Associate Referee Ed Steffen 
reports that for many years the dried fruit moisture tester of 
the Dried Fruit Association (DFA) has been an AOAC official 
method for obtaining the moisture of prunes and raisins. 
However, the moisture tester has not been accepted as an 
AOAC method for other dried fruits, although charts are 
available for apples, apricots, dates, figs, peaches, and pears. 
There is pressure from the fig industry to have the moisture 
tester accepted as an AOAC method, and DFA is also in
terested in having their moisture tester accepted as an official 
AOAC method for other dried fruits.

One of the main problems in conducting a collaborative 
study has been in obtaining samples with uniform moisture. 
A few years ago, for example, the fig industry had a problem 
with a buyer’s quality control department which could not 
understand why samples from different parts of the same 
shipment showed such wide variations in moisture content. 
They compared fig paste to flour which, of course, does not 
have this problem. With fig paste, water is added in varying 
amounts to keep the paste from sticking to a grinder; it there
fore varied slightly within any shipment, although the pro
cessors do attempt to control the moisture as much as pos
sible by taking a number of readings on every shipment.

DFA has worked on this problem, which seems to have 
been largely corrected. Under the current procedure, con
trolled amounts of water are added to low-moisture figs to 
produce a uniform moisture content. In addition, samples 
with various amounts of moisture can now be supplied to 
collaborators. A few contacts have been made, but more 
collaborators will have to be found before a meaningful col
lection of data can be made.

The collaborative study is important, because the DFA 
moisture tester has been sold in both the domestic and in
ternational markets for a number of years and is widely used 
at present to obtain moisture values on more types of dried 
fruit than just prunes and raisins.

The Associate Referee recommends continued study, and 
the General Referee concurs in his recommendation.

Orange Juice Content. —No activity has been reported. 
The General Referee recommends that work continue on this 
subject.

Sodium Benzoate in Orange Juice. — Associate Referee H.
R. Lee reports that, in a national survey (1399 samples tested 
from July 1, 1986 through June 17, 1987) of commercial 
single-strength and reconstituted frozen concentrated orange
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juices, benzoic acid in the range of 0.6-235.7 ppm was found 
in 36 samples; 0.1-260.3 ppm sorbic acid was found in 12 
samples. Ninety samples contained <0.5 ppm benzoate, but 
it is uncertain whether this was the result of addition of 
preservative or adulteration with pulpwash or whether it was 
a natural presence. Eight samples showed both benzoate and 
sorbate. The method is now ready for a collaborative study, 
and it is hoped one will be started next year. The Associate 
Referee recommends continued study, and the General Ref
eree concurs.

Recommendations
(1) The General Referee recommends a change in the 

method for acidity (titratable) of fruit products, 22.058-22.059. 
For the most part, the final action AOAC method compares 
favorably with the international standards method, Fruit and 
Vegetable Products—Determination of Titratable Acidity, 
ISO 750, First Ed. 1981-11-15. However, the ISO method 
contains a provision which should be included in the AOAC 
entry. Section 5.3 of the ISO method provides a means to 
express the titratable acidity in g acid per 100 g or 100 mL 
of product by using an established factor. Accordingly, the 
General Referee recommends addition of the following ma
terial as an introductory paragraph to the AOAC method for 
titratable acidity: It is possible to express the titratable acidity 
conventionally in g acid per 100 g or per 100 mL of product, 
as appropriate, by using the factor appropriate to the acid, 
as follows: malic acid, 0.067; oxalic acid, 0.045; citric acid 
monohydrate, 0.070; tartaric acid, 0.075; sulfuric acid, 0.049; 
acetic acid, 0.060; lactic acid, 0.090.

(2) Study should continue on all topics.

This report of the General Referee was presented at the 101 st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Section numbers refer to O ffic ia l M e th o d s  o f  A n a lys is  (1984) 14th edition.

Nonalcoholic Beverages 

JO H N  M . N E W T O N
Food and Drug Administration, 50 United Nations Plaza, 
San Francisco, CA 94102

Leonard Valenti, Associate Referee for quinine, has had 
delays in getting a statistical review of his collaborative study. 
He plans to complete a paper in the future.

The Associate Referee for caffeine and methyl xanthine in 
nonalcoholic beverages, John M. Newton, has done some 
work comparing capillary gas chromatography to liquid chro
matography for the separation of caffeine, theophylline, and 
theobromide.

Recommendations
(1) Appoint an Associate Referee on the analysis of safrole 

in sassafrass root.
(2) Continue study on all topics.

This report o f the General Referee was presented at the 101 st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Preservatives and Artificial Sweeteners

JAM ES J. N E L SO N
Food and Drug Administration, 850 Third Ave, Brooklyn, 
N Y  11232

Aspartame, Benzoates, Saccharin, and Caffeine (Liquid 
Chromatography).— Associate Referee N. G. Webb and D.
D. Beckman developed a method for the determination of 
aspartame in beverage mixes by liquid chromatography (J. 
Assoc. Off. Anal. Chem. [1984] 67, 510-513). The conditions 
used in this method represent a modification of the official 
final action method, 12.018-12.021, for benzoates, saccharin, 
and caffeine. Aspartame was quantitated in the presence of 
these additives as were artificial colors and flavors. The As
sociate Referee had planned collaborative study of this meth
od but other commitments have necessitated that she relin
quish her refereeship. Initially, it was contemplated that one 
of Associate Referee Webb’s colleagues might continue her 
work, but this has not proven feasible. It is recommended 
that a new Associate Referee be appointed and that work be 
continued on this topic.

Organic Preservatives (Chromatography). — Associate Ref
eree Rosella Bigomia is pursuing the objective of a general 
qualitative liquid chromatographic method for common pre
servatives. Preliminary studies have resulted in a promising 
reverse phase, gradient elution procedure. The preservatives 
being studied are: benzoic acid, sorbic acid, and the parabens, 
ranging from the methyl to the heptyl ester. Several foods 
spiked with these additives have been successfully chro
matographed using this approach. A protocol will be devel
oped for a collaborative study, which it is hoped may be 
completed during the coming year.

Sulfites in Foods (Ion-Chromatographic Methods). — Dar
ryl M. Sullivan and Hie-Joon Kim have been appointed co- 
Associate Referees. They, together with their respective col
leagues, have developed different approaches to the analysis 
of sulfite by ion chromatography.

Each of these researchers is interested in conducting col
laborative studies of their respective methods. Kim has sub
mitted a collaborative study protocol which is presently being 
evaluated.

Sulfites in Foods (Flow Injection Methods).— Associate 
Referee John Sullivan has completed a collaborative study 
for sulfites in foods, using a flow injection analyzer (FIA). 
The commodities tested included shrimp, potato flakes, dried 
pineapple, and wine (red and white). The FIA method is 
based on a J. Assoc. Off. Anal. Chem. publication ([1986] 69, 
542-546). However, several minor improvements/modifi- 
cations were made aimed at simplifying the extraction pro
cedure and improving accuracy for those samples containing 
interfering substances. The study involved the determination 
of “total sulfite” in all samples in addition to “free sulfite” 
in the wines. The results of the study are being evaluated.

Sulfites in Foods (Polarographic Methods).— Associate 
Referee Walter Holak and coworker Bhailel Patel have de
veloped a differential polarographic method which is capable 
of determining sulfur dioxide in various food products down 
to ca 10 ppm. The method was adopted last year as official 
first action for total sulfites in the products tested (freeze- 
dried shrimp, orange juice, dried apricots, strained peas and 
dehydrated potatoes). Some total sulfite recoveries were low, 
and although these were attributed to sulfite-sample matrix 
interactions, a study was initiated of the means by which 
recoveries might be improved. As a first step, a 4-laboratory 
mini-study is underway using sulfite-stabilized samples in
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stead of spikes. The samples—clams, instant potatoes, wine 
cooler, and grape juice—were shipped frozen. The Associate 
Referee is waiting for the participating laboratories to submit 
their results.

Sulfites in Shrimp (Screening Methods).— Associate Ref
eree M. Hudak-Roos conducted a collaborative study of a 
colorimetric qualitative screening method for total sulfite in 
shrimp. The method is a modified Monier-Williams ap
proach in which the liberated S02 is passed into a potassium 
permanganate solution of known concentration. It is de
signed as a pass/fail test at the 100 ppm level.

Participating laboratories were required to run the samples 
by the Monier-Williams method as well as by the modified 
method. No false positives were obtained; however, a mod
erate number of false negatives (as defined by the corre
sponding Monier-Williams results) were obtained at the crit
ical 100 ppm level. Variability in the Monier-Williams results, 
which were being used as the standards, also compromised 
the evaluation. Although the results of this study did not 
support AOAC adoption of the modified Monier-Williams 
method, the possibility of another study using a recently 
developed instrumental method is being considered. It is 
recommended that study on this topic be continued.

Recommendations
(1) Appoint Associate Referee for Aspartame, Benzoates, 

Saccharin, and Caffeine (Liquid Chromatography).
(2) Continue study on all other topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A n a ly s is  (1984) 14th edition.

Processed Vegetable Products

T H O M A S  R. M U L V A N E Y
Food and Drug Administration, Division o f Food 
Chemistry and Technology, Washington, DC 20204

pH Determination. —The collaborative study of the meth
od for pH of acidified foods was reported in /. Assoc. Off. 
Anal. Chem. (1981) 64, 332-336. The method received of
ficial final action status in 1983. Study of the suitability of 
new electrode and instrument developments as well as the 
suitability of this method for low-acid and acid foods has 
been suggested. Interested persons are invited to submit com
ments and participate in continued study of this topic. The 
Associate Referee recommends that work continue on this 
topic.

Sodium Chloride.—The Associate Referee retired with the 
recommendation that a review of these methods be per
formed to identify current needs pertaining to processed veg
etable products. Interested persons are invited to submit 
comments and participate in continued study of this topic. 
Appointment of a new Associate Referee is recommended.

Total Solids By Microwave Moisture Methods. — The meth
od for the determination of solids in processed tomato prod
ucts by microwave drying oven was adopted as official first 
action in 1984. A technical communication titled “Micro- 
wave Oven Drying Method for Total Solids Determination 
In Tomatoes—A Collaborative Survey” by Samuel L. Wang 
was recently published (J. Assoc. Off. Anal. Chem. [1987] 70, 
758-759). This report indicates that the reliability of this

method is closely related to the performance of the micro- 
wave solids analyzer and recommends certification of the 
microwave solids analyzer for use in the method. The As
sociate Referee is considering development and addition of 
a calibration procedure into this method. Interested persons 
are invited to submit findings and comments on this issue. 
Continued study of this topic is recommended.

Water Activity in Foods.— The method for water activity 
determination was adopted official final action in 1982. A 
manuscript titled “Evaluation of Precision Estimates for 
Fiber-Dimensional and Electrical Hygrometers for Water 
Activity Determination” by William H. Stroup, James T. 
Peeler, and Kent Smith of the Food and Drug Administration 
has been published in J. Assoc. Off. Anal. Chem. (1987) 70, 
955-959. Studies are recommended to investigate product- 
instrument sensor interactions and to determine how often 
calibration is needed and the means whereby calibration can 
be performed in significantly less time. Interested persons 
are invited to submit comments and participate in continued 
study of this topic.

LC Determination o f Sugars in Processed Vegetables. — No 
response was received to efforts to obtain an Associate Ref
eree for this topic. Interested persons are invited to comment 
and participate. Appointment of an Associate Referee is rec
ommended.

Recommendations
(1) Appoint Associate Referees on Sodium Chloride and 

on LC Determination of Sugars in Processed Vegetables.
(2) Continue study on all topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Spices and Other Condiments

JAM ES E. W O O D B U R Y
Cal-Compack Foods, 4906 W 1st St, PO Box 265,
Santa Ana, CA 92702

Bulk Index o f Spices.—Associate Referee Tom Haney is 
preparing a report on the collaborative study.

Ethylene Oxide Residue in Spices. — Associate Referee Lynn 
Theiss reports a revised method is under evaluation. A col
laborative study will follow.

Moisture in Spices. — Associate Referee Lou Sanna reports 
that the official first action method for moisture in spices 
(distillation method) will be recommended for adoption as 
official final action at the 1987 AOAC Annual Meeting.

Piperine in Black Pepper. —Associate Referee Ted Lupina, 
Kalsec, Inc., reports that his manuscript “UV Spectropho- 
tometric Determination of Piperine in Pepper Preparations: 
“Collaborative Study” was published (J . Assoc. Off. Anal. 
Chem. [1987] 70, 112-113). The method is official first ac
tion.

Pungency o f Capsicums and Their Oleoresins.— Patrick 
Hoffman, McCormick and Co., reports that comments and 
suggestions for reducing variation between laboratories at 
very low and very high pungency levels are being solicited 
from collaborators prior to beginning a second collaborative 
study. The goal is to provide a simple and reliable method 
of analysis at all pungency levels.

Vinegar. — Associate Referee Dana Krueger reports that he
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is w ritin g  a report o f  the co llabo ra tive  study on the S IR A  
(carbon stable isotope ra tio  analyses) m ethod fo r detection 
o f  adu lte ra tion  o f  apple c ider vinegar.

Recommendation
(1) A d o p t as o ffic ia l fina l action  the o ffic ia l firs t action 

m ethod fo r  m o istu re  in  d ried  spices, 30.B01-30.B03.
(2) O n the basis o f  the results o f  a co llabora tive  study 

com pleted in  1986, adop t the Codex A lim e n ta riu s  m ethod 
fo r de term ination  o f  soluble solids in  vinegar to replace A O  A C  
m ethod 30.063.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Section numbers refer to Official Methods o f Analysis (1984) 14th edition, 
and “Changes in Official Methods.” J. Assoc. Off. Anal. Chem. (1986) 69, 
349-390 (B methods).

Sugars and Sugar Products

MARGARET A. CLARKE
S u g a r  P ro cessin g  R esearch , Inc., So u th ern  R e g io n a l 
R esea rch  Center, P O  B o x  19 6 8 7 , N ew  O rleans, L A  7 0 17 9

C olor, Turbidity, a n d  R e fle c ta n c e — V isual A p p e a ra n ce .— 
Associate Referee M . A . C larke reports no new develop
ments.

C orn  S y ru p  a n d  Su gars. — Associate Referee Raffaele Ber- 
ne tti reports no new developm ents.

E n z y m a tic  M ethods. — Associate Referee M arc  M ason re
ports no new developm ents.

G as C h ro m ato graph ic  M ethods. — Associate Referee M ary  
A n  G odshall reports no new developm ents.

H o n e y .— Associate Referee Jonathan W . W hite , Jr, sub
m its  the fo llow ing  report, w h ich  is inc luded in  its  en tire ty  
because some o f  the in fo rm a tio n  there in  is no t generally 
available; the General Referee agrees w ith  bo th  o f  W h ite ’ s 
recom m endations:

The Associate Referee po in ted ou t at the 1986 A O  A C  
A nnua l In te rn a tion a l m eeting (1) th a t the U.S. D epartm ent 
o f  A g ricu ltu re  requires honey offered under th e ir  lo an -pu r
chase program  to  be tested fo r adu lte ra tion  by using the 
isotope ra tio  m ethod (2, 3). U n fo rtuna te ly , they regard any 
<5I3C value less negative than -23.4% o as unequ ivoca lly  adu l
terated, con tra ry  to  A O A C  recom m endations in  the isotope 
ra tio  m ethod in  the 13 th  ed itio n  o f  O fficia l M eth ods o f  A n a l
ysis  (1980), w h ich  o r ig in a lly  set th is  l im it  at —21.5%o (4).

Soon after the m ethod was adopted, i t  was realized tha t 
— 21.5%o, set fo r  statistica l reasons, was too  libe ra l a lim it ,  
a llow ing up to  15% o f  added corn syrup in  honeys w ith  the 
average <513C o f  — 25.4%o. S hortly , a T L C  m ethod fo r high- 
fructose com  syrup in  honey (5) became ava ilable, w h ich  was 
considerably m ore sensitive fo r  com  products than was the 
isotope ra tio  m ethod. In  1980, at the recom m endation  o f  the 
Associate Referee, A O A C  adopted the T L C  m ethod, in te n d 
ed fo r use when the o,3C value is in  the so-called “ grey area”  
between - 2 3 .4  (2s) and —21.5%o (4s) (6-8 ). N o  in d ica tio n  
o f  the cond itions requ iring  use o f  the T L C  m ethod was in 
cluded in  the isotope ra tio  m ethod (31.150-31.153) in  the 
13 th  ed ition  o f  O fficia l M eth ods o f  A n a ly s is  (3). H owever, 
such cond itions were added to  the m ethod (31.158-31.161) 
in  the 14th ed itio n  o f  O fficia l M eth od s o f  A n a ly s is  (4).

In  response to  protests fro m  the beekeeping in d u s try  and

others regarding the use o f  the —23.4%o lim it ,  U S D A -A g ri-  
cu ltu ra l S tab iliza tion  and C onservation  Service (ASCS) now 
pe rm its  producers rece iv ing allegations o f  adu lte ra tion  re
su lting there from  to  request a T L C  test o f  the honey at the ir 
expense to  con firm  o r deny the charge o f  adu lte ra tion . A n  
ad d itio n a l prob lem  w ith  the ASCS l im it  o f  -23 .4% o is tha t 
certa in honey types no rm a lly  have 513C at o r ligh te r than th is  
value, fo r  example c itrus honey, w h ich  has been shown (9) 
to  average —23.8%o, s =  0.96, s ign ifican tly  less negative than 
the average o f  a ll honeys (5'3C =  —25.4%o, s =  0.98) (9). T h is  
means tha t m any samples o f  pure c itrus  honey placed in  the 
ASCS program  have been m is taken ly  branded “ adulte rated,”  
to  the great distress o f  the producer. In  ad d itio n , there is 
some evidence tha t honey fro m  m esquite (P ro so p is  spp.) and 
related plants m ay have values even less negative than tha t 
o f  c itrus  honey and are s im ila r ly  d isc rim in a ted  against. I t  
w o u ld  be prudent, therefore, to  extend the in te rp re ta tive  la n 
guage in  31.161 requ iring  the T L C  test to  inc lude  these lim its  
at least fo r c itrus honey. The lim it in g  value o f —21.59?» given 
in  the m ethod fo r a ll honey should be changed, fo r  c itrus  
honey on ly , to -20.0% o (9), the 4s value fo r th is  type o f  
honey.

Recent in fo rm a tio n  (J. Bowden, personal com m un ica tion ) 
ind ica ted tha t approx im ate ly  93% o f  the T L C  tests requested 
by producers fro m  ASCS have been negative. H ow ever, sev
eral instances o f  apparently  p o s itive  results have occurred in  
w h ich  the producers o f  the honey are convinced tha t no com  
syrup cou ld be present, even though the test was run  ac
cord ing to  the specified procedure and was v isu a lly  positive ,
i.e., showed streaks o r spots at R f 0.35 o r less, and w ith  a 
50% alcohol eluate residue o f  < 1 5  mg. C ircum stances o f  
p roduc tion  o f  2 o f  these samples b rough t to  the a tten tion  o f  
the Associate Referee strongly ind ica te  tha t they p robab ly  
con ta in  honeydew.

In  the paper describ ing the deve lopm ent o f  the T L C  test 
(published subsequent to  the adop tion  o f  the isotope ra tio  
test) K u sh n ir (5) described an a d d itio n a l step to  e lim ina te  
false positives caused by honeydew found  in  some honeys. 
She proposed tha t samples w ith  50% a lcoho l residues o f  over 
15 m g and found  pos itive  be rerun w ith  the a d d itio n  o f  an 
e lu tio n  by 25% alcohol before the 50% alcohol e lu tion . T h is  
e lim inates the na tura l m ate ria l responsible fo r the false pos
itives  w ith o u t affecting the m ate ria l fro m  h igh-fructose com  
syrup. T h is  step is inc luded in  m ethod 31.157.

K u sh n ir (5) noted tha t about 40% o f  honeys were found 
earlie r (10) to  con ta in  > 1 .5%  higher sugars, corresponding 
to  a 15 mg residue in  the T L C  test. M os t o f  these honeys do 
no t con ta in  honeydew (11); thus, the requ irem ent o f  weighing 
a ll 50% alcohol residues is unnecessarily burdensom e to  the 
analyst. F urtherm ore, i t  is conceivable tha t some honeydew- 
con ta in ing  honeys m ay have less than 15 m g residue. I t  is, 
therefore, proposed tha t the requ irem en t fo r weigh ing the 
residue be deleted and tha t the 25% alcohol step be required 
o n ly  when a pos itive  resu lt is obtained, as a con firm a to ry  
step to  e lim ina te  possible honeydew interference.

Recommendations
(1) Insert the fo llo w in g  sentence before the last sentence 

in  sec. 31.161: “ C orresponding <5I3C values fo r  p redom ina te ly  
c itrus honey are — 21.9%o and — 20.0%o.”  Insert “ ( —20.0%o 
fo r  c itrus  honey)”  a fter “ P D B ”  in  last sentence o f  31.161.

(2) M o d ify  sec. 31.157 as fo llow s: U n de r (a) P rep aratio n  
o f  sam ple, line  6, delete “ tared” ; lines 7 and 8, delete every
th in g  fo llow ing  “ bath in  current o f  a ir  o r N ”  to  end o f  para
graph and substitute “ o r by o ther appropria te  m eans.” ; and
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line 10, insert “-0.2” after “0.1,” insert period after “H ,0 ,” 
and delete “for each 10 mg material.” Under (c) In terp re
tation, lines 2 and 3, delete “When wt of isolated carbohy
drate fraction is < 15 mg (1.5%)” and capitalize the following 
word “Any” ; line 4, replace “conclusive” by “presumptive” ; 
and line 7, delete “If wt is >15 mg” and substitute “In this 
event.”
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Lactose. —The study by Associate Referee Janice R. Sau- 
cerman and Charles E. Winstead, “Liquid Chromatographic 
Determination of Lactose Purity: Collaborative Study,” pub
lished in J .  Assoc. Off. A n al. C hem . (1984) 67, 899-901, is 
recommended for official final action.

L iq u id  C hrom atograph ic  M ethods. — Associate Referee W.
S. Charles Tsang reports that his collaborative study on liquid 
chromatography (LC) of sucrose in cane, beet, and high test 
molasses (reported as a poster at the 1986 AOAC meeting) 
showed results rather widely dispersed. The study is being 
redesigned, with more specific sample pretreatment instruc
tions and LC conditions.

M a p le  S a p s  a n d  Syrups. — Associate Referee MariaFranca 
Morselli recommends a change in the name of this topic to 
“Maple Sap, Maple Syrup, and Maple Syrup Products,” be
cause considerable work in this topic relates to products made 
with maple syrup. The General Referee supports this rec
ommendation.

Dr. Morselli and the General Referee recommend that the 
method for detection of adulteration by cane and com syrup 
in maple syrup, using the L1C/I2C ratio, which was granted 
official first action in 1984 and was published as “Mass Spec- 
trometric Determination of Cane Sugar and Com Syrup in 
Maple Syrup by Use of ’C712C  Ratio: Collaborative Study,” 
by Maria Franca Morselli and Kelly L. Baggett, J .  Assoc. Off. 
A n al. C hem . (1984) 67, 22-24, be adopted as official final 
action.

Dr. Morselli recommends that method 31.191, Canadian 
lead number of maple products, and method 31.192-31.194, 
Winton lead number of maple products, be deleted from the 
15th edition of O fficial M eth ods o f  A n a lysis  because they have 
fallen into disuse. They are obsolete and have been replaced 
by the carbon ratio mass spectrometric method (31.185- 
31.190). The General Referee concurs with this recommen
dation.

A collaborative study on methodology for sodium and 
chloride analysis for maple sap and syrup is planned.

O ligosaccharides in S u g a rs  a n d  S u g a r  P ro d u cts .— Asso
ciate Referee George Steinle reports tha t he is organiz ing a

co llabora tive  study on the analysis o f  raffinose in  molasses 
by liq u id  chrom atography.

P o la rim etric  M eth ods f o r  M ea su rem en t o f  S u g a rs .— A s 
sociate Referee R ona ld  Plews reports no new developm ents.

S ta b le  C arbon  Isotope R a tio  A n alysis . — Associate Referee 
Land is D oner reports tha t the co llabora tive  study on lsO / 
l60  measurements to  detect beet in v e rt syrup in  orange ju ic e  
is now com plete and w ill be subm itted  as a m anuscrip t la te r 
th is  year. F u rthe r action  awaits sta tistica l eva luation .

Sta n d a rd iza tio n  o f  M eth ods o f  S u g a r  A n alysis . — Associate 
Referee M ary  A n  G odshall recom m ends tha t the m ethod  fo r 
de te rm ina tion  o f  dextran in  raw  cane sugar by the Roberts 
copper dextran m ethod be granted in te r im  o ffic ia l f irs t ac
tion . The General Referee supports th is  recom m endation .

Su g a rs in C ereals. —Associate Referee Lucien Z ygm un t 
reports tha t a study on longev ity  o f  am ino-bonded, cartridge- 
type LC  colum ns has shown: (7) The m anufactu ring  process 
fo r these colum ns is no t always reproducib le ; several had to 
be returned to the m anufacturer. (2) O n a 100 x 4.6 m m  id  
co lum n packed w ith  5 gm  particles, analysis o f  m ono- and 
disaccharides, w ith  heated 50% a lcoho l-w ater extraction, was 
possible fo r  240 in jec tions before co lum n reso lu tion  fa iled . 
F o r analysis o f  gluco-oligosaccharides up to  m altopentose, 
about 250 in jec tions were possible. B o th  systems used a 15 
x 3.2 m m  id  guard co lum n packed w ith  7 gm  particles.

S u g a rs  in L ico ric e  Products. — Associate Referee R aym ond 
T u o rto  is no longer active in  th is  area. The General Referee 
recom m ends tha t th is  top ic  be discontinued.

S u g a rs  in Syrups. — Associate Referee Rose G o ff  reports 
tha t a study o f  sucrose in  cane, m aple, and table syrups, by 
LC , is in  progress.

Sulfites in S u g a rs a n d  Syrups. — Associate Referee R icha rd  
R iffe r reports no new developm ents. He has com p iled  a l i t 
erature survey o f  th is  subject tha t is ava ilab le  upon request.

W eighing, Taring, a n d  S a m p lin g .— Associate Referee 
M e lv in  Lerner reports no new developm ents. D r. Lerner 
re tired  in  Ju ly  1987; a new Associate Referee is under con
sideration.

Recommendations
(1) Consider fo r  adop tion  the non-substantive changes in  

m ethods 31.157 and 31.161.
(2) Consider fo r  adop tion  as o ffic ia l fina l action  the LC  

m ethod fo r de te rm ina tion  o f  lactose p u r ity  (31.064-31.071).
(3) Consider a change in  t it le  fo r  top ic  “ M ap le  Sap and 

Syrups”  to  “ M ap le  Sap, M aple Syrup, and M ap le  Syrup P ro d 
ucts.”

(4) Consider fo r  adop tion  as o ffic ia l fina l ac tion  m ethod
31.185-31.190 fo r  mass spectrom etric de te rm in a tion  o f  cane 
and corn syrup in  m aple syrup.

(5) Consider de le tion o f  m ethods 31.191, Canadian lead 
num ber o f  m aple products and 31.192-31.194, W in to n  lead 
num ber o f  m aple products.

(6) A d o p t as o ffic ia l firs t action  the in te r im  o ffic ia l firs t 
action copper m ethod fo r de te rm ina tion  o f  dextran in  raw  
cane sugar.

(7) D iscon tinue  the top ic  Sugars in  L ico rice  Products.
(8) C ontinue study on a ll o ther topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Section numbers refer to Official Methods o f Analysis (1984) 14th edition.
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Vitamins and Other Nutrients

MIKE J. DEUTSCH
F o o d  a n d  D ru g  A dm inistration , D iv ision  o f  N utrition, 
W ashington, D C  2 0 2 0 4

F ifteen papers in  the top ic  area have been published in  the 
Jo u r n a l o f  th e A O A C  since the 1986 A O A C  A nn ua l M eeting. 
In  ad d ition , parts o f  2 issues were devoted to  papers tha t 
com prised the sym posium  on am ino  acids presented at the 
1985 A O A C  A nn ua l M eeting.

Sixteen poster session papers were presented at the 101st 
A O A C  A nn ua l M eeting. A  fo ru m  fo r in tended am ino  acid 
co llabora tive  studies t it le d  “ A m in o  A c id  C o llabo ra tive  S tud
ies and C hrom atography Techniques: IE, GC, L C ,”  was con
ducted as pa rt o f  th is  meeting.

W alter H o lak, the Associate Referee fo r iod ine , was aw ard
ed A O A C ’s H a rvey  W . W ile y  A w ard .

A . J. Sheppard, the Associate Referee fo r v ita m in  E in  
pharm aceuticals (gas chrom atography), and his coworkers 
published the results o f  a study t it le d  “ Food C hem ica l Codex 
Gas C hrom atographic M e tho d  fo r  M ix e d  Tocopherols C on
centrate—A  C ollabora tive  Study”  (P h a rm a co p . F o ru m  [J a n -  
Feb. 1987] 2155-2162).

A bdel-G aw ad S o lim an o f  the A tla n ta  Center fo r N u tr ie n t 
Analysis was appo inted Associate Referee fo r a new top ic,

V ita m in s  A , D , E, and K  by G el-P erm eation  and L iq u id  
Chrom atography.

J. T . Tanner and S. A . Barnett, co-Associate Referees fo r 
in fa n t form ulas, received the Associate Referee o f  the Year 
A w a rd  o f  the C om m ittee  on Foods II.

Recommendations
(1) A d o p t as o ffic ia l fina l ac tion  the fo llo w in g  o ffic ia l firs t 

action  m ethods fo r  n u trie n t analysis in  ready-to-feed m ilk -  
based in fa n t fo rm u la : (7) 43.A21-43.A40—fo r  v ita m in  B6, 
calc ium , magnesium , potassium , sod ium , v ita m in  C, r ib o fla 
v in , n iacin, manganese, copper, iron , and zinc; and (2) 43.B01- 
43.B39—fo r  ch loride, phosphorus, th ia m in e , v ita m in  B 12, 
ash, fat, p ro te in , to ta l solids, and carbohydrate.

(2) A d o p t as o ffic ia l firs t action  the in te r im  firs t action 
m ethods (7) Food Chem ica l Codex M e tho d  fo r M ix e d  T o 
copherols Concentrate, and (2) D e te rm in a tio n  o f  S u lfu r A m i
no A cids and T ryptophan .

(3) C ontinue study on a ll topics.

This report of the General Referee was presented at the 101st Annual In
ternational Meeting, Sept. 14-17, 1987, at San Francisco, CA. The recom
mendations were reviewed by the Committee on Foods II. See the report of 
the committee, this issue.

Section numbers refer to “Changes in Official Methods,” J. Assoc. Off. Anal. 
Chem. (1985) 68, 369-411 (A methods) and J. Assoc. Off. Anal. Chem. (1986) 
69, 349-390 (B methods).
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Metals and Other Elements

STEPHEN G. CAPAR
F o o d  a n d  D ru g  A dm inistration , D ivision  o f  C on tam in ants  
C hem istry, 20 0  C  St, SW , W ashington, D C  2 0 2 0 4

A rsen ic  in A n im a l T issu es .— Associate Referee Randy 
Sim pson reports no progress on th is  top ic  and regretfu lly  
resigns as the Associate Referee because o f  h is reassignment 
to  another area o f  research (robotics).

A to m ic  A bsorption  Spectrophotom etry. — Associate Referee 
M ila n  Ih n a t reports the developm ent o f  ag ricu ltu re -foo d  b i
o log ical reference m ateria ls fo r  m o n ito r in g  perform ance o f  
A A S  m ethods and others. Eleven candidate reference m a
teria ls cover a range o f  food products: hard red spring w heat 
flou r, soft w in te r wheat flou r, d u rum  flou r, corn starch, po tato 
starch, sugar, whole m ilk  powder, wheat gluten, com  bran, 
whole egg powder, and cellulose. Chem ica l characterization 
o f  the products is under way. Ih n a t has published a high 
re lia b ility  flam e A A S  m ethod {Fres. Z eit. A n a l. C hem . (1987) 
326, 739-741) w h ich  is pa rt o f  the basis fo r  a m u ltie lem en t 
m ethod fo r foods to  be co llabo ra tive ly  studied.

C a d m iu tn  a n d  L e a d  in E a rth e n w a re .— Associate Referee 
B en jam in  K r in itz  d id  no t report on th is  top ic . John G ou ld  
and coworkers at the U.S. Food and D rug  A d m in is tra tio n  
(F D A ) have reported some effort in  th is  top ic  area. G ou ld  
has developed a “ qu ick-tes t”  fo r  lead release fro m  earthen- 
ware/ceram icware, using c itr ic  acid to  leach a sm all area o f 
the ware fo r 5 -1 0  m in . The sm all am oun t o f  leach so lu tion  
contained on filte r paper is treated w ith  a chrom atogenic 
so lu tion  w h ich  qu ick ly  becomes rose/red i f  lead is present. 
The “ qu ick-test”  is being applied to a va rie ty  o f  types o f  ware 
and the results w i l l  be com pared to  the A O A C  m ethod fo r 
lead release, 25.024-25.027.

In  ad d ition , Susan H ig h t at F D A  reported on in it ia l in 
vestigations o f  using an in d u c tive ly  coupled plasma (ICP) 
em ission spectrom eter to determ ine lead, cadm ium , and o th 
er elements leached fro m  earthenware. U s ing  the A O A C  
m ethod fo r leaching earthenware, 25.024-25.027, H ig h t es
tab lished ana lytica l parameters fo r  de te rm in ing  the fo llow ing  
elements by using ICP: A l, Ba, Cd, Co, Cr, Cu, Fe, M n , M o , 
N i,  Pb, Sb, Sn, Sr, T i,  V , Zn, and Z r. A  co llabora tive  study 
on some or a ll o f  these elements w i l l  be considered i f  there 
is suffic ient need and interest.

The fina l action  “ C adm ium  and Lead in  E arthenw are— 
A to m ic  A bso rp tio n  S pectrophotom etric  M e th o d ”  was de
veloped jo in t ly  by A O A C  and the A m erican  Society fo r  Test
ing and M ateria ls  (A S T M ). Com parison o f  each organiza
t io n ’s pub lica tion  o f  the m ethod indicates a discrepancy in  
the level o f  the lead standard solutions. The A O A C  m ethod 
uses the standards 0, 5, 10, 15, 20 ^g P b /m L  as tested in  the 
co llabora tive  study (J . Assoc. Off. A n al. C hem . [1973] 56, 
869-875). A S T M  M ethod  C 738-81 {A n n u al B o o k  o f  A S T M  
Sta n d a rd s  [1987] 15.02, 309-311) uses a s ligh tly  low er range 
o f  standards—0, 1, 3, 5, 10, 15 /xg P b /m L . Because m any 
lead levels o f  in terest are found  between 1 and 10 ixg P b /m L  
and because the 20 us, P b /m L  standard m ay be beyond the 
linea r range, ca lib ra tion  o f  the a tom ic  absorp tion  spectro
photom eter at the low er range o f  lead standards is preferred.

E m iss io n  Sp ectro ch em ica l M e th o d s .— Associate Referee 
Fred F ricke reports no progress on the top ic  fo r the past year.

He s t ill in tends to  pe rfo rm  the pre-study tr ia l and then a fu ll 
co llabora tive  study o f  a m ethod fo r the m u ltie le m en t analysis 
o f  foods by in d u c tive ly  coupled plasm a em ission spectros
copy as described in  a previous report { J. Assoc. Off. A n a l. 
C hem . [1986] 69, 260).

F lu o r in e .— Associate Referee R obert Dabeka reported no 
progress on th is  top ic  fo r  the past year.

G ra ph ite  F u rn a c e -A to m ic  A bsorption  S p ectro ph oto m e
try .— Associate Referee R obert Dabeka reports th a t he has 
prepared samples fo r an in te rlabo ra to ry  tr ia l fo r  a coprecip
ita tio n  graphite furnace A A S  m ethod fo r lead, cadm ium  {C an. 
J .  Spectrosc. (1986) 31, 44 -52 ), and arsenic {C an . J .  S p ec-  
trosc. (1985) 30, 154-157) in  in fa n t fo rm u la , peas, beef w ith  
b ro th , potatoes, and apples.

H y d rid e  G en era tin g  Techniques. — Associate Referee Ste
phen Capar reports no progress on th is  top ic  bu t is s t ill p lan 
n ing to  study continuous flow  hyd ride  generation techniques 
fo r the de te rm ina tion  o f  arsenic, selenium , and o ther ele
ments in  foods.

L e a d  in C a lc iu m  S u p p lem en ts .— P atric ia  M aroney-B en- 
assi has been appo inted the Associate Referee to  th is  new 
top ic . Lead is know n to  be a po ten tia l con tam inan t in  ca lc ium  
supplements. A n y  efforts to  con tro l the am oun t o f  lead in  
these products require a re liab le  ana lytica l m ethod. She is 
cu rren tly  s tudying pe rch loric  acid digestion o f  the sample 
fo llow ed  by de te rm ina tion  o f  lead by d iffe ren tia l pulse anod ic 
s tripp ing  vo lta m m e try  (a m o d ifica tion  o f  the m ethod re
ported in  J .  Assoc. Off. A n al. C hem . [1979] 62, 1054-1061). 
A n a ly tica l problem s tha t need to  be solved are the occasional 
fo rm a tio n  o f  precip itates and organic electrochem ica l in te r
ferences. The qu an tita tion  l im it  is about 0.4 ¡xg Pb/g.

M ercury. — Associate Referee W a lte r H o la k ’s w o rk  on de
te rm in ing  m e thy l m ercury by liq u id  chrom atography is being 
reported under the new ly acquired top ic  O rgan om etallics in 
F ish . N o  w o rk  is planned on the analysis o f  to ta l m ercury.

M eth yl M ercu ry  in F ish  a n d  Shellfish . — Associate Referee 
Susan H ig h t reports tha t the rap id  m ethod fo r de te rm in ing  
m e thy l m ercury { J. Assoc. Off. A n al. C hem . [1987] 70, 2 4 -
30) was granted in te r im  o ffic ia l firs t action and w i l l  be rec
om m ended fo r o ffic ia l firs t action at the A n n ua l In te rn a tion a l 
M eeting. The o ffic ia l firs t action “ M ercu ry  (M e thy l) in  F ish 
and She llfish—Gas C hrom atographic M e tho d ,”  25 .146-
25.152, was recom m ended fo r o ffic ia l fina l action  since there 
have been no adverse com m ents reported on the m ethod.

M ultie lem en t D eterm ination  A fter C lo sed  System  D ig e s
tion. —Associate Referee W a lte r H o la k  d id  no t rep o rt on th is  
top ic. The o ffic ia l firs t action  “ Arsenic, C adm ium , Lead, 
Selenium, and Z inc  in  F ood—M ultie lem en t M e thod ,” 25.001-
25.007, was recom m ended fo r o ffic ia l fina l action  since there 
have been no adverse com m ents reported on the m ethod.

N eutron A ctivation A nalysis. — T h is  top ic  is now  being re
ported under M etals and O ther E lements instead o f  R a d io 
a c tiv ity  because neutron ac tiva tion  analysis (N A A ) is used 
to  determ ine the level o f  trace elements and n o t the leve l o f  
rad io a c tiv ity . W ill ia m  C. Cunn ingham  has been appo in ted  
the new Associate Referee to  th is  top ic . H e is rev iew ing  an 
A O A C  co llabora tive  study on de te rm in ing  the leve l o f  so
d iu m  in  foods by N A A , in it ia te d  a few years ago b u t never 
com pleted. H e w il l  decide w hether to  con tinue the s tudy o r 
in it ia te  a new study. Cunn ingham  w i l l  also be w o rk ing  closely 
w ith  the A m erican Society fo r Testing M ate ria ls  (A S T M )
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Task G roup  on N uclear M ethods o f  Chem ica l Ana lys is  w h ich  
is developing standard m ethods fo r pe rfo rm ing  N A A . He 
w ill coord inate A S T M  m ethod developm ent w ith  A O A C  
m ethod pro tocols to  enable endorsem ent o f  the m ethods by 
both organizations.

O rgan om etallics in F ish . — T h is  top ic  was transferred to 
M etals and O ther Elem ents fro m  the C om m ittee  on Foods I  
to consolidate A O A C  eifo rts on the de te rm ina tion  o f  m e thy l 
m ercury. Associate Referee W a lte r H o la k  is in  the process 
o f  eo llabo ra tive ly  studying a m ethod t it le d  “ D e te rm ina tion  
o f  M e th y l M ercu ry  in  Seafood by L iq u id  C hrom atographic 
and A to m ic  A bso rp tio n  S pectrophotom etric  D e tec tion .”  He 
subm itted h is ana ly tica l m ethod  and co llabora tive  study p ro 
toco l to  A O A C  fo r  review ; the General Referee and Residues 
Com m ittee sta tis tic ian bo th  re turned th e ir  com m ents to  H o 
lak fo r consideration; he successfully responded to  a ll com 
ments, and the co llabora tive  study m ethod and pro toco l was 
approved. The co llabora tive  study w il l  begin after co llabo
ra tive  study samples are prepared and tested. The m ethod 
specifies a special L C /A A S  in terface apparatus. The Asso
ciate Referee has constructed a num ber o f  these interface 
apparatuses w h ich  w il l  be shared by the pa rtic ip a ting  labo
ratories. H o lak  anticipates sending the co llabora tive  study 
samples to co llabora tors in  fa ll 1987.

O rganotin  in  F o o d s .— A lle n  D . U h le r has been appo inted 
the Associate Referee to  th is  new top ic. H e has been exp lo ring  
the developm ent o f  a m u ltires idue  ana lytica l m ethod  fo r 
organotin com pounds in  foods and has evaluated a num ber 
o f  m ethods presented in  the lite ra ture . C u rren tly , his w o rk  
is centered on de te rm in ing  t r ib u ty lt in  and its  degradation 
products in  fish by using a re la tive ly  rap id , sensitive gas 
chrom atograph ic m ethod  w ith  a flam e ph o tom e tric  detector. 
Q ua n tita tion  lim its  o f  about 10 ng/g have been achieved fo r 
t r ib u ty lt in  and d ib u ty l tin .

P o la ro g ra p h y .— Associate Referee Susan H ig h t recom 
mends tha t parameters fo r  de te rm ina tion  o f  lead and cad
m iu m  by square wave v o lta m m e try  (SW V) be stud ied fo r 
use w ith  the d ry  ash sample prepara tion  procedure in  the 
offic ia l firs t action  m ethod, 25.008-25.015. The S W V  tech
nique is m uch m ore rap id  than d iffe ren tia l pulse anod ic s tr ip 
p ing vo ltam m etry . The o ffic ia l firs t ac tion  “ C adm ium  and 
Lead in  F o o d —A n o d ic  S tripp ing  V o lta m m e tr ic  M e th o d ,”
25.008-25.015, was recom m ended fo r o ffic ia l fina l action 
since there have been no adverse com m ents reported.

T in —Vacant. The o ffic ia l firs t ac tion  “ T in  in  Canned 
Foods—A to m ic  A bso rp tio n  S pectrophotom etric  M e tho d ,”
25 .A 01-25.A 04, was recom m ended fo r  o ffic ia l fina l action  
since there have been no adverse com m ents reported.

R ecom m endations

(1) A d o p t as o ffic ia l fina l action  the o ffic ia l firs t action 
m u ltie lem en t m ethod, 25.001-25.007, fo r arsenic, cadm ium , 
lead, selenium , and zinc in  food. D iscon tinue  top ic.

(2) A d o p t as o ffic ia l fina l ac tion  the o ffic ia l firs t action  
A S V  m ethod, 25.008-25.015, fo r cadm ium  and lead in  food. 
Study the app lica tion  o f  S W V  to  the de te rm ina tion  o f  lead 
and cadm ium  in  foods.

(3) A d o p t as o ffic ia l fina l action  the o ffic ia l firs t action  
m ethod fo r m e thy l m ercury in  fish, 25.146-25.152. A d o p t 
as offic ia l firs t action the rap id  m ethod fo r  m e thy l m ercury 
in  fish (J. Assoc. Off. A n al. C hem . [1987] 70, 24-30).

(4) A d o p t as o ffic ia l fina l action  the A A S  offic ia l firs t 
action m ethod fo r t in  in  canned foods, 25 .A 01-25.A 04. D is 
continue top ic.

(5) M o d ify  m ethod 25.024-25.027, C a d m iu m  a n d  L e a d

in Ea rth en w a re, by changing 25.025(c) (2) W orking  S o ln s  
fro m  “ D il.  0.0, 5.0, 10.0, 15.0, and 20.0 m L  stock soln to  1 
L  w ith  4% H O A c  (0, 5, 10, 15, and 20 Atg/mL)”  to  “ D il.  0.0,
1.0, 3.0, 5.0, 10.0, and 15.0 m L  stock soln to  1 L  w ith  4% 
H O A c  (0, 1, 3, 5, 10, and 15 p g /m L ).”

(6) D iscon tinue  top ics A rsen ic  in  A n im a l Tissues, and 
M ercury.

(7) C ontinue study on a ll o ther topics.

Multiresidue Methods (Interlaboratory Studies)

LEON D. SAWYER
F o o d  a n d  D ru g  A dm inistration , D iv ision  o f  C o n ta m in a n ts  
C hem istry, 2 0 0  C  St, S W , W ashington, D C  2 0 2 0 4

C o m p reh en sive  M u ltire s id u e  M e th o d o lo g y .— {Associate 
Referee D a rry l E. Johnson, F D A , M inneapo lis , M N .)  The 
Associate Referee, new ly appo inted th is  year, has made sig
n ifican t progress tow ard  develop ing a m u ltires idue  ana lytica l 
m ethod applicable to  the synthetic  pyre th ro id  class o f  pes
tic id e  chemicals in  fru its  and vegetables. W ork in g  w ith  ex
tracts obta ined fro m  bo th  29.011 and 29.A03 and 6 pyre- 
th ro ids (te tram ethrin , perm ethrin , cyperm ethrin, fenvalerate, 
and decam ethrin), he has developed a qu an tita tive  F lo r is il 
cleanup procedure tha t is based on 29.046 and includes an 
ad d itiona l e lu tio n  w ith  5% acetone in  hexane. The acetone- 
hexane eluate is cleaned up fu rth e r w ith  a bonded phase 
extraction  co lum n. The procedure is described to  p rov ide  
adequate cleanup fo r  electron capture detection at 0.05 ppm  
fo r each py re th ro id  fro m  fo rtif ie d  samples o f  k iw i fru it ,  ap
ples, potatoes, and peppers. E levated tem perature chrom a
tography, i.e., 230-240°C , was used fo r  the de term inations; 
bo th  w ide bore cap illa ry  and packed co lum ns were included. 
The Associate Referee reports tha t he is cu rre n tly  in v e s ti
gating the o p tim u m  chrom atograph ic con d itions  tha t w ill 
g ive reproducib le  responses and p rope r isom eric  reso lu tion 
o f  the in d iv id u a l pyre th ro ids. H e plans on investiga ting  the 
tem perature p rogram m ing o f  a w ide bore cap illa ry  co lum n 
equipped w ith  a 5 m  re ten tion  gap; the re ten tion  gap is be
lieved to  be needed to  stab ilize response. T o  date, a ll ch ro 
m atographic de te rm inations have been done at iso therm a l 
cond itions, and responses have no t been rep roduc ib le  w ith  
the w ide bore cap illa ry  system.

E x tra ctio n  o f  L o w  M oistu re-H ig h  F a t  S a m p les . — (Asso
ciate Referee Leon D . Sawyer, F D A , W ashington, D C .) D u r
ing the past year, the Associate Referee con tinued m o n ito rin g  
the results o f  an investiga tion  using sem iprepara tive L C  silica 
gel cleanup fo r  fats and o ils  as an a lte rna tive  to  ace ton itrile  
p a rtition ing . N o  progress was made beyond tha t reported last 
year w ith  regard to  poor separation o f  some organophosphate 
pesticides fro m  lip id  m ateria ls. The investiga ting  labo ra to ry  
attem pted to  use a reverse-phase separation w ith  a C-18 
co lum n and ace ton itrile  m ob ile  phase b u t encountered o ther 
recovery problem s w ith  the organochlorinated pesticides. The 
Associate Referee has re in itia ted  the study o f  the U n itre x  
system w h ich  was abandoned 2 years ago as a cleanup a l
te rna tive . P revious a ttem pts w ith  vegetable o ils  and th is  tech
n ique m ay have been unsuccessful because “ ox id ized ”  or 
“ degraded”  o ils  were used in  the in it ia l investigations. Re
sults to  date w ith  refined o ils  have shown excellent cleanup 
w ith  approx im ate ly  80-90%  recoveries fo r 6 o f  8 organo
ch lo rina ted  pesticides tested. E nd rin  and p ,p '- D D T  recov
eries have been m uch m ore varied , presum ably because o f  
th e ir suscep tib ility  to degradation under certa in ch ro m ato 
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graphic cond itions. Three B H C  isomers, ch lo rpyrifos , d ie l- 
d rin , and heptach lo r epoxide, were the o ther chem icals tested 
fro m  o live , safflower, sunflower, and soybean oils.

F u m ig a n ts. — (Associate Referee James D a ft, F D A , Kansas 
C ity , M O .) The Associate Referee reported tha t the m od ified  
A O A C  whole gra in acetone soak procedure (reported last 
year) fo r m u ltifu m ig a n t and related v o la tile  halocarbons was 
published in  the Jo u r n a l o f  the A O A C  (1987) 70, 734-739. 
In  ad d itio n  to  the 19 chem icals to  w h ich  the m ethod is ap
plicab le as reported last year, he now  includes 3 ad d itiona l 
ones, ortho- and para-d ich lorobenzene and 1 ,2 -d ib rom o-
3-chloropropane. Plans are under way to  co llabora tive ly  study 
the m ethod du ring  the next year.

A d d itio n a l fum igan t w o rk  by the Associate Referee in 
vo lved  analysis o f  548 food  samples (fa t-con ta in ing  and no n 
fa t-con ta in ing ) fo r  residues o f  the 22 chem icals to  w h ich  the 
above-referenced m ethod is applicable. However, in  th is  work, 
a m od ifica tion  o f  the proposed m ethod was used fo r lo w  fa t 
samples and a F lo r is il cleanup step was added fo r  samples 
con ta in ing  over 20% fat. The m od ifica tions  were used fo r 
expediency since the goal was to  survey, no nquan tita tive ly , 
fo r  the presence o f  residues. He reported th a t 60% o f  the 
samples had one o r m ore o f  the chem icals present as a res
idue.

M in iatu rizatio n  o fM u ltire s id u e  M eth o d o lo g y .— (Associate 
Referee D . R ona ld  Erney, F D A , D e tro it, M I.)  N o  w o rk  on 
th is  top ic  was accom plished th is  year. The Associate Referee 
reported tha t he s till plans on repeating an in te rlabo ra to ry  
study tha t was conducted 2 years ago.

O rganophosphorus P estic ide R e s id u e s .— (Associate R ef
eree R ona ld  Laski, F D A , Buffa lo, N Y .)  The Associate R ef
eree has de term ined the gas chrom atograph ic characteristics 
o f  11 organophosphorus chem icals on DEGS, O Y -101, and 
O V -17 colum ns w ith  F P D -P  detection. Six (6) o f  the chem 
ica ls—carbophenoth ion su lfox ide/su lfone, fenam iphos, fen- 
su lfo th ion  oxygen analog, and phorate su lfox ide /su lfone— 
chrom atographed on a ll 3 G C systems. T h e ir recoverab ility  
through the applicable sections o f  m ethods 29.001-29.018,
29.054-29.058, and 29 .A 01-29 .A 04 w ill be determ ined. N o  
chrom atograph ic responses were obta ined w ith  coum aphos, 
fenam iphos su lfoxide/su lfone, and oxydem eton m e thy l sul- 
fone.

The Associate Referee plans to  in it ia te  a study o f  the ap
p lic a b ility  o f  de te rm in ing  selected organophosphorus pesti
cides and th e ir  m etabolites as “ to ta l sulfones.”  T h is  proce
dure has been proposed by H i l l  et al. (A n a lyst  (1984) 109, 
483).

Sw eep  C o d istilla tio n .— (Associate Referee B arry  G . Luke, 
State C hem istry  Labora tory , East M elbourne , V ic to ria , A us
tra lia .) The Associate Referee relayed results fro m  a lim ite d  
in te rlabo ra to ry  study (5 laboratories) on the recoveries o f  
ch lo rpyrifos , b rom ophos ethyl, and e th ion  fro m  m eat fa t by 
using a U n itre x  system w ith  beadless frac tion iza tion  tubes. 
The study ind ica ted tha t in te rlabo ra to ry  v a r ia b ility  (R S D X =
10-17% ) was typ ica l o f  w hat is expected fo r residue m ethods. 
Recoveries also appeared acceptable. The Associate Referee 
acknowledged tha t these results w o u ld  no t be equ iva lent to 
an A O A C  co llabora tive  study because o f  the lim ite d  num ber 
o f  samples and use o f  certain protocols, e.g., pa rtic ipants 
fo r tif ie d  th e ir  own samples. He d id  feel encouraged about 
the results and s till plans on conducting an A O A C  co llabo
ra tive  study w ith  organophosphate pesticides in  meats.

The Associate Referee b rie fly  m entioned 3 o ther planned 
in te rlabora to ry studies in vo lv in g  the U n itre x  system: (7) PCBs 
in  meat fa t (4 laboratories); (2) D D E /D D T  in  an unspecified 
com m o d ity  (9 laboratories); and (5) a repeat o f  organophos

phate pesticides in  meat fat. In  ad d ition , he reported on the 
successful app lica tion  o f  the technique fo r analyzing breast 
m ilk  fo r  PCBs. N o  details on any o f  these studies have been 
received by the General Referee at the tim e  o f  th is  report.

Recommendations
(1) P roceed w ith  in v e s t ig a t io n  o f  te m p e ra tu re -p ro 

gram m ed w ide bore cap illa ry  chrom atography w ith  e lectron 
capture detection and a ttem pt to  resolve the response v a r i
a b ility  tha t is reported to  exist. A tte m p t to establish co n d i
tions tha t w i l l  resolve as m any p yre th ro id  chem ica ls/isom ers 
as possible. C ontinue investigations o f  pyre th ro id  recoveries 
from  various food com m odities, using bo th  29.011 and 29.A03 
extractions w ith  F lo r is il and bonded phase extraction  c lean
up procedures.

(2) C ontinue investigating and eva luating o il cleanup 
chrom atograph ic techniques such as U n itre x , sem iprepara
tiv e  LC , GPC, and so lid  phase ex trac tion  co lum ns th a t ap
pear to p rov ide  advantages over 29.014 (p a rtitio n in g ) in  
cleanup efficiency an d /o r tim e  and reagent usage.

(3) D ra ft a specific m ethod, applicab le o n ly  to  represen
ta tive  fum igants in  w hole grains and m ilk  products, fo r  re 
v iew  and com m ent before con tinu ing w ith  co llabora tive study 
plans, based on the approach in  J .  Assoc. Off. A n a l. C hem .
(1987) 70, 734-739. The proposed m ethod m ust inc lude  re
covery and m ethod perform ance data fo r a ll chem icals tested.

(4) C ontinue w ith  previous plan o f  designing an in te rla b 
ora to ry  tr ia l o f  a m in ia tu rize d  version o f  29.001-29.008 as 
ou tlined  in  last year’s C om m ittee  recom m endation  fo r  th is  
top ic.

(5) Com plete recovery studies o f  the 6 organophosphorus 
chemicals tha t have been de term ined to  p ro v id e  a ch ro m a to 
graphic response through the applicab le sections o f  29.001-
29.018, 29.054-29.058, and 29 .A 01-29.A 04. C ontinue  w ith  
plans to study the ap p lica b ility  o f  converting  organophos
phorus chem ical residues to  sulfones p r io r  to  de te rm ina tion .

(6) Reconsider plans in  designing a co llabora tive  study fo r 
organophosphate pesticides in  m eat fat. Since m ore recovery 
and cleanup experience exists w ith  the organochlorinated 
pesticides (inc lud ing  PCBs) w ith  the U n itre x  c leanup o f  meat 
fats, i t  is recom m ended tha t they be inc luded in  the firs t 
A O A C  co llabora tive  study o f  th is  ana lytica l approach. I t  is 
fu rthe r recom m ended tha t the Associate Referee design a 
co llabora tive  study pro toco l fo r  eva luation  by  the G eneral 
Referee and S tatistica l Consu ltant w ith in  the next year. C on
tinued  eva luation o f  advantages and disadvantages o f  “ bead
ed”  vs “ beadless”  frac tion iza tion  tubes fo r the U n itre x  sys
tem  is also recom m ended.

Organohalogen Pesticides

BERNADETTE M. McMAHON
F o o d  a n d  D ru g  A dm inistration , D iv ision  o f  C on ta m in a n ts  
C hem istry, W ashington, D C  2 0 2 0 4

C hlordane. — (W ilb u r Saxton, F D A , Seattle, W A .) T he  A s 
sociate Referee has had no o p p o rtu n ity  to  w o rk  on th is  top ic  
in  the past year. He is uncerta in w hether o r no t he w i l l  be 
able to com plete the testing o f  the m ethods under cons id 
era tion  in  the upcom ing year.

C h lorin a ted  D io x in s .— (D a v id  Firestone, F D A , W ash ing
ton, D C .) The Associate Referee reported tha t deve lopm enta l 
w o rk  in  the fie ld  o f  d io x in  analysis continues and tha t there 
is also effort underway to  prepare pu rifie d  d io x in  and fu ran  
congeners. Interest centers on developm ent o f  rap id  extrac-
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tio n  and cleanup procedures and on au tom ation  o f  in s tru 
m enta tion  tha t can be used fo r  cleanup.

Some researchers are a ttem pting  to  measure in te rla bo ra 
to ry  re p ro d u c ib ility  o f  m ethods fo r d io x in  analysis by  con
ducting “ round  ro b in ”  studies am ong several laboratories. 
Results o f  one such study are being presented at the 1987 
A n n ua l M eeting  by  N o rb e rt Fehringer and Stephen W alters 
o f  F D A ’s Pesticides and In d u s tr ia l Chem icals Research Cen
ter (P ICRC ), D e tro it. S tudy pa rtic ipan ts  were the 4 F D A  
laboratories tha t pe rfo rm  analysis fo r 2 ,3 ,7 ,8 -T C D D , i.e., 
P ICRC , the D e tro it  and Chicago D is tr ic t Laboratories, and 
the D iv is io n  o f  C ontam inan ts C hem istry , W ashington, DC . 
F ive  fish samples, in c lud in g  2 w h ich  were duplicates o f  one 
another and one w h ich  was a fo r tif ie d  p o rtio n  o f  another, 
were analyzed by 6 analysts in  the 4 laboratories, each using 
the m ethod n o rm a lly  used in  tha t labora tory.

As the repo rt by Fehringer and W alters indicates, repro
d u c ib ility  am ong laboratories is considered excellent fo r  the 
low  levels o f  analyte in v o lv e d  (9 -56  parts per tr il l io n ) ,  bu t 
th is  cannot be considered a measure o f  re p ro d u c ib ility  o f  any 
one m ethod since each labo ra to ry  chose to  use d iffe ren t steps 
o f  the basic ana ly tica l approach. Enough s im ila ritie s  exist in  
the various procedures, however, tha t i t  appears a single 
m ethod cou ld be developed fro m  the various steps used.

Interest is also h igh in  the use o f  m onoc lona l antibodies 
fo r  im m unoassay analysis o f  d iox ins. O ther in  v it ro  tech
niques being considered inc lude receptor b ind ing  assays us
ing a suitable rad io ligand.

The Associate Referee recom m ends con tinued m o n ito rin g  
o f  m ethods fo r  d iox in s  and furans and deve lopm ent o f  u n i
fo rm  m ethods subjected to  in te rla bo ra to ry  va lida tion .

C h loro ph en o xy  A lk y l A cids. — (Vacant.) A n  e ffo rt has been 
made to  find  an Associate Referee fo r  th is  top ic . M a rv in  
H opper, F D A  T o ta l D ie t Research Center, Kansas C ity , M O , 
has developed a m ethod tha t is in  regular use in  F D A ’s T o ta l 
D ie t Program . The m ethod invo lves extraction  o f  the resi
dues fro m  samples ac id ified  w ith  su lfu ric  acid, using d iffe rent 
techniques fo r d iffe ren t sample types. The extract is cleaned 
up by gel perm eation chrom atography (GPC), and the acids 
are m ethylated by io n  p a ir a lky la tio n . The m ethyla ted extract 
is then cleaned up on a m in i-F lo r is il co lum n, and the m e thy l 
esters are de term ined by gas chrom atography w ith  electron 
capture and e lec troconductiv ity  detection.

The extraction  steps o f  th is  m ethod have been described 
in  deta il in  F D A ’s P estic id e  A n a ly tic a l M a n u a l  V o lum e  I 
(P A M  I), Section 221.1. The io n  pa ir chrom atography m eth- 
y la tio n  step, w h ich  replaces the diazom ethane m e thy la tion  
o f  the P A M  I  version, is described by H opper in  / .  Agric. 
F o o d  C hem . (1987) 35, 265-269.

The m ethod l im it  o f  de tection fo r m ost com m od ities  is 
0.001 ppm . Recovery tests ro u tin e ly  accom pany its  use in  
F D A ’s T o ta l D ie t Program . Recoveries o f  com pounds fo r 
tif ie d  at levels o f  0 .01 -0 .04  ppm  ro u tin e ly  range fro m  30 to 
100%, w ith  an ove ra ll average o f  60-70% . These recoveries 
have been considered acceptable, because o f  the w ide range 
o f  food products and lo w  levels o f  residues in vo lve d . A  de
cision by the M ethods C om m ittee  is needed, however, on 
whether these results reflect a m ethod o f  adequate accuracy 
and precision fo r  co llabora tive  study.

H opper has expressed a w illingness to  become the Asso
ciate Referee fo r  th is  top ic  and to  collabora te th is  m ethod, 
i f  these recovery results are considered adequate. He is no t 
in  a pos ition  to  con tinue to  test o ther m ethods fo r CPAs no r 
to do fu rthe r w o rk  to  im p ro ve  the recoveries o f  th is  m ethod. 
He is also concerned tha t the autom ated G PC equ ipm ent 
m ight be considered specialized and tha t, therefore, i t  m ay

be d iff ic u lt to  find  enough laboratories to  pa rtic ipa te  in  a 
co llabora tive  study.

The M ethods C om m ittee  has ind ica ted  in  the past tha t i t  
w o u ld  require any m ethod fo r CPAs to  be supported by 
evidence o f  efficacy in  extraction  o f  bound residues. H opper 
has no t yet tested his m ethod fo r  ex traction  efficiency, bu t 
he is w illin g  to  undertake such tests i f  he can ob ta in  samples 
con ta in ing  incurred  residues, especially 2 ,4-D .

E th y le n e  O xid e  a n d  Its C hloro hydrin . —(Vacant). The per
son being considered as Associate Referee fo r th is  top ic  last 
year made no fu rthe r contact w ith  the G eneral Referee. N o  
o ther lik e ly  candidate has been found.

G e l P erm ea tio n  C h ro m a to g ra ph y  (G P C ) C lea n u p  fo r  Or- 
g a n o c h lo r in e R e s id u e s .— (T im  Spurgeon, A B C  Laboratories, 
C o lum b ia , M O ).T he  Associate Referee has no t had an op
p o rtu n ity  to  w o rk  on th is  top ic  in  the past year. H is  pos ition  
in  his organ ization has changed since last year, and he does 
n o t expect to  be able to  be d ire c tly  in vo lve d . H ow ever, new 
employees in  his organ ization m ay be able to  do so. He is 
w illin g  to  continue as Associate Referee, w ith  the expectation 
tha t someone in  his organ ization cou ld  manage a fu ture  co l
labo ra tive  study on the G PC m ethod, as app lied  to  the anal
ysis fo r  po lych lo rina ted  b iphenyls (PCBs) in  meats and fish, 
i f  the M ethods C om m ittee  s till believes i t  should be done.

M eth y l B r o m id e .—(Joseph Ford, U S D A , G u lfp o rt, MS, 
and R ichard DePalma, Procter and G am ble, C inc inna ti, O H .) 
A  renewed in terest in  co llabora ting  a m ethod fo r  m ethy l 
b rom ide  residues has arisen because the E nv iron m en ta l P ro
tection  Agency (EPA) has requested data on residues o f  th is  
fum igan t. EPA has expressed a w illingness to  accept data 
obta ined using the head space m ethodo logy described by J.
R. K in g  et al. (1981) J .  Agric. F o o d  C hem . 29, 1003-1005, 
and so th is  m ethod has been chosen fo r co llabora tive  study.

The co-referees on th is  top ic  w ill firs t study the s tab ility  o f  
the residues o f  m ethy l b rom ide , a h ig h ly  v o la tile  com pound. 
They have a — 80°F freezer ava ilable, and they be lieve tha t 
residues w ill be stable i f  stored in  such a freezer. The co-re fer
ees w il l  w o rk  together to  study ways to  prepare, store, and 
ship samples fo r  use in  a co llabo ra tive  study, and, i f  th is  is 
successful, w ill then develop a p ro toco l fo r co llabora tive study. 
M em bers o f  the G rocery M anufacture rs o f  A m erica  orga
n iza tion  are pa rticu la rly  interested in  the success o f  such a 
study and can be expected to  assist in  find in g  collaborators.

P entachlorophenol.—(George Y ip , F D A , W ashington, DC .) 
The Associate Referee has no t had tim e  to  devote to th is  
pro ject in  the past year. N o  w o rk  on th is  pro ject has been 
scheduled in  h is plan fo r next year e ither, because o ther topics 
have higher p r io r ity .

P o ly c h lo r in a te d  B ip h e n y ls . — (Le on  D . Sawyer, F D A , 
W ashington, D C .) The Associate Referee has reviewed sev
eral proposed in d iv id u a l congener ana ly tica l approaches in  
the past year. He has also reviewed the results o f  in te rla b 
ora to ry  tria ls  o f  4 studies using these approaches. H e has 
concluded tha t in d iv id u a l congener analysis is s t ill a h igh ly  
specialized technique th a t cannot at th is  p o in t be u n ifo rm ly  
adopted and applied to  give consistent q u a n tita tive  o r qua l
ita tiv e  values.

In  the com ing year, Sawyer in tends to  com pare the results 
obta ined by the current o ffic ia l m ethod  and those obtained 
using an in d iv id u a l congener approach. In  an tic ip a tio n  o f  
th is  study, he has obta ined the appropria te  gas chrom ato 
graphic equ ipm ent and the necessary standards.

P olychlorin ated  B iph en yls  (PC Bs) in B lood. —(V ir ly n  Burse, 
Centers fo r Disease C ontro l, A tlan ta , G A .) The Associate 
Referee was able in  the past year to  get an a d d itio n a l 2 
laboratories to  com plete the co llabora tive  study begun in
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Table 1. Recoveries of compounds added to specified commodities and analyzed per 29.044-29.049"

Recovered, % (fortification level, ppm)
Commodity Tetrasul Endosulfan I Endosulfan II Endosulfan S04 Tetradifon

Blueberries 95.4 (0.110) 91.2 (0.250) 99.7 (0.312) 92.2 (0.475) 105.2(0.600)
96.8 (0.220) 92.0 (0.500) 105.1 (0.623) 94.5 (0.950) 105.8(1.20)

Broccoli 102.7(0.110) 87.6 (0.250) 98.1 (0.312) 89.3 (0.475) 105.3(0.600)
Cabbage NA“ 101 (NR)“ 100 (NR) 103 (NR) NA

NA 103 (NR) 101 (NR) 104 (NR) NA
Cantaloupe 90.9(0.110) 83.2 (0.250) 94.6(0.312) 85.9 (0.475) 100.3 (0.600)

90.0 (0.220) 85.6 (0.500) 98.4 (0.623) 91.0(0.950) 101.7(1.20)
Carrots 101.8(0.110) 95.2 (0.250) 107.4 (0.312) 94.7 (0.475) 111.0(0.600)
Cauliflower 94.5(0.110) 90.0 (0.250) 109.0 (0.312) 106.1 (0.475) 119.2 (0.600)
Celery 95.5 (0.110) 93.0 (0.242) 100.6 (0.328) 98.6 (0.440) 98.5 (0.537)

NA 93.0 (0.484) 101.4(0.656) 98.7 (0.879) 99.1 (1.07)
Collard greens 113.6(0.110) 96.0 (0.250) 106.7(0.312) 98.7 (0.475) 109.0 (0.600)
Eggplant 85.4(0.110) 93.2 (0.250) 110.6(0.312) 99.2 (0.475) 107.7(0.600)
Endive 115.5(0.110) 90.8 (0.250) 103.2(0.312) 97.1 (0.475) 107.0(0.600)
Grapes 105.5(0.091) 101.7 (0.242) 103.4(0.328) 111.4 (0.440) 107.4 (0.537)

94.0(0.183) 90.9 (0.484) 94.8(0.656) 102.0(0.879) 99.1 (1.07)
Green beans 106.4(0.110) 90.4 (0.250) 103.5(0.312) 98.3 (0.475) 106.7 (0.600)

89.5 (0.220) 86.4 (0.500) 100.0(0.623) 89.3 (0.950) 100.8 (1.20)
Green peppers 97.3 (0.110) 88.8 (0.250) 107.4 (0.312) 102.3 (0.475) 112.2 (0.600)
Lettuce 95.6(0.091) 92.6 (0.242) 82.9 (0.328) 95.0 (0.440) 97.0 (0.537)

101.1 (0.183) 96.7 (0.484) 100.2 (0.656) 106.7(0.879) 104.7(1.07)
Mustard greens 89.1 (0.110) 97.6(0.250) 116.3 (0.312) 104.8(0.475) 116.8(0.600)
Peaches 95.4 (0.110) 92.8 (0.250) 105.1 (0.312) 91.6(0.475) 108.3 (0.600)

100.4 (0.220) 92.8(0.500) 106.3 (0.623) 93.8 (0.950) 106.7(1.20)
Pears 104.5 (0.110) 84.0(0.250) 106.1 (0.312) 105.7 (0.475) 110.0(0.600)
Peas 109.1 (0.110) 84.8 (0.250) 101.6(0.312) 93.1 (0.475) 104.3 (0.600)
Plums 110.9 (0.110) 94.4 (0.250) 109.3 (0.312) 101.9 (0.475) 110.0(0.600)
Potatoes 92.7 (0.110) 85.2 (0.250) 97.4 (0.312) 85.3(0.475) 101.8(0.600)

85.9 (0.220) 81.4 (0.500) 92.4 (0.623) 83.9 (0.950) 96.7(1.20)
Radishes 94.5 (0.110) 84.4 (0.250) 97.1 (0.312) 91.6(0.475) 112.2 (0.600)
Radish tops 100.9 (0.110) 90.4 (0.250) 106.7 (0.312) 94.1 (0.475) 113.3 (0.600)
Spinach 97.3 (0.110) 93.6 (0.250) 106.4 (0.312) 101.5(0.475) 112.3 (0.600)
Squash NA 98 (NR) 98 (NR) 97 (NR) NA

NA 104 (NR) 104 (NR) 98 (NR) NA
Strawberries 100.0(0.091) 99.2 (0.242) 101.8(0.328) 107.3 (0.440) 105.6(0.537)

101.6 (0.183) 101.0 (0.484) 102.7 (0.656) 109.3 (0.879) 107.5(1.07)
Sweet potatoes 108.2(0.110) 93.6 (0.250) 113.8(0.312) 106.3(0.475) 107.3(0.600)
Tomatoes 95.4(0.110) 92.8(0.250) 105.2 (0.312) 95.2 (0.475) 100.3 (0.600)

100.4(0.220) 92.8(0.500) 106.3 (0.623) 93.8 (0.950) 106.7(1.20)
Turnips 110.0(0.110) 86.8 (0.250) 100.0(0.312) 93.7 (0.475) 113.3 (0.600)
Turnip greens 113.6(0.110) 89.2 (0.250) 94.9 (0.312) 90.0 (0.475) 105.8 (0.600)
" Data collected and reported by Lawrence Mitchell. 
* NA = Not applicable; sample not run.
0 NR = Not reported.

1985 on the C D C  m ethod fo r PCBs in  b lood  serum. These 
a d d itiona l co llabora tors brought the to ta l to 6, to  fu lf i l l  the 
requirem ents fo r a com plete co llabora tive  study.

The sta tis tic ian  fo r  the C om m ittee  on Residues, R ichard  
A lb e rt, and A nn  W ilson  o f  his branch perfo rm ed the statis
tica l eva luation o f  the results according to  accepted A O A C  
procedures. These have been subm itted  to  the Associate Ref
eree.

The Associate Referee is now  in  the process o f  w r itin g  the 
report o f  th is  co llabora tive  study and w il l  subm it i t  to  the 
General Referee and the M ethods C om m ittee  fo r in te r im  
approva l when i t  is com plete.

Tetradifon, E n d o su lfa n , a n d  Tetrasul. — (Lawrence M itc h 
ell, F D A , A tlan ta , G A .) The Associate Referee fo r th is  top ic  
ran a successful co llabora tive  study in  1975 on the m ethod,
29.044-29.049, fo r  the 5 com pounds o f  interest. Because the 
m ethod is related to  the general m ethod fo r no n fa tty  foods,
29.001-29.018, using on ly  a d iffe ren t e lu tio n  system fo r the 
F lo r is il cleanup step, i t  seemed desirable at tha t tim e  to  ex
tend the o ffic ia l status fo r these chem icals to  a ll the com 
m od ities tha t have o ffic ia l status under the general m ethod.

In  1977, the referee reported to  then-G eneral Referee Jerry 
Burke on the results o f  recovery experim ents fo r  these 5

com pounds added to  10 d iffe ren t fru its  and vegetables. He 
also po in ted ou t tha t recoveries fo r 3 o f  the com pounds on 
2 add itiona l com m od ities  had been m entioned in  the c o l
labo ra tive  study report. He agreed to  collect the rem a inder 
o f  the com m od ities  and pe rfo rm  ad d itio n a l recovery studies. 
T h is  year, he sent data tha t he had developed on another 17 
com m odities. O f  these 29  com m odities, on ly  one, b lueber
ries, does no t have o ffic ia l status fo r  29.001-29.018.

U n fo rtu na te ly , the referee has no t been able to  com ple te 
the studies w ith  the fina l 12 com m od ities  tha t do have o ffic ia l 
status fo r  29.001-29.018. Instead, a ll the results cu rre n tly  
ava ilab le  have been included in  th is  report as Table 1. These 
results, plus the evidence p rov ided  by m any years o f  F D A  
experience w ith  th is  m ethod, support its  w ide a p p lic a b ility  
and re lia b ility .

Recommendations
(1) P erfo rm  m ethod com parison studies on the several 

m ethods availab le  fo r  chlordane residues in  fa tty  products:
i.e., (a) the fo llow ing  sections o f  the o ffic ia l m ethod: ex trac
t io n  by 29.011-29.012, ace ton itrile  p a rtitio n in g  cleanup by
29.014, F lo r is il co lum n chrom atograph ic cleanup and res i
due separation by 29.046-29.048; (b) ex traction  o f  fa t as in
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(a), fo llow ed by G PC cleanup, 29.037-29.043; and (c) ex
trac tion  as in  (a), fo llow ed  by c leanup on the U n itre x  system. 
Samples extracted and cleaned up by any o f  these m ethods 
can then be de term ined by the cap illa ry  G C  system o f  the 
Associate Referee.

Such studies should he lp the referee decide on the m ost 
practical m ethod fo r residues o f  chlordane in  bu tte r, fish, and 
p o u ltry  fat, and at the same tim e, test the c o m p a tib ility  o f  
the cap illa ry  G C  w ith  sample extracts. The decision on w h ich  
m ethod should be subjected to  co llabora tive  study can then 
be based on th is  com parison.

(2) C ontinue  to  m o n ito r progress on the developm ent o f  
m ethods fo r 2 ,3 ,7 ,8 -te trach lo rod ibenzo -p-d iox in  and fo r 
hexach loro-, hep tach lo ro -, and oc tach lo ro -subs titu ted  d i-  
benzo-p-d ioxins and dibenzofurans in  foods. C ontinue  to 
evaluate m ethods tow a rd  the u ltim a te  goal o f  establishing 
one as an o ffic ia l m ethod through A O A C  co llabora tive  p ro 
cedures.

(3) A p p o in t M a rv in  H opper as new Associate Referee fo r 
C h lorophenoxy A lk y l Acids, i f  the com m ittee  considers the 
recoveries o f  the m ethod he has developed to  be adequate 
fo r  co llabora tive  study. H opper should then study the ex
trac tion  efficiency o f  the m ethod, using samples con ta in ing  
incurred residues, especially p roducts o f  in terest to  E P A  such 
as grains, asparagus, and citrus. I f  the m ethod extraction 
efficiency is adequate, he should develop a plan to study the 
m ethod co llabora tive ly .

(4) C ontinue in  the e ffo rt to  f ind  an Associate Referee fo r 
Ethylene O xide and its  C h lo ro hyd rin . The new referee should 
study the m ethod  o f  Scudamore and Heuser (1971) Pestic. 
Sci. 2, 80-91 , fo r  de te rm in ing  ethylene oxide, ethylene ch lo 
roh yd rin , and ethylene b ro m o h yd rin  in  foods.

(5) C ontinue to  p lan fo r  eventual co llabo ra tion  o f  the GPC 
m ethod, 29.037-29.043, fo r  PCBs in  fish, meat and p o u ltry  
fat. In  the m eantim e, p ro v id e  assistance to  o ther Associate 
Referees w ho m ay w ish to  em p loy G PC as a technique to  be 
applied to  o ther com pounds (e.g., chlordane, ch lorophenoxy 
a lky l acids).

(6) C om plete the p re lim in a ry  w o rk  on the m ethod o f  K in g  
et al. fo r  m e thy l b rom ide  in  foods in  w h ich  residues are m ost 
like ly  to  occur and in  w h ich  EPA is requesting residue data; 
develop hand ling  procedures fo r samples con ta in ing  m ethy l 
b rom ide  residues, and test the re lia b ility  o f  the procedures 
by in te rlabo ra to ry  study. D eve lop a p ro toco l fo r  co llabora
tiv e  study, ob ta in  approval o f  the General Referee and Sta
tis tica l C onsultant, and com plete the study.

(7) C ontinue w o rk  on develop ing a m ethod fo r analysis 
o f  pentach lorophenol in  eggs, fish, m ilk , and gelatin; plan 
and execute a lim ite d  in te rla bo ra to ry  study o f  the m ethod 
before p lann ing a co llabora tive  study.

(8) S tudy the app lica tion  o f  the in d iv id u a l congener anal
ysis o f  PCB residues and report on the com parison o f  results 
produced by  tha t technique and by the A O A C  o ffic ia l tech
nique.

(9) Com plete the repo rt on the co llabora tive  study o f  the 
m ethod fo r PCBs in  b lood  serum; sub m it i t  to  the General 
Referee and the C om m ittee  on Residues fo r in te r im  ap
proval.

(10) A d o p t as o ffic ia l firs t ac tion  m ethod 29.044-29.049 
fo r tetrasul, te trad ifon , endosulfan I,  endosulfan I I ,  and en- 
dosulfan sulfate on the fo llow ing  crops: blueberries, b rocco li, 
can ta loupe, ca rro ts , c a u lif lo w e r, ce lery, c o lla rd  greens, 
eggplant, endive, grapes, green beans, green peppers, lettuce, 
m ustard greens, peaches, pears, peas, p lum s, potatoes, rad
ishes, rad ish tops, spinach, strawberries, sweet potatoes, to 
matoes, tu rn ips, and tu rn ip  greens.

(11) A d o p t as o ffic ia l firs t ac tion  m ethod 29.044-29.049 
fo r  endosulfan I, endosulfan I I ,  and endosulfan sulfate on 
cabbage and squash. D iscon tinue  th is  top ic.

Other Recommendations
(1) C ontinue the firs t ac tion  status o f  the m ethod  fo r pen

tach loropheno l in  gelatin, 29 .A 14-29.A 18. Q uestions s t ill ex
is t on the gas chrom atography step o f  th is  m ethod.

(2) R ichard  E llis , U S D A , has ind ica ted  tha t he has no 
resources available to  pursue the com p le tion  o f  the co llab 
o ra tive  study report on the m ethod fo r pentach lorophenol 
in  an im a l and p o u ltry  tissue in  a fo rm  tha t w ou ld  answer the 
ob jections raised in  1986. He is w illin g  fo r  someone else to 
be appo inted to  th is  top ic  i f  the C om m ittee  on Residues 
wishes to pursue co llabora tion  o f  such a m ethod.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Residues. See the report 
of the committee, this issue.

Section numbers refer to O fficial M eth ods o f  A n alysis (1984) 14th edition, 
and to “Changes in Official Methods,” J. Assoc. Off. A nal. C hem . (1985) 68, 
369-411 (A methods).

Organonitrogen Pesticides

W. HARVEY NEWSOME
H ealth  a n d  W elfare C anada, H ea lth  P rotection B ran ch , 
F o o d  R esea rch  D ivision, Ottawa, O ntario  K 1 A  0 L 2 ,
C a n a d a

Reports were received fro m  Associate Referees on 7 topics. 
Associate Referees are requ ired fo r an ad d itio n a l 11 topics.

A n ila z in e .— A n  Associate Referee is requ ired to  select a 
m ethod fo r an ilazine residues and conduct a co llabora tive  
study.

B e n z im id a z o le-ty p e  F u ng icides. — Associate Referee M ik io  
Ch iba reports tha t he has been unable to  conduct accuracy, 
precision, and ruggedness testing o f  his m ethod fo r  benom yl 
and carbendazim  in  food crops.

C aptan  a n d  R e la te d  F u n g ic id e s .— Associate Referee D a lia  
G ilv y d is  reports tha t the p ro toco l fo r her m ethod  to  deter
m ine captan, fo lpet, and captafo l has been m od ifie d  to  em 
p loy  a w ide bore fused s ilica cap illa ry  co lum n  (20 m  x 0.53 
m m  id , D B -1 ) fo r the gas chrom atograph ic de te rm ina tive  
step, replacing the 6 f t  packed co lum n specified previously. 
The revised m ethod w il l  be tested in  a 2 -3  labo ra to ry  in te r
labo ra to ry  tr ia l before the co llabo ra tive  study is in itia te d .

C a rb a m a te  H erbicides. — A n  Associate Referee is required 
to  select and test a m ethod fo r carbam ate herbicides.

C a rb a m a te  In s e c tic id e s . — A ssoc ia te  Referee R ic h a rd  
Krause reports tha t he has developed a m ethod fo r  c o n fir
m a tio n  o f  the pheno lic  carbam ate residues de term ined by
29 .A 05-29.A 13. Residues extracted, cleaned up, and sepa
rated by liq u id  chrom atography in  29 .A 05-29 .A 13 are h y 
dro lyzed in  the postco lum n reactor, then measured w ith  an 
electrochem ical detector opera ting in  the ox ida tive  m ode at 
0.60 V . D e tector response was 99% o f  theore tica l (SD 2.8%) 
fo r  extracts o f  apple, grape, cabbage, o r tom a to  spiked w ith  
0.5-0 .1 ppm  bufencarb, carbaryl, carbofuran, 3 -hydroxy car- 
bo furan, m eth iocarb, and isoprocarb.

C a rb o fu ra n .— A n  Associate Referee is requ ired to  study 
and test co llabo ra tive ly  a m ethod  fo r carbofuran pheno lic  
m etabolites and 3-hyd roxy  carbofuran glucoside in  crops. A  
m ethod is also requ ired fo r  carbofuran and its  carbam ate and 
phenolic  m etabolites in  m ilk  and meat.
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Chlorothalonil. — An Associate Referee is required to con
duct a collaborative study of an existing multiresidue method 
as applied to chlorothalonil.

Daminozide and 1,1-Dimethylhydrazine (UDMH).—As
sociate Referee M. D. Parkins reports that a method for 
daminozide involving alkaline degradation to UDMH, for
mation of the salicylaldehyde dimethylhydrazone, and quan
titation of the latter by gas chromatography/mass spectrom
etry is the subject of an interlaboratory study. The method 
involves the use of a standard curve prepared from blank 
matrix and an internal standard to compensate for variation 
in instrument response. The Associate Referee is examining 
the effect of these procedures on the quantitation results.

A method for UDMH involving the derivatization with
4-nitro salicylaldehyde and determination by gas chroma
tography with nitrogen/phosphorus detection is being studied 
in 2 laboratories. A collaborative study will be initiated by 
the Associate Referee if satisfactory data are generated.

Organonitro Pesticides.—Associate Referee Richard Krause 
reports that the chromatography of most nitrophenol pesti
cides has been improved through the use of a chiral LC 
column. Dinoseb and DNOC still produce broad peaks, and 
it is planned to investigate the use of a mobile phase buffered 
near pH 3 to alleviate the problem.

Diquat and Paraquat.— Associate Referee Brian Worobey 
reports that samples for analysis have been sent to 11 col
laborators. Two laboratories have withdrawn from the study, 
2 have completed the analyses, and the remaining 7 have yet 
to report.

Dithiocarbamate Fungicides. — An Associate Referee is re
quired to study methods for the determination of dimethyl- 
dithiocarbamates and ethylenebis(dithiocarbamates) in foods.

Maleic Hydrazide. — An Associate Referee is required to 
study a GC or LC method for maleic hydrazide.

Organotin Fungicides.— An Associate Referee is required 
to study a method for fenbutatin, triphenyl tin, and cyhexatin 
residues.

Sodium o-Phenylphenate. — An Associate is required to se
lect a method for o-phenylphenol residues and conduct a 
collaborative study.

Substituted Ureas.—Associate Referee Ronald Luchtefeld 
reports that recovery data have been developed for 6 phen- 
ylurea herbicides in 6 foods at spiking levels of 0.05 and 0.50 
ppm (/. Assoc. Off. Anal. Chem. [1987] 70, 740-745). Re
coveries were 91% or greater with a maximum CV of 14 at 
0.05 ppm, and at least 94% with a maximum CV of 9.1 at 
0.50 ppm. An intralaboratory study indicated a similar range 
of CV values but recoveries often exceeded 100%. An inter
laboratory study involving 2 other laboratories is being con
ducted prior to initiation of a collaborative study.

Thiolcarbamate Herbicides.— An Associate is required to 
select a method for thiolcarbamates and conduct a collabo
rative study.

s-Triazines.— An Associate Referee is required to study a 
method for atrazine and cyanazine residues.

Trijluralin.— An Associate Referee is required to study the 
applicability of existing multiresidue procedures to the de
termination of trifluralin residues.

Recommendations
(1) Appoint Associate Referees to study anilazine, car

bamate herbicides, carbofuran and metabolites, chlorothal
onil, dithiocarbamate fungicides, maleic hydrazide, organ
otin fungicides, sodium o-phenylphenate, thiolcarbamate 
herbicides, s-triazines, and trifluralin.

(2) Conduct accuracy, precision, and ruggedness testing of

the Associate Referee’s alkaline degradation method for ben- 
omyl and carbendazim.

(3) Conduct interlaboratory trial of the Associate Refer
ee’s modified method for captan, folpet, and captafol and 
submit recovery and precision data to the General Referee 
for review and comment. If data are satisfactory, initiate 
collaborative study.

(4) Conduct an interlaboratory study to assess the effect 
of different detector types on the response obtained from 
various carbamate/coextractive combinations and submit the 
data to the General Referee for review and comment.

(5) Conduct ruggedness testing on the alkaline hydrolysis- 
GC/MS method for daminozide to determine sources of vari
ation and to define the best approach to quantitation. Prepare 
a revised procedure and supporting statistical data for review 
and comment by the General Referee.

Submit details of the revised method for UDMH and data 
from the interlaboratory study to the General Referee for 
review and comment. If satisfactory data are obtained, ini
tiate a collaborative study.

(6) Analyze data obtained from the collaborative study of 
the method for diquat and paraquat in potatoes and submit 
a report and recommendation.

(7) Continue development of a multi-residue method for 
organonitro pesticides in foods.

(8) Obtain performance data from interlaboratory trial, 
and if satisfactory, prepare protocol for collaborative study 
for review by General Referee. Upon concurrence by General 
Referee and Statistical Consultant, initiate collaborative study.

This report of the General Referee was presented at the 101 st AO AC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Residues. See the report 
of the committee, this issue.

Organophosphorus Pesticide Residues

G A IL  A B B O T T  PA R K E R
Florida Department o f Agriculture, Chemical Residue 
Bureau, 3125 Corner Blvd, Tallahassee, FL 32399-1650

Disulfoton.—(S. Szeto, Agriculture Canada, Vancouver.) 
The Associate Referee reports the proposed residue method, 
which consists of an organic extraction, charcoal column 
cleanup, oxidation of parent compound and metabolites to 
sulfones, and determination by GC/AFID, has undergone 
additional evaluation within his laboratory. Several types of 
samples have been analyzed and recoveries greater than 90% 
for disulfoton and its oxidative metabolites have been at
tained.

Fenvalerate.—{T. D. Spittler, New York State Agricultural 
Experiment Station, Geneva.) The Associate Referee reports 
his laboratory has continued to use the Shell (Modesto) fen- 
valerate method successfully for esfenvalerate determina
tions. Esfenvalerate is the isomerically pure (S,S) form of 
fenvalerate and is rapidly replacing it in the marketplace. 
The Associate Referee’s informal poll of analysts in other 
laboratories indicates that existing methods for fenvalerate 
are being used, without modification, for determination of 
esfenvalerate. Although the methods in use have never 
undergone AOAC collaborative study, he feels there is little 
interest among users in devoting the time required to conduct 
such a study. He does not recommend a collaborative study 
at this time.

Phorate.— The Associate Referee resigned this year.



GENERAL REFEREE REPORTS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988) 99

Phosphine.— (B. Puma, FDA, Washington, DC.) The As
sociate Referee reports he has conducted some initial studies 
covering techniques for handling gaseous phosphine stan
dards, phosphine behavior on GC, and the applicability of 
the solvent soaking procedure for the extraction of fumigants 
in grains (29.072).

Recommendations
(1) Appoint an Associate Referee to evaluate and collab- 

oratively study analytical methods for determining residues 
of azinphos-methyl in foods.

(2) Choose sample matrix and prepare protocol for col
laborative study of Associate Referee’s method for deter
mination ofdisulfoton and its oxidative metabolites (J. Agric. 
Food Chem. [1982] 30, 1082-1086). Submit protocol for 
review and comment by General Referee and Statistical Con
sultant to Committee on Residues. Upon approval, begin 
collaborative study.

(3) Appoint an Associate Referee to study efficiency of 
procedures for extracting field-incurred residues of organo- 
phosphorus pesticides and their metabolites from crops; ex
tend the study of Watts (J. Assoc. Off. Anal. Chem. [1971] 
54, 953-958); and develop improved extraction procedures 
for incorporation into existing multiresidue methods.

(4) Discontinue Fenvalerate as a topic.
(5) Appoint an Associate Referee to evaluate gel perme

ation chromatography (GPC) as cleanup technique for or- 
ganophosphorus pesticides and their metabolites in extracts 
of high fat samples.

(6) Appoint an Associate Referee to evaluate and collab- 
oratively study analytical methods for determining residues 
of methamidophos and its metabolites in foods.

(7) Appoint an Associate Referee to evaluate and collab- 
oratively study analytical methods for determining residues 
of monocrotophos in foods.

(8) Appoint an Associate Referee to evaluate and collab- 
oratively study analytical methods for determining residues 
of permethrin in foods.

(9) Appoint an Associate Referee to fill the recently va
cated topic of phorate and its metabolites in foods.

(10) Continue study on phosphine.
(11) Appoint an Associate Referee to evaluate and col- 

laboratively study analytical methods for determining resi
dues of resmethrin in foods.

Other Recommendations
(1) Initiate a topic for terbufos and its oxidative metab

olites. (This pesticide has been classified in the FDA Sur
veillance Index as Class II.) Appoint an Associate Referee 
to evaluate and study methodology.

(2) Combine the synthetic pyrethroid pesticides under one 
topic and appoint an Associate Referee to evaluate the need 
for methodology and study the possibility of extending or 
developing a multiresidue method.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Residues. See the report 
of the committee, this issue.

Section numbers refer to O ffic ia l M e th o d s  o f  A n a ly s is  (1984) 14th edition.

R adioactivity

E D M O N D  J. B A R A T T A
Food and Drug Administration, Winchester Engineering 
and Analytical Center, Winchester, MA 01890

Cesium-137.—The method for the determination of ce
sium-137 in milk and other foods by gamma-ray spectros
copy has been accepted as official. A candidate for a new 
Associate Referee has been found, and the appointment is 
pending approval by the candidate’s supervisor. The first 
order of business will be evaluation of methods for deter
mining cesium-137 at lower levels in milk, foods, and bio
logical materials.

Iodine-131.— The method for the determination of iodine- 
131 in milk and other foods by gamma-ray spectroscopy, 
has also been accepted as official. The collaborative study 
protocol for the method that was selected and tested for 
ruggedness was to have been prepared for testing (General 
Referee’s report, J. Assoc. Off. Anal. Chem. [1986] 69, 270- 
271). However, due to unforeseen circumstances it has been 
delayed. A preliminary study for iodine-131 in water at 3 
levels of activity is being conducted as a prelude for the study 
for iodine-131 in milk. The test is being conducted to de
termine the feasibility of a low-level study for iodine-131.

Neutron Activation Analysis.— Associate Referee William 
Stroube resigned this year, and the Associate Refereeship 
has been transferred to the General Referee for Metals and 
Other Elements.

Plutonium.— Alfred Robinson, U.S. Testing Co., Rich
land, WA, has been appointed Associate Referee. He is in 
the process of investigating the method of the Department 
of Energy for determining plutonium in foods, biological 
materials, and water (HASL-300-Ed 25, EML Procedures 
Manual(1982), pp. E-Pu-01-01) and related procedures. Fur
ther studies are planned.

Radium-228.—The collaborative study was completed, and 
the data are being evaluated by the Associate Referee; a report 
is expected later this year.

Strontium-89 and Strontium-90.— The Associate Referee 
reported that little progress has been made this year because 
of pressures from other activities. However, he is still pre
paring a collaborative study protocol of the method described 
by Baratta and Reavey (J. Agric. Food Chem. [1969] 17, 
1337-1339) for determining strontium-89 and -90 in foods.

Tritium.—A. contact was made for a candidate for Asso
ciate Referee for this subject, but the person was not avail
able. A search is now in process for an Associate Referee.

Recommendations
(1) Await the official appointment of Associate Referee 

for cesium-137; begin studying methods for determining low
er levels of cesium-137 in milk, food, and biological mate
rials.

(2) Await the results of the study for iodine-131 in water 
before proceeding with collaborative study for iodine-131 in 
milk.

(3) Submit the study for radium-228 to the Methods Com
mittee when completed.

(4) Appoint a new Associate Referee for Tritium.
(5) Continue study on all other topics.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec- 
ommendations were reviewed by the Committee on Residues. See the report 
of the committee, this issue.
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GENERAL REFEREE REPORTS: C O M M U T E E  ON  
M IC R O B IO L O G Y

A n alytical M yco logy  and M icroscopy o f Foods and  
D rugs

S T A N L E Y  M .  C I C H O W I C Z
Food and Drug Administration, Division o f Microbiology, 
Washington, DC 20204

The General Referee has developed a qualitative method 
for identifying mixtures of dried peach and apple fragments. 
A regulatory sample was received with labeling indicating 
that it contained a mixture of dried peach and apple tissue 
fragments. A common whole mount technique for soft tissues 
was used on the sample to confirm the presence of both fruits. 
In this procedure, a dried fruit fragment, 0.5 sq. mm or less, 
is placed on a microscope slide along with a drop of glycerine 
and water (1 + 1). The slide is heated until the fragment is 
rehydrated, and a cover glass can be pressed down. Then the 
rehydrated fragment is examined microscopically for the 
presence of characteristic thick-walled peach epidermal hairs 
or apple starch. In addition to the bright-field microscope, 
the polarizing microscope equipped with a first-order red 
plate is used in the identification of starch grains and other 
cellular components. When apple and peach are present in 
roughly equal proportions, this method results in a rapid 
confirmation of both components. However, no peach frag
ments were found and each sample contained 100 or more 
fruit fragments. A fragment-by-fragment examination be
comes time-consuming and tedious when one component is 
present in a trace amount. The new method is based on the 
presence of characteristic peach epicarp hairs. In this method, 
all of the dried fruit tissue fragments are combined and placed 
in a single 100 mL blender cup. Water is added and the 
mixture is blended 1 min at high speed. One-half milliliter 
portions of this mixture are placed on a large capacity rot 
fragment slide and are microscopically scanned at 30-40 x 
magnification using a bright-field microscope. Because of their 
unique appearance, the presence of any peach hairs can be 
determined and the identification of peach can be confirmed. 
This method would be applicable to any fruit product com
binations where the components have unique, easily recog
nized microscopic characteristics. A report on this new meth
od is being prepared for the 1988 AO AC Annual International 
Meeting.

The General Referee has developed a new technique for 
teaching the basic concepts of the Becke line method, which 
is routinely used in determining the refractive indices of 
transparent material. The Becke line test is a microscope 
method used to determine the refractive index (RI) of trans
parent particles such as glass. The RI is a valuable property 
used in identifying and confirming glass or other transparent 
materials. The Becke line is a bright halo, near the boundary 
of a transparent particle, that moves with respect to that 
boundary as the microscope is focused away from the par
ticle. The halo will always move into the material with the 
higher RI (either the particle or the mounting oil). The RI 
of the particle is determined by matching the RI of the par
ticle to the known RI of a calibrated oil. When the RIs match, 
the Becke line disperses into equally intense blue and orange 
lines. Particles of the unknown material are mounted on 
microscope slides in a series of oils each with a different RI. 
The first mounting oil is chosen almost at random out of a

possible 200 oils. It is very important for an analyst being 
trained in this technique to gain experience in interpreting 
the direction of movement and the degree of relief (intensity) 
of the Becke line so that the next oil that is chosen will be 
as close as possible to the matching liquid, and to therefore 
minimize the number of different mounts needed. Teaching 
beginners the Becke method can be a long, oily process with 
much trial and error.

A new method, developed for a recent workshop, elimi
nates the oil selection and slide-making process by using 
permanent slides made up in advance. In the new method, 
a single permanent mounting medium with a known refrac
tive index is used to prepare slides of glass samples with 
different RIs varying around the mounting medium. The 
glass samples are taken from a commercial set of 60 reference 
standards. The mounting medium is a plastic resin that melts 
at 60-70°C and is solid at room temperature. The resin, 
“Cargille Melt Mount,” has been recently developed and 
marketed. Using this procedure, several sets of slides can be 
made up well before a training session and can be kept by 
the trainees for future reference. Any number of slides show
ing high, medium, and low relief, and near or exact matches 
can be randomly identified within a set, and any number of 
sets can be presented as unknowns to a class.

The General Referee has reported on the use of the video 
microscope in Howard mold count training. Traditionally, 
the best instruction method for Howard mold count training 
has been a one-on-one, field-by-field microscopic examina
tion of reference samples by instructor and trainee using a 
dual-head microscope. The hand-carried traveling micro
scope is limited to one training head because of its size and 
weight. This limits the number of trainees an instructor can 
work with during a training session. A color video camera 
attached to the compound microscope increases the number 
of trainees an instructor can work with. The use of the next 
higher magnification objective and color contrast within the 
sample material has helped eliminate the resolution and con
trast problems found in earlier black and white systems.

The General Referee has also reported on the use of image 
analysis in direct microscopic counts of tomato catsup. In 
the Howard mold count (HMC) method, 44.207, microscopic 
fields are scored positive if the aggregate lengths of no more 
than 3 hyphae exceed V6 of the field diameter of 1.382 mm. 
No provisions are made in this method for hyphal fragment 
size and number resulting from variable degrees of product 
comminution. With the image analyzer, a computer coupled 
to a compound microscope, it is possible to count and mea
sure all mold observed in each microscopic field regardless 
of size and numbers. This makes possible a total mold count 
based on the aggregate lengths of all mold hyphae. Four HMC 
slides of 25 fields each (100 fields per sample) were measured 
for each of 40 reference samples prepared with known levels 
of comminution. Using standard sample preparations, the 
number of mold segments ranged from 38 to 682, the total 
length ranged from 6.47 to 62.41 mm, and the average mold 
segment length ranged from 0.058 to 0.270 mm. The coarsely 
comminuted samples had fewer and larger hyphae than the 
more highly comminuted samples. The coarsely comminuted 
samples tended to have a lower total mold segment length 
than the finer samples, possibly due to better breaking and 
distribution of clumps. High-speed blending of samples re
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duced variation of average segment length but failed to re
duce average total length disparity between coarse and finely 
comminuted samples. Direct microscopic counting tech
niques involving the image analyzer are being investigated 
in the General Referee’s laboratory.

Recommendations
(1) Adopt as official final action the following official first 

action methods: Mold in Fruit Nectars, Purees, and Pastes— 
Howard Mold Count, 44.201-44.203; Mold in Tomato Pow
der (Dehydrated)—Howard Mold Count, 44.211; Mold in 
Soft Drinks— Geotrichum Mold Count, 44.217; Mold in Cit
rus Juices— Geotrichum Mold Count, 44.218; Mold in Veg
etables, Fruits, and Juices (Canned)—Geotrichum Mold 
Count, 44.219; Mold in Comminuted Fruits and Vegeta
bles— Geotrichum Mold Count, 44.220-44.222. Mold in 
Cream Style Com— Geotrichum Mold Count, 44.223.

(2) Discontinue the following topics and terminate the 
refereeships: Baseline Mold Counts by Blending; Fluores
cence Microscopy of Molds, Yeasts, and Spores; Geotrichum 
candidum Morphology; Geotrichum Mold in Frozen Fruits 
and Vegetables; Howard Mold Counting, Use of Wide-Field 
Microscope; Howard to Viable Mold Counts of Frozen Fruits 
and Vegetables, Comparison; Microscopic Mold Counts, Ef
fects of Interfering Plant Material; Mold in Spices; Molds 
and Yeasts in Beverages.

(3) Continue study on the remaining topics.

This report of the General Referee was presented at the 101 st AO AC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Microbiology. See the 
report of the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A n a ly s is  (1984) 14th edition.

Extraneous M ateria ls in  Foods and D rugs

JA C K  L. BOESE
Food and Drug Administration, Division o f Microbiology, 
Washington, DC 20204

The TLC method for the determination of coprostanol as 
an indicator of mammalian feces and the method for light 
filth in botanicals received interim official first action ap
proval. Both methods will be recommended for adoption as 
official first action.

Collaborative studies of a chemical test for mammalian 
feces in grain products and a method for light filth in tofu 
were conducted.

Collaborative studies of methods for filth in cheese, the 
saturated brine-olive oil extraction of light filth from tomato 
products, and light filth in canned fish and fish products are 
planned for next year.

The following Associate Refereeships are being discontin
ued: (1) Filth in Botanicals—Joseph A. McDonnell; (2) Insect 
Excreta in Hour—Raymond Galacci; (3) Filth in Dried 
Mushroom Products—Jack Boese; (4) Filth in Shrimp—Alan
R. Olsen; (5) Filth in Chocolate Products—Donald A. Mas- 
trorocco, Jr.

The following Associate Refereeships are being recom
mended: (1) Filth in Spirulina—Marvin Nakashima; (2) Filth 
in Soybean Curd—Marvin Nakashima.

The topics Insect Excreta in Hour and Filth in Shrimp are 
being discontinued. Methods development research will con
tinue on all other topics.

Recommendations
(1) Adopt as official first action the interim official first 

action TLC method for the determination of coprostanol as 
an indicator of mammalian feces.

(2) Adopt as official first action the interim official first 
action method for extraction of light filth from whole leaves 
of alfalfa, papaya, and spearmint. Extension of the method 
to lemon balm is not recommended.

(3) Adopt as official final action the following official first 
action methods: Filth in Cocoa, Chocolate, and Press Cake,
44.006-44.007; Filth in Ground Coffee and Coffee Substi
tutes, 44.008; Aphids in Hops, 44.009-44.011; Light Filth in 
Tea, 44.014-44.016; Sediment in Dairy Products, 44.021; 
Filth in Shelled Nuts, 44.028-44.029; Filth in Pecans, 44.030- 
44.031; Filth in Coconut (Shredded), 44.032; Filth and Ex
traneous Material in Peanut Butter, 44.033-44.038; Insect 
Infestation (Internal) of Wheat, 44.040-44.042; Light Filth 
(Pre- and Post-Milling) in Flour (White), 44.052; Insect Ex
creta in Flour, 44.054; Light Filth in Rice Flours (Powders), 
Extruded Rice Products, and Rice Paper, 44.055-44.057; Light 
Filth in Flour (Soy), 44.060; Light Filth in Wheat Gluten, 
44.061; Light Filth in Starch, 44.062; Light Filth in White 
Breads and High-Fat Products, 44.067; Light Filth in Bread
ing of Frozen Food Products, 44.068; Light Filth in Alimen
tary Pastes, 44.069; Light Filth in Cereals (Com and Rice) 
and Com Chip Products, 44.070; Light Filth in Cereals (Whole 
Wheat), 44.071; Light Filth in Barley, Oatmeal, and Mixed 
Dry Infant Cereal, 44.072-44.073; Light Filth in Crabmeat 
(Canned), 44.080; Light Filth in Fish (Canned) and Fish 
Products, 44.082; Light Filth in Shrimp (Canned), 44.083; 
Light Filth in Pork Sausage (Uncooked) and Ground Beef or 
Hamburger, 44.084-44.085; Filth in Apple Butter, 44.086; 
Thrips and Other Insects in Frozen Blackberries and Frozen 
Raspberries, 44.089-44.090; Filth in Jam and Jelly, 44.094; 
Filth in Citrus and Pineapple Juices (Canned), 44.095-44.096; 
Light Filth in Raisins, 44.097; Filth in Potato Chips, 44.101; 
Filth in Com Chips, 44.102; Filth in Candy, 44.103; Filth in 
Sirups, Molasses, and Honey, 44.105; Filth in Sugars, 44.106; 
Foreign Matter in Com (Canned), 44.109; Filth in Green 
Leafy Vegetables, 44.110-44.111; Filth in Pureed Infant Food, 
44.113-44.114; Light Filth in Potato Products (Dehydrated), 
44.117; Filth in Sauerkraut, 44.118; Filth in Tomato Prod
ucts, 44.119-44.120; Light Filth in Spices and Condiments,
44.125-44.126; Filth in Ground Annatto, 44.129; Heavy Filth 
in Capsicums (Ground), 44.130; Light Filth in Capsicums 
(Ground), 44.131-44.132; Light Filth in Nutmeg (Ground), 
44.140-44.141; Light Filth in Nutmeg (Reconditioned), 
44.142; Filth in Paprika, 44.145-44.147; Light Filth in Pep
per, 44.148-44.149; Filth in Horseradish (Prepared), 44.155; 
Light Filth in Mustard (Prepared), 44.156; Light Filth in 
Gums (Plant, Crude), 44.158; Light Filth in Papain (Crude 
and Refined), 44.161; Insect Penetration through Packaging 
Materials, 44.162.

This report of the General Referee was presented at the 101 st AO AC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Microbiology. See the 
report of the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A n a ly s is  (1984) 14th edition.
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D airy M icrobiology

JA M ES W . M ESSER
Food and Drug Administration, Division o f Microbiology, 
Cincinnati, OH 45226

As a result of the increasing number of microbiological 
methods for detecting and enumerating microorganisms in 
milk and milk products submitted for AOAC evaluation and 
approval, in 1986 the AOAC Official Methods Board estab
lished the General Refereeship on Dairy Microbiology by 
separating dairy microbiology topics from food topics. All 
food microbiology topics will continue under the direction 
of W. H. Andrews, AOAC General Referee for Food Micro
biology.

At present, 6 dairy microbiology topics are under review:
(1) Petrifilm Methodfor Aerobic Plate Count. — This meth

od currently has official first action status for raw and pas
teurized milk (46.B05-46.B07). Studies are under way to 
extend the use of the method to a wider spectrum of milk 
and milk products.

(2) Bactoscan Method for Determination o f Total Number 
of Bacteria in Raw Milk.— This topic, established in 1984, 
is currently inactive.

(3) Hydrophobic Grid Membrane Filter (HGMF) Method 
for Aerobic Plate Count and Coliform Count.— This method 
(46.B01-46.B04) has received official final action status for 
determining the aerobic plate count of raw milk, 2% skim 
milk, and skim milk powder, and for determining the coli
form count in cheddar cheese.

(4) Listeria monocytogenes—Rapid Detection o f Listeria 
in Dairy Products by Using a DNA Probe.—This is a new 
topic and is progressing through method validation studies 
prior to collaborative study.

(5) Listeria monocytogenes—Detection in Dairy Products 
by Using Cultural Methods.—This topic was established in 
1985 and is progressing through method development and 
validation for collaborative study.

(6) Applicability o f Alkaline Phosphatase Test to Detect 
Raw Milk Used in Cheese Manufacture. — A method vali
dation study is nearing completion, and a collaborative study 
is planned for the near future.

Development of rapid methods for detecting disease-caus
ing organisms in foods is the current area of greatest need. 
In addition to methods for Listeria, methods for Campylo
bacter and Yersinia, are needed.

Recommendation
Continue study on all topics.

This report o f the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Microbiology. See the 
report of the committee, this issue.

Section numbers refer to “Changes in Official Methods,” J. Assoc. Off. A na l. 
C hem . (1986) 69, 349-390 (B methods).

D rug and D evice R elated M icrob iology

G O R D O N  S. O X B O R R O W
Food and Drug Administration, Center for Microbiological 
Investigations, Minneapolis, M N 55401

the variability of biological indicator evaluator resistometer 
(BIER) vessels used for testing steam biological indicator (BI) 
resistance. The effect of media on the D-value of Bis is also 
being evaluated. A paper will be presented.

Chemical Indicators.—(Marvin Hart, 3M Co., St. Paul, 
MN.) A collaborative study of methodology for evaluating 
temperature-specific chemical indicators used to monitor 
steam sterilizer performance has commenced. The meth
odology was written and approved with comments by AOAC. 
Collaborators are being selected, and the experimental work 
is being conducted. The report on the completed study is 
scheduled for presentation at the 101st AOAC Annual In
ternational Meeting.

Electronic Particle Counters.—(Gordon S. Oxborrow.) Five 
electronic particle counters from 5 different manufacturers 
were compared and evaluated for ease of calibration and use. 
Data indicated that any of the instruments could be used for 
testing particulate content in small volume parenterals. A 
paper will be presented at the 101st AOAC International 
Annual Meeting.

Limulus Amebocyte Lysate Test for Presence o f Endo
toxin.— (Christine W. Twohy, FDA, Minneapolis, MN.) A 
1984 collaborative study was undertaken to determine the 
efficacy of an extraction procedure for bacterial endotoxin. 
Twelve laboratories from government and industry partici
pated in the study of 3 samples of 8 medical devices con
taminated in duplicate with various amounts of endotoxin 
derived from 3 sources: a raw Pseudomonas cepacia (ATCC 
25416) endotoxin, the USP Reference Standard Endotoxin 
EC-5, and Difco Escherichia coli endotoxin 055B5 (Lot 
504089). The extraction was performed on the devices, and 
the eluates were tested for endotoxin content by using the 
limulus amebocyte lysate gel tube test. The recovery of endo
toxin from the devices ranged from 42 to 120%.

These results were presented in a poster session at the 1986 
AOAC meeting and were published in the Journal o f Par
enteral Science and Technology.

Packaging Integrity for Medical Devices.— (Ana M. Pla- 
cencia, FDA, Minneapolis, MN.) A study was conducted 
comparing microbial penetration of medical grade packaging 
materials and porosity readings. The 14 samples tested in
cluded materials in the 20 to 50 lb weights and polyolefins. 
No correlation was found between microbial penetration and 
porosity. The microbial test methods used, the membrane 
agar plate method and the exposure chamber method, were 
developed at the FDA Sterility Analysis Research Center 
(SARC). The porosity readings were done using an ARO 
tester.

A collaborative study was distributed to 15 participants 
to test the 2 SARC methods. Results of the study will be 
presented at a future AOAC meeting.

Sterility Testing.— (Michael Palmerei, FDA, Brooklyn, 
NY.) No work has been accomplished on this project this 
year.

Recommendations
Continue study on all topics.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Microbiology. See the 
report of the committee, this issue.

Biological Indicator Testing and Standardization.— (Rob
ert R. Berube, 3M Co., St. Paul, MN, and Gordon S. Ox
borrow.) A collaborative study was conducted to evaluate
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Food M icrob io logy  (N ondairy)

W ALLACE H . A N D R E W S
Food and Drug Administration, Division o f Microbiology, 
Washington, DC 20204

Collaborative Studies
Enzymatic Methods for Escherichia coli.— Glucuronidase 

is present in most strains of Escherichia coli but is absent in 
most other enteric bacteria. Thus, an assay for this enzyme 
may be useful for determining the presence of E. coli. The 
substrate 4-methylumbelliferyl-beta-D-glucuronide (MUG) 
is incorporated into lauryl tryptose (LT) broth. The inocu
lated tubes are incubated under specified conditions and ex
amined under longwave UV light for the presence of a fluo- 
rogenic glucuronidase end product. Fluorescent tubes are 
considered presumptively positive for E. coli.

Associate Referee Lloyd Moberg conducted a collaborative 
study which compared the AO AC 10-day most probable 
number (MPN) method with the LT-MUG procedure in 
which the LT-MUG medium was incubated 24, 48, and 72 
h. Seventeen laboratories participated in the study but not 
all laboratories analyzed each of the chilled (cheese, ground 
beef, and pork sausage) or frozen (dairy topping and entree 
sauce/gravy) foods.

A major objective of this study was to validate the optimal 
incubation period for the LT-MUG medium. If potential 
fluorescence at 72 h is considered 100%, then Table 1 shows 
percentages of tubes fluorescing at incubation periods of 24, 
48, and 72 h. The increase in the percentage of tubes flu
orescing at a 24 h incubation period, compared with those 
fluorescing at a 48 h incubation period, varied from 0.1 to 
12.5%. In all cases, however, the resultant MPN values were 
not significantly different for these 2 incubation periods. Ac
cordingly, the Associate Referee recommends that the LT- 
MUG procedure be adopted official first action as an alter
native rapid method to 46.016 for the enumeration of E. coli 
in chilled and frozen foods. Inoculated LT-MUG tubes would 
be incubated for 24 ± 2 h at 35°C and fluorescent tubes 
would be streaked onto EMB agar and suspect E. coli colonies 
confirmed as outlined in 46.016. Additional studies would 
be needed to expand the applicability of the LT-MUG meth
od to foods other than chilled and frozen foods.

The General Referee concurs with this recommendation, 
provided the LT-MUG test is not used for the analysis of 
chilled or frozen shellfish. It has been reported (J. Food Prot.
[1985] 48,244-245) that the presence of an endogenous gluc
uronidase in oysters interferes with the fluorogenic detection 
of E. coli in this particular food. Modification of this assay 
by incorporating MUG into EC medium, rather than into 
LT broth, has been reported to eliminate this interference. 
The General Referee recommends that an additional collab
orative study be undertaken to validate the efficiency of EC- 
MUG medium for the enumeration of E. coli in shellfish.

Rapid Methods for the Enterobacteriaceae. — Associate 
Referee Russell Flowers conducted 3 collaborative studies 
during the past year. The first of these studies was an eval
uation of the MICRO-ID system (General Diagnostics, Di
vision of Organon Teknika, Durham, NC), a diagnostic kit 
requiring only 4 h for the biochemical identification of Sal
monella, E. coli, and other enteric bacteria. A total of 78 
enteric isolates, representing 11 genera, was furnished to each 
of 9 participating laboratories. This system correctly iden
tified 98.8% of the Salmonella isolates, 97.7% of the E. coli 
isolates, and 88.1% of the other enteric isolates. The Asso-

Table 1. Percent of potential fluorescence in LT-MUG medium 
for incubation periods of 24, 48, and 72 h

Food

Tubes fluorescing, %

24 h 48 h 72 h

Cheese 95.6 99.5 100.0
Dairy topping 93.1 100.0 100.0
Entree sauce 99.5 99.6 100.0
Pork 88.8 97.4 100.0
Ground beef 83.4 95.9 100.0

date Referee recommends that the MICRO-ID system be 
adopted official first action and be used (7) as an alternative 
to conventional biochemicals, 46.121-46.124, or to other 
AO AC-approved diagnostic kits, 46.133, for the presumptive 
generic identification of foodborne Salmonella isolates and 
screening and elimination of non-Salmonella isolates; (2) as 
an alternative to conventional biochemicals, 46.016, for the 
identification of foodborne E. coli isolates; and (J) for the 
presumptive generic identification of other Enterobacteri
aceae isolates from foods.

The second study was concerned with a collaborative eval
uation of the Salmonella 1-2 TEST (BioControl Systems, 
Inc., Kent, WA). This procedure is a rapid screening test for 
detecting motile Salmonella organisms in food and is per
formed in a disposable plastic device that contains a non- 
selective motility medium and a selective enrichment broth 
in 2 separate chambers. Just prior to adding the preenriched 
sample aliquot, a plug separating the 2 chambers is removed. 
A small portion of the preenriched sample is then added to 
the compartment containing the selective enrichment. Fol
lowing an 8-10 h incubation period, a positive Salmonella 
reaction is indicated by the presence of an immobilization 
band that forms in the motility medium from the reaction 
of motile Salmonella bacteria and flagellar antibodies. It 
should be emphasized that this method will not detect non- 
motile Salmonella organisms.

Twenty-three collaborators analyzed one or more of 6 foods 
(ground pepper, dry whole egg, nonfat dry milk, soy flour, 
milk chocolate, and raw ground turkey) by the conventional 
culture method and the Salmonella 1-2 TEST. Each of these 
food types was inoculated with one of 2 levels of Salmonella. 
Overall, there was a 94.9% agreement between the 2 methods. 
False negative rates for the culture method and the Salmo
nella 1-2 TEST were 0.2 and 5.1%, respectively. Due to 
analytical problems, the Associate Referee intends to repeat 
the collaborative study analyses of at least one of the food 
types. Pending successful completion of that segment, the 
Associate Referee will recommend the adoption of this meth
od official first action for the Salmonella analysis of all foods.

The third study was a collaborative evaluation of the TE- 
CRA Salmonella Visual Immunoassay (Bioenterprises Pty 
Ltd, Roseville, New South Wales, Australia). In addition to 
providing presumptively positive results for Salmonella on 
the second day after initiation of analyses, this particular 
enzyme immunosorbent assay offers the distinct advantages 
of not requiring any expensive equipment and of being adapt
able for laboratories that have relatively small workloads, as 
well as for laboratories that need to analyze a large number 
of samples. Fourteen laboratories analyzed one or more of 
6 food types (ground pepper, dry whole egg, nonfat dry milk, 
soy isolate, milk chocolate, and raw ground turkey) by the 
conventional culture method and the TECRA method. Sta
tistical analysis of the data indicated no significant differences
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between the 2 methods for the recovery of Salmonella from 
each of the food types. Overall agreement was 92.3% between 
the 2 methods. False negative rates for the culture method 
and the TECRA method were 1.7 and 1.4%, respectively. 
Accordingly, the Associate Referee recommends that the TE
CRA Salmonella Visual Immunoassay be adopted as official 
first action for Salmonella analysis of all foods.

Because all 3 collaborative study manuscripts were sub
mitted after the deadline, the General Referee recommends 
that all 3 procedures be considered for interim official first 
action.

Redigel Media. —Except for the substitution of pectin for 
agar as a solidifying agent, the components of the pectin- 
based Redigel media (RCR Scientific, Inc., Goshen, IN) are 
the same as their agar-based counterparts. Use of the pectin- 
based media offers several advantages: media are presteril
ized so that heating and autoclaving are unnecessary; in a 
pour plate method, the inoculum is added to the Redigel 
medium at room temperature, thereby avoiding thermal shock 
to cells; and media are especially adaptable for field testing.

Associate Referee Jonathan Roth conducted a collabora
tive study in which 10 laboratories compared the pectin- 
based Redigel plate count medium with the agar-based Stan
dard Methods plate count medium for determining total mi
crobial counts in 9 foods (flour, spices, cheese, cream, ho
mogenized milk, raw milk, raw chicken, raw oysters, and 
frozen broccoli). Plate count values were higher with the 
pectin-based medium than with the agar-based medium for 
8 of the 9 foods, but these counts were significantly different 
only for homogenized milk. The repeatability and reproduc
ibility standard deviations favored the pectin-based medium 
with 6 and 7 of the 9 foods tested, respectively. Thus, the 
Associate Referee recommends that the pectin-basec me
dium be used as an alternative for the agar-based medium 
in 46.005(g) in determining standard plate count values of 
foods, and the General Referee concurs.

Vibrio cholerae. — V. cholerae gastroenteritis in this country 
has been associated with the consumption of raw oysters. 
The American Public Health Association (APHA) recom
mends a procedure in which two 25 g sample duplicates are 
enriched in 225 ml alkaline peptone water and in gelatin 
phosphate salt broth, incubated for 6-8 h at 35°C, and streaked 
to thiosulfate-citrate-bile salts-sucrose (TCBS) agar and gel
atin phosphate salt agar for isolation. In a preliminary in
vestigation (Appl. Environ. Microbiol. [1987] 53, 1181-1182), 
Associate Referee Angelo DePaola demonstrated increased 
recovery and specificity for V. cholerae from the Pacific oys
ter, Crassostrea gigas, enriched in alkaline peptone water at 
42°C and streaked to TCBS agar.

Accordingly, the Associate Referee conducted a collabo
rative study to compare the APHA procedure and the ele
vated temperature procedure for the isolation of V. cholerae 
from the Eastern oyster, Crassostrea virginica. Twelve lab
oratories participated in the study. The elevated temperature 
and APHA procedures recovered 98.3 and 72.5%, respec
tively, of 120 samples inoculated with one of 2 levels of an 
0 Group 1 strain and a non-0 Group 1 strain of V. cholerae. 
In addition to higher recovery, the elevated temperature pro
cedure was more specific than the APHA procedure. Speci
ficity was defined as the ratio of colonies confirmed as V. 
cholerae to the total number of picked suspect colonies. These 
values for the elevated temperature and APHA procedures 
were 86.8 and 21.2%, respectively. Thus, the Associate Ref
eree recommends that the elevated temperature procedure 
for the isolation of V. cholerae from oysters be adopted of
ficial first action, and the General Referee concurs.

Associate Referee Reports
Bacillus cereus, Isolation and Enumeration. —Co-Asso

ciate Referee Gayle Lancette reports that typical isolates on 
mannitol-egg yolk-polymyxin (MYP) agar are almost always 
identified by the biochemical tests in 46.111 as Bacillus ce
reus. During the past year the co-Associate Referee has com
pared 46.111 with a rapid staining technique recently de
veloped by Holbrook and Anderson (Can. J. Microbiol. [1980] 
26, 753-759) for confirmation of B. cereus isolates. This 
staining technique involves the microscopic identification of 
lipid globules in the vegetative cells of B. cereus. In addition 
to reducing the reporting time for the identification of B. 
cereus to 2 days, this staining technique could make bio
chemical testing unnecessary.

All of the 243 B. cereus, 13 B. thuringiensis, and 4 B. cereus 
var. mycoides isolates from foods were positive for the pres
ence of lipid globules by the staining technique. Spore for
mation on MYP agar was variable and strain dependent. Of 
14 other Bacillus species tested, lipid globules were observed 
only in some cells of B. aneurnolyticus and B. thiaminoly- 
ticus. However, these cultures were atypically mannitol and 
lecithinase negative after 24 h on MYP. On the basis of these 
results, the co-Associate Referee has concluded that staining 
typical isolates on MYP agar for lipid globules is comparable 
to the biochemical tests in 46.111 for confirmation of B. 
cereus isolates.

Clostridium perfringens. — Associate Referee Stanley Har
mon previously evaluated a reverse passive latex aggluti
nation (RPLA) test kit (Denka Seiken Ltd, Tokyo, Japan) for 
detecting and quantitating Clostridium perfringens entero- 
toxin (PET) in culture fluids and in extracts from feces of 
food poisoning patients. Although less sensitive than a dou
ble antibody enzyme-linked immunosorbent assay or coun
ter immunoelectrophoresis, the PET-RPLA procedure is eas
ier to perform, specific, and able to detect nanograms of PET.

During the past year, the Associate Referee conducted a 
preliminary evaluation involving 5 laboratories, of this test 
kit. The results of that study will be a subject of a poster 
presented at the 1987 AO AC meeting.

Genetic Methods for Bacterial Pathogens. — Associate Ref
eree Walter Hill reports that considerable progress has been 
made in developing a gene probe for Listeria monocytogenes. 
A procedure for lysing cells on colony hybridization filters 
has been perfected. This gene probe is able to detect he
molytic strains when more than 10 viable cells per g of food 
are present. The next step will be to optimize conditions of 
enrichment of food samples, thereby increasing sensitivity 
of the procedure. It is anticipated that a collaborative study 
of the refined procedure will be conducted during 1988.

Hydrophobic Grid Membrane Filter Methods.— As a pre
lude to a collaborative study of the hydrophobic grid mem
brane filter (HGMF) procedure for yeasts and mold counts 
of foods, Associate Referee Phyllis Entis compared 5 media 
for the growth of 20 mold species. These media were: (7) 
potato dextrose agar (PDA) with trypan blue and antibiotics 
at concentrations different from those recommended in the 
Bacteriological Analytical Manual (BAM) 6th edition; (2) 
PDA with antibiotics as recommended in BAM; (3) PDA 
with antibiotics, as recommended in BAM, and 7.5% NaCl;
(4) same as first medium but with 7.5% NaCl; and (5) a new 
medium, provisionally referred to as YM-5 agar, which con
tains, per L, 10 g soytone (phytone), 5 g yeast extract, 40 g 
glucose, 0.1 g trypan blue, 2.0 mL dichloran solution (0.2 g 
dissolved in 800 mL 95% ethanol), 1.0 mL rose bengal so
lution (1.25% aqueous solution), and 17.0 g agar.
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The growth rate studies demonstrated that PDA with 7.5% 
NaCl greatly retarded the growth of most of these mold cul
tures. Some strains were unable to initiate growth in the 
presence of 7.5% NaCl over a 5-day incubation period. Growth 
rates and gross morphology on PDA and PDA with trypan 
blue were virtually identical over the 5-day incubation pe
riod. YM-5 agar produced both denser growth and, in some 
instances, slightly larger colonies over 5 days than did PDA.

With respect to mold identification on the HGMF, most 
of the 20 cultures sporulated after 72 h and demonstrated 
typical microscopic morphology. The remaining cultures 
sporulated within 5 days.

Following additional in-house testing of naturally contam
inated samples, the Associate Referee is planning to conduct 
a collaborative study to compare the HGMF procedure and 
the traditional plate count method for the enumeration of 
yeasts and molds in foods.

Petrifilm Methods.—The Petrifilm system (Medical-Sur
gical Division, 3M, St. Paul, MN) is a “sample ready” tech
nique, requiring no media preparation, that was adopted 
official first action at the 1985 AO AC meeting for the enu
meration of total aerobic microflora and total coliforms in 
raw and pasteurized milk. Since there have been no adverse 
comments reported to the co-Associate Referees, it has been 
recommended that the official first action method, 46.B05- 
46.B07, be adopted to official final action. The General Ref
eree concurs.

Rapid Methods for the Enterobacteriaceae. — M  the 1985 
AOAC meeting, an enzyme immunoassay screening proce
dure, 46.B21-46.B29 (Organon Teknika, Durham, NC) was 
adopted as an official first action method for the detection 
of Salmonella organisms in high-moisture and low-moisture 
foods. The method was subsequently modified. The first 
modification involved reducing the preenrichment incuba
tion period from 24 ± 2 h to 18-24 h. Second, the incubation 
period for the selective enrichments was reduced from 18- 
24 h to 6-8 h. Third, the postenrichment period was in
creased from 6 h to 14-18 h. Finally, the centrifugation step 
to concentrate the Salmonella organisms from the incubated 
postenrichments was eliminated. These 4 modifications were 
embodied in a procedure and proposed as an alternative to 
46.B21-46.B29 for the analysis of low-moisture foods only. 
This procedure was subjected to a successful collaborative 
study and was adopted as an official first action method, 
46.C17-46.C25, at the 1986 AOAC meeting. Thus, 46.B21- 
46.B29 may be used for the Salmonella analysis of both high- 
moisture and low-moisture foods, whereas 46.C17-46.C25 
may be used for low-moisture foods only.

Associate Referee Russell Flowers reports that no adverse

reports relative to method 46.B21-46.B29 have been re
ceived. Accordingly, it has been recommended that the of
ficial first action method, 46.B21-46.B29, be adopted official 
final action. The General Referee concurs. The method de
scribed in 46.C17-46.C25 remains in official first action sta
tus.

Redigel Media. — Associate Referee Jonathan Roth reports 
that in addition to his own in-house validation study and 
collaborative study, 2 other evaluations in independent lab
oratories have confirmed the usefulness of Redigel media, 
and these results have been incorporated into manuscripts 
which are currently in press. Immediate plans of the Asso
ciate Referee call for the development and evaluation of 
Redigel media for the microbiological determinations other 
than standard plate count values.

Yeasts, Molds, and Actinomycètes.—Ax the invitation of 
Marcel Dekker, Inc., New York, NY, Associate Referee Phil
ip Mislivec is serving as book editor of a reference publication 
entitled Analytical Mycology o f Foods. In addition, he has 
indicated that a proposal for collaboratively studying recently 
introduced mycological media is being developed.

Recommendations
(1) Adopt as official first action the MUG procedure for 

the enumeration of E. coli in chilled and frozen foods, ex
clusive of chilled and frozen shellfish.

(2) Adopt as official first action the use of a pectin-based 
medium as an alternative to the agar-based medium in 
46.005(g) for determining standard plate count values of foods.

(3) Adopt as official first action the elevated temperature 
procedure for the isolation of V. cholerae from oysters.

(4) Adopt as official final action the official first action dry 
rehydratable film method, 46.B05-46.B07, for determining 
aerobic plate count and total coliform values in raw and 
pasteurized milk.

(5) Adopt as official final action the official first action 
enzyme immunoassay screening method, 46.B21 -46.B29, for 
the detection of Salmonella in foods. Official first action 
method, enzyme immunoassay screening method (revised), 
46.C17-46.C25, remains in that status.

(6) Continue study on all other topics.

This report of the General Referee was presented at the 101st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Microbiology. See the 
report of the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A n a ly s is  (1984) 14th edition, 
and to “Changes in Official Methods,” J. Assoc. Off. A n a l  C hem . (1986) 69, 
349-390 (B methods) and J. Assoc. Off. A na l. C hem . (1987) 70, 385-403 (C 
methods).
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GENERAL REFEREE REPORTS: COMM ITTEE ON  
FEEDS, FERTILIZERS, AND  RELATED MATERIALS
Antibiotics

ST A N L E Y  E. K A T Z
Rutgers University, Cook College, Department o f 
Biochemistry and Microbiology, New Brunswick, NJ 08903

The previously reviewed and recommended collabora- 
tively studied procedure for neomycin in feeds is recom
mended again. The data from the collaborative study were 
analyzed statistically according to the recommendations of 
the Committee statistician. The data in the collaborative 
study indicated that this procedure would yield results typical 
of those obtained using microbiological diffusion systems.

The current official method, 42.277-42.280, is poor. It is 
difficult, is neither accurate nor precise, and, for the most 
part, is not being used. The procedure of Stahl et al. is the 
best available; it is easily performed, is theoretically sound, 
and is as accurate, precise, and reproducible as the vast ma
jority of microbial diffusion procedures. It is therefore rec
ommended for adoption.

The Charm receptor assay for screening for several families 
of antibiotics in milk has achieved interim approval.

Future collaborative studies planned for the coming year 
include a study on a simplified design for diffusion assays for 
antibiotics in feeds, a procedure for the analysis of bacitracin 
in feeds, and an immunologically based screening procedure 
for sulfonamide residues in tissues.

Recommendations
(1) Adopt as interim official action the Stahl et al. pro

cedure for determining neomycin in feeds.
(2) Adopt as official first action the interim official action 

method for screening antibiotics in milk.
(3) Continue study on all topics.

This report of the General Referee was presented at the 101st AO AC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Feeds, Fertilizers, and 
Related Materials. See the report of the committee, this issue.

Section numbers refer to O fficial M e th o d s  o f  A n a ly s is  (1984) 14th edition.

Drugs in Feeds

R O B E R T  L. SM A L L ID G E
Purdue University, Indiana State Chemist Laboratory, 
Biochemistry’ Department, West Lafayette, IN  47907

Chapter 42 of Official Methods o f Analysis was reviewed 
for appropriate action on those official first action methods 
listed. Those drugs in feeds not presently listed as active topic 
areas are presented first:

Aprinocid.— This drug in complete feed (42.021-42.026) 
and in premix (42.027-42.032) has apparently been with
drawn from the market in Europe and is not listed in the 
Feed Additive Compendium as registered for use in the United 
States. Therefore, leave the method as first action and con
sider deleting it from the 15th edition.

Diethylstilbestrol. — This drug is not listed as allowed in the 
United States; therefore leave method (42.059-42.062) as 
first action and consider deleting it from the 15th edition. 

Dimetridazole.— Consider this spectrophotometric meth

od (42.063-42.068) for final action after correcting dilution 
factors by substituting 66.67 for 1.335 x 1 0 3, 250 for 5 x 
10 3, 333.3 for 6.66 x 10 3 in 42.068. The calculation errors 
were brought to the attention of the General Referee by Isilda 
Andrade of the Ministerio da Industria e Comercio in Lisbon, 
Portugal. Two papers have recently been published on the 
topic of dimetridazole and ipronidazole (not allowed) in swine 
feeds: “Rapid Liquid Chromatographic Determination of 
Dimetridazole and Ipronidazole in Swine Feed,” J. E. Roybal 
et al. (1987) J. Assoc. Off. Anal. Chem. 70, 626-630, and 
“Quantitative Confirmation of Dimetridazole and Iproni
dazole in Swine Feed by Capillary Gas Chromatography/ 
Mass Spectrometry with Multiple Ion Detection,” W. J. Mor
ris et al. (1987) J. Assoc. Off. Anal. Chem. 70, 630-634.

Ipronidazole. —The method for the analysis of ipronida
zole in complete feeds (42.082-42.087) was reported to be 
unsatisfactory when bentonite is present in the feeds (M. 
Osadca et al. [1974] J. Assoc. Off. Anal. Chem. 57, 29-31). 
The authors recommended a new collaborative study, but 
apparently such a study was never conducted. Leave the 
method as first action. (See references under dimetridazole 
above.)

Sulfadimethoxine. — In this colorimetric method (42.168-
42.170) the specified ficin (Calbiochem, fig latex) is no longer 
available. It is not possible to correlate without study this 
material with the several types offered by other suppliers. 
Leave the method as first action and consider appointing an 
Associate Referee to investigate this problem.

Sulfaguanidine. — This drug is not listed in the Feed Ad
ditive Compendium and, therefore, apparently is not allowed 
in feeds in the United States. Leave method 42.171 as first 
action.

Sulfaquinoxaline. —This colorimetric method I (42.179- 
42.183) has limitations, but they are listed. Consider for final 
action.

Sulfonamides (sulfathiazole, sulfamethazine, sulfamera- 
zine, and sulfaquinoxaline) . — This spectrophotometric 
method (42.185-42.188) is applicable to premixes and con
centrates. The method measures sulfaquinoxaline alone or it 
measures total sulfonamides. Leave the method as first action 
until tested on present-day stabilized premixes. The com
panion method for sulfonamides (42.189-42.191) should be 
left as first action.

The following is a list of Associate Referees and the current 
active topics assigned to them:

Amprolium (Elzbieta J. Kentzer, Associate Referee).—The 
LC method for determination of amprolium in feeds and 
premixes is scheduled for publication in the March 1988 issue 
of the Journal o f the AO AC. Some precollaborative testing 
will be carried out in 1988 with a full collaborative study 
scheduled for 1989.

Carbadox. — Associate Referee Virginia Thorpe completed 
evaluation of a collaborative study for the determination of 
carbadox and pyrantel tartrate in complete feeds by LC and 
submitted the method to the Methods Committee for con
sideration. The Committee has recommended that this meth
od be further studied and has expressed the feeling that with 
a little more preparation the method could be successfully 
collaborated.

Ethopabate.—Associate Referee Joseph Hillebrandt is 
solving some “extraneous peak” problems in his adaptation
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of the Thorpe LC method prior to sending out a familiar
ization sample to interested laboratories. He is planning a 
full collaborative study in late 1987 or early 1988. The As
sociate Referee reports that a coworker has developed an LC 
method for the analysis of thiabendazole in complete feeds 
that will possibly be published later in the year.

E th y le n e d ia m in e  D ih y d ro io d id e .— Associate Refereeship 
open.

F u ra z o lid o n e  a n d  N itrofurazone. — Associate Referee Rob
ert L. Smallidge recommends final action status for the of
ficial first action liquid chromatographic method (42.A01- 
42.A06). There have been no negative reports on the use of 
the qualitative test for furazolidone and zoalene (42.077- 
42.080) in feeds; therefore, it is also recommended for final 
action.

M elen gestro l Acetate. (Raymond Davis, Associate Refer
ee).—The present first action gas chromatographic method 
(42.088-42.096) has been recommended for final action.

M o ra n te l Tartrate. —Linda Werner has been appointed 
Associate Referee. She reports that an in-house LC method 
for the analysis of morantel tartrate has been developed and 
validated for the sample concentration range of0.44-4.4g/lb. 
Some recent extraction concerns with this method will be 
resolved in 1988, and a collaborative study will be initiated. 
An LC method for morantel tartrate in premixes (88 g/lb) 
was developed and validated in the Associate Referee’s laboratory in 1987.

P h enoth iazin e a n d  R e la te d  Drugs. — Associate Refereeship open.
P yra n tel T a rtra te .— Joyce Konrardy has been appointed 

Associate Referee. Her plans are to develop a reliable analysis 
for pyrantel tartrate in the next several months and to follow 
this with a collaborative study.

R oxa rson e. (Associate Referee Glenn M. George).—Two 
methods are official for roxarsone: a spectrophotometric 
method (42.160-42.167) and a furnace atomic adsorption 
method (42.B01-42.B10). The latter method should be 
adopted final action in 1988.

Su lfa  D ru g  R esid u es.— Associate Referee Robert K. Munns 
is currently preparing the report on a completed collaborative 
study on the GC determination of sulfamethazine residues 
in swine feed (R. K. Munns & J. E. Roybal [1982] J .  Assoc. 
Off. A nal. C hem . 65, 1048-1053).
An LC method for the analysis of sulfa drug residues in 

swine finishing feeds has been submitted for publication from 
the General Referee’s laboratory.

S u lfa m e th a z in e  a n d  S u lfa t h ia z o le .— Associate Referee 
Dwight M. Lowie reports that he has developed a satisfactory 
cleanup procedure for use in the analysis of sulfonamides in 
medicated feeds, but he still has some extraction problems 
to resolve. He expects to make good progress in the coming 
months.
The colorimetric method for sulfamethazine (42.172- 

42.174) is commonly used, but it is not quantitative with 
some of the premix matrixes currently used in preparing 
complete feeds. It is also apparently not quantitative when 
certain ingredients are present in the feed. The method should 
remain as first action.
Recommendations
(1) Appoint Associate Referees for the following drugs in 

feeds: Arsanilic Acid, Ethylenediamine Dihydroiodide, Phe
nothiazine (and related drugs), and Sulfadimethoxine.
(2) Declare as surplus the official first action aprinocid 

methods, 42.021-42.026 and 42.027-42.032.

(3) Declare as surplus the official first action diethylstil- 
bestrol method, 42.059-42.062.
(4) Adopt as official final action the official final action 

spectrophotometric method for dimetridazole, 42.063- 
42.068), after making the suggested corrections.
(5) Adopt as official final action the official first action 

qualitative method for furazolidone and zoalene 42.077-
42.080.
(6) Adopt as official final action the official first action LC 

method for furazolidone, 42.A01-42.A06.
(7) Adopt as official final action the official first action GC 

method for melengesterol acetate 42.088-42.096.
(8) Adopt as official final action the official first action 

spectrophotometric Method I, 42.179-42.183, for sulfaqui- 
noxaline.
(9) Initiate the topic Sulfadimethoxine.
(10) Continue study on all other topics.

This report of the General Referee was presented at the 101 st AO AC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Feeds, Fertilizers, and 
Related Materials. See the report of the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A n a ly s is  (1984) 14th edition, 
and to “Changes in Official Methods,” J. Assoc. O ff. A n a l. C hem . (1985) 68, 
369—411 (A methods): J. Assoc. Off. A n a l. C hem . (1986) 69, 349-390 (B 
methods).

Feeds

JOEL M. PADMORE
N orth C a ro lin a  D epartm en t o f  A griculture, F o o d  a n d  D rug  
Protection D ivision, 4 000  R e e d y  C re e d  R d, R a le ig h , N C  
2 7 6 0 7

A m in o  A c id s .— Associate Referee Wayne Stockland re
ported that 5 laboratories have submitted completed results 
on his amino acid study; however, 8-10 laboratories have 
yet to submit data.

C a lc iu m  S a lts  o f ls o b u t y r ic A c id  a n d  M ix e d  5 -C a rb o n  Vol
a tile  F a tty  A cids. — John Rodgers is surveying existing meth
odology in the area.

C a roten o id  P igm en ts in F eeds. — D. E. McNaughton of the 
Agriculture and Fisheries Ministry of New Zealand reports 
a high degree of interest in carotenoid pigments in Australia 
and New Zealand. He is in the process of beginning a col
laborative study.

M icro b ia l A dditives a n d  E n z y m es. — William Y. Cobb has 
investigated the applicability of AOAC method 10.155- 
10.158, alpha-amylase in malt, to alpha-amylase in feeds. 
He reports that the method appears satisfactory if problems 
with the availability of “Lintner” starch and beta-amylase 
can be resolved. He has also reviewed literature methods for 
beta-glucanase. Because of the broad scope of the topic, the 
Associate Referee recommends splitting his topic into the 
separate topics of microbial additives and enzymes. Dr. Cobb 
has regretfully submitted his resignation as Associate Ref
eree.

M in era ls  in F eeds. — Joel Padmore responded to questions 
about methodology. Because of the broad scope of the topic 
he recommends splitting the topic into separate area mineral 
premixes and finished feeds. He continued his study of ICP 
methods.

C ru d e F ib er. — David Holst reports responding to ques
tions. No studies are in progress or planned.

M ix e d  F e e d s —In fra re d  R eflecta n ce  T ech n iqu es.— Associ
ate Referee Frank Barton has completed a “Preliminary Study
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on the Use of Near Infrared Reflectance Spectroscopy (NIRS)” 
and has submitted his manuscript to the Jo u r n a l o fth e  A O  A C  
for publication. W. R. Windham, in conjunction with the 
Associate Referee, has begun a collaborative study on mois
ture analysis by near infrared reflectance spectroscopy.

F e e d  M icroscopy. — Patricia Ramsey of the California De
partment of Feed and Agriculture has been appointed As
sociate Referee. She is working with the American Associ
ation of Feed Microscopists to determine areas most in need 
of new methodology. She plans to begin a collaborative study 
in the next few months.

F a t. — Paul Guenther of the Colorado Department of Ag
riculture was appointed Associate Referee. No activity was 
reported in this area.

S a m p lin g .— Associate Referee Darrel Sharpe of the Mis
souri Department of Agriculture is planning to initiate a 
collaborative study comparing tube to probe samplers.

Io d in e .— No activity was reported in this area.
N on -N u tritive  R esidues. —No activity was reported in this 

area.
C ru d e P ro te in .— Associate Referee Peter Kane has com

pleted his collaborative study on the comparison of mercury 
oxide and copper sulfate/titanium dioxide catalysts for man
ual Kjeldahl digestion. The manuscript has been approved 
for publication and the method has received interim official 
first action approval. He is currently evaluating the Tech- 
nicon Traacs channel autoanalyzer for use in determining 
protein, calcium, and phosphorus. He is also working on a 
block digestion method for crude protein, which substitutes 
copper sulfate for mercury oxide. Rose Sweeney and Paul 
Rexroad of the University of Missouri have had their manu
script, “Comparison of the LECO FP-2828 Nitrogen Deter
minator with AOAC Kjeldahl for Crude Protein,” accepted 
for publication in the Jo u r n a l o f  the A O A C .

W ater in F eed s  by  K a r l F ischer. — Raffaele Bernetti is com
pleting his collaborative study on determination of moisture 
in com by the Karl Fischer method. He plans to present the 
study at the 1988 AOAC meeting in San Francisco. He is 
also planning to present a paper comparing methods for the 
determination of water in com grain.
Recommendations
(1) Split the topic Minerals in Feeds into 2 topics: (a) 

Mineral Premixes and (b) Complete Feeds. Appoint new 
Associate Referees.
(2) Split the topic Microbial Additives and Enzymes into 

2 topics: (a) Microbial Additives and (b) Enzyme Methods. 
Appoint new Associate Referees.
(3) Establish the topic Selenium in Feeds and appoint an 

Associate Referee.
(4) Establish the topic Vitamins A and E in Feeds and 

appoint an Associate Referee.
(5) Continue study in all other topics.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Feeds, Fertilizers, and 
Related Materials. See the report of the committee, this issue.

Section numbers refer to O ffic ia l M e th o d s  o f  A n a ly s is  { 1984) 14th edition.

Fertilizers and Agricultural Liming Materials

FRANK J. JOHNSON
N a tio n a l F e rtiliz e r  D evelopm ent Center, T en n essee V alley  
A uthority, M u scle  Sh oa ls, A L  35 6 6 0

Due to early retirements, job changes, deaths, and resig
nations, the ranks of associate refereeships have been deci
mated during the past year. Volunteers are being sought to 
fill several vacated positions. Methods validation studies that 
should receive attention include micronutrients by ICP and 
several new slow-release materials.

Iron. — Associate Referee James R. Silkey continues to in
vestigate methods to differentiate chelated from nonchelated 
iron when added as a micronutrient to fertilizer.

M e la m in e .— The collaborative study completed last year 
was returned to the Associate Referee by the Committee on 
Feeds, Fertilizers, and Related Materials for major revision. 
Billy Arcement, the Associate Referee, is revising the paper.

P h osph o ru s.— Joe R. Trimm, Tennessee Valley Authority, 
National Fertilizer Development Center, Muscle Shoals, AL, 
was appointed Associate Referee to fill a vacancy.

S a m p lin g .— In 1982, AOAC, TFI, and AAPFCO each ap
pointed 2 members to a Task Force to investigate the official 
bag-sampling method, 2.001(a). A comprehensive study was 
completed and a poster presentation was made at the 1987 
AOAC meeting. A contributed paper will be submitted to 
the Jo u r n a l o f  the A O A C  for publication.
Recommendations
(1) Continue official first action status of the following: 

water elution method for slow-release mixed fertilizers, 2.073- 
2.074; flame photometric method for sodium, 2.173-2.176; 
atomic absorption spectrophotometric method for sodium,
2.177-2.181; atomic absorption spectrophotometric method 
for aluminum in aluminum sulfate-type soil acidifiers, 2.194-
2.197.
(2) Continue study on all other topics.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Feeds, Fertilizers, and 
Related Materials. See the report of the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A n a ly s is  (1984) 14th edition.

Plants

ROBERT A. ISAAC
U niversity o f  G eorgia , S o il  T esting a n d  P la n t A n a ly s is  
L abo ratory , 2 4 0 0  C o lleg e  Station  R d , A thens, G A  3 0 6 0 5

No reports were received from Associate Referees on the 
topics Ashing Methods; Atomic Absorption Spectroscopy; 
Fluoride; Starch; Selenium; Sulfur.
Recommendations

(1) Adopt as official final action the following official first 
action methods, with the concurrence of the authors: metals 
in plants by direct reading spark emission spectroscopy, 3.006- 
3.010; metals in plants by atomic absorption spectroscopy,
3.013-3.016; fluoride in plants by potentiometry, 3.075-3.080; 
glycerol, propylene glycol, and triethylene glycol in cased 
cigarette filler and ground tobacco by gas chromatography,
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3.155-3.158; metals and other elements in plants by induc
tively coupled plasma spectroscopy, 3.A01-3.A04.
(2) Continue study on all topics.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Feeds, Fertilizers, and 
Related Materials. See the report of the committee, this issue.

Section numbers refer to O fficia l M e th o d s  o f  A n a lys is  (1984) 14th edition, 
and to “Changes in Official Methods,” J. Assoc. O ff. A na l. C hem . (1985) 68, 
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Tobacco

RAY F. SEVERSON
U .S. D epartm ent o f  A griculture, A g ricu ltu ra l R esearch  
Service, Tobacco  Q uality  a n d  S a fe ty  R esea rch  Unit, P O  
B o x  5 6 7 7 , Athens, GA 3 0 6 1 3

N icotine A lk a lo id s  in T o b a cco .— This new topic was ap
proved for study last year; I recommend the appointment of 
Kenneth L. Rush as Associate Referee under the auspices of 
the Tobacco Chemist’s Research Conference. He has con
ducted a collaborative study on an automated colorimetric 
method for the determination of nicotine alkaloids in to
bacco.

P o lyph en ols  in T o b a cco .— This new topic was also ap
proved for study last year; I recommend the appointment of 
Maurice E. Snook as Associate Referee. He has extensive 
experience in the LC analysis of tobacco polyphenols.

T a r a n d  N ico tin e  in C ig arette  S m o k e . — Harold C. Pills- 
bury, Associate Referee, has resigned. FTC will no longer be 
determining tar and nicotine levels in cigarette smoke.
Recommendations
(1) Adopt as official first action the automated colorimet

ric method for the determination of nicotine alkaloids in 
tobacco.
(2) Determine current status of method for determination 

of tar and nicotine in cigarette smoke and, if needed, appoint 
new Associate Referee.
(3) Continue study on polyphenols.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Feeds, Fertilizers, and 
Related Materials. See the report of the committee, this issue.

Veterinary Analytical Toxicology

P. FRANK ROSS
N a tio n a l V eterinary Serv ices L abo ratories, A m es, IA  5 0 0 10

The method for determining liver copper (49.A01 -49.A05) 
was adopted official final action at the 1986 Annual Meeting. 
Adoption was based on previously reported collaborative 
study results and positive feedback from method users.
The Fourth Annual Workshop on Veterinary Analytical 

Toxicology was held at the AOAC Midwest Regional Section 
Meeting, June 16, 1987, Fargo, ND. The program was one 
of the most comprehensive yet. Numerous scientists attended 
the combination lecture, demonstration, and poster session. 
Participants from all regions of the United States and several 
from Canada were kept busy answering questions and dem
onstrating techniques. The workshop topics included: GC/

MS demonstrations, analysis of animal ingesta for canthar- 
adin, feed microscopy in diagnostic toxicology, ion chro
matography for serum nitrate, ergot analysis by LC/fluores- 
cence, selenium determination by noncolumn LC 
fluorescence, remote diagnostic toxicology database dem
onstration, variation in brain cholinesterase results, anti
biotic residues, and determination of various ions in rumen 
contents. Through the efforts of concerned diagnostic sci
entists, the workshop has gained national attention and has 
become an important part of the Midwest Regional Section 
of AOAC. The fifth workshop is planned for the Midwest 
Regional Section Meeting, Columbia, MO, June 1988.
The Association of Veterinary Laboratory Diagnosticians 

(AAVLD)/American College of Veterinary and Comparative 
Toxicologists (AAVCT)/AOAC Advisory Committee on 
Veterinary Analytical Toxicology met at the annual meeting 
of AAVLD, October 1986, Louisville, KY, and its recom
mendations have been reported. At that same meeting, the 
annual session on Veterinary Analytical Toxicology was held 
with topic discussion on cyclopiazonic acid, ion chromatog
raphy, furazoladone determination in serum, and problems 
with dip vat samples. An additional technical session was 
also held at the Annual AOAC International Meeting in 
Scottsdale, AZ, on September 17, 1986.
Several laboratories were, and continue to be, involved 

with the massive heptachlor contamination incident in Mis
souri and Arkansas, starting in the spring of 1986 (1-3). 
Diagnostic laboratory personnel spent hundreds of hours 
monitoring milk and fat biopsy samples for heptachlor epox
ide and oxychlordane. These efforts were somewhat off the 
normal path taken by diagnostic laboratories. In general, they 
are not certified to do chlorinated hydrocarbon residue anal
yses.
The incident also pointed to the lack of any organized 

system for reporting such contaminations when they are en
countered. Considerable discussion has taken place in an 
effort to relieve this communication problem (3). Efforts must 
be stronger in the reporting area to avoid widespread con
taminations. Programs such as the AAFCO-FEEDCON Feed 
Contamination Prevention Awareness Program are a step in 
the right direction. Information gained through FEEDCON 
is a valuable tool to laboratories involved in all aspects of 
residue work. Too often, incidents become widespread before 
the proper authority is aware. A comprehensive communi
cations network among state, federal, and private laborato
ries should be established. Nonregulatory laboratories in
volved with day-to-day testing need to have a quick and 
effective way of communicating directly to regulatory agen
cies. Other incidents (4, 5) of the same nature have occurred 
in the past and will continue to occur.
No changes in topic assignments occurred during the past 

year. Interest has been expressed in the topics of cyanide and 
diagnostic field kits but no assignments have been made. 
Activity has varied in the areas of study with considerable 
constraints on budgets and time limiting the activity of some 
Associate Referees.
Communications among analysts in diagnostic laborato

ries continue to improve, and contacts gained at sessions 
such as those mentioned above have proved to be very valu
able. Significant strides have been made in improved quality 
of data; consequently, more accurate diagnoses are obtained. 
The continued support of AOAC and diagnostic laboratory 
directors is encouraged to improve further the quality of 
results. The following summaries of Associate Referee re
ports reflect some of the activity that has occurred during 
the past year.
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A n tib iotic  S c re e n in g  M ethods. — Wynne Landgraf (Nation
al Veterinary Services Laboratories, Ames, I A) and Stephen
C. Ross (Animal Disease Laboratory, Centralia, IL) report 
on results of a collaborative study on monensin in feeds that 
was conducted last year. Considerable variation occurred at 
the high level (interlaboratory CV = 63% at 1300 ppm), 
whereas variation at a lower level (interlaboratory CV = 26% 
at 16 ppm) was less. Results for the external control sample 
ranged from 1.8 to 43 ppm with 36% CV and 75% recovery. 
The external control sample was the same sample used for 
a preliminary interlaboratory study in which variation was 
less than 18% with 105% recovery. Problems were also en
countered with blank samples containing less than 4 ppm 
monensin; 8 of the 11 participating laboratories reported 
false positives of 6-9 ppm on one of the 2 blind duplicate 
blanks.
Some of the problems with the study were probably due 

to incomplete instructions concerning the charcoal columns 
used for cleanup. However, it is difficult to attribute all of 
the variation to this. The variation at the high concentration 
was most likely due to incorrect use of the spectrophotometer 
and/or reagent depletion. The problem with the blank sam
ples can be attributed to the presence of alfalfa in the feed. 
Collaborators failed to provide all raw data in some cases, 
making it impossible to determine the reason for the wide 
variation in results for the control sample.
The Associate Referees recommend that the study be re

peated with a smaller range of concentrations for the samples 
and more detailed instructions on the determination step.
The Associate Referees also recommend continued study 

of the topic. The deregulation of antibiotics in feeds has 
opened the door for a greater potential of exposure to non
target species.

A to m ic  A bsorption  M eth o d s.— Stephen Kasten (Animal 
Disease Laboratory, Centralia, IL) reports progress toward 
determining the concentrations of molybdenum in com si
lage, shelled com, soybean meal, and alfalfa hay samples that 
will be used in a study of methods for molybdenum, primarily 
AA furnace techniques. Currently, work on a dry ash tech
nique has given reproducible results. An interlaboratory study 
is planned. The Associate Referee recommends continued 
study.

C opp er in  A n im a l T issu e .— David L. Osheim (National 
Veterinary Services Laboratories, Ames, IA) reports that the 
liver copper method (49.A01-49.A05) was adopted official 
final action at the 1986 Annual Meeting. This was the second 
copper method adopted official final action. Both methods 
are currently being used by the Associate Referee’s laboratory 
and other laboratories with satisfactory results.

F lu o rid e  in  A n im a l Tissue. — David L. Osheim (National 
Veterinary Services Laboratories, Ames, I A) reports on con
tinued efforts to formulate a suitable spiked bone sample for 
use in a collaborative study. Previously reported data (6) on 
the ion electrode method for determining fluoride in bone 
provided justification for a collaborative study. No suitable 
certified material is available to use for determination of 
accuracy. Repeated attempts have failed to produce a uni
form spiked sample. The Associate Referee recommends 
continued study. Literature values for normal and affected 
fluoride need to be supported by an official method.

L e a d  in A n im a l Tissues. — Robert J. Everson (Purdue Uni
versity, West Lafayette, IN) reports that a collaborative study 
of lead in blood is currently being conducted. The study 
involves determination by furnace atomic absorption spec
troscopy of concentrations from 0.1 to 1.0 ppm. Results will

be reported upon completion of the study. The Associate 
Referee recommends continued study.

L ip id -S o lu b le  V itam ins. — Associate Referee Karen Harlan 
(University of Illinois, Centralia, IL) reports that an extensive 
review of analytical methods for vitamins A, E, D, and K is 
underway. A nonaqueous reverse phase LC/UV method (7) 
has potential for study. Vitamin E in serum will be studied 
first. The Associate Referee recommends continued study.

M u ltie lem en ta l A n a lysis by  IC P . — W. Emmett Braselton 
(Michigan State University, East Lansing, MI) reports on 
continued development of a database on the frequency dis
tribution of element concentrations in serum, liver, and kid
ney of animal species. The work on major domestic farm 
animals and dogs was completed and reported previously (8-
10). Work is continuing on minor species (cats, goats, poultry) 
and zoo animals. In addition, a hydride generator has been 
added to the Associate Referee’s system, and developmental 
work with arsenic in water has been started with plans also 
to study animal tissue.
During the past year, 2 more diagnostic toxicology labo

ratories have obtained ICP equipment. With the technique 
now being used in more than one location, the Associate 
Referee will have the opportunity to conduct interlaboratory 
studies on ICP analyses. The Associate Referee recommends 
continued study of the use of ICP as a diagnostic tool in 
veterinary toxicology.

M u ltip le  A n ticoagulan t Screen ing. — Associate Referee Jim 
Stedelin (Animal Disease Laboratory, Centralia, IL) reports 
on work to improve recovery and simplicity of the basic 
tissue anticoagulant extraction procedure. Acetonitrile ex
traction on small liver samples (1-10 g) has improved ex
traction recovery up to 40% over the previously reported
(11) chloroform/methanol extraction. Work has been pri
marily with positive tissue from field samples containing 
bromodiolone and brodifacoum.
Improvements have been also made in the LC mobile 

phase. Use of a borate buffer (pH 10) in place of the am
monium hydroxide has improved day-to-day reproducibil
ity. The Associate Referee recommends continued study.

N a tu ra l Products. — Associate Referee George Rottinghaus 
(University of Missouri, Columbia, MO) reports on com
pletion of work on the method for determining ergot alkaloids 
in seed, screenings, and dried plant material that was reported 
here 1 year ago. The lack of appropriate standards is still a 
constant problem, but new sources are being investigated. 
Work has also centered on development of a method for 
detecting ergovaline in fresh fescue plant material at low 
levels. A series of 400 samples is currently being analyzed 
to test the applicability of the method on field samples. The 
method involves extraction with basic chloroform, silica gel 
minicolumn cleanup, and LC analysis. The detection limit 
is below 50 ppb with recoveries on spiked samples of greater than 80%.
The Associate Referee also reports on work with deter

mination of ergovaline in plasma. Limited study on spiked 
samples has yielded 95% recovery at the 1 ppb level with a 
detection limit of 0.1 ppb. Work is continuing to assess the 
method on a day-to-day basis. The Associate Referee rec
ommends continued study.

N itrates/N itrites. — Michael P. Carlson and Norman D. 
Schneider (University of Nebraska, Lincoln, NE) report on 
the development of positive and negative forage nitrate con
trol samples. The positive sample contains 2.9% nitrate (in- 
house CV = 2.6%, n = 25) and the negative sample contains 
less than 0.2% nitrate (CV = 9.5%, n = 25). Ten cooperating
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laboratories will assay both samples using the nitrate elec
trode method (49.B06-49.B13) and will provide results for 
evaluation. If the results are satisfactory, the control samples 
will be available in 50 g lots upon request from any interested 
laboratory.
Numerous laboratories have expressed interest in the ni

trate electrode method since its adoption as official first ac
tion. State regulatory, diagnostic, service, plant, and bio
chemistry laboratories have found the method to be quick, 
accurate, and precise.
The Associate Referees continue to address the need for a 

collaborated method for nitrate/nitrite in biological fluids 
(ocular fluid and serum). Problems with reproducibility of 
the cadmium reduction-diazo coupling method (12) make it 
labor-intensive and costly. Discussion (Boermans, private 
communication, 1986) and a report of ion exchange chro
matographic applications (13) for determining nitrate and 
nitrite in serous fluids strongly support further study of the 
method. Several laboratories are now using IEC procedures 
for routine screening (N. Weiser and R. Smith, private com
munications, 1987). Data reported here 1 year ago clearly 
justify an interlaboratory study.
The Associate Referees recommend continued official first 

action status for the forage nitrate method (49.B06-49.B13).
P esticides in  T o x ico lo g ica l Sa m p les . — H. Michael Stahr 

(Iowa State University, Ames, I A) reports that a collaborative 
study will be done in the coming year with 6 collaborators 
analyzing freeze-dried blood. The goal is to complete the 
study in time to be reported by next year’s meeting.

S o d iu m  M on oflu o roa cetate  (10 80 ). — H. Michael Stahr 
(Iowa State University, Ames, IA) reports on continued work 
with the indirect fluoride method for 1080 screening. A sec
ond laboratory is studying the method; results will be com
pared.
A method was evaluated during that past year that involves 

derivatizations and direct extraction. It will be applied to 
tissues to determine if it can be used on a routine basis.

Z in c  in  A n im a l T issu es .— Dana Perry (University of Ar
izona, Tucson, AZ) reports that a collaborative study of zinc 
in animal serum is currently being completed. The method

under study is a direct dilution atomic absorption spectros
copy technique. Using direct dilution, the potential for con
tamination is minimized. In general, rubber stoppers contain 
zinc. Extreme care must be exercised in collection of speci
mens and handling in the laboratory. The collaborative study 
will be reported after results have been analyzed.
Recommendations
(1) Continue official first action status of the method for 

arsenic in animal tissues, 49.B01-49.B05, and the method 
for nitrite in forage, 49.B06-49.B13.
(2) Continue study on all other topics.

R e f e r e n c e s

(1) Raisbeck, M. F., R ottinghaus, G. E., Satalowich, F. T., Coats, 
L., Stevens, G., & Ricketts, M. (1986) P r o c . A m . A s s o c . L a b .  
D ia g . L a b ., Louisville, KY, pp. 161-183

(2) Minyard, J. P„ & Roberts, E. (1986) A A F C O - F E E D C O N ,  March 
25 issue, M ississippi State, MS

(3) Com m ittee R eport (1986) P r o c . U .S . A n im . H e a lt h  A s s o c . R ich
m ond, VA, pp. 16-23

(4) Egginton, J. (1980) T h e  P o is o n in g  o f  M ic h ig a n , W. W. N orton  
& Co., New York, NY

(5) Robens, J. E., & A nthony, H. D. ( 1982) J .  A m . V et. M e d . A s s o c . 
33, 343-347
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(9) Slanker, M. R., Mullaney, T. P., Braselton, W. E., & Stowe, H.
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(1985) A m . J .  V et. R e s . 46, 561-565
(11) Ross, P. F. (1984) J .  A s s o c . O ff. A n a l.  C h e m . 68, 401^103
(12) Schneider, N. R„ & Yeary, R. A. (1973) J. V et. R e s . 34, 133— 

135
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Section Meeting, Fargo, ND

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were reviewed by the Committee on Feeds, Fertilizers, and 
Related Materials. See the report of the committee, this issue.

Section numbers refer to “Changes in Official Methods,” J. Assoc. Off. A na l. 
C hem . (1986) 69, 349-390 (B methods).
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GENERAL REFEREE REPORTS: COMM ITTEE ON  
H A ZA R D O U S  SUBSTANCES IN WATER AND  THE 
ENVIRONMENT
Soils and Sediments

JAMES DRAGUN
Sta lw a rt E n v iro n m e n ta l Sc ien ces & Services, 17 0 0  N  
O pd yke R d , A u burn  H ills, M I  4 8 0 5 7

Two Associate Referees have reported on the status of their 
topics. It is recommended that both of these topics be con
tinued.

S o il  D istribution C oeffic ients.— Danny Jackson, formerly 
of Battelle-Columbus Laboratories is now with Radian Corp., 
Austin, TX. Because of his recent move, Dr. Jackson tem
porarily suspended his work on testing a draft standard meth
od he has authored. It is anticipated that he will resume his 
work in the near future.

V olatile O rganic C h em ica ls  in S o i l  a n d  S e d im e n t—A d 
sorption Isotherm  Test. — Leverett Smith, Kennedy/Jenks/ 
Chilton, San Francisco, CA, has continued developing a re
vised draft method in his laboratory. His progress was sig
nificantly hindered during the past year; he oversaw a rapid 
and substantial expansion of his laboratory, which now in
cludes 2 GC/MS units and supporting equipment and staff. 
He intends to subject the method to ruggedness testing; on 
the basis of those results, the draft will be revised and sub
jected to an interlaboratory collaborative study.

T erm itic ides in S o i l .— The General Referee has recom
mended to AOAC that Wayne Pask, Office of the Indiana 
State Chemist and Seed Commissioner, be appointed As
sociate Referee for Termiticides in Soil. First, Dr. Pask will 
evaluate existing methods for chlordane in soils. Then, he 
intends to thoroughly test the most promising method for 
ruggedness. Afterwards, he will proceed to the collaborative 
study stage. At some time in the future, after establishing a 
method for chlordane, he intends to extend his work to other 
termiticides, including chlorpyrifos, isofenfos, permethrin, 
and fenvalerate.

L iq u id  C hro m ato graph ic  M e th o d fo r  D eterm in atio n  o f  E x 
p losives R esid u es in  S o ils . —The General Referee is now dis
cussing his interest in conducting a collaborative study of a 
liquid chromatographic method for the determination of ex
plosives residues in soils with Thomas Jenkins, Department 
of the Army, Hanover, NH.

A O A C  L ia is o n  With IS O  T ech n ica l C o m m ittee 19 0 . —The 
International Organization for Standardization Technical 
Committee 190, Soil Quality, has become increasingly in
volved in the development of test methods of interest to this 
General Refereeship. The General Referee receives and re
views this Committee’s documents on an ongoing basis. Also, 
the General Referee furnishes documents of immediate in
terest to this Committee.
Recommendations

(1) Continue developing adsorption isotherm test for vol
atile organic chemicals in soils and sediments.
(2) Continue developing standard method for distribution 

coefficients of nonvolatile organics in soils.
(3) Continue developing standard methods for termiticides in soil.
(4) Pursue the potential development of standard methods 

for explosives residues in soil.

(5) Monitor progress made in method development in 150 
participating countries of ISO.
(6) Continue recruiting Associate Referees and collabo

rators who can study and develop methods in the topic areas 
discussed in the 1984 report.

This report of the General Referee was presented at the 101 st AOAC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were approved by the Committee on Hazardous Substances 
in Water and the Environment. See the report of the committee, this issue.

Waste Materials 

DAVID FRIEDMAN
E n v iro n m e n ta l Protection  A gency, O ffice o f  S o lid  W aste, 
W ashington, D .C . 20 4 6 0

Revitalization of the activities in the Industrial Process 
Waste refereeship is continuing.
Conventional Analytical Methods

Inorgan ic  A nalytes. —Severa l studies to evaluate solid waste 
testing methods have been completed during the past year, 
and will be recommended for interim approval sometime 
during the next 12 months. These methods are detailed be
low.
An inductively coupled plasma atomic emission spectro

scopic (ICP) method was evaluated in the EPA round-robin 
Phase 1 study by 7 laboratories. Fourteen metals were de
termined in acidified aqueous matrixes. In addition, a single 
laboratory evaluation of the method was conducted with 
wastes. The method was used to determine 22 elements in 
7 different wastes. The relative standard deviation from trip
licate analyses for all elements and wastes was 9%, and the 
mean recovery of spiked elements for all wastes was 93%.

O rganic A n a ly te s .—A. new study was conducted on the 
evaluation of the U.S. EPA gas chromatographic/mass spec- 
trometric methods: method 8250 utilizing a packed column 
technique and method 8270 utilizing a capillary column tech
nique for determination of semi volatile organic compounds. 
The method is used for analysis of extracts prepared from 
solid wastes, soils, and ground water. In limited applications, 
direct injection of a sample may be used. Method 8250 was 
tested by 15 laboratories using reagent water, drinking water, 
surface water, and industrial wastewater spiked at 6 concen
trations over the 5-1300 p g fL range. Single-operator accu
racy and precision were found to be directly related to the 
analyte concentration and were essentially independent of 
the sample matrix. The average standard deviation for a 
number of extractables is about 30%.
An interim protocol was developed at EPA for automated 

determination of semivolatile organic compounds by gas 
chromatography/Fourier transform infrared (GC/FT-IR) 
spectrometry in wastewater, soils, sediments, and solid wastes.
The protocol is designed for the high throughput, auto

mated analysis of multicomponent environmental and haz
ardous waste extracts. Wastewater analysis for semivolatile 
organic compounds is based on extracting a 1 L sample with 
methylene chloride and concentrating the extract to 1 mL.
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The analysis of the semivolatile fraction derived from solid 
waste analysis is based on extracting a 50 g sample and con
centrating the sample extract to 1.0 mL. A gel permeation 
option is included to purify further those extracts that cannot 
be concentrated to the specified final volume. Using capillary 
GC/FT-IR techniques, wastewater identification limits of 10 
to 60 ppb can be achieved with this method, whereas the 
corresponding identification limits for solid samples are 200 
ppb to 1 ppm. The most frequent obstacle to achieving these 
identification limits is expected to be the presence of large 
quantities of interfering high boiling coextractants. These 
coextractants would raise the identification limits by pre
venting the concentration of extracts to the desired final vol
ume, thereby necessitating gel permeation cleanup, and by 
decreasing the spectra signal-to-noise ratio of GC-volatile 
analytes by raising the spectral background intensity. The 
developed protocol is unique because, for those cases where 
complete identification is impossible, the functionality or 
compound class of the analyte may be determined. This may

be accomplished by utilizing the group frequency capability 
of modem Fourier transform infrared spectrometers. A 
knowledge of chemical functionality coupled with available 
biological toxicity data may lead to an assessment of the risks 
associated with these partially identified analytes.
Bioassay Methods
Associate Referee Llew Williams (EMSL/LV) reports com

pletion of the first phase study of monoclonal antibody assay 
method for pentachlorophenol. The next step, the multilab
oratory collaborative testing, is now in the organizational 
stage to start this year.
Recommendation
Continue study on all topics.

This report of the General Referee was presented at the 101 st AO AC Annual 
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. The rec
ommendations were approved by the Committee on Hazardous Substances 
in Water and the Environment. See the report of the committee, this issue.

P L E A S E  N O T E  T H E S E  A W A R D S  D E A D L I N E S
V  ^

STOP O N  Y O U R  1 9 8 8  C A L E N D A R !

Letters in Support of AOAC Fellows Awards February 15,1988

Harvey w. Wiley Scholarship Nominations May 1,1988

Harvey w. Wiley Award for the Development of Analytical 
Methods — Nominations will be accepted year-round. Those received 
before December 1st of any year will be eligible for the following four 
years' awards. Eligibility may be extended an additional four years by 
written request of nominator.

For information contact:
Administrative Manager, AOAC 
1111 North 19th Street, Suite 210 
Arlington, Virginia 22209 
or phone (703) 522-3032.
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TRANSACTIONS: ASSOCIATION OF OFFICIAL ANALYTICAL CHBVIISTS

The one-hundred-first annual international meeting of the Association of Official Analytical Chemists was held at The 
Cathedral Hill Hotel, San Francisco, California, on September 14, 15, 16, and 17, 1987. The following reports, aloi£ 

with the actions of the Association, were given at the business meeting, held Thursday, Î eptember 17, 1987,
Frank J. Johnson, presiding.

Committee on Pesticide Formulations and Disinfectants: Recommendations for Official MetLcds

THOMAS L. JENSEN (State Department of Agriculture, 3703 S 14th St, Lincoln, NE 68502), C h a irm a n ;. 
ALAN R. HANKS (Office of the Indiana State Chemist, Purdue University, Department of Biochemistry, W ta  
Lafayette, IN 47907);
JAMES J. KARR (Pennwalt Technical Center, 900 First Ave, Box C, King of Prussia, PA 19406);
JAMES P. MINYARD, JR (Mississippi State Chemical Laboratory, PO Box CR, Mississippi State, MS 39i-62); 
FRAN C. PORTER (Florida Department of Agriculture and Consumer Services, Div sion of Chemistry, T ll- 
lahassee, FL 32301);
H. HEDEGAARD POVLSEN (Kemikaliekontrollen, Morkhoj Bygade 26, DK-2860 Siborg, DENMARK^ 
STEPHEN C. SLAHCK (Mobay Corp., Box 4913, Kansas City, MO 64120);
RICHARD S. WAYNE (American Cyanamid Co., Agricultural Division, Box 400, Prmceton, NJ 08540); 
RICHARD H. COLLIER (Department of Entomology, Purdue University, West LafayeTe, IN 47907), S ecre tes?

The Committee on Pesticide Formulations and Disinfec
tants met on September 13 and 15, 1987, in San Francisco, 
CA. The meeting was attended by several General Referees 
and Associate Referees whose topics are assigned to the Com
mittee and by several visitors.

William Horwitz discussed his recent review and analysis 
of over 1200 results from collaborative studies of pesticide 
formulation methods. His analysis revealed the same depen
dence of precision on concentration found in his earlier work 
on methods for drug analysis. Also similar to the drug meth
ods, the precision of pesticide formulations analyses is in
dependent of analyte, matrix, and method. Dr. Horwitz rec
ommended that the Committee review the results of a few 
methods for which precision is poorer than might be ex
pected.

The Committee discussed items for the agenda of the 
Methods Board/Volunteer Workshop held on Thursday, 
September 17, 1987. Included were the following: (7) Ap
plication of Harmonization Guidelines to Pesticide For
mulation Methods; (2) Role of Committee Statistician in 
Collaborative Studies; (3) Cooperative Efforts with CIPAC;
(4) Deletion of Inactive Topics.

The Committee also discussed the methods approval pro
cess. The consensus was that the process worked reasonably 
well this year. However, concern was expressed that the pro
cess involves too many people in reviews of an editorial 
nature.

The Committee discussed the low output of collaborative 
studies over the last few years. Most committee members 
feel the economic decline of the agricultural chemicals in
dustry is the primary reason for the decrease in new methods 
development. The Committee feels that the Association must 
improve the “selling” of itself in the industrial sector, par
ticularly at the research director and vice president of re
search levels. The need is not just for sustaining membership,

The recommendations submitted by the Committee on Pesticide Formu
lations and Disinfectants were adopted by the Association.

Section numbers refer to O fficia l M e th o d s  o f  A n a lys is  (1984) 14th edition, 
and to “Changes in Official Methods,” J. Assoc. O ff. A na l. C hem . (1985) 68, 
369-411 (A methods), ./. Assoc. O ff. A n a l. C hem . (1986) 69, 349-390 (B 
methods), and J. Assoc. O ff. A na l. C hem . (1987) 70, 385-403 (C methods).

* An asterisk before a recommendation indicates that official action on that 
recommendation resulted in its appearance in “Changes in Official Methods.”

but for Associate Referees to conduct and scientists to par
ticipate in collaborative studies—a much more expers-ve 
proposition. The Committee wil work through AOAC ad
ministrative channels to develop more effective approac aes 
to enlisting broader support fron the agricultural chemicals 
industry.

The Committee discussed an I is developing a pos't o i  
paper on the needs for methods o'analysis for adjuvants and 
inert ingredients in pesticide formulations. This paper is hem * * 
prepared for submission to the T .S. Environmental Pr »Ac
tion Agency through the appropriate channels.

The Committee also discussel the need for a gene-adp 
approved method for determining theoretical plates in cn o- 
matographic systems.

The Committee discussed the CIPAC method for bent _z >j l  

(Basagran). This method has been accepted by CIPAC I u 
the collaborative study did not use sufficient numbers o'  
samples to meet AOAC standarcs. The Committee wil s k  
the General Referee to request hat the Associate Retsaee 
repeat the study with an appropnate number of samples. I '  
that is not possible, a co-Associam Referee will be soug_tic 
conduct such a study. Further, Ue Committee will rec.u :s 
that CIPAC review the adequacy * f the existing collaborative 
study in view of the IUPAC hazmonization recomme.ica- 
tions.

The Committee discussed the recommendation of tie  
General Referee for Herbicides TI that the topic on m ert- 
buzin be deleted. The Committee chose to recommend cn- 
tinued study because the curren_ methods have not keen 
validated for formulations containing a mixture of acrLe 
ingredients.

Joseph Ascenzi, the Associate Heferee for Tuberculoccal 
(TB) Tests, discussed the results cf a series of studies on t ie 
sources of variability in the cum nt official method. TLese 
studies point to variations in the number of organisms at
tached to the porcelain carrier and to carrier/organism a_r- 
face interactions as major sources if variation in the metl c i .  
This method was adopted as a r official method in 1 9. 6 
without benefit of collaborative stirdy. The Associate Ref me 
is preparing a collaborative stucy on a modified me tie d  
utilizing a suspension of organisms rather than organi n s  
attached to a carrier. The Asso iate Referee has rea-n - 
mended that the current method 4.036-4.041) be repea ed.
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Table 1. Recommendations for General Referees
Current designation Disposition General Referee

Herbicides 1 Transfer topics 
to Herbicides

—

Herbicides II No change Arthur Hofberg
Herbicides III Change title to 

Herbicides 1
Peter Bland

Fungicides and Disinfectants No change Peter Bland
Organohalogen Insecticides No change David Tomkins
Other Insecticides, Synergists, No change David Tomkins

and Insect Repellants
Organothiophosphorus Insec- No change Open

tlcldes
Other Organophosphorus In- No change Marshall Gentry

sectlcides
Carbamate and Substituted No change Marshall Gentry

Urea Insecticides
Rodentlcides and Miscella- No change Marshall Gentry

neous Pesticides
Cl PAC Studies No change James Launer
Microbial Pesticides No change Open

The General Referee has recommended continued study of 
the topic.

Eugene Cole, Associate Referee for the Use-Dilution Test, 
presented the results of his investigations of the existing 
method, the identification of 3 1 modifications to the method, 
and collaborative studies of both the existing and the mod
ified method. The results indicate that both the existing and 
the modified methods produce highly variable results. It 
should be noted that the original collaborative study of 1953 
also produced highly variable results that were not subjected 
to statistical analysis. The method appears to perform sat
isfactorily in some laboratories but poorly in others. Cole 
indicated that he plans to conduct a collaborative study on 
a suspension method as a potential replacement for the ex
isting carrier-based method. The Associate Referee recom
mended that the existing method be repealed when a suitable 
replacement method becomes available. This issue has been 
studied by an EPA Task Force, which has also recommended 
pursuit of the suspension method. The General Referee has 
recommended continued study of the topic.

The Committee recommends that Aram Beloian be reap
pointed as GR for Disinfectants, and that the General Referee 
subject areas in Pesticide Formulations be realigned as shown 
in Table 1.

DISINFECTANTS

(1) Antimicrobial Agents in Laundry Products: Continue 
study.

(2) Preservatives (Antibacterials) in Textiles: Continue 
study.

(3) Sporicidal Tests: Continue study.
*(4) Tuberculocidal Tests: (a) Repeal first action the official 

final action methods (4.036-4.041). (b) Continue study 
with emphasis on suspension methods.

*(5) Use-Dilution Test: (a) Repeal first action the official 
final action methods for Staphylococcus aureus and 
Salmonella choleraesuis (4.007-4.010). (b) Continue 
study with emphasis on suspension methods.

(6) Virucide Tests: Continue study.

PESTICIDE FORMULATIONS: 
FUNGICIDES AND DISINFECTANTS

*(1) Anilazine (Dyrene): (a) Adopt as official first action 
the interim first action liquid chromatographic meth

od described by the Associate Referee, (b) Continue 
study.

(2) Benomyl: (a) Continue official first action status of the 
liquid chromatographic method (6.522-6.527). (b) 
Continue study.

(3) Carboxin and Oxycarboxin: Continue study.
(4) Chlorothalonil: Continue study.
(5) Copper Naphthenate: Appoint Associate Referee; top

ic open.
(6) Dinocap: Appoint Associate Referee; topic open.
(7) Dioxins in Pentachlorophenol: Appoint Associate 

Referee; topic open.
(8) Dithiocarbamate Fungicides: Continue study.
(9) Oxythioquinox (Morestan): Continue official first ac

tion status of the liquid chromatographic method 
(6.B34-6.B39). (b) Continue study.

(10) o-Phenylphenol: Appoint Associate Referee; topic 
open.

(11) Quaternary Ammonium Compounds: Appoint Asso
ciate Referee; topic open.

(12) Thiram: Appoint Associate Referee; topic open.
(13) Triadimefon (Bayleton): Continue study.
(14) Triphenyltin (Fentin): Continue study.
(15) Water-Soluble Copper in Water-Insoluble Copper 

Fungicides: Continue official first action status of the 
CIPAC-AOAC atomic absorption and bathocuproine 
methods (6.066-6.074).

PESTICIDE FORMULATIONS: 
HERBICIDES I

(1) Chlorophenoxy Herbicides: (a) Continue official first 
action status of the following liquid chromatographic 
methods: Combinations of 2,4-D, dicamba, and MCPP 
amine salts (6.321-6.327); 2-methyl-4-chlorophen- 
oxyacetic acid (6.372-6.377); 2,4,5-trichlorophenox- 
yacetic acid (6.391 -6.395); 2,4-dichlorophenoxyacetic 
acid esters and amine salts (6.288-6.292). (b) Continue 
study.

(2) Dicamba: Continue study.
(3) Pentachlorophenol: Appoint Associate Referee; topic 

open.
(4) Plant Growth Regulators: Appoint Associate Referee; 

topic open.

PESTICIDE FORM ULATIONS: 
HERBICIDES II

(1) Benefin, Trifluralin, Pendimethalin, and Ethafluralin: 
Continue study.

(2) Bensulide (Betasan): Continue study.
(3) Benzoylprop-ethyl: Appoint Associate Referee; topic 

open.
(4) Bromacil: Continue study.
(5) Chlorsulfuron (Glean): Continue study.
(6) Dimethyl Tetrachloroterephthalate: Continue study.
(7) Dinoseb: Appoint Associate Referee; topic open.
(8) Fluometuron: Continue study.
(9) Metsulfuron-methyl (Ally): Continue study.

(10) Methazole: Continue study.
(11) Naptalam (Alanap): Continue study.
(12) Oryzalin (Surflan): Appoint Associate Referee; topic 

open.
(13) Substituted Urea Herbicides: Appoint Associate Ref

eree; topic open.
(14) Sulfometuron-methyl (Oust): Continue study.,

*(15) Thiocarbamate Herbicides: (a) Adopt as official final
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action the official first action gas chromatographic 
method (6.581-6.585). (b) Discontinue topic.

PESTICIDE FORMULATIONS: 
HERBICIDES III

*(1) Alachlor, Butachlor, and Propachlor: (a) Adopt as of
ficial first action the interim first action gas chromato
graphic method for alachlor microencapsulated for
mulations described by the Associate Referee, (b) 
Adopt as official final action the official first action 
gas chromatographic methods for butachlor (6.B12-
6.B16), and propachlor (6.B17-6.B21). (c) Continue 
study.

(2) Alachlor/Atrazine Mixtures: Continue study.
(3) Amitrole: Appoint Associate Referee; topic open.
(4) Bentazon: Continue study.
(5) Bromoxynil: Continue study.
(6) Cacodylic Acid, MSMA, and DSMA: Appoint Asso

ciate Referee; topic open.
(7) Cyanazine (Bladex): Continue study.
(8) Dalapon: Discontinue topic.
(9) Dichlobenil: Continue study.

(10) Fluazifop-butyl (Fusilade): Discontinue topic.
(11) Fomesafen: Continue study.

*(12) Metolachlor: (a) Adopt as official final action the of
ficial first action gas chromatographic method (6.A14-
6.A18). (b) Discontinue topic.

(13) Metribuzin (Lexone or Sencor): Continue study.
(14) Pesticides in Fertilizers: Continue study.
(15) Propanil (3',4'-Dichloropropionanilide): Appoint As

sociate Referee; topic open.
(16) Sodium Chlorate: Appoint Associate Referee; topic 

open.
(17) s-Triazine Herbicides: Discontinue topic.

PESTICIDE FORMULATIONS: 
CARBAMATE INSECTICIDES AND SUBSTITUTED  

UREA INSECTICIDES

(1) Aldicarb: Continue study.
(2) Aminocarb: Discontinue topic.
(3) Bendiocarb: (a) Continue official first action status of 

the liquid chromatographic method (6.B40-6.B44).
(b) Continue study.

(4) Carbaryl: Continue study.
(5) Carbofuran and Carbosulfan: (a) Continue official first 

action status of the liquid chromatographic method 
for carbofuran (6.B45-6.B48). (b) Continue study.

(6) Methiocarb: Discontinue topic.
(7) Methomyl: Continue study.
(8) Mexacarbate (Zectran): Continue study.
(9) Oxamyl: Continue study.

(10) Pirimicarb: (a) Continue official first action status of 
the gas chromatographic method (6.560-6.564). (b) 
Appoint Associate Referee; topic open.

(11) Propoxur (Baygon): Discontinue topic.
(12) 3,4,5- and 2,3,5-Triphenylmethyl Carbamate Iso

mers: Continue study.

PESTICIDE FORMULATIONS: 
ORGANOHALOGEN INSECTICIDES

(1) Benzene Hexachloride and Lindane: Continue study.
(2) Chlordane: Continue study.
(3) Chlordimeform: Discontinue topic.
(4) Dicofol (Kelthane): (a) Continue official first action 

status of the liquid chromatographic method (6.B22-

6.B27) and the hydrolyzable chloride method (6.332-
6.337). (b) Continue study.

(5) Ethylan: Continue study.
(6) Fenvalerate: Appoint Associate Referee; topic open.
(7) Heptachlor: Continue study.
(8) Methoxychlor: Continue study.
(9) Methyl Bromide: Continue study.

(10) Toxaphene: Continue study.
(11) Trichlorfon (Dylox): Continue study.

PESTICIDE FORMULATIONS:
ORGANOTHIOPHOSPHORUS INSECTICIDES

(1) Acephate (Orthene): Continue study.
(2) Azinphos-methyl (Guthion): Continue study.
(3) Coumaphos: Appoint Associate Referee; topic open.
(4) Demeton (Systox): Delete topic.
(5) Demeton-S-methyl (Metasystox-I): Discontinue top

ic.
*(6) Diazinon: (a) Adopt as official final action the official 

first action gas chromatographic method for diazinon 
(6.425). (b) Discontinue topic.

(7) Dimethoate: Continue study.
(8) Dioxathion: Continue study.
(9) Encapsulated Organophosphorus Pesticides: (a) Con

tinue official first action status of the gas chromato
graphic method for encapsulated diazinon (6.426-
6.429). (b) Continue study.

(10) EPN: Continue study.
(11) Ethoprop: Continue study.
(12) Fenitrothion: (a) Continue official first action status 

of the gas chromatographic method (6.A19-6.A24).
(b) Continue study.

(13) Fensulfothion: (a) Continue official first action status 
of the gas chromatographic method (6.B28-6.B33).
(b) Continue study.

(14) Fenthion: Continue study.
(15) Fonofos: Continue study.
(16) Isofenphos: (a) Continue official first action status of 

the gas chromatographic method (6.C01-6.C06). (b) 
Continue study.

( 17) Malathion: Continue study.
(18) Methamidophos (Monitor): Continue study.
(19) Methidathion (Supracide): Continue study.
(20) Oxydemeton-methyl(Metasystox-R): Continue study.
(21) Parathion and Methyl Parathion: (a) Continue official 

first action status of the surplus volumetric (6.472-
6.478), surplus colorimetric (6.479-6.483), gas chro
matographic (6.463-6.467), and liquid chromato
graphic (6.468-6.471) methods for parathion and the 
gas chromatographic (6.484-6.488) and liquid chro
matographic (6.489-6.492) methods for methyl para
thion. (b) Continue study.

(22) Phorate: Appoint Associate Referee; topic open.
(23) Pirimiphos-methyl: Continue study.
(24) Temephos: Continue official first action status of the 

CIPAC-AOAC liquid chromatographic method 
(6.509-6.515),

(25) S,S,S-Tributylphosphorotrithioate: Continue study.

PESTICIDE FORMULATIONS:
OTHER ORGANOPHOSPHORUS INSECTICIDES
(1) Crotoxyphos: Continue study.
(2) Dichlorvos (2,2-Dichloroviny! Dimethyl Phosphate):

(a) Continue official first action status of the infrared 
methods (6.417-6.420 and 6.421-6.424). (b) Appoint 
Associate Referee; topic open.
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(3) Fenamiphos (Nemacur): Continue study.
(4) Mevinphos:' Appoint Associate Referee; topic open.
(5) Monocrotophos: Appoint Associate Referee; topic 

open.
(6) Naled: Continue study.
(7) Tetrachlorvinphos (Gardona, Rabon): Appoint Asso

ciate Referee; topic open.
PESTICIDE FORMULATIONS:

OTHER INSECTICIDES, SYNERGISTS, AND  
INSECT REPELLANTS

(1) Allethrin: (a) Continue official first action status of the 
titrimetric method for technical allethrin (6.165-
6.170). (b) Continue study.

(2) Aluminum Phosphide: Appoint Associate Referee; 
topic open.

(3) 2,3,4,5-Bis(2-butylene)tetrahydro-2-furfural (MGK 
Repellant 11): Continue study.

*(4) Cyhexatin (Plictran): Adopt as official first action the 
interim first action CIPAC-AOAC liquid chromato
graphic method described by the General Referee.

(5) Cypermethrin: (a) Continue official first action status 
of the CIPAC-AOAC gas chromatographic method 
(6.B01-6.B05). (b) Continue study.

(6) Cyromazine (Larvadex): Continue study.
(7) Dipropyl Isocinchomeronate (MGK Repellant 326): 

Continue study.
(8) Fumigants: Appoint Associate Referee; topic open.
(9) Nicotine: Continue study.

*( 10) Permethrin: (a) Adopt as official final action the official 
first action CIPAC-AOAC gas chromatographic 
method (6.B06-6.B11). (b) Continue study.

(11) Piperonyl Butoxide and Pyrethrins: Continue study, 
especially low levels and mixed formulations.

(12) Resmethrin: Continue study.
(13) Rotenone and Other Rotenoids: (a) Continue official 

first action status of the liquid chromatographic meth
od (6.182 -6.186) and the infrared method (6.179-
6.180). (b) Continue study.

PESTICIDE FORMULATIONS: 
RODENTICIDES AND M ISCELLANEOUS 

PESTICIDES

(1) Brodifacoum (Talon): (a) Continue official first action 
status of the liquid chromatographic method (6.597-
6.601). (b) Continue study.

(2) Chlorophacinone: Appoint Associate Referee; topic 
open.

(3) Diphacinone: Appoint Associate Referee; topic open.
(4) Naphthylthiourea: (a) Continue official first action sta

tus of the surplus method (6.157). (b) Appoint As
sociate Referee; topic open.

(5) Sampling: (a) Continue official first action status of 
the sampling procedures for fertilizers (6.002) as ap
plied to pesticide-fertilizer mixtures, (b) Appoint As
sociate Referee; topic open.

(6) Strychnine: Appoint Associate Referee; topic open.
(7) Warfarin: Appoint Assolcate Referee; topic open.

Committee on Drugs and Related Topics: Recommendations for Official Methods

ERIC B. SHEININ (Food and Drug Administration, 5600 Fishers Lane, Rockville, MD 20857), C h a irm a n ,  
KAISER J. AZIZ (Food and Drug Administration, 8758 Georgia Ave, Silver Spring, MD 20910);
RONALD C. BACKER (Office of the Chief Medical Examiner, 701 Jefferson Rd, South Charleston, WV 25309); 
CHARLES BIBART (The Upjohn Co., 7171 Portage Rd, Kalamazoo, MI 49001);
CHARLES C. CLARK (Drug Enforcement Administration, Southeastern Regional Laboratory, 5205 NW 84th 
Ave, Miami, FL 33166);
SAL FUSARI (22625 St. Joan, St. Clair Shores, MI 48080);
TED M. HOPES (Food and Drug Administration, 850 Third Ave, Brooklyn, NY 11232);
THOMAS P. LAYLOFF (Food and Drug Administration, 1114 Market St, St. Louis, MO 63101);
ROBERT LIVINGSTON (Food and Drug Administration, 5600 Fishers Lane, Rockville, MD 20857);
JOHN O’RANGERS (Food and Drug Administration, 5600 Fishers Lane, Rockville, MD 20857);
JOHN E. ZAREMBO (William H. Rorer, Inc., 500 Virginia Dr, Fort Washington, PA 19034);
WILLIAM W. WRIGHT (U.S. Pharmacopeial Convention, Inc., 12601 TwinbrookPkwy, Rockville, MD 20852), 
S e c re ta ry

The Committee on Drugs and Related Topics met on Au
gust 27, 1987, in Rockville, MD, and took the following 
actions:

1. Reviewed the draft of the new form “Guidelines for 
AOAC Reviewers.” The members were informed that they 
should vote on all manuscripts submitted to them. If a mem
ber feels unqualified to comment on the manuscript, an “ab
stain” vote should be sent to the AOAC office; if no reply is

T h e  r e c o m m e n d a t io n s  s u b m i t t e d  b y  th e  C o m m it t e e  o n  D ru g s  a n d  R e la te d  
T o p ic s  w e re  a d o p t e d  b y  th e  A s s o c ia t io n .

S e c tio n  n u m b e r s  r e f e r  to  O fficia l M e th o d s  o f  A n a lys is  (1 9 8 4 )  1 4 th  e d i t io n ,  
a n d  to  “ C h a n g e s  in  O ffic ia l M e th o d s ,”  J. Assoc. O ff. A na l. C hem . (1 9 8 5 )  6 8 , 
3 6 9 -4 1 1  (A  m e th o d s ) ,  J. Assoc. O ff. A na l. C hem . (1 9 8 6 )  69, 3 4 9 - 3 9 0  (B  
m e th o d s ) ,  a n d  J. Assoc. O ff. A na l. C hem . (1 9 8 7 )  70, 3 8 5 - 4 0 3  (C  m e th o d s ) .

* A n  a s te r is k  b e fo re  a  r e c o m m e n d a t io n  in d ic a te s  t h a t  o ffic ia l a c t io n  o n  th a t  
r e c o m m e n d a t io n  r e s u l te d  in  i ts  a p p e a r a n c e  in  “ C h a n g e s  in  O ffic ia l M e th o d s .”

received, it will be counted as “accepted.” The Committee 
discussed the flow of paper work during the report approval 
process that was established at last year’s meeting. The Com
mittee decided to change the procedure for handling manu
scripts that had been modified on the basis of members’ 
comments. It was agreed that the revised manuscript should 
be sent to all Committee members, not only to those who 
had made substantive comments in the first round of review.

2. Discussed the document on “Methods Validation and 
Approval Process” approved by the Official Methods Board. 
It was suggested that the word “validation” in the first line 
should be clarified by adding the words “by collaborative 
study” after it, to distinguish it from validation of a method 
that is performed by the Associate Referee before a collab
orative study is begun.
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3. Agreed that plans for proposed collaborative studies 
need not be sent to all Committee members, but may be sent 
if requested by the General Referee or the Committee.

4 .  Requested the AO AC office to notify all Committee 
members of new Associate Referee appointments, not just 
the General Referee and the Secretary. The Committee re
quested the AOAC office to send a copy of the Committee’s 
“Performance Parameters” (J. Assoc. Off. Anal. Chem. [1987] 
70, 321) to all new Associate Referees.

5 . Discussed the proposed format of a model Associate 
Referee report, and recommended that the model should be 
in the form of a typewritten manuscript instead of a final 
typeset paper.

6. Voted to recommend that the Association investigate 
the possibility of describing equipment in AOAC official 
methods in generic terms, instead of specifying a particular 
model, or equivalent. Some models that are specified in Of
ficial Methods o f Analysis have been discontinued and are 
no longer available.

7. Voted to recommend that the Association recognize the 
acceptability of designs for collaborative studies of methods 
for drug residues in animal tissues that include only 2 or 3 
collaborators but considerably more than the currently re
quired 30 data points.

8. Voted to recommend the reappointment of the following 
General Referees: James Fitzgerald, Drugs I; Edward Smith, 
Drugs II; Ronald Yates, Cosmetics (all for 2 years), and Char
lie Barnes, Drug Residues in Animal Tissues (1 year).

COSMETICS

(1) Aloe: Continue study.
(2) Essential Oils and Fragrance Materials, Composition: 

Continue study.
(3) Nitrosamines: Continue study.
( 4 )  Preservatives: Continue study.
( 5 )  Water and Alcohol: Continue official first action status 

of the method for water and alcohol, 35.001-35.006. 
Continue study.

(6) Zirconium: Continue official first action status of the 
method for soluble zirconium, 35.020-35.024.

DIAGNOSTICS AND TEST KITS
(1) Automated Microbial Identification Systems— VI

TEK: The topic was established and an Associate Ref
eree has been appointed. Continue study.

(2) Automated Microbial Identification System s— 
HP5898A: The topic was established and an Associate 
Referee has been appointed. Continue study.

(3) Gene Probes for TB and Enteric Infections: The topic 
was established and an Associate Referee has been 
appointed. Continue study.

( 4 )  Immunological and Diagnostic Assay o f Pesticides, 
Hormones, and Enzymes: The topic was established 
and an Associate Referee has been appointed. Con
tinue study.

( 5 )  Multicomponent Analysis o f Clinical Specimens: The 
topic was established and an Associate Referee has 
been appointed. Continue study.

(6) Oxalates—Enzymatic Procedures: Discontinue topic.

DRUG RESIDUES IN  ANIM AL TISSUES
(1) Benzimidazoles: Continue study.
(2) Dimetridazole: Discontinue topic.
(3) Estrogenic Compounds: Discontinue topic.
( 4 )  Ipronidazole in Turkey and Swine: Continue study.
(5) Levamisole: Discontinue topic.

(6) Screening Methods: Continue study.
(7) Tiamulin (Screening Method): Discontinue topic.

DRUGS I
(1) Acetaminophen in Drug Mixtures: Continue official 

first action status of the liquid chromatographic meth
od for acetaminophen in tablets, 37.C01-37.C06. 
Continue study.

(2) Acetaminophen with Codeine Phosphate: Continue 
study.

(3) p-Aminobenzoic Acid and Salicylic Acids in Phar
maceuticals: Continue study.

(4) Aspirin and Caffeine with Other Drugs: Discontinue 
topic.

*(5) Diethylpropion Hydrochloride: Adopt as official first 
action the interim official first action method for de
termination of diethylpropion hydrochloride in drug 
substance and tablets. Continue study.

(6) Phenothiazines and Tricyclic Antidepressants in For
mulations by LC: Discontinue topic.

(7) Phenothiazine-Type Drugs by TEC: Continue study.
*(8) Primidone: Adopt as official final action the official

first action method for liquid chromatographic deter
mination of primidone in tablets, 37.A17-27.A22. 
Discontinue topic.

(9) Sulfamethoxazole and Trimethoprim: Discontinue 
topic.

DRUGS II
(1) Aminacrine: Continue study.
(2) Atropine in Morphine and Atropine Tablets and In

jections: Discontinue topic.
(3) Belladonna Alkaloids: Appoint Associate Referee. 

Continue study.
(4) Colchicine in Tablets: Continue study.
(5) Curare Alkaloids: Continue study.
(6) Dicyclomine Capsules: Continue study.
(7) Epinephrine-Lidocaine Combinations: Discontinue 

topic.
(8) Epinephrine and Related Compounds by LC-Electro- 

chemical Detectors: Continue study.
(9) Ergot Alkaloids: Continue study.

(10) Homatropine Methyl Bromide in Tablets: Discontinue 
topic.

(11) Morphine Sulfate in Morphine Injection: Continue 
study.

(12) Neostigmine: Discontinue study.
(13) Phenethylamine Drugs, Semiautomated Individual 

Unit Analysis: Discontinue topic.
(14) Pheniramine with Pyrilamine, Phenylpropanolamine, 

and Phenylephrine: Appoint Associate Referee. Con
tinue study.

(15) Physostigmine and Its Salts: Continue study.
(16) Pilocarpine: Continue study.
( 17) Rauwolfia Alkaloids: Appoint Associate Referee. Con

tinue study.
( 18) Rauwolfia serpentina: Continue study.

DRUGS III
(1) Ampicillin and Amoxicillin: Discontinue topic.

*(2) Coumarin Anticoagulants: Adopt as official first ac
tion the interim official first action method for liquid 
chromatographic determination of coumarin antico
agulants in dosage forms. Continue study.

*(3) Flucytosine: Adopt as official first action the interim
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first action method for liquid chromatographic deter
mination of flucytosine in capsules. Continue study.

( 4 )  Fluoride: Discontinue topic.
(5) HalogenatedHydroxyquinoline Drugs: Continue study.
(6) Haloperidol: Continue study.
(7) Hydralazine: Continue study.
(8) Insulin by Liquid Chromatography: Discontinue top

ic.
*(9) Levodopa: Adopt as official first action the interim 

official first action method for liquid chromatographic 
determination of levodopa-carbidopa in tablets. Con
tinue study.

(10) Medicinal Gases: Continue study.
(11) Meprobamate Tablets: Discontinue topic.
(12) Mercury-Containing Drugs: Discontinue topic.
(13) Metals in Bulk Drug Powders: Continue study.
(14) Microchemical Tests: Adopt as official final action the 

official first action microchemical identification tests 
for promethazine, triflupromazine, perphenazine, and 
thiethylperazine in pure drug substances, 36.A07- 
36.A10. Discontinue topic.

(15) Penicillins: Continue study.
(16) Salts o f Organic Nitrogenous Bases: Continue study.
(17) Trimethobenzamide: Adopt as official final action the 

official first action method for ion-pair column chro
matographic determination of trimethobenzamide,
36. A01-36.A06. Discontinue topic.

DRUGS IV
*(1 ) d - and l -Amphetamines—LC Separations: Adopt as 

official first action the interim official first action 
method for liquid chromatographic determination of 
d -  and L-amphetamines. Continue study.

(2) Benzodiazepines: Continue study.
*(3) Diazepam: Adopt as official final action the official 

first action method for liquid chromatographic deter
mination of diazepam, 40.A01-40.A06. Continue 
study.

( 4 )  Heroin: Continue study.

DRUGS V
(1) Betamethasone: Continue study.
(2) Chlorpropamide: Continue official first action status 

of the liquid chromatographic method for the deter
mination of chlorpropamide in tablet dosage forms,
37. B01-37.B06. Continue study.

(3) Digitoxin, Automated Individual Tablet Analysis: Dis
continue topic.

* ( 4 )  Estrogens (Conjugated) by LC: Surplus the official fi
nal action colorimetric method for conjugated estro
gens in drugs, 39.001-39.005. Continue study.

*(5) Hydrocortisone: Adopt as official final action the of
ficial first action methods for liquid chromatographic 
determination of hydrocortisone in drug substances 
and tablets, infrared identification of hydrocortisone

in drug substances and tablets, and thin-layer chro
matographic identification of hydrocortisone in drug 
substances and tablets, 39.047-39.055. Discontinue 
topic.

*(6) Methocarbamol: Adopt as official final action the of
ficial first action method for liquid chromatographic 
determination of methocarbamol in pharmaceutical 
dosage forms, 36.212-36.218. Discontinue topic.

(7) Miconazole: Discontinue topic.
(8) Pentaerythritol Tetranitrate: Continue study.
(9) Prednisolone: Continue official first action status of 

the liquid chromatographic method for determination 
of prednisolone in drug substance and in tablets,
39.B01-39.B06. Continue study.

(10) Progestins in Tablets—Automated Methods: Continue 
study.

*(11) Steroid Acetates: Adopt as official first action the in
terim official liquid chromatographic method for de
termination of dexamethasone acetate and cortisone 
acetate in drug substances and in dosage forms. Con
tinue study.

*( 12) Steroid Phosphates: Adopt as official first action the 
interim official first action methods for liquid chro
matographic determination of dexamethasone, thin- 
layer identification of dexamethasone in drug 
substances and elixirs, infrared identification of dex
amethasone phosphate, and gas chromatographic de
termination of alcohol in dexamethasone elixirs. Con
tinue study.

*(13) Other Topics: Continue official first action status of 
and surplus the enzymatic hydrolysis-spectrophoto- 
metric method for determination of dexamethasone 
in creams, ointments, and solutions, 39.056-39.060.

IM M UNOCHEM ISTRY

(1) Heparin by Non-IRA Procedures: Continue study.
(2) Hybridoma-Monoclonal Antibodies: Continue study.

FORENSIC SCIENCES
( 1 ) Chromatographic Methods for Forensic Characteriza

tion o f Paints and Other Polymeric Materials: Con
tinue study.

(2) Electrophoretic Methods: Continue study.
(3) Enzyme-Linked Immunosorbent Assays for Forensic 

Characterization o f Body Fluid Stains: Continue study.
(4) Explosives and Explosives Residues: Continue study.
(5) Grouping Tests for Blood and Other Body Fluids: Con

tinue study.
(6) Gunshot Residues: Continue study.
(7) Isoelectric Focusing Methods for Forensic Character

ization o f Body Fluid Stains: Continue study.
(8) Screening and Confirmatory Tests for Dried Blood 

Stains: Continue study.
(9) Soils, Geological Analysis: Continue study.
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Committee on Foods I: Recommendations for Official Methods

H E N R Y  B .  S .  C O N A C H E R  ( H e a l t h  a n d  W e l f a r e  C a n a d a ,  B u r e a u  o f  C h e m i c a l  S a f e t y ,  S i r  F r e d e r i c k  B a n t i n g  
R e s e a r c h  C e n t r e ,  T u n n e y ’ s  P a s t u r e ,  O t t a w a ,  O n t a r i o  K 1 A  0 L 2 ,  C a n a d a ) ,  Chairman;

R I C H A R D  L .  E L L I S  ( U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  F o o d  S a f e t y  a n d  I n s p e c t i o n  S e r v i c e ,  3 0 0  1 2 t h  S t ,  S W ,  
W a s h i n g t o n ,  D C  2 0 2 5 0 ) ;

E L M E R  G E O R G E  ( D e p a r t m e n t  o f  A g r i c u l t u r e  a n d  M a r k e t s ,  1 2 2 0  W a s h i n g t o n  S t ,  A l b a n y ,  N Y  1 2 2 3 5 ) ;  

M I C H A E L  E .  K N O W L E S  ( M i n i s t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  a n d  F o o d ,  F o o d  S c i e n c e  D i v i s i o n ,  G r e a t  W e s t 
m i n s t e r  H o u s e ,  H o r s e f e r r y  R d ,  L o n d o n  S W  1 P  2 A E ,  U K ) ;

J O H N  D .  M c K I N N E Y  ( R a n c h e r s  C o t t o n  O i l ,  2 6 9 1  S  C e d a r ,  F r e s n o ,  C A  9 3 7 2 5 ) ;

A R T H U R  E .  W A L T K I N G  ( C P C  I n t e r n a t i o n a l ,  I n c . ,  B e s t  F o o d s  R e s e a r c h  a n d  E n g i n e e r i n g  C e n t e r ,  1 1 2 0  C o m 
m e r c e  A v e ,  U n i o n ,  N J  0 7 0 8 3 ) ;
D O U G L A S  E N G E B R E T S O N  ( L a n d  O ’ L a k e s ,  I n c . ,  P O  B o x  1 1 6 ,  M i n n e a p o l i s ,  M N  5 5 4 4 0 ) ;
D O U G L A S  L .  P A R K  ( U n i v e r s i t y  o f  A r i z o n a ,  D e p a r t m e n t  o f  N u t r i t i o n  a n d  F o o d  S c i e n c e ,  3 0 9  S h a n t z  B u i l d i n g ,  
T u c s o n ,  A Z  8 5 7 2 1 ) ,  Secretary,
M I C H A E L  W .  O ’ D O N N E L L ,  J r ( F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  M a t h e m a t i c s ,  200 C  S t ,  S W ,  
W a s h i n g t o n ,  D C  20204), Statistical Consultant

The Committee discussed information from the Official 
Methods Board, including the new review process, awards, 
terms of reference for the Committee, statistical parameters, 
effect of biotechnology on method development and ap
proval process, and 3 new task forces (Methods Outreach, 
Sampling/Sample Preparation, and Validation of Methods 
in Crisis Situations).

COFFEE AND TEA

(1) Ash in Instant Tea: Continue study.
(2) Caffeine in Coffee: Continue study.
(3) Methyl Xanthenes in Coffee and Tea: Continue study.
(4) Moisture in Coffee and Tea: Continue study.
(5) Solvent Residues in Decaffeinated Coffee and Tea: 

Continue study.
(6) Water Extract in Tea: Appoint Associate Referee; 

continue study.

DAIRY CHEMISTRY

(1) Adulteration o f Dairy Products with Vegetable Fat: 
Continue study.

*(2) Babcock Test and Babcock Glassware: Correct 
16.178(a) to read “ . . .  centf. 5 min. Fill bottle to neck 
with hot H20  and centf. 2 min. Add h o t . . . . ” Con
tinue study.

(3) Babcock, Mojonnier, and Kjeldahl Tests: Review col
laborative study results of the Babcock and Mojonnier 
methods for fat in milk; continue study.

(4) Calcium, Phosphorus, and Magnesium in Cheese: Re
view collaborative study results for the IDF method 
for phosphorus in processed cheese; continue study.

(5) Casein and Caseinates: Discontinue topic.
(6) Chloride Meters: Continue study.
(7) Chocolate Milk, Fat Test: Discontinue topic.
(8) Cryoscopy o f Milk: Review collaborative study results 

of the IDF thermistor method for the determination 
of the freezing point of milk; continue study.

(9) Fat in Milk (AutoAnalyzer): Discontinue topic.
(10) Fat in Milk: Continue study.

*(11) Infrared Milk Analyzer (IRMA): Revise title of topic 
to Mid-Infrared Instrumentation. Incorporate the use

The recommendations submitted by the Committee on Foods I were adopt
ed by the Association.

Section numbers refer to O fficia l M e th o d s  o f  A n a lys is  (1984) 14th edition, 
and to “Changes in Official Methods,” J. Assoc. Off. A na l. C h em . (1985) 68, 
369^111 (A methods).

* An asterisk before a recommendation indicates that official action on that 
recommendation resulted in its appearance in “Changes in Official Methods.”

of A, B, and A + B filters for the measurement of fat 
in milk (16.083-16.092); continue study.

( 12) Iodine: Continue study.
(13) Lactose in Dairy Products (Chromatographic Deter

mination): Continue study.
(14) Lactose in Dairy Products (Enzymatic Method): Con

tinue study.
(15) Moisture in Cheese: Appoint Associate Referee; con

tinue study.
( 16) Nitrates in Cheese: Continue study.
(17) Nonfat Milk Solids: Continue study.
( 18) Phosphatase (Rapid Method): Continue study.
(19) Phosphatase (Reactivated): Continue study.
(20) Phosphorus: Continue study.
(21) Protein Constituents in Processed Dairy Products: 

Continue study.
(22) Protein in Milk (Rapid Tests): Continue study.
(23) Protein Reducing Substance Tests: Continue study.
(24) Total Solids and Moisture by Microwave Drying: Ap

point Associate Referee; continue study.
(25) Tyramine: Continue study.
(26) Whey Proteins in Nonfat Dry Milk: Review collabo

rative study results; continue study.
(27) Other Topics: Review collaborative study results of 

the IDF methods for lactic acid and lactates in dried 
milk and sodium, potassium, and calcium contents 
of dried milk. Initiate the new topics Mojonnier Meth
od (Robotic), Fat in Dairy Products (Udy Turbidity 
Test), and Moisture in Cheese (Microwave). Appoint 
Associate Referees.

SEAFOOD PRODUCTS
The General Referee areas of Decomposition and Filth in 

Foods (Chemical Methods) and Fish and Other Marine Prod
ucts have been combined; appoint General Referee.

(1) Ammonia in Seafood: Conduct collaborative study; 
continue study.

(2) Coprostanol: Continue study.
(3) Crabmeat: Continue study.
(4) Determination o f Fish Content in Coated Products 

(Breaded or in Butter): Continue study.
(5) Drained Weight o f Block Frozen, Raw Peeled Shrimp: 

Conduct collaborative study; continue study.
(6) Ethanol in Seafoods: Continue study.
(7) Gas and Liquid Chromatography: Conduct collabo

rative study on cadaverine and putrescine; continue 
study.
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(8) GC Determination o f Volatile Amines: Continue study.
*(9) Minced Fish in Fish Fillet Blocks: Adopt as official 

first action the interim first action method for the 
determination of minced fish in mixed fillet-minced 
cod blocks; continue study.

(10) Nitrites in Smoked Fish: Appoint Associate Referee; 
continue study.

(11) Organometallics in Fish: Topic transferred to General 
Referee for Metals and Other Elements.

( 12) Shellfish Decomposition: Appoint Associate Referee; 
continue study.

(13) TLC Determination o f Amines in Fishery Products: 
Continue study.

FOOD ADDITIVES
(1) Anticaking Agents: Appoint Associate Referee; con

tinue study.
(2) Antioxidants: Continue study.
(3) Brominated Vegetable Oils: Continue study.
(4) Chloride Titrator: Continue study.
(5) Dilauryl Thiodipropionate: Appoint Associate Ref

eree; continue study.
(6) Dressings: Continue study.
(7) EDTA in Food Products: Continue study.
(8) Gums: Appoint Associate Referee; continue study.
(9) Indirect Additivesfrom Food Packages: Continue study.

(10) Monier-Williams Modification: Continue study.
(11) Nitrates and Nitrites: Continue study.
(12) Nitrates (Selective Ion Electrode Titration): Appoint 

Associate Referees; continue study.
( 13) Nitrosamines: Continue study.
( 14) Nitrosamines in Food Contact Items: Continue study.
(15) Polycyclic Aromatic Hydrocarbons in Foods: Continue 

study.
(16) Polydimethyl siloxane (PDMS): Continue study.
(17) Polysorbates: Continue study.
(18) Propylene Chlorohydrin: Appoint Associate Referee; 

continue study.
(19) Quinine in Soft Drinks: Appoint Associate Referee; 

continue study.
(20) Sodium Lauryl Sulfate: Appoint Associate Referee; 

continue study.
(21) Sulfiting Agents in Foods: Appoint Associate Referee; 

continue study.

MEAT, POULTRY, AND MEAT AND  
POULTRY PRODUCTS

(1) Automated Methods: Appoint Associate Referee; 
Continue study.

(2) Bioassay Methods for Meat and Poultry Products: Re
vise topic title to Immunological Methods for Meat 
and Poultry Products. Appoint Associate Referee; 
continue study.

(3) Chemical Antibiotic Methods: Continue study.
(4) Fat in Meat Products: Continue study.
(5) Histologic Identification Methods: Discontinue topic.
(6) Identification o f Meats, Serological Tests: Continue 

study.
(7) Immunochemical Identification o f Additives: Contin

ue study.
(8) LC. Methods for Meat and Poultry Products: Continue 

study.
(9) 3-Methyl Histidine: Continue study.

(10) Microwave Digestion o f Meat Samples for Total Pro
tein Analysis: Continue study.

(11) Nitrates and Nitrites: Appoint Associate Referee: con
tinue study.

(12) Nitrosamines in Bacon: Continue study.
(13) NMR Systems for Meat Analyses: Discontinue topic.
:(14) Nonmeat Protein in Meat: Adopt as official first action

the interim first action enzyme immunoassay method 
for the determination of soy protein in meat products; 
continue study.

(15) Protein (Crude): Continue study.
(16) Proteins in Meat and Meat Products: Continue study.
(17) Species Identification Methods: Continue study.
(18) Specific Ion Electrode Applications: Continue study.
(19) Temperature, Minimum Processing: Conduct collab

orative study; continue study.
(20) Total Fat: Continue study.
(21) Total Solids and Moisture by Microwave Drying: Con

tinue study.
(22) Other Topic: Initiate a new topic Sample Preparation 

Techniques for Meat Analysis', appoint an Associate 
Referee.

MYCOTOXINS
*(1) Aflatoxin M: Adopt as official final action the official 

first action method for preparation of standards for 
TLC, 26.008-26.011, and the TLC methods for af
latoxin M, in dairy products, 26.090-26.094, and for 
determination and confirmation ofalfatoxins B, and 
M, in liver, 26.101-26.109. Declare as surplus the 
alternative confirmatory method for aflatoxin M, in 
liver, 26.110. Continue study.

*(2) Aflatoxin Methods: Adopt as official final action the 
official first action methods for aflatoxins in food (Ro- 
mer minicolumn method) (26.014-26.019); aflatoxins 
in corn and peanuts (Holaday-Velasco minicolumn 
method) (26.020-26.025); aflatoxins in peanuts and 
peanut products (CB method) (26.026-26.031); afla
toxins in peanuts and peanut products (BF method) 
(26.032-26.036); aflatoxins in coconut, copra, and co
pra meal (TLC method) (26.044-26.048); aflatoxins 
in com (TLC method) (26.049-26.051); aflatoxins in 
cottonseed products (including sample preparation in
corporated under 26.003) (TLC and LC methods) 
(26.052-26.060); aflatoxins in green coffee (TLC 
method) (26.061-26.066); aflatoxins in pistachio nuts 
(TLC methods) (26.067 and 26.068); aflatoxins in soy
beans (TLC method) (26.069); aflatoxins in eggs (TLC 
method) (26.070-26.075); identification of aflatoxin 
by derivative formation on TLC plate (26.083); and 
confirmation of identity of aflatoxin B, by negative 
chemical ionization MS (26.A01-26.A08). Declare as 
surplus the TLC methods for aflatoxin in green coffee, 
26.061-26.066, and identification of aflatoxin B,,
26.076-26.082. Amend 26.007. to advise that stock 
solutions of aflatoxin standards should not be stored 
in methanol; modify 26.031 to allow use of mixed 
“resolution reference standard,” 26.012, for quanti
fication of aflatoxins B,, B2, G,, and G2.

(3) Alternaria Toxins: Continue study.
(4) Citrinin: Continue study.
(5) Cyclopiazonic Acids: Continue study.
(6) Emodin and Related Anthoquinones: Appoint Asso

ciate Referee; continue study.
(7) Ergot Alkaloids: Continue study.

*(8) Ochratoxins: Adopt as official final action the TLC 
methods for ochratoxins in barley, 26.111-26.118, and 
ochratoxin A in green coffee, 26.119-26.125.
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(9) Penicillic Acid: Continue study.
(10) Pénicillium islandicum Toxins: Appoint Associate 

Referee; continue study.
(11) Secalonic Acid: Appoint Associate Referee; continue 

study.
*( 12) Sterigmatocystin: Adopt as official final action the TLC 

method for sterigmatocystin in barley and wheat,
26.132-26.138; continue study.

*(13) Tree Nuts: Adopt as official final action the TLC meth
ods for aflatoxins in pistachio nuts, 26.067 and 26.068; 
continue study.

( 14) Trichothecenes: Continue study.
(15) Xanthomegnin and Related Naphthoquinones: Con

tinue study.
*(16) Zearalenone: Adopt as official final action the TLC 

method for zearalenone in com, 26.139-26.147, and 
the LC method for a-zearalenol and zearalenone in 
corn, 26.A09-26.A16.

(17) Other Topic: Initiate the new topic Immunochemical 
Methods for Mycotoxins\ appoint an Associate Ref
eree.

OILS AND FATS

(1) Antioxidants: Continue study.
(2) Emulsifiers: Continue study.
(3) Hydrogenated Fats: Continue study.
(4) Lower Fatty Acids: Review collaborative study results 

on butyric acid; continue study.
(5) Marine Oils: Continue study.
(6) Olive Oil Adulteration: Continue study.
(7) Oxidized Fats: Continue study.
(8) Pork Fats in Other Fats: Continue study.
(9) Sterols and Tocopherols: Continue study.

PLANT TOXINS

(1) Glucosinolates: Coordinate with EEC on the collab
orative study on glucosinolates; continue study.

(2) Phytoestrogens: Appoint Associate Referee; continue 
study.

(3) Pyrrolizidine Alkaloids: Appoint Associate Referee; 
continue study.

(4) Steroidal Alkaloids: Complete collaborative study for 
potato glycoalkaloids; continue study.

(5) Other Topics: Initiate new topics Hydrazines and Hy- 
poglycine in Ackee\ appoint Associate Referees.

SEAFOOD TOXINS

( 1 ) Ciguatoxins, Biochemical Methods: Complete prelim
inary collaborative study for ciguatera toxins; contin
ue study.

(2) Cyanobacterial Peptide Toxins: Continue study.
(3) Diarrhetic Shellfish Poisons: Continue study.
(4) Neurotoxic Shellfish Poisons: Continue study.
(5) Paralytic Shellfish Poisons lElectrochemical Method): 

Continue study.
(6) Paralytic Shellfish Poisons (LC Methods): Initiate col

laborative study for LC method for PSP toxins. Con
tinue study.

(7) Tetrodotoxins: Continue study.
(8) Other Topics: Initiate new topic Paralytic Shellfish 

Poisons (Immunoassays)-, appoint an Associate Ref
eree.

Committee on Foods II: Recommendations for Official Methods

L A U R A  L .  Z A I K A  ( U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e ,  E a s t e r n  R e g i o n a l  R e s e a r c h  C e n t e r ,  6 0 0  E  M e r m a i d  L n ,  

P h i l a d e l p h i a ,  P A  1 9 1 1 8 ) ,  Chairman-,
H A R R Y  G .  L E N T O  ( C a m p b e l l  S o u p  C o . ,  C a m p b e l l  P I ,  C a m d e n ,  N J  0 8 1 5 1 ) ;
R O G E R  W O O D  ( M i n i s t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  a n d  F o o d ,  F o o d  S c i e n c e  L a b o r a t o r y ,  6 5  R o m n e y  S t ,  L o n d o n  

S W 1 P  3 R D ,  U K ) ;
A D E L I N E  A .  P E A K E  ( 3 7 1 1  3 7 t h  S t  N W ,  C a l g a r y ,  A l b e r t a  T 2 L  2 J 2 ,  C a n a d a ) ;
E A R L  F .  R I C H T E R  ( H a z l e t o n  R a l t e c h ,  P O  B o x  7 5 4 5 ,  M a d i s o n ,  W I  5 3 7 0 7 ) ;

P A T R I C I A  B U L H A C K  ( F o o d  a n d  D r u g  A d m i n i s t r a t i o n ,  D i v i s i o n  o f  C o l o r  T e c h n o l o g y ,  W a s h i n g t o n ,  D C
2 0 2 0 4 ) ;

R O B E R T  A .  M A R T I N  ( H e r s h e y  F o o d s  C o r p . ,  H e r s h e y  T e c h n i c a l  C e n t e r ,  1 0 2 5  R e e s e  A v e ,  H e r s h e y ,  P A  1 7 0 3 3 ) ,
Secretary-,
J O H N  G I L B E R T  P H I L L I P S  ( U . S .  D e p t ,  o f  A g r i c u l t u r e ,  E a s t e r n  R e g i o n a l  R e s e a r c h  C e n t e r ,  6 0 0  E  M e r m a i d  L n ,  
P h i l a d e l p h i a ,  P A  1 9 1 1 8 ) ,  Statistical Consultant

ALCOHOLIC BEVERAGES
(1) Alcohol Content by Oscillating U- Tube Density Meter: 

Continue study. Associate Referee appointed.
(2) Alcohol Content o f High Solids Distilled Spirits: Con

tinue study.

The recommendations submitted by the Committee on Foods II were adopt
ed by the Association.

Section numbers refer to O fficia l M e th o d s  o f  A n a lys is  (1984) 14th edition, 
and to “Changes in Official Methods,” / . Assoc. O ff. A n a l. C hem . (1985) 68, 
369-411 (A methods); J. Assoc. O f f  A na l. C hem . (1986) 69, 349-390 (B 
methods); J. Assoc. Off. A na l. C hem . (1987) 70, 385—403 (C methods).

* An asterisk before a recommendation indicates that official action on that 
recommendation resulted in its appearance in “Changes in Official Methods.”

*(3) Carbon Dioxide in Wine: Adopt as official first action 
the interim official first action method for titrimetric 
determination of carbon dioxide in wine as described 
by the Associate Referee; continue study.

(4) Citric Acid in Wine: Continue study.
(5) Color Intensity for Distilled Alcoholic Products: Con

tinue study.
(6) Ethanol in Wine by GC: Continue study.
(7) Flavor Compounds in Malt Beverages: Continue study.
(8) Glycerol in Wine: Continue study.
(9) Hydrogen Cyanide: Continue study.

(10) Malic Acid in Wine: Continue study.
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(11) Malt Beverage and Brewing Materials: Adopt as of
ficial first action the American Society of Brewing 
Chemists’ (ASBC) method for specific gravity of beer 
and wort using a digital density meter as described by 
the Associate Referee.

(12) Sorbic Acid in Wine: Continue study.
(13) Sugars in Wine by Enzymatic Methods: Continue 

study.
(14) Sugars in Wine by LC: Collaborative study planned.
(15) Sulfur Dioxide in Wine (Ripper Method): Collabora

tive study in progress.
(16) Synthetic Colors: Continue study.
(17) Tartrates in Wine: Continue study.
(18) Thujone in Alcoholic Beverages: Continue study.
(19) Vanillin and Ethyl Vanillin: Continue study.
(20) Other Topics: Initiate a new topic, Ethyl Carbamate 

in Wine. Adopt as official final action the following 
official first action methods: 9.135, acids in cordials 
and liqueurs (total acidity); 10.028-10.033, ethanol in 
beer (GC method); 10.098-10.106, A'-nitrosodimeth- 
ylamine in beer (GC method I); 10.120-10.125, ex
tract of barley for malting; 10.182, aphids in hops 
(flotation method); 10.222-10.224, solids (total) in liq
uid and pressed yeast (16 h drying method); 11.008-
11.011, Kirk modification to alcohol in wines (by di
chromate oxidation); 11.012-11.014, alcohol in wines 
(GC method); 11.022, caloric content of wines; 11.046, 
acidity (volatile) of wines exclusive of S02 (by barium 
hydroxide treatment); 11.052, citric and malic acids 
in wines; 11.A05, carbohydrate content in wine. Con
tinue official first action status of the following meth
ods: 9.013, artificial colors; 9.113-9.115, cyanide; 
9.139, total malic acid; 9.145, thujone; 10.215-10.218, 
sampling of yeast; 11.072, cyanide; 11.062-11.066 and 
11.067-11.069, respectively, manometric and volu
metric methods for carbon dioxide in wines; 10.C01- 
10.C05 and 10.C06-10.C10, respectively, potassium 
and sodium in beer.

CEREAL AND CEREAL PRODUCTS

*(1) Fat Acidity in Flour: Adopt non-substantive change 
of toluene for benzene in the titration medium in 
method 14.069-14.071 as proposed by Associate Ref
eree, based on mini-collaborative study.

(2) Iron: Collaborative study in progress.
*(3) Phytates: Adopt as official final action the official first 

action method for phytate in foods, 14.B01-14.B05. 
Continue study.

(4) Other Topics: Continue official first action status of 
the following methods: 14.048-14.052, a-amylase; 
14.108-14.110, lactose; 14.112-14.115, mineral oil; 
and 14.144-14.147, sterols.

CHOCOLATE AND CACAO PRODUCTS
(1) Carbohydrates in Chocolate Products: Continue study.
(2) Moisture in Cacao Products: Continue study.
(3) Nonfat Dry Cocoa Solids: Continue study.
(4) Shell in Cacao Products, Micro Methods: Continue 

study.
(5) Triglyceride Composition in Cocoa Butter and Fat from 

Chocolate: Continue study.
(6) Total and Solid Fat Content in Chocolate Products by 

NMR: Continue study.
(7) Other Topics: Continue official first action status of 

the following methods: 13.002, moisture; 13.040, un

saponifiable matter in cacao butter; 13.045, lecithin;
13.055, glucose.

COLOR ADDITIVES

(1) Arsenic, Barium, and Heavy Metals: New Associate 
Referee appointed.

*(2) Color in Candy and Beverages: Adopt as official first 
action the interim official first action method for rapid 
determination of color additives using the C18 car
tridge as described by the Associate Referee.

(3) Color in Cosmetics: Two papers have been published 
(J. Chromatogr. [1987] 397, 345-352 and ./. Liq. 
Chromatogr. [1984] 7, 809-821).

(4) Color in Nonfrozen Dairy Desserts: Continue study.
(5) Color in Other Foods and Drugs: Continue study.
(6) Inorganic Salts: Continue study.
(7) Intermediates, Uncombined, in Certifiable Water-Sol

uble Azo Colors: New Associate Referee to be ap
pointed.

(8) Intermediates in Other Certifiable Colors: Continue 
study.

(9) Liquid Chromatography: New Associate Referee to be 
appointed.

(10) Subsidiary Colors in Certifiable Color Additives: New 
Associate Referee to be appointed.

(11) X-Ray Fluorescence Spectroscopy: Continue study.
(12) Other Topics: Initiate new topic, Determination o f 

Color Additives Exempt from Certification.

FLAVORS

(1) Additives in Vanilla Flavorings: Continue study.
(2) Citral: Continue study.
(3) Essential Oils: Continue study.
(4) Glycyrrhizic Acid and Glycyrrhizic Acid Salts: Con

tinue study.
(5) Imitation Maple Flavors, Identification and Charac

terization: Continue study.
(6) Organic Solvent Residues in Flavors: Continue study.
(7) Vanillin and Ethyl Vanillin in Foods: Continue study.

FRUIT AND FRUIT PRODUCTS

(1) Adulteration o f Apple Juice: Continue study.
(2) Adulteration o f Orange Juice by Pulpwash and Dilu

tion: Petrus method is being evaluated for use on citrus 
products from sources other than Florida. Mini-col
laborative study is planned for the coming year. Con
tinue study.

(3) Fruit Acids: Continue study.
(4) Fruit Juices, Identification and Characterization: Con

tinue study.
(5) Limonin in Grapefruit Juice: Continue study. An im

munoassay is being evaluated.
(6) Moisture in Dried Fruits: Continue study. Collabo

rative study is planned to expand the use of the dried 
fruit moisture tester to dried fruit products other than 
raisins and prunes.

(7) Orange Juice Content: Continue study. New Associate 
Referee to be appointed.

(8) Sodium Benzoate in Orange Juice: Continue study. 
Collaborative study of the method is planned for 1988.

*(9) Other Topics: Adopt the addition of the following 
material as an introductory paragraph to the method 
for acidity (titratable) of fruit products, 22.058-22.059, 
as recommended by the General Referee: “It is pos
sible to express the titratable acidity conventionally 
in g acid per 100 g or per 100 mL of product, as
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appropriate, by using the factor appropriate to the 
acid, as follows: malic acid, 0.067; oxalic acid, 0.045; 
citric acid monohydrate, 0.070; tartaric acid, 0.075; 
sulfuric acid, 0.049; acetic acid, 0.060; lactic acid, 
0.090.”

NONALCOHOLIC BEVERAGES

(1) Caffeine and Methyl Xanthines: Continue study. As
sociate Referee is comparing LC and capillary GC 
methods.

(2) Caloric Content: Continue study.
(3 )  Glycyrrhizic Acid Salts in Licorice-Derived Products: 

Continue study.
(4) Lasiocarpine and Pyrrolizidines in Herbal Beverages: 

Continue study.
(5) Quinine: Statistical review of collaborative study is in 

progress. Continue study.
(6) Safrole in Sassafras: Appoint Associate Referee; con

tinue study.

PRESERVATIVES AND ARTIFICIAL SW EETENERS
(1) Aspartame, Benzoates, Saccharin and Caffeine by LC: 

Planned collaborative study of aspartame in beverage 
mixes was not conducted. New Associate Referee to 
be appointed.

(2) Organic Preservatives: Collaborative study of benzoic 
acid, sorbic acid, and parabens in foods is planned.

( 3 )  Sulfites (Flow Injection Methods): Results of collab
orative study are being evaluated.

(4) Sulfites (Polarographic Methods): Mini-collaborative 
study is in progress using sulfite-stabilized samples.

(5) Sulfites in Shrimp (ScreeningMethods): Collaborative 
study designed as pass/fail test at 100 ppm total sulfite 
in shrimp was not successful. Another study is being 
considered.

(6) Sulfites (Ion Chromatographic Methods): Collabora
tive study protocol is being evaluated.

(7) Other Topics: Continue official first action status of 
the following methods: 2 0 .0 4 3 -2 0 .0 4 8 ,  preservatives 
in ground beef; 2 0 .0 2 9 -2 0 .0 3 3 ,  benzoic acid by TLC;
2 0 .0 3 4 -2 0 .0 4 2 ,  benzoic and sorbic acids by GC;
2 0 .0 6 2 ,  boric acid by atomic absorption spectropho
tometry; 2 0 .0 7 3 -2 0 .0 7 4 ,  soluble fluorides by fluores
cence quenching of aluminum 8-hydroxyquinolate; 
2 0 .0 7 9 - 2 0 .0 8 1 ,  formaldehyde; 2 0 .0 9 0 - 2 0 .0 9 2 ,  ni
trites; 2 0 .0 9 4 ,  qualitative test for quaternary ammo
nium compounds (QAC); 2 0 .1 0 7 -2 0 .1 0 9 ,  eosin yel
lowish method for QAC; 2 0 .1 1 5 -2 0 .1 1 8 ,  sorbic acid 
oxidation method; 2 0 .1 3 8 -2 0 .1 3 9 ,  thiourea in frozen 
peaches; 2 0 .1 7 4 -2 0 .1 7 8 ,  identification of nonnutritive 
sweeteners; 2 0 .1 7 9 ,  qualitative method for cycla- 
mates; 2 0 .1 8 1 -2 0 .1 8 4 ,  cyclamates in canned fruit;
2 0 . 1 8 5 - 2 0 . 1 8 9 ,  cyclohexylamine in cyclamates; 
2 0 .1 9 0 , 2 0 .1 9 1 ,  and 2 0 .1 9 3 ,  dulcin; 2 0 .1 9 4 ,  P-4000; 
20.210, saccharin by sublimation.

PROCESSED VEGETABLE PRODUCTS
(1) pH Determination: Continue study.
(2) Sodium Chloride: New Associate Referee to be ap

pointed. Continue study.
(3 )  Sugars in Processed Vegetables by LC: Associate Ref

eree to be appointed.
(4) Total Solids by Microwave Moisture Methods: Con

tinue study.
(5) Water Activity in Foods: Continue study.

SPICES AND OTHER CONDIMENTS
(1) Ash and Pungent Principles in Mustard: Continue 

study.
(2) Bulk Index o f Spices: Continue study. Collaborative 

study is being evaluated.
(3) Ethylene Oxide and Ethylene Chlorohydrin Residues: 

Continue study. Collaborative study is planned.
(4) Extractable Color in Capsicum Spices and Oleoresins: 

Continue study.
*(5) Moisture in Dried Spices: Adopt as official final action 

the official first action method 30.B01-30.B03, mois
ture in spices (distillation method).

(6) Monosodium Glutamate: Appoint Associate Referee. 
Continue study.

(7) Piperine in Black Pepper: Continue study.
(8) Pungency o f Capsicums and Oleoresins: Collaborative 

study is planned on a method to determine all pun
gency levels.

(9) Vinegar: Continue study.

SUGARS AND SUGAR PRODUCTS
(1) Chromatographic Methods: Continue study.
(2) Color, Turbidity, and Reflectance— Visual Appear

ance: Continue study.
(3) Corn Syrup and Sugars: Continue study.
(4) Enzymatic Methods: Continue study.
(5) Gas Chromatographic Methods: Continue study.

*(6) Honey: Adopt non-substantive change in sec. 31.161
by inserting the following sentence before the last sen
tence: “Corresponding 5'1 C values for predominantly 
citrus honey are — 21.9%o and — 20.0%o.” in last sen
tence of 31.161, insert “(—20.0%o for citrus honey)” 
after “PDB.” Adopt non-substantive change in sec. 
31.157 by modifying as follows: Under (a) Preparation 
of sample, line 6, delete “tared” ; lines 7 and 8, delete 
everything following “bath in current of air or N” to 
end of paragraph and substitute “or by other appro
priate means.”; and line 10, insert “-0.2” after “0.1,” 
insert period after “H20 ,” and delete “for each 10 mg 
material.” Under (c) Interpretation, lines 2 and 3, 
delete “When wt of isolated carbohydrate fraction is 
<15 mg (1.5%)” and capitalize the following word 
“Any” ; line 4, replace “conclusive” by “presump
tive”; and line 7, delete “ If wt is >15 mg” and sub
stitute “ In this event.”

*(7) Lactose: Adopt as official final action the official first 
action method 31.064-31.071, liquid chromato
graphic determination of lactose purity.

(8) Liquid Chromatographic Methods: Continue study. 
Collaborative study is planned based on results of 
1986 study using more specific sample pretreatment 
and LC conditions.

*(9) Maple Saps and Syrups: Change the topic title from 
“Maple Sap and Syrups” to “Maple Sap, Maple Syrup, 
and Maple Syrup Products.” Adopt as official final 
action the official first action method, 31.185-31.190, 
mass spectrometric determination of cane sugar and 
corn syrup in maple syrup by 13C/12C ratio. Repeal, 
official first action, methods 31.191, Canadian lead 
number of maple products, and 31.192-31.194, Win- 
ton lead number of maple products. Collaborative 
study planned on methodology of sodium and chlo
ride in maple sap and syrup.

(10) Oligosaccharides in Sugars and Sugar Products: Col-



COMMITTEE ON FOODS II: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988) 127

laborative study on raffinose in molasses by LC is 
planned.

(11) Polarographic Methods for Measurement o f Sugars: 
Continue study.

(12) Stable Carbon Isotope Ratio Analysis: Collaborative 
study, 180 / 160  measurements to detect beet invert syr
up in orange juice, is being evaluated.

*( 13) Standardization o f Methods o f Sugar Analysis: Adopt 
as official first action the interim official first action 
method for dextran in raw cane sugar by Roberts’ 
copper dextran method.

(14) Sugars in Cereals: Continue study. Amino-bonded, 
cartridge-type LC columns have been evaluated.

(15) Sugars in Licorice Products: Discontinue topic.
(16) Sugars in Syrups: Continue study.
(17) Sulfites in Sugars and Syrups: Continue study.
(18) Weighing, Taring and Sampling: Continue study. New 

Associate Referee to be appointed.

VITAMINS AND OTHER NUTRIENTS
*(1) Amino Acids: Adopt as official first action the interim 

official first action method for determination of sulfur 
amino acids and tryptophan for the analysis of pro
tein-bound cysteine and methionine in processed foods 
and for determination of tryptophan in foods and food 
and feed ingredients.

(2) Automated Nutrient Analysis: Continue study.
(3) Biotin: Continue study.
(4) Carotenoids: Continue study.
(5) Dietary Fiber: Continue study. Collaborative study 

under review.

(6) Fat in Food by Chloroform-Methanol Extraction: 
Continue study.

(7) Folic Acid: Continue study.
(8) Iodine: Continue study.

*(9) Nutrient Assay o f Infant Formula: Adopt as official 
final action the official first action method 43.A21- 
43.A40 for nutrient analysis in ready-to-feed milk- 
based infant formula for vitamin B6, calcium, mag
nesium, potassium, sodium, vitamin C, riboflavin, 
niacin, manganese, copper, iron, and zinc. Adopt as 
official final action the official first action method 
43.B01-43.B39 for nutrient analysis in ready-to-feed 
milk-based infant formula for chloride, phosphorus, 
thiamine, vitamin Bl2, ash, fat, protein, carbohydrate, 
and total solids.

(10) Pantothenic Acid, Total Acidity: Continue study.
(11) Protein Quality, Evaluation: Continue study.
(12) Sodium: Continue study.
(13) Thiamine Assay, Enzyme and Column Packing Re

agents: Continue study.
(14) Vitamin A: Continue study.
(15) Vitamins A, D, E, and K by Gel Permeation and LC: 

Associate Referee has been appointed.
(16) Vitamin D: Continue study.

*(17) Vitamin E: Adopt as official first action the interim 
official first action Food Chemicals Codex gas chro
matographic method for mixed tocopherols concen
trate.

(18) Vitamin E in Pharmaceuticals (Gas Chromatogra
phy): Continue study.

(19) Vitamin K: Continue study.
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Committee on Residues: Recommendations for Official Methods

RICHARD SCHMITT (Environmental Protection Agency, Office of Pesticide Programs, Washington, DC 20460), 
Chairman-,
WILLIAM A. STELLER (American Cyanamid Co., PO Box 400, Princeton, NJ 08540);
KENNETH W. BOYER (Southern Testing and Research Laboratories, Inc., PO Box 1849, Wilson, NC 27893); 
PAUL E. CORNELIUSSEN (Food and Drug Administration, Division of Contaminants Chemistry, Washington, 
DC 20204);
WILLIAM G. FONG (Florida Department of Agriculture, Division of Chemistry, 3125 Conner Blvd, Tallahassee, 
FL 32399-1650);
GERALD R. MYRDAL (Wisconsin Department of Agriculture, Trade and Consumer Protection, PO Box 7883, 
Madison, WI 53707);
EDGAR R. ELKINS (National Food Processors Association, 1401 New York Ave, NW, Washington, DC 20005); 
KEITH A. McCULLY (Health and Welfare Canada, Field Operations Directorate, Tunney’s Pasture, Ottawa, 
Ontario K1A 1B7, Canada), Secretary-,
RICHARD H. ALBERT (Food and Drug Administration, Division of Mathematics, Washington, DC 20204), 
S ta tis tic a l C onsu ltan t

The minimum requirement to add new chemicals to of
ficial multiresidue methods is to be a 3-laboratory collabo
rative study (laboratories must be from different organiza
tions but may include the Associate Referee’s laboratory) 
and an adequate “bank” of historical supporting data (data 
from FDA, EPA, states, industry, etc.). If adequate support
ing data are not available, a full collaborative study is to be 
required.

Associate Referees and General Referees are to examine 
and evaluate official multiresidue methods as to applicability 
to an individual chemical before developing, studying, eval
uating, or collaborating methods for an individual chemical.

METALS AND OTHER ELEMENTS
(1) Arsenic in Animal Tissues: Discontinue topic.
(2) Atomic Absorption Spectrophotometry (AAS): Contin

ue study to develop biological reference materials with 
known concentrations of selected elements for use in 
evaluating performance of AAS methods; continue 
effort to consolidate present AOAC official AAS 
methods for individual elements into a unified AAS 
scheme for multielement analysis of foods and other 
biological substrates.

*(3) Cadmium and Lead in Earthenware: (a) Revise meth
od 25.024-25.027 by changing 25.025(c) (2) Working 
solns from “Dil. 0.0, 5.0, 10.0, 15.0, and 20.0 mL 
stock soln to 1 L with 4% HOAc (0, 5, 10, 15, and 
20 jug/mL)” to “Dil. 0.0, 1.0, 3.0, 5.0, 10.0, and 15.0 
mL stock soln to 1 L with 4% HOAc (0, 1, 3, 5, 10, 
and 15 jug/mL).” (b) Continue study on the use of 
inductively coupled plasma (ICP) emission spectrom
etry for lead, cadmium, and other elements leached 
from earthenware with the AOAC method for leach
ing earthenware, 25.024-25.027. Determine if a col- 
laboratively studied method is required for elements 
other than cadmium and lead.

(4) Emission Spectrochemical Methods: Prepare protocol 
for collaborative study of method combining wet acid 
digestion of plant or animal matrixes with inductively

The recommendations submitted by the Committee on Residues were adopted 
by the Association.

Section numbers refer to O fficia l M e th o d s  o f  A n a lys is  (1984) 14th edition, 
and to “Changes in Official Methods,” J. Assoc. O ff. A na l. C hem . (1985) 68, 
369-411 (A methods); J. Assoc. Off. A na l. C hem . (1986) 69, 349-390 (B 
methods).

* An asterisk before a recommendation indicates that official action on that 
recommendation resulted in its appearance in “Changes in Official Methods.”

coupled plasma (ICP) emission spectroscopic mul
tielement analysis of foods; upon approval of protocol 
by General Referee and Statistical Consultant to Com
mittee on Residues, initiate study using collaborators 
who demonstrate proficiency with the ICP determi
native step in a pre-study test with trial sample so
lutions.

(5) Fluorine: Continue study to improve the microdif
fusion and fluoride-specific-electrode method for de
termining fluoride in foods (J. Assoc. Off. Anal. Chem.
[1979] 62, 1065-1069) as specified in Associate Ref
eree’s report on the collaborative study for fluoride in 
infant foods (J. Assoc. Off. Anal. Chem. [1981] 64, 
1021-1026).

(6) Graphite Furnace-Atomic Absorption Spectrophotom
etry (GF-AAS): Continue study to resolve problems 
found for levels below 20 ppb lead and 1 ppb cad
mium in interlaboratory trial of the coprecipitation 
GF-AAS method for lead and cadmium in foods (Can.
J. Spectrosc. [1986] 31, 44-52); if problems are re
solved, prepare protocol for collaborative study of this 
method for approval by General Referee and Statis
tical Consultant to Committee on Residues; conduct 
interlaboratory trial of an improved version of the 
coprecipitation GF-AAS method for arsenic in foods 
(Can. J. Spectrosc. [1985] 30, 154-157).

(7) Hydride Generating Techniques: Continue study of 
the continuous flow hydride generation procedure of 
Panaro and Kroll (Anal. Lett. [1984] 17, 157-172) for 
determining arsenic and selenium in foods.

(8) Lead in Calcium Supplements: Continue study to solve 
problems of occasional precipitate formation and or
ganic electrochemical interferences in method to de
termine lead in calcium supplements by differential 
pulse anodic stripping voltammetry after perchloric 
acid digestion of the sample.

(9) Mercury: Discontinue topic.
*(10) Methyl Mercury in Fish and Shellfish: (a) Adopt as 

official first action the interim first action method for 
rapid determination of methyl mercury in fish and 
shellfish (J. Assoc. Off. Anal. Chem. [1987] 70, 667- 
672). (b) Adopt as official final action the official first 
action method for methyl mercury in fish, 25.146-
25.152.

*(11) Multielement Determination After Closed System 
Digestion: (a) Adopt as official final action the official 
first action multielement method for arsenic, cad
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mium, lead, selenium, and zinc in food, 25.001-25.007.
(b) Discontinue topic.

(12) Neutron Activation Analysis: Complete review of un
completed collaborative study on determining so
dium in foods to decide whether to continue study or 
initiate a new study; continue coordinating American 
Society for Testing and Materials method develop
ment with AOAC method protocols to enable en
dorsement of the methods by both organizations.

(13) Organometallics in Fish: Continue collaborative study 
on method for determination of methyl mercury in 
seafood by liquid chromatographic and atomic ab
sorption spectrophotometric detection.

(14) Organotin Compounds in Foods: (a) Change name of 
topic to Organotin Compounds, (b) Continue devel
opment of a multiresidue method for organotin com
pounds in foods, (c) Expand topic to include residues 
of the organotin fungicides cyhexatin, triphenyltin hy
droxide, and fenbutatin oxide.

*(15) Polarography: (a) Adopt as official final action the 
official first action anodic stripping voltammetric 
method for cadmium and lead in food, 25.008-25.015.
(b) Study the application of square wave voltammetry 
in place of differential pulse anodic stripping voltam
metry for the determination of lead and cadmium,
25.008-25.015.

*(16) Tin: (a) Adopt as official final action the official first 
action nitrous oxide-acetylene flame-AAS method for 
determining tin in canned foods, 25.A01-25.A04. (b) 
Discontinue topic.

MULTIRESIDUE METHODS 
(INTERLABORATORY STUDIES)

(1) Comprehensive Multiresidue Methodology: Continue 
study of multiresidue method for the synthetic pyre- 
throid class of pesticides in food commodities, using 
both 29.011 and 29.A03 extraction procedures with 
Florisil and bonded phase extraction cleanup proce
dures.

(2) Extraction o f Low Moisture-High Fat Samples: Con
tinue evaluation of chromatographic cleanup tech
niques such as Unitrex, semipreparative LC, GPC, 
and solid phase extraction columns as alternatives to 
acetonitrile partitioning, 29.014, for removing fats and 
oils from extracts of oil seeds and other low moisture- 
high fat foods for the determination of pesticide res
idues.

(3) Fumigants: Draft, in AOAC official method format, 
a specific method, applicable to representative fu
migants in whole grains and milled products and based 
on the comprehensive approach published in J. Assoc. 
Off. Anal. Chem. (1987) 70, 734-739, for review and 
comment by the General Referee. Recovery and 
method performance data concerning all chemicals 
tested must be included with the proposed method. 
If satisfactory, carry out interlaboratory trial, prepare 
protocol for collaborative study for approval by Gen
eral Referee and Statistical Consultant to Committee 
on Residues, and initiate collaborative study.

(4) Miniaturization o f Multiresidue Methodology: Con
duct second interlaboratory trial of Associate Refer
ee’s miniaturized multiresidue method for nonfatty 
foods, consisting of acetonitrile extraction (as in 
29.001(a)), transfer of residues to petroleum ether (as 
in FDA Laboratory Information Bulletin 2592), Flor
isil cleanup (as in miniaturized method for fish, 29.029-

29.036), and electron capture GC (as in 29.018); re
quire participants to follow instructions as in com
plete description of analytical procedure written in 
official method format. If results are satisfactory, pre
pare protocol for collaborative study to assess method 
performance for approval by General Referee and Sta
tistical Consultant to Committee on Residues.

(5) Organophosphorus Pesticide Residues: Continue stud
ies on the recovery of the organophosphorus chemi
cals (carbophenothion sulfoxide/sulfone, fenamiphos, 
fensulfothion oxygen analog, and phorate sulfoxide/ 
sulfone) through applicable sections of29.001-29.018,
29.054-29.058, and 29.A0I-29.A04; study the appli
cability of converting organophosphorus chemical 
residues to sulfones prior to determination.

(6) Sweep Codistillation: (a) Continue study to further 
evaluate “beaded” vs “beadless” fractionation tubes 
for the Unitrex system, (b) Prepare a protocol for a 
collaborative study of the method for determining 
organochlorine pesticides in meat fats with the Uni
trex cleanup for approval by the General Referee and 
Statistical Consultant to Committee on Residues; ini
tiate collaborative study.

ORGANOHALOGEN PESTICIDES
(1) Chlordane: Perform method comparison studies on 

the several methods available for chlordane residues 
in fatty products: (a) extraction, 29.011-29.012, ace
tonitrile partitioning cleanup, 29.014, Florisil column 
chromatographic cleanup and residue separation,
29.046-29.048; (b) extraction, 29.011-29.012, and gel 
permeation chromatography (GPC) cleanup, 29.037- 
29.043; and (c) extraction, 29.011-29.012, and Uni
trex system cleanup (Luke, G.G., et al. [1984] J. Assoc. 
Off. Anal. Chem. 67, 295-298). Chlordane residues 
(cis- and frani-chlordane, cis- and irans-nonachlor, 
and octachlor epoxide (oxychlordane), and heptachlor 
epoxide in butter, eggs, fish, and poultry fat can be 
determined by the Associate Referee’s electron cap
ture (EC) capillary column GC system. On the basis 
of these studies, the most practical method can be 
chosen for collaborative study.

(2) Chlorinated Dioxins: Continue study to evaluate 
methods for determining 2,3,7,8-tetrachlorodibenzo- 
p-dioxin (TCDD) and hexachloro-, heptachloro-, and 
octachloro-substituted dibenzo-p-dioxins and diben- 
zofurans in foods and environmental samples, with 
ultimate goal of establishing, through AOAC collab
orative procedures, an official method or methods for 
determining residues of these compounds at parts- 
per-trillion levels in fish, milk, and other foods.

(3) Chlorophenoxy Alkyl Acids: Appoint an Associate 
Referee. Draft, in AOAC official method format, a 
specific method for chlorophenoxy alkyl acids based 
on methodology of Hopper, J. Agric. Food Chem.
(1987) 35, 265-269, for review and comment by the 
General Referee and Committee on Residues. Re
covery and method performance data concerning all 
chemicals tested must be included with the proposed 
method. If satisfactory, conduct efficiency studies by 
extracting field-incurred residues from samples. If sat
isfactory, conduct interlaboratory trial and prepare 
protocol for collaborative study on commodities most 
likely to be contaminated with residues for approval 
by General Referee and Statistical Consultant to Com
mittee on Residues; initiate collaborative study.
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(4) Ethylene Oxide and Its Chlorohydrin: Appoint an As
sociate Referee to evaluate GC method of Scudamore 
and Heuser (Pestic. Sci. [1971] 2, 80-91) and alter
native methods for determining ethylene oxide, eth
ylene chlorohydrin, and ethylene bromohydrin in 
foods.

(5) Gel Permeation Chromatography (GPC) Cleanup for 
Organochlorine Residues: Transfer topic to General 
Referee for Organophosphorus Pesticides.

(6) Methyl Bromide: Draft, in AO AC official method for
mat, a specific method for methyl bromide based on 
method of King et al. (/. Agric. Food Chem. [1981] 
29, 1003-1005) for review and comment by General 
Referee and Committee on Residues. Principle of the 
method, procedure for correcting for recovery, cal
culation procedures, and recovery and method per
formance data must be included with the proposed 
method. If satisfactory, develop procedures for han
dling and transporting food samples containing meth
yl bromide and test reliability of procedures by in
terlaboratory study. If results are satisfactory, prepare 
protocol for collaborative study on commodities most 
likely to retain methyl bromide from fumigation and 
submit protocol for approval by General Referee and 
Statistical Consultant to Committee on Residues; ini
tiate collaborative study.

(7) Pentachlorophenol: Continue as official first action the 
GC method for pentachlorophenol in gelatin, 29.A14- 
29.A18 (J. Assoc. Off. Anal. Chem. (1985) 68, 388— 
389 and 419—421); continue study to improve GC 
determination of underivatized pentachlorophenol in 
this method or convert pentachlorophenol to deriv
ative amenable to GC quantitation; continue study to 
extend official status of this method to determination 
of pentachlorophenol in milk, fish, and eggs.

(8) Pentachlorophenol in Animal and Poultry Tissue: De
fer consideration of official status for electron capture 
GC method for determining pentachlorophenol in an
imal livers until collaborative study report is revised 
to include data supporting use of internal standard 
and blank liver samples in method and other infor
mation specified in recommendation by Committee 
on Residues for this topic in 1985 (/. Assoc. Off. Anal. 
Chem. [1986] 69, 299).

(9) Polychlorinated Biphenyls (PCBs): Continue study of 
methods for separating PCBs from organochlorine 
pesticide residues that co-extract in multiresidue 
method, 29.001-29.018; continue study to compare 
results produced by GC quantitation techniques based 
on analysis for individual congeners of PCBs and those 
produced by quantitation techniques described in the 
official method, 29.018, and Table 29:02.

(10) Polychlorinated Biphenyls (PCBs) in Blood: Complete 
the report on the collaborative study of the method 
for PCBs in blood serum and submit to the General 
Referee and the Committee on Residues for interim 
approval.

(11) Tetradifon, Endosulfan, and Tetrasul: Discontinue 
topic.

ORGANONITROGEN PESTICIDES

(1) Anilazine: Appoint an Associate Referee to evaluate 
LC method of Lawrence and Panopio (J. Assoc. Off. 
Anal. Chem. [1980] 63, 1300-1303) and other LC or 
GC methods for determining anilazine residues in food 
crops and to collaboratively study method selected.

(2) Benzimidazole-Type Fungicides: Continue study to 
assess accuracy, precision, and ruggedness of Asso
ciate Referee’s method for simultaneous determina
tion of benomyl and its hydrolysis product methyl
2- benzimidazolecarbamate (MBC, also known as the 
fungicide carbendazim) in fruits and vegetables, in 
which hot aqueous alkali is used to convert benomyl 
and MBC to l-(2-benzimidazolyl)-3-«-butyl urea 
(BBU) and 2-aminobenzimidazole (2-AB), respec
tively, and the resulting BBU and 2-AB are deter
mined by LC with UV detection; prepare collabora
tive study protocol with description of method in 
official methods format for approval by General Ref
eree and Statistical Consultant to Committee on Res
idues.

(3) Captan and Related Fungicides: Conduct interlabo
ratory trial of the Associate Referee’s modified meth
od for captan, captafol, and folpet, and submit data 
to General Referee for review and comment. If data 
are satisfactory, initiate collaborative study.

(4) Carbamate Herbicides: Appoint an Associate Referee 
to select and collaboratively study method for deter
mining residues of carbamate herbicides in crops.

(5) Carbamate Insecticides: (a) Continue study of official 
final action LC method for determining aldicarb, al- 
dicarb sulfone, bufencarb, carbaryl, carbofuran, 3-hy- 
droxycarbofuran, methiocarb, methomyl, and oxamyl 
in grapes and potatoes, 29.A05-29.A13 (/. Assoc. Off. 
Anal. Chem. [1985], 68, 726-733), to extend appli
cability of this method to additional ¿V-methylcar- 
bamate insecticides and metabolites and to additional 
fruits and vegetables; (b) conduct an interlaboratory 
trial on the method developed by the Associate Ref
eree for confirmation of phenolic carbamate residues 
to assess the effect of different electrochemical detec
tor types on the response obtained from various car- 
bamate/co-extractive combinations; submit the data 
to General Referee for review and comment. If data 
are satisfactory, prepare protocol for collaborative 
study and submit for approval to General Referee and 
Statistical Consultant to Committee on Residues; ini
tiate collaborative study.

(6) Carbofuran: Appoint an Associate Referee to inves
tigate and collaboratively study methods for deter
mining carbofuran and its carbamate and phenolic 
metabolites in milk and meat and for determining
3- hydroxycarbofuran glucoside and phenolic carbo
furan metabolites in crops.

(7) Chlorothalonil: Appoint an Associate Referee to eval
uate existing GC multiresidue methods, such as
29.044-29.049, as well as methods specifically de
signed for determination of chlorothalonil residues in 
foods, and subject method selected to collaborative 
study.

(8) Daminozide and 1,1 -Dimethylhydrazine (UDMH): (a) 
Provide details of method for UDMH and data from 
the interlaboratory study to the General Referee for 
review and comment. If satisfactory, prepare protocol 
for collaborative study and, upon approval of protocol 
by General Referee and Statistical Consultant to Com
mittee on Residues, initiate collaborative study, (b) 
Conduct ruggedness testing on the alkaline hydroly- 
sis-GC/'MS method for daminozide to determine 
sources of variation and to define the best approach 
to quantitation. Submit the revised procedure with 
data from interlaboratory study to General Referee
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for review and comment. If satisfactory, prepare pro
tocol for collaborative study and, upon approval of 
protocol by General Referee and Statistical Consult
ant to Committee on Residues, initiate collaborative 
study, (c) If practical, the collaborative studies for 
UDMH and daminozide should be conducted si
multaneously.

(9) Diquat and Paraquat: Complete collaborative study 
of the method for diquat and paraquat in potatoes, 
submit report and recommendation to General Ref
eree and Committee on Residues for possible interim 
action.

(10) Dithiocarbamate Fungicides: Appoint an Associate 
Referee to develop methods for distinguishing di- 
methyldithiocarbamates from ethylenebisdithiocar- 
bamates and for determining the parent fungicides 
and their metabolites in foods.

(11) Maleic Hydrazide: Appoint an Associate Referee to 
develop and collaboratively study a GC or LC method 
for determining maleic hydrazide in crops.

(12) Organonitro Pesticides: Continue study to develop LC- 
electrochemical detection parameters for determina
tion of nitro- and dinitro-substituted pesticides at 
nanogram levels, with goal of using these parameters 
in a multiresidue method for organonitro pesticides 
in foods.

(13) Organotin Fungicides: Transfer topics to General Ref
eree for Metals and Other Elements to be incorporated 
in topic renamed Organotin Compounds.

(14) Sodium o-Phenylphenate: Appoint an Associate Ref
eree to develop and collaboratively study a GC or LC 
method for determining o-phenylphenol in foods.

(15) Substituted Ureas: Submit performance data from in
terlaboratory trial to General Referee for review and 
comment. If satisfactory, prepare protocol for collab
orative study for approval by General Referee and 
Statistical Consultant for Committee on Residues; ini
tiate collaborative study.

(16) Thiolcarbamate Herbicides: Appoint an Associate 
Referee to evaluate and collaboratively study methods 
for determining residues of thiolcarbamate herbicides 
in crops.

(17) s- Triazines: Appoint an Associate Referee to evaluate 
methods for determining residues of atrazine, sima- 
zine, and cyanazine in food crops and to collabora
tively study method selected.

(18) Trifluralin: Appoint an Associate Referee to evaluate 
existing pesticide multiresidue methods, such as
29.001-29.018, for use in determining trifluralin res
idues in crops, and to conduct collaborative study of 
selected method.

ORGANOPHOSPHORUS PESTICIDES
(1) Azinphos-methyl: Discontinue topic.
(2) Disulfoton: Conduct interlaboratory study of Asso

ciate Referee’s GC method for determining disulfoton 
and disulfoton metabolite residues in foods (J. Agric. 
Food Chem. [1982] 30, 1082-1086); if results are sat
isfactory, submit protocol for collaborative study of 
method for approval by General Referee and Statis
tical Consultant to Committee on Residues, initiate 
collaborative study.

(3) Extraction Procedures: Appoint an Associate Referee 
to study the efficiency of procedures for extracting 
field-incurred residues of organophosphorus pesti
cides from crops and to develop improved extraction

procedures for incorporation into multiresidue meth
ods.

(4) Fenvalerate: Discontinue topic.
(5) High Fat Samples: Change name of topic to Gel Per

meation Chromatography (GPC) Cleanup. Continue 
study and develop plan for collaborative study to ex
tend official status of the final action GPC method for 
organochlorine pesticide residues in poultry fat,
29.037-29.043, to determination of polychlorinated 
biphenyl residues in fish, meat, and poultry fats and 
to determination of organophosphorus pesticide res
idues in high fat samples.

(6) Methamidophos: Discontinue topic.
(7) Monocrotophos: Discontinue topic.
(8) Permethrin: Discontinue topic.
(9) Phorate: Appoint an Associate Referee to evaluate 

and collaboratively test analytical methods for deter
mining phorate and its metabolites in foods.

(10) Phosphine: Continue study to evaluate methods for 
determining residual phosphine in grains including 
the solvent soaking procedure for the extraction of 
fumigants in grains, 29.072.

(11) Resmethrin: Discontinue topic.
(12) Terbufos: Initiate topic to evaluate and collaboratively 

study analytical methods for determining terbufos and 
its metabolites in foods; appoint an Associate Referee.

RADIOACTIVITY

(1) Cesium-137: (a) Continue as official first action the 
extension of official final action gamma-ray spectro
scopic method for I-131, Ba-140, and Cs-137 in milk,
4 8 .0 2 5 -  4 8 .0 2 9 ,  as modified in 4 8 .B 0 1 - 4 8 .B 0 2  to in
clude determination of Cs-137 in other foods, (b) Ap
point an Associate Referee to evaluate and collabo
ratively study radiochemical methods for determining 
Cs-137 in foods and other biological matrixes at lower 
levels than determinable with official method, 4 8 .0 2 5 -
4 8 .0 2 9  and 4 8 .B 0 1 - 4 8 .B 0 2 .

(2) Iodine-131: (a) Continue as official first action the 
extension of official final action gamma-ray spectro
scopic method for I-131, Ba-140, and Cs-137 in milk,
4 8 .0 2 5 -  4 8 .0 2 9 ,  as modified in 4 8 .B 0 1 - 4 8 .B 0 2  to in
clude determination of I-131 in other foods, (b) Pre
pare protocol for collaborative study of more sensitive 
method recommended by Nuclear Regulatory Com
mission for determining 1-131 in milk, as outlined in
J. Assoc. Off. Anal. Chem. [1979] 6 2 , 387-389; if pro
tocol is approved by General Referee and Statistical 
Consultant to Committee on Residues, initiate col
laborative study.

(3) Neutron Activation Analysis: Transfer topic to General 
Referee for Metals and Other Elements.

(4) Plutonium: Continue study of the Department of En
ergy method for determining plutonium in foods, bi
ological materials, and water (HASL-300-Ed 25, En
ergy Monitoring Laboratory Procedures M anual
(1982), pp. E-Pu-01-01, and related procedures); de
sign and conduct collaborative study of selected meth
od.

(5) Radium-228: Complete evaluation of the collabora
tive study; submit report and recommendation to 
General Referee and Committee on Residues for in
terim action.

(6) Strontium-89 and -90: Prepare protocol for collabo
rative study of method of Baratta and Reavey (J. Agric. 
Food Chem. [1969] 17, 1337-1339) for determining
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strontium-89 and -90 in foods for approval by Gen
eral Referee and Statistical Consultant to Committee 
on Residues; initiate collaborative study.

(7) Tritium: Appoint an Associate Referee to evaluate 
and collaboratively study methods for determining 
tritium in foods and biological materials.

Committee on Microbiology: Recommendations for Official Methods

MICHAEL H. BRODSKY (Ontario Ministry of Health, Laboratory Services Branch, Box 9000, Terminal A, 
Toronto, Ontario M5W 1R5, Canada), C h airm an ,
PHILLIP ALIOTO (Wisconsin Department of Agriculture, Box 7883, Madison, WI 53705);
JOHN S. GECAN (Food and Drug Administration, Division of Microbiology, Washington, DC 20204); 
DONALD E. LAKE (American Can Co., 433 N Northwest Hwy, Barrington, IL 60010);
KHALIL RAYMAN (Health and Welfare Canada, Microbial Hazard Branch, Tunney’s Pasture, Ottawa, Ontario 
K1A 0L2, Canada);
ROBERT M. TWEDT (Pood and Drug Administration, Division of Microbiology, Washington, DC 20204); 
DONALD A. MASTROROCCO, J r (Hershey Chocolate Co., 19 E Chocolate Ave, Hershey, PA 17033), S e c 
retary,
POSTER D. McCLURE (Pood and Drug Administration, Division of Mathematics, Washington, DC 20204), 
S ta tis tic a l Consultant-,
RICHARD E. YOUNG (E. Huttenbauer & Sons, Inc., 10311 Evendale Dr., Cincinnati, OH 45241), S ta tis tic a l  
C onsu ltan t

The Committee on Microbiology met on September 13, 
1987, in San Francisco, CA, and recommended the following 
items for action to the Official Methods Board:

(7) Change the name of the Committee on Microbiology 
to the Committee on Microbiological and Microanalytical 
Methods.

(2) Redefine the purposes of the Committee as: (a) To guide 
and supervise the development and validation of analytical 
methods for the detection and identification of microbio
logical and microanalytical analytes from a variety of ma
trices and to recommend to the Association appropriate ac
tion on completed collaborative studies, (b) To provide expert 
consultation and liaison with other committees that are in
volved with the application of microorganisms in bioassay 
systems to detect other analytes, in biological pesticides, and 
in evaluation of the effectiveness of sterilization and disin
fection procedures.

(J) In view of these redefined purposes, reassign the fol
lowing topics that are currently under this Committee: (a) 
All antibiotic methods currently under the general refereeship 
Dairy Microbiology, (b) The entire general refereeship topic 
Drug and Device Related Microbiology.

{4) Realign the General Referee topics. The proposed topics 
are: Analytical Mycology and Microscopy (Stanley Cicho- 
wicz); Extraneous Materials in Foods and Drugs (Jack Boese); 
Dairy Microbiology (James Messer); Environmental Sani
tation Microbiology (vacant); Food Microbiology (Nondairy) 
(Wallace Andrews); Pharmaceuticals and Cosmetics Micro
biology (vacant); Water Microbiology (vacant).

In a general discussion, the Committee took the following 
actions:

(1) Gave to all General Referees the charge to redefine

The recommendations submitted by the Committee or. Microbiology were 
adopted by the Association.

Section numbers refer to O fficia l M e th o d s  o f  A n a lys is  (1984) 14th edition, 
and to “Changes in Official Methods," J. Assoc. O ff. A na l. C hem . (1986) 69, 
349-390 (B methods); J. Assoc. O ff. A na l. C hem . (1987) 70, 385-403 (C 
methods).

* An asterisk before a recommendation indicates that official action on that 
recommendation resulted in its appearance in “Changes in Official Methods.”

Associate Referee topics on the basis of analyte, matrix, and 
method as recommended by the Committee and approved 
by the Official Methods Board in 1986. This will be com
pleted by the 1988 Annual Meeting.

(2) Asked all General Referees to submit a list of current 
official first action methods that should be recommended for 
official final action adoption. The list should be submitted 
directly to the AOAC office for inclusion in The Referee, 
June 1988 issue.

(J) Endorsed the use of the new AOAC guidelines for meth
ods reviewers.

ANALYTICAL MYCOLOGY OF FOODS AND DRUGS
(1) Baseline Mold Counts by Blending: Discontinue topic.
(2) Chemical Methods for Detecting Mold: Continue top

ic.
(3) Direct Count o f Molds, Yeasts, and Spores by Fluo

rescence Microscopy: Discontinue topic.
(4) Geotrichum candidum Morphology: Discontinue top

ic.
(5) Geotrichum Mold in Canned Fruits, Vegetables, and 

Fruit Juices: Continue study.
(6) Geotrichum Mold in Frozen Fruits and Vegetables: 

Discontinue topic and continue study under topic 5 
as canned and frozen products.

(7) Howard Mold Counting, Use o f Widefield Eyepiece: 
Discontinue topic.

(8) Howard to Viable Mold Counts o f Frozen Fruits and 
Vegetables: Discontinue topic.

(9) Microscopic Mold Count Methods, Use o f Compound 
Microscope: Discontinue topic.

(10) Microscopic Mold Counts, Effects o f Interfering Plant 
Material: Discontinue topic.

(11) Mold in Spices: Discontinue topic.
(12) Molds and Yeasts in Beverages: Discontinue topic.
(13) Standardization o f Plant Tissue Concentrations for 

Mold Counting: Continue study.
*(14) Other Topics: (a) Change the title of the general ref

ereeship to Analytical Mycology and Microscopy, (b)
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Adopt as official final action the following official first 
action methods: mold in fruit nectars, purees, and 
pastes by Howard mold count, 44.201-44.203; mold 
in tomato powder (dehydrated) by Howard mold 
count, 44.211; mold in soft drinks by Geotrichum mold 
count, 44.217; mold in citrus juices by Geotrichum 
mold count, 44.218; mold in vegetables, fruits, and 
juices (canned) by Geotrichum mold count, 44.219; 
mold in comminuted fruits and vegetables by Geo
trichum mold count, 44.220-44.222; mold in cream 
style com by Geotrichum mold count, 44.223.

EXTRANEOUS MATERIALS IN FOODS AND DRUGS

(1) Baked Goods with Fruit and Nut Tissues, Light Filth 
in: Continue study.

(2) Botanical Drugs, Adulteration by Foreign Plant Ma
terials: Continue study.

*(3) Botanicals, Filth in: Adopt as official first action the 
interim official first action method for extraction of 
light filth from whole leaves of alfalfa, papaya, and 
spearmint. Continue study.

(4) Canned and Dried Soups, Filth in: Continue study.
(5) Cheese, Filth and Mite Contamination: Continue 

study.
(6) Chocolate Products, Filth in: Continue study.
(7) Cocoa Powder and Press Cake, Filth in: Continue study.
(8) Crabmeat, Shrimp, and Tuna, Canned, Brine Ex

traction Techniques: Continue study.
(9) Fish and Fish Products, Canned, Light Filth in: Con

tinue study.
(10) Grains, Whole, Cracking Flotation Methods: Contin

ue study.
(11) Insect Excreta in Flour: Discontinue topic.
(12) Meats, Processed, Filth in: Continue study.
(13) Mite Contamination Profiles and Characterization o f 

Damage to Foods: Continue study.
(14) Mites in Stored Foods: Continue study.
(15) Mushroom Products, Dried, Filth in: Continue study.
(16) Mushrooms, Canned, Filth in: Continue study.
(17) Performance Evaluation o f Methods for Filth: Contin

ue study.
(18) Rye Bread: Continue study.
(19) Shrimp, Filth in: Discontinue topic.

*(20) Soluble Insect and Other Animal Filth: Adopt as of
ficial first action the interim official first action thin 
layer chromatographic method for determination of 
coprostanol as indicator of mammalian feces.

(21) Soybean Curd, Filth in: Establish topic.
(22) Spirulina, Filth in: Establish topic.
(23) Tomatoes and Mushrooms, Canned, Filth in, Brine 

Extraction Techniques: Continue study.
(24) Urine, Methods for Detection: Continue study.
(25) Vegetable Products, Dehydrated, Filth in: Continue 

study.
(26) Vertebrate Excreta, Chemical Identification Tests: 

Continue study.
*(27) Other Topics: Adopt as official final action the follow

ing official first action methods: filth in cocoa, choc
olate, and press cake by flotation method, 44.006- 
44.007; filth in ground coffee and coffee substitutes by 
sedimentation and flotation method, 44.008; aphids 
in hops by flotation method, 44.009-44.011; light filth 
in tea by flotation method, 44.014-44.016; sediment 
in dairy products by sediment test method, 44.021; 
filth in shelled nuts, 44.028-44.029; filth in pecans, 
44.030-44.031; filth in coconut (shredded), 44.032;

filth and extraneous material in peanut butter by sedi- 
mentation/flotation methods, 4 4 .0 3 3 -4 4 .0 3 8 ;  insect 
infestation (internal) of wheat by cracking flotation 
methods, 4 4 .0 4 0 -4 4 .0 4 2 ;  light filth (pre- and post
milling) in flour (white) by flotation method, 4 4 .0 5 2 ;  
insect excreta in flour, 4 4 .0 5 4 ;  light filth in rice flours 
(powders), extruded rice products, and rice paper by 
flotation method, 4 4 .0 5 5 -4 4 .0 5 7 ;  light filth in flour 
(soy) by flotation method, 4 4 .0 6 0 ;  light filth in wheat 
gluten by flotation method, 4 4 .0 6 1 ;  light filth in starch 
by sieving method, 4 4 .0 6 2 ;  light filth in white breads 
and high-fat products by flotation method, 4 4 .0 6 7 ;  
light filth in breading of frozen food products by flo
tation method, 4 4 .0 6 8 ;  light filth in alimentary pastes 
by flotation method, 4 4 .0 6 9 ;  light filth in cereals (com 
and rice) and com chip products by flotation method, 
4 4 .0 7 0 ;  light filth in cereals (whole wheat) by flotation 
method, 4 4 .0 7 1 ;  light filth in barley, oatmeal, and 
mixed dry infant cereal by flotation method, 4 4 .0 7 2 -  
4 4 .0 7 3 ;  light filth in crabmeat (canned) by flotation 
method, 4 4 .0 8 0 ;  light filth in fish (canned) and fish 
products by flotation method, 4 4 .0 8 2 ;  light filth in 
shrimp (canned) by flotation method, 4 4 .0 8 3 ;  light 
filth in pork sausage (uncooked) and ground beef or 
hamburger by enzyme digestion method, 4 4 .0 8 4 -  
4 4 .0 8 5 ;  filth in apple butter by flotation method, 
4 4 .0 8 6 ;  thrips and other insects in frozen blackberries 
and frozen raspberries by flotation method, 4 4 .0 8 9 -  
4 4 .0 9 0 ;  filth in jam and jelly, 4 4 .0 9 4 ;  filth in citrus 
and pineapple juices (canned), 4 4 .0 9 5 -4 4 .0 9 6 ;  light 
filth in raisins by microscopic examination method, 
4 4 .0 9 7 ;  filth in potato chips by flotation method, 
4 4 .1 0 1 ;  filth in com chips, 4 4 .1 0 2 ;  filth in candy by 
flotation method, 4 4 .1 0 3 ;  filth in sirups, molasses, and 
honey by filtration methods, 4 4 .1 0 5 ;  filth in sugars by 
filtration method, 4 4 .1 0 6 ;  foreign matter in com 
(canned) by flotation and macroscopic methods, 
4 4 .1 0 9 ;  filth in green leafy vegetables, 4 4 .1 1 0 -4 4 .1 1 1 ;  
filth in pureed infant food, 4 4 .1 1 3 -4 4 .1 1 4 ;  light filth 
in potato products (dehydrated) by flotation method, 
4 4 .1 1 7 ;  filth in sauerkraut by sieving method, 4 4 .1 1 8 ;  
filth in tomato products, 4 4 .1 1 9 -4 4 .1 2 0 ;  light filth in 
spices and condiments by flotation method, 4 4 .1 2 5 -  
4 4 .1 2 6 ;  filth in ground annatto, 4 4 .1 2 9 ;  heavy filth in 
capsicums (ground) by sedimentation method, 4 4 .1 3 0 ;  
light filth in capsicums (ground) by flotation method,
4 4 .1 3 1 -4 4 .1 3 2 ;  light filth in nutmeg (ground) by flo
tation method, 4 4 .1 4 0 -4 4 .1 4 1 ;  light filth in nutmeg 
(reconditioned) by flotation method, 4 4 .1 4 2 ;  filth in 
paprika, 4 4 .1 4 5 -4 4 .1 4 7 ;  light filth in pepper, 4 4 .1 4 8 -  
4 4 .1 4 9 ;  filth in horseradish (prepared) by flotation 
method, 4 4 .1 5 5 ;  light filth in mustard (prepared) by 
flotation method, 4 4 .1 5 6 ;  light filth in gums (plant, 
crude) by flotation method, 4 4 .1 5 8 ;  light filth in pa
pain (crude and refined) by flotation method, 4 4 .1 6 1 ;  
insect penetration through packaging materials by mi
croscopic examination method, 4 4 .1 6 2 .

DAIRY MICROBIOLOGY

(1) Bactoscan Methods: Continue study.
(2) 0-Lactam Residues in Milk-Delvo-test: Reassign to 

another committee.
(3) 0-Lactam Residues in Milk-Qualitative Methods: 

Reassign to another committee.
(4) 0-Lactam Residues in Milk-Quantitative Methods: 

Reassign to another committee.
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(5) Listeria monocytogenes—Detection in Dairy Products 
Using Cultural Methods: Continue study.

(6) Penicillins in Milk-Aßnity Quantitation: Reassign to 
another committee.

(7) Somatic Cells—Automated Optical Counting Method: 
Continue study.

(8) Somatic Cells—Fossomatic Method: Continue study.
(9) Other Topics: Establish the new topics Listeria mono- 

cytogenes-Detection in Dairy Products Using DNA 
Probe, and Detection o f Raw Milk in Cheese Using 
Alkaline Phosphatase Test.

DRUG AND DEVICE RELATED MICROBIOLOGY

(1) Biological Indicator Testing and Standardization: 
Continue study.

(2) Biological Sterility Indicators: Continue study.
(3) Chemical Indicators: Continue study.
(4) Endotoxin by Limulus Amebocyte Lysate: Continue 

study.
(5) Medical Devices-Packaging Integrity: Continue study.
(6) Medical Devices-Sterility Testing: Continue study.

FOOD MICROBIOLOGY (NONDAIRY)

(1) Bacillus cereus, Enterotoxin: Continue study.
(2) Bacillus cereus, Isolation and Enumeration: Continue 

study.
(3) Campylobacter Species: Vacant topic.
(4) Canned Foods: Discontinue topic.
(5) Clostridium botulinum: Discontinue topic.
(6) Clostridium perfringens: Discontinue topic.

*(7) Escherichia coli, Enzymatic Methods:Adopt as official 
first action the interim official action MUG procedure 
for enumeration of E. coli in chilled and frozen food, 
exclusive of chilled and frozen shellfish.

(8) Genetic Methods for Detection o f Bacterial Pathogens: 
Continue study.

(9) Hydrophobic Grid Membrane Filter Methods: Contin
ue study.

(10) Identification o f Microorganisms by Biochemical Kits: 
Discontinue topic.

*(11) Petrifilm Methods: Adopt as official final action the 
official first action dry rehydratable film method, 
46.B05-46.B07, for determining aerobic plate count 
and total coliform values in raw and pasteurized milk.

*(12) Redigel Media: Adopt as official first action the use 
of pectin-based medium as an alternative to the agar- 
based medium in 46.005(g) for determining standard 
plate count values of foods.

*(13) Salmonella: Adopt as official final action the official 
first action enzyme immunoassay screening method, 
46.B21-46.B29, for the detection of Salmonella in 
foods. Maintain official first action status of the en
zyme immunoassay screening method (revised), 
46.C17-46.C25.

(14) Shellfish: Continue study.
(15) Staphylococcus: Discontinue topic.
(16) Staphylococcus Toxin: Discontinue topic.
(17) Sugars: Open topic.

*(18) Vibrio cholerae and Its Toxins: Adopt as official first 
action the interim official action elevated temperature 
procedure for the isolation of V. cholerae from oysters. 
(This recommendation was inadvertently omitted at 
the annual business meeting.)

(20) Virology and Animal Oncology: Discontinue topic.
(21) Yeasts, Molds, and Actinomycetes: Continue study.
(22) Yersinia enterocolitica: Continue study.
(23) Other Topics: Establish the new topic Iron Milk Test 

for Recovering Clostridium perfringens from the M a
rine Environment.
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Committee on Feeds, Fertilizers, and Related Materials: Recommendations for Official 
Methods

RODNEY J. NOEL (Purdue University, Department of Biochemistry, West Lafayette, IN 47907), C h a irm a n ; 
HOWARD CASPER (North Dakota State University, Veterinary Diagnostic Laboratory, Fargo, ND 58102); 
LOUIS W. FERARRA (IMC Corp., 1331 S First St, Terre Haute, IN 47808);
DAVID W. FINK (Merck Sharp & Dohme, Inc., Box 2000, Rahway, NJ 07065);
GAYLE LANCETTE (Food and Drug Administration, 240 Hennepin Ave, Minneapolis, MN 55401); 
ALEXANDER MacDONALD (Hoffmann-La Roche Co., 340 Kingsland St, Nutley, NJ 07110);
WILBERT SHIMODA (Food and Drug Administration, U.S. Customhouse, Denver, CO 80202);
HAROLD THOMPSON (National Center for Toxicological Research, Jefferson, AR 72079);
CAROLYN GEISLER (Food and Drug Administration, U.S. Customhouse, Denver, CO 80202);
BILLY M. COLVIN (University of Georgia, College of Veterinary Medicine, Box 1386, Tifton GA 31794), 
S e cre ta ry ,
DANIEL H. MOWREY (Lilly Research Laboratory, Division of Eli Lilly & Co., Greenfield, IN 46140), S ta t is t ic a l  
C o n su lta n t

ANTIBIOTICS IN  FEEDS
(1) Bacitracin: Continue study.
(2) Bacitracin (Chemical Method): Continue study.
(3) Bambermycins: Continue study.
(4) Chloramphenicol in Animal Tissues: Transfer topic to 

another committee.
(5) Chloramphenicol Residues in Milk: Transfer topic to 

another committee.
(6) Chlortetracycline: Continue study.
(7) Coban: Continue study.
(8) Cup Plate System for Antibiotic Analysis: Continue 

study.
(9) Design and Computerization o f Microbiological Tests: 

Continue study.
(10) Erythromycins: Continue study.
(11) Lasalocid (LC Method): Transfer topic to another 

committee.
(12) Lasalocid (Microbiological Assay): Continue study.
(13) Lincomycin: Continue study.
( 14) Monensin: Continue study.
(15) Narasin: Continue study.
(16) Neomycin: Continue study.
(17) Oxytetracycline: Continue study.
(18) Rumensin: Continue study.

*( 19) Screening Procedures for A ntibiotics: Adopt as official 
first action the interim official action rapid detection 
and identification of 7 families of antimicrobial drugs 
in milk by microbial receptor assay. Continue study.

(20) Statistics o f Microbiological Assay: Continue study.
(21) Tetracyclines in Tissues (Chromatographic Assay): 

Transfer topic to another committee.
(22) Tetracyclines in Tissues (Microbiological Assay): 

Transfer topic to another committee.
(23) Tylosin: Continue study.
(24) Virginiamycin (Diffusion Assay): Continue study.
(25) Virginiamycin (Turbidimetric Assay): Continue study.

DRUGS IN FEEDS

(1) Amprolium: Continue study.
*(2) Arprinocid: Declare as surplus the official first action

The recommendations submitted by the Committee on Microbiology were 
adopted by the Association.

Section numbers refer to O fficia l M e th o d s  o f  A n a lys is  (1984) 14th edition, 
and to “Changes in Official Methods,” J. .4 s s o c . O ff. A na l. C hem . (1985) 68, 
369^111 (A methods).

* An asterisk before a recommendation indicates that official action on that 
recommendation resulted in its appearance in “Changes in Official Methods.”

liquid chromatographic (42.021-42.026) and spectro- 
photometric (42.027-42.032) methods.

(3) Arsanilic Acid: Continue study.
(4) Carbadox: Continue study.

*(5) Diethylstilbestrol: Declare as surplus the official first 
action spectrophotometric method, 42.059-42.062.

*(6) Dimetridazole: Adopt as official final action the official 
first action spectrophotometric method, 42.063-
42.068, after correction of dilution factors by substi
tuting 66.67 for 1.335 x 10~3, 250 for 5 x 10-3, and
333.3 for 6.66 x 10"3 in 42.068.

(7) Ethopabate: Continue study.
(8) Ethylenediamine Dihydroiodide: Continue study.

*(9) Furazolidone and Nitrofurazone: Adopt as official fi
nal action the official first action liquid chromato
graphic method for furazolidone, 42.A01-42.A06. 
Adopt as official final action the official first action 
qualitative tests for furazolidone and zoalene, 42.077-
42.080. Continue study.

*( 10) Melengestrol Acetate: Adopt as official final action the 
official first action gas chromatographic method, 
42.088-42.096. Continue study.

(11) Morantel Tartrate: Continue study.
(12) Phenothiazine: Continue study.
(13) Pyrantel Tartrate: Continue study.
(14) Roxarsone: Continue study.
(15) Sulfa Drug Residues: Continue study.
(16) Sulfamethazine and Sulfathiazole (Premix and Fin

ished Feed Levels): Continue study.
*(17) Sulfaquinoxaline: Adopt as official final action the 

official first action spectrophotometric method, 
42.179-42.183.

FEEDS
( 1 ) A mino Acid A nalysis in Mixed Feeds: Continue study.
(2) Calcium Salts o f Isobutyric and Mixed 5-Carbon Vol

atile Fatty Acids: Continue study.
(3) Carotenoids: Continue study.
(4) Enzymes and Microbial Additives: Continue study.
(5) Fat: Continue study.
(6) Fiber, Crude: Continue study.
(7) Infrared Reflectance Techniques in Mixed Feeds: Con

tinue study.
(8) Iodine: Continue study.
(9) Microscopy: Continue study.

(10) Minerals: Continue study.
(11) Non-Nutritive Residues: Continue study.
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*( 12) Protein, Crude: Adopt as official first action the CuS04/ 
TiO, manual Kjeldahl digestion catalyst. Continue 
study.

(13) Sampling: Continue study.
(14) Vitamins: Continue study.
(15) Water by Karl Fischer Method: Continue study.

FERTILIZERS
(1) Biuret: Continue study.
(2) Boron: Continue study.
(3) Dicyanodiamide: Continue study.
(4) Free and Total Water: Continue study.
(5) Iron: Continue study.

*(6) Melamine: Adopt as official first action the liquid 
chromatographic method for triamino-.S'-triazine used 
as a nitrogen source in urea mixes. Continue study.

(7) Nitrogen: Continue study.
(8) Phosphorus: Continue study.
(9) Potash: Continue study.

(10) Sampling: Continue study.
(11) Sample Preparation: Continue study.
(12) Slow-Release Mixed Fertilizers: Continue study.
(13) Sodium: Continue study.
(14) Soil and Plant Amendment Ingredients: Continue 

study.
(15) Sulfur: Continue study.
(16) Water-Soluble Methylene Ureas: Continue study.
(17) Zinc: Continue study.

PLANTS
(1) Ashing Methods: Continue study.

*(2) Atomic Absorption Methods: Adopt as official final 
action the official first action method, 3.013-3.016. 
Continue study.

(3) Boron: Continue study.
(4) Chromium: Continue study.

*(5) Emission Spectroscopy: Adopt as official final action

the official first action methods, 3.006-3.010 and
3.A01-3.A04. Continue study.

*(6) Fluorine: Adopt as official final action the official first 
action potentiometric method, 3.075-3.080. Continue 
study.

(7) Nitrate and Nitrite: Continue study.
(8) Selenium: Continue study.
(9) Starch: Continue study.

(10) Sulfur: Continue study.

TOBACCO

(1) Alkaloids: Continue study.
(2) Polyphenols: Continue study.
(3) Tar and Nicotine in Cigarette Smoke: Continue study.

VETERINARY ANALYTICAL TOXICOLOGY

(1) Animal Serum Thyroxine: Continue study.
(2) Antibiotic Screening Methods: Continue study.
(3) Arsenic in Animal Tissue: Continue study.
(4) Atomic Absorption Spectrophotometry: Continue study.
(5) Chlorinated Phenols in Animal Tissue: Continue study.
(6) Cholinesterase: Continue study.
(7) Copper in Animal Tissue: Continue study.
(8) Fluoride in Animal Tissue: Continue study.
(9) Lead in Animal Tissue: Continue study.

(10) Lipid-Soluble Vitamins: Continue study.
(11) Multielement Analysis by ICP: Continue study.
(12) Multiple Anticoagulant Screening: Continue study.
(13) Natural Products: Continue study.
(14) Neomycin: Continue study.
(15) Nitrates and Nitrites: Continue study.
(16) Pesticides in Toxicological Samples: Continue study.
(17) Selenium in Animal Tissue: Continue study.
(18) Sodium Monofluoroacetate: Continue study.
(19) Zinc in Animal Tissue: Continue study.
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Committee on Hazardous Substances in Water and the Environment:
Recommendations for Official Methods

DOUGLAS J. DUBE (Wisconsin State Laboratory of Hygiene, 465 Henry Mall, Madison, WI 53706), C h a irm a n ; 
NILE ERAWLEY (Dow Chemical Co., 574 Bldg, Midland, MI 48640);
ROBERT GRAVES (U.S. Environmental Protection Agency, Environmental Monitoring and Support Labo
ratory, 26 W St. Clair, Cincinnati, OH 45268);
ERIKA E. HARGESHEIMER (Glenmore Waterworks Laboratory (35), City of Calgary, PO Box 2100, Calgary, 
Alberta T2P 2M5, Canada);
ROSS J. NORSTROM (Environment Canada, Canadian Wildlife Service, National Wildlife Research Centre, 
Ottawa, Ontario K1A 0E7, Canada);
LASZLO TORMA (Montana Department of Agriculture, Montana State University, Bozeman, MT 59717); 
MARK F. MARCUS (Chemical Waste Management, Inc., 150 W 137th St, Riverdale, IL 60627), S e c r e ta ry ,  
FOREST C. GARNER (Lockheed Industries, Data Audit Section, Box 15127, Las Vegas, NV 89114), S ta t is t ic a l  
C o n su lta n t

The proposed Memorandum of Understanding between 
AOAC and the U.S. Environmental Protection Agency on 
the collaborative study of methods to be used in monitoring 
well water for pesticides was discussed. The Committee rec
ommends that the scope be limited to 6 methods, with pos
sible expansion to cover more of the Committee’s activities. 
A desk review of the methods will be completed and sub
mitted.

Under Inorganics in Ground and Drinking Water, the fol
lowing items were discussed: total metals/dissolved metals, 
acid preservation procedures, on-site vs off-site filtration of 
samples, and EPA method equivalency requirements. Stud
ies in this refereeship will have to address these issues. Metal 
speciation is also of continuing interest.

HAZARDOUS SUBSTANCES
(1) Benzene in Consumer Products: Continue study.
(2) Nitrosamines in Infant Pacifiers: Continue study.
(3) Pentachlorophenol in Toy Paints: Continue study.
(4) Toxic Metals in Paints: Continue study.

INORGANICS IN DRINKING AND GROUND WATER
(1) Arsenic and Selenium Analysis: Review a variety of 

methods for arsenic and selenium, including but not 
limited to graphite furnace and hydride generation 
methods. Select, test, and revise methods as necessary 
and prepare for collaborative testing.

(2) Inductively Coupled Plasma: Review EPA methods
200.7 and 5W846-6010. Evaluate existing collabora
tive study data according to AOAC statistical pro
cedures. Determine ruggedness, accuracy, and preci
sion. If acceptable, write methods in AOAC format 
and recommend for official first action. If data do not 
meet criteria, make improvements and conduct single 
laboratory evaluation during the year.

(3) Ion Chromatography: Collect and evaluate data from 
various ion chromatography methods in current use, 
including EPA method 300.0. Develop method to 
cover a broad range of anions. Conduct single labo
ratory testing of method during the year.

The recommendations submitted by the Committee on Hazardous Sub
stances in Water and the Environment were accepted by the Association.

ORGANICS IN DRINKING AND GROUND WATER

(1) Capillary Volatile Organic Analysis: Review methods 
for appropriateness. Select method for single labora
tory evaluation of ruggedness, selectivity, and sensi
tivity, and prepare for collaborative study.

(2) EPA Methods: Review and prioritize data from EPA 
collaborative studies submitted to AOAC for evalu
ation. Evaluate for additional collaborative testing any 
methods that do not meet AOAC requirements.

(3) Phenols: Collaboratively study the aqueous acetyla
tion gas chromatographic method.

(4) Quantitation o f Polychlorinated Phenols: Continue 
study.

(5) Screening for Polynuclear Aromatic Compounds: Col
laboratively test the method for rapid screening of 
ground water extracts.

(6) Total Organic Halogen: Review the methods avail
able. Select or write a method and subject to single 
laboratory testing, in preparation for collaborative 
testing.

ORGANICS IN SURFACE AND W ASTE WATER

(1) Chemical Pollutants: Continue study.
(2) Chlorinated Solvents: Continue study.
(3) Munitions: Continue study.
(4) Organohalogen Pesticides: Continue study.

SOILS AND SEDIM ENTS

(1) Adsorption Isotherms for Volatile Organics: Revise 
and prepare the tested method for collaborative study.

(2) Distribution Coefficients for Nonvolatile Organics: 
Continue study.

(3) Distribution Coefficients for Volatile Organics: Con
tinue study.

(4) Explosives Residues: Continue study.
(5) Soil Distribution Coefficients: Continue testing draft 

standard method.
(6) Termiticides: Continue study.

WASTE MATERIALS

(1) Bioassay Methods: Continue study.
(2) Inorganic Analytes: Continue study.
(3) Organic Analytes: Continue study.
(4) Physical/Chemical Properties: Continue study.
(5) Prescreening: Continue study.
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Executive Director’s Report

D A V ID  B. M acLEAN
Association o f Official Analytical Chemists,
1111 N. 19th St, Suite 210,
Arlington, VA 22209

In 1987, approval and publication of official, reliable meth
ods of analysis continued as AOAC’s major activity. Imple
mentation of the Long Range Plan and approval of amend
ments to the bylaws to broaden participation by 
nongovernment organizations and their employees in the 
governance and decision making of AO AC will have a great 
effect on the future.

Methods Approval
AOAC adopted 28 methods official first action in the sec

ond year under a new system whereby all methods are ap
proved interim official first action before recommendation 
to the membership for official first action. These methods 
are applicable to the following areas: pesticide formulations 
3, food economics and composition 6, food safety 8, residues
1, pharmaceuticals 8, and feeds, fertilizers, and other areas
2. AOAC adopted 5 new methods in food microbiology, a 
topic of great concern to food regulatory agencies in several 
countries.

The newly adopted methods mentioned above will appear 
in upcoming issues of the Journal and in the “Changes in 
Official Methods” supplement to the 14th Edition of Official 
Methods o f Analysis. Sources of collaborative studies for these 
methods include: industry 12, Food and Drug Administra
tion 11, and other organizations 5. AOAC adopted one CI- 
PAC method in 1987. During the year, AOAC published 19 
interlaboratory collaborative studies involving 207 labora
tories.

Thirty-five methods are under consideration for interim 
official first action as of September 1987, including: pesticide 
formulations 5, food analysis 20, pharmaceuticals 6, and 
feeds 4.

Since 1981, AOAC has adopted 226 methods official first 
action, to bring the total since 1971 to 638.

Methods Needs
AOAC continues to recognize the need for proactive re

sponse to industry and government methods needs and to 
convince laboratories to participate in the required collab
orative studies. Specific methods issues in 1987 included 
application of immunoreagents and DNA probes in food 
microbiology and residue analysis (veterinary drug residues 
in meat, aflatoxins and other mycotoxins in grain, antibiotic 
residues in meats, pesticide residues in foods, and identifi
cation of meat species). Many biotechnology companies have 
developed or are developing package test systems for use in 
laboratories, processing plants, and import facilities for the 
microbiological analysis and detection of chemical residues 
in feed and food products. Specific examples include nu
merous package test systems for Salmonella, 2 or 3 systems 
using DNA probes for Listeria monocytogenes in dairy prod
ucts, card test systems for aflatoxin and zearalenone in com 
and wheat, radioimmunoassay systems for penicillin and other 
antibiotic residues in milk, cholinesterase inhibition systems 
for cholinesterase-inhibiting pesticide residues, and specific 
immunoreagent methods for specific pesticides in specific 
commodities.

AOAC notes public concern in the United States, Canada, 
and the United Kingdom about pesticide residues in food,

including the direction by the U.S. Congress that federal 
regulatory agencies develop rapid, economical methods for 
analysis of residues in foods for pesticides registered in the 
United States and other countries.

Current efforts through AOAC to develop and collabora- 
tively study improved methods to evaluate the efficacy of 
hospital disinfectants reveal that current methods show a 
wide variability both within and between laboratories. Caus
es of this variability have not been completely ascertained 
and eliminated. Additional expensive and time-consuming 
effort to develop alternative methods will be necessary.

AOAC is seeking to cooperate with the U.S. Environmen
tal Protection Agency to expedite the collaborative study of 
6 multiresidue methods for 160 pesticides and their metab
olites in groundwater. These methods will be used in the 
National Pesticide Survey in groundwater. Three methods 
of analysis for hazardous waste may be submitted for con
sideration. European approaches to the analysis of PCBs in 
foods and the environment are based on the analysis of 7-9 
specific PCB congeners by capillary column gas chromatog
raphy.

AOAC communication and cooperation with other orga
nizations has identified existing collaborative studies, several 
of which have been submitted to AOAC to support consid
eration of the respective methods for approval. Four methods 
of analysis for milk and milk products have been submitted 
as a result of collaborative studies carried out by the Inter
national Dairy Federation under the ISO/IDF/AOAC tri
partite arrangement.

Volunteer Involvement in AOAC
In May 1986, volunteers involved as official methods com

mittee members, General Referees, and Associate Referees 
with 637 associate referee topics were as follows: Associate 
Referees 478, General Referees 58, committee statisticians 
6, and committee members 67. Distribution of these 609 
volunteers among types of organizations included: industry 
188, Food and Drug Administration 184, states 59, academia 
56, and other 122. Industry and the Food and Drug Admin
istration supplied 156 (33%) and 137 (29%), respectively, of 
the 478 Associate Referees.

Harmonization
AOAC participated with more than 30 other international 

organizations in an IUPAC-sponsored working conference 
on May 4-5, 1987, in Geneva, Switzerland, to develop pro
tocols describing the minimum requirements for the design, 
conduct, and evaluation of interlaboratory collaborative 
studies. This conference generated recommendations for 
minimum standards such as number of materials, labora
tories, levels of analyte, statistical analysis, symbols, and 
definitions of terms. Accepting organizations would agree to 
require their participants to adhere to these protocols as a 
minimum but may add additional requirements as necessary.

In January, the AOAC Board of Directors endorsed the 
principle of harmonization of collaborative studies and sup
ported Richard Albert, Food and Drug Administration, as 
AOAC’s representative at the harmonization conference. The 
Interlaboratory Studies Committee recommended AOAC 
acceptance of the protocols agreed on at the working con
ference, and a new AOAC document on the design, conduct, 
and evaluation of collaborative studies will be submitted for 
consideration by the Statistics Committee, and the Official 
Methods Board, and then for approval by the AOAC Board 
of Directors.
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Statistical Issues
In January 1987, the Board of Directors approved the 

formats recommended by the Statistics Committee for the 
calculation of 4 precision parameters from quantitative col
laborative study data, including reproducibility coefficient of 
variation, repeatability coefficient of variation, repeatability 
standard deviation, and reproducibility standard deviation. 
The method of calculation includes no statistical tests for 
outliers. The Board of Directors decided to include these 4 
performance parameters in the 15 th Edition of Official Meth
ods o f Analysis for methods approved 1984 through 1988. 
The Board of Directors decided to delete from the 15 th Edi
tion the existing performance parameters calculated for 
methods approved 1979 through 1983.

The protocols approved at the Harmonization Conference 
contain procedures for identification and removal of statis
tical outliers from valid sets of quantitative data. Tests in
clude the Grubbs and Cochran tests, which will be included 
in the new AOAC document. The recommendations from 
the Conference prescribe minimum requirements for the sta
tistical analysis of interlaboratory collaborative studies. These 
minimum requirements include the aforementioned outlier 
tests and one-way analysis of variance.

By the end of 1987, Associate Referees should have avail
able a complete set of instructions for the design, conduct, 
and statistical evaluation of interlaboratory collaborative 
studies.

Official Methods Issues
In efforts to improve the methods review process, the Of

ficial Methods Board feels it is imperative that all reviewers 
adhere to the 2-week deadline. This will eliminate any hold
ups in the approval process, except those imposed by the 
Associate Referee.

To further assist Associate Referees and other methods 
volunteers, a series of video tapes is being developed. The 
first 2 in the series are (7) following the collaborative study 
process and (2) writing the collaborative study report. Ad
ditional tapes are anticipated on safety and statistics.

The Official Methods Board established the following pol
icy for submitting official first action methods for consider
ation as official final action: After a method is in place for 2 
years as an official first action method, the General Referee 
will recommend that the method be adopted official final 
action. If no adverse comments have been noted during the 
time the method has been official first action, the method 
will be announced in the May or June issue of The Referee 
as being eligible for final action status. The appropriate Meth
ods Committee will review all recommendations and submit 
those for adoption as official final action to the membership 
at the annual business meeting.

To address the development of methods centered on pro
prietary products, the Official Methods Board developed the 
following policy: Any competent scientist in the technical 
area being studied can conduct a collaborative study accord
ing to AOAC-established criteria. All reagents that can be 
prepared in the user’s laboratory must be described. For those 
involving trade secrets, the method must describe the prin
ciples involved in detection and quantitation.

Instrument equivalency was defined as instruments op
erating on the same principles and described by equivalent 
specifications, or instruments giving equivalent performance 
on actual samples.

The Official Methods Board implemented the use of forms 
developed by the Statistics Committee and approved by the 
Board of Directors for calculating the required statistical per

formance parameters of a method. The following must be 
calculated for each method approved: SR, RSDr , S„ and 
RSD,

Three task forces were formed to deal with specific issues 
relevant to methods validation: sampling, methods outreach, 
and crisis methods/management.

Regarding the extension of an adopted method to com
modities not included in a collaborative study, the Official 
Methods Board recommends that collaborative study results 
should apply only to the commodities included in the col
laborative study. Extension of a method to other commod
ities requires a mini-collaborative study.

Cooperation with Other Organizations
In September, the Royal Society of Chemistry Analytical 

Methods Committee and AOAC signed a cooperative agree
ment similar to AOAC cooperative agreements with a num
ber of other organizations. Potential areas of cooperation 
include nutrients in animal feed, antibiotics in animal feed, 
and veterinary drug residues in meat.

AOAC continues cooperation with the Nordic Committee 
for Food Analysis, International Office of Cacao and Choc
olate, Collaborative Pesticides Analytical Council, the Amer
ican Society of Brewing Chemists, the American Public Health 
Association, the American Association of Cereal Chemists, 
and the Tripartite Arrangement for Dairy Analysis Methods 
with the International Organization for Standardization (ISO) 
and the International Dairy Federation (IDF). AOAC is pres
ently considering 4 methods for the chemical analysis of dairy 
products, resulting from the ISO/IDF/AOAC Tripartite ar
rangement. AOAC continues informal cooperative arrange
ments through joint committees and/or General Referees 
with the International Commission on Uniform Methods of 
Sugar Analysis, the American Oil Chemists Society, the 
IUPAC Commission on Fats and Oils, and the IUPAC Com
mission on Mycotoxins.

Publications
The poster, “Classification of Visible Can Defects” (1984), 

was reprinted for the fourth time. Also, the Youden and 
Steiner Statistical Manual o f the AOAC (1975) was reprinted 
for the fifth time. The new statistical book, Use o f Statistics 
to Develop and Evaluate Analytical Methods (1985), written 
by G. T. Wemimont and edited by W. Spendley, won the 
1987 W. J. Youden Award in Interlaboratory Testing, con
ferred by the American Statistical Association. This annual 
award recognizes a publication that makes an outstanding 
contribution to the design and/or analysis of interlaboratory 
tests or describes ingenious applications to the planning and 
evaluation of data from interlaboratory tests.

The FDA Food Additives Analytical Manual, Volume II
(1987), was published; it contains methods for 17 indirect 
food additives. The first supplement to the FDA Bacterio
logical Analytical Manual (1984) was also printed and dis
tributed to all buyers of the manual. The supplement contains 
3 new chapters: Listeria Isolation, Isolation and Identifica
tion of Motile Aeromonas Species, and Alkaline Phosphatase 
Methods to Detect Pasteurization. The fourth supplement to 
EPA’s Manual o f Chemical Methods for Pesticides and De
vices, containing methods for 39 pesticides, was edited and 
will be published in late 1987.

A survey on the Journal, prepared by the ad hoc committee 
on evaluation and review of the Journal, was mailed to 400 
persons, comprising respondents to a call for Journal readers 
and randomly selected Journal authors, reviewers, and AOAC 
members. The ad hoc committee on alternative forms of
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publishing Official Methods o f Analysis also ran a limited 
survey among persons who receive official methods supple
ments. The survey showed little interest in receiving methods 
in electronic form, a preference for maintaining the current 
printed volume, and an interest in availability of official 
methods in smaller units, such as looseleaf methods or in
dividual chapters. As a result, the committee recommended 
delay in conversion of methods to electronic form but further 
evaluation of the economics and marketability of smaller 
print units.

The Editorial Board recommended acceptance of the 
American Chemical Society proposal to mount the Journal 
o f theAOAC on STN, International (Scientific and Technical 
Network) under Chemical Journals Online. The Journal will 
become a member of the database that includes the 19 pri
mary journals of ACS, the 5 polymer journals of John Wiley 
& Sons, the 9 primary journals of the Royal Society of Chem
istry, and Angewandte Chemie. The Journal o f the AOAC 
will become available on line in mid-1988.

In 1987, the, Journal o f the AOAC published 225 scientific 
papers plus the official transactions of the Association in 1130 
pages. In addition to reports of research and development of 
analytical methodology, special reports were published on 
review of uric acid methodology, focus on Kjeldahl analysis, 
reference materials for mycotoxins and recombinant DNA- 
derived proteins, and the regulatory dilemma over Listeria 
monocytogenes. Papers from 2 symposia were published: 
“Critical Analysis of Analytical Methods for Meat Foods,” 
and “Chromatography of Amino Acids.” Copies of the Jour
nal are received in 90 countries in the world. Subscription 
prices for 1987 will continue for 1988.

Membership and Governance
The membership approved amendments to the bylaws that 

establish one class of individual membership including in
dustry, government, and academia and one class of sustaining 
membership for government and nongovernment organiza
tions. Individual members vote on amendments to the by
laws, elect the officers and directors, vote on changes in dues, 
and vote on official first action and official final action adop
tion of methods. All individual members, whether from gov
ernment, academia, or industry, would be eligible to serve 
on all AOAC boards and committees. These amendments 
would abolish the associate member classification. Provision 
for honorary membership would be retained.

The new membership section of the bylaws establishes 
qualifications for members, requiring a degree in science, or 
an equivalent if approved by the Board of Directors. Another 
amendment provided for a mail ballot, among the members, 
for voting on substantive issues, including amendments to 
the bylaws, election of the Board of Directors, and changes 
in dues.

Amendments provided that a majority of the Official 
Methods Board and the Board of Directors would be rep
resentatives from regulatory agencies; national, state, pro
vincial, or local government agencies; and academia. Mem
bers employed by industry could serve on both the Official 
Methods Board and Board of Directors in minority numbers. 
Another amendment would enlarge the Board of Directors 
from 7 to 9 members, to provide for 5 directors instead of
3. Limitation of service on the Board of Directors to 6 con
secutive years is retained.

The members approved deletion of provisions in the by
laws for adoption of methods by laboratories of national, 
state, provincial, and local government regulatory agencies.

Approval of these amendments implements several spe

cific provisions of the long range strategic plan under the key 
issue “Improvement in Governance, Administrative Ac
countability and Proactive Role of AOAC.” One of the goals 
of the Board of Directors in offering these amendments is to 
broaden the participation of all members in the governance, 
decision making, and scientific activities of the Association 
while retaining the credibility of the AOAC methods vali
dation process and official status of AOAC methods. The 
Board of Directors asked the Membership Committee to 
develop recommendations regarding member benefits, status 
for members whose change in employment or retirement 
makes them ineligible to be members, and greater oppor
tunities for members to become involved in the Association.

We are grateful to the 9 national, 44 state and 5 provincial 
government agencies, and the 143 industry organizations that 
provided financial support to AOAC in 1987. AOAC now 
has 3300 individual members in 79 countries, including 50 
states (United States) and 9 provinces (Canada).

Long Range Planning
The Board of Directors received recommendations from 

AOAC staff for implementing the long range plan and di
rected each AOAC board, committee, and staff member to 
present plans for implementing their respective portions of 
the Long Range Strategic Plan, including enumerating tasks 
required to complete their section of the Long Range Plan, 
who is to perform these tasks, when work is to begin and 
end, and estimated costs, staff time, and other resources need
ed to complete the implementation. The Board approved the 
implementation plans in July 1987.

At the March meetings of the Validation Council and Gov
ernance Council, President Johnson stated that both staff and 
AOAC members, through their boards and committees, share 
responsibility for implementing the various items in the Long 
Range Plan. He stated that the Association belongs to the 
members and the members have the major responsibility 
and resources for implementation of all the items in the Long 
Range Plan.

The Board of Directors established the Governance Coun
cil, consisting of chairmen of the governing committees, and 
the Validation Council, consisting of chairmen of committees 
concerned with validation of methods, to encourage com
munication among committee chairmen, sharing of future 
plans, and identification of gaps and overlaps between and 
among various AOAC committees. Both councils met in 
March and September 1987.

Annual Meeting and Other Meeting Activities
The 101st AOAC Annual International Meeting was held 

at The Cathedral Hill Hotel, San Francisco, CA, September
14-17, 1987, with a total attendance of 1162. The opening 
session included presentations by 1987 Harvey W. Wiley 
Award winner, Walter Holak, and President Frank J. John
son. Mr. Holak, who is on the staff of the Food and Drug 
Administration district office in Brooklyn, NY, is an expert 
in regulatory analytical chemistry. President Frank J. John
son is on the staff of the National Fertilizer Development 
Center, Tennessee Valley Authority. The meeting included 
a scientific equipment and services exposition with 100 
booths, which is a 15% increase over 1986 booth sales. Ap
proximately 250 contributed papers were presented in poster 
sessions and workshops; the third Regulatory Roundtable 
addressed regulatory problems in the field of seafood toxins. 
The meeting program, with a focus on robotics, also offered 
5 symposia: robotics; mycotoxins; industrial analytical 
chemistry; biotechnology: impact on present and future
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methods of analysis; and cholesterol oxidation. In an effort 
to address topics in current regulatory crisis, AOAC included 
a special one-day Listeria Methodology Workshop. The so
cial program was highlighted by the president’s reception on 
Sunday evening, September 13, which hosted over 500 at
tendees, and also included the Tuesday evening dinner cruise 
attended by almost 400. Sites for the Annual International 
Meeting have been selected through 1990: August 29-Sep- 
tember 1, 1988, Palm Beach, FL; September 25-28, 1989, 
St. Louis, MO; and September 10-13, 1990, New Orleans, 
LA.

Approximately 500 registrants attended the 12th Annual 
AOAC Spring Training Workshop which was held April 27- 
30,1987, in Ottawa, Ontario, Canada. The program featured 
a microbiology symposium and sessions on food additives 
and contaminants, nutritional labeling, mycotoxins, drug res
idues in animal tissues, problems in drug analysis, immu- 
noligand techniques in residues analysis, environmental con
taminants, pesticide residues and micro contaminants, trace 
metals—data validity, and advances in laboratory robotics. 
The presentations also included 5 poster sessions: environ
mental contaminants and trace elements, drug residues and 
microbiology, drugs and pharmaceuticals, pesticides and my
cotoxins, and food additives, contaminants, and nutrition. 
The scientific program was supplemented by 2 workshops: 
sample preparation and isolation using solid phase sorbents, 
presented by Analytichem International; and computer-as
sisted science, presented by Beckman Instruments. The sci
entific exposition included 21 booths. The highlight of the 
social program was the Tuesday evening banquet, featuring 
Dixieland jazz music. Attendees also enjoyed a wine and 
cheese mixer on Monday evening in the exhibit hall.

Infant Formula Conference II was approved by the AOAC 
Board of Directors. The Francis Marion Hotel in Charleston, 
SC, has been selected as the site for the conference, which is 
scheduled for April 26-28,1988. The conference committee, 
which will again be co-chaired by Stephen Barnett, Bristol 
Myers, and James Tanner, FDA, has issued a call for papers. 
The Infant Formula Council will cosponsor this second con
ference with AOAC, and the Food and Drug Administration 
has expressed an interest in cosponsoring.

Short Courses
AOAC offered the short course on “Quality Assurance for 

Analytical Laboratories” 3 times in 1987, in April and July 
in Arlington, VA, and in September in San Francisco, CA, 
in conjunction with the 1987 AOAC Annual International 
Meeting. In addition, AOAC supplied course manuals and 
handout materials for 2 courses at the Laboratory of the 
Government Chemist in London, England. A one-day mod
ified version of the short course was presented under contract 
with the Environmental Protection Agency as part of the 
program of its Solid Waste Testing and Quality Assurance 
Symposium, July 16, 1987. Standard proposals have been 
developed which offer the short course as a package to gov
ernment agencies, other organizations, and industry for a set 
fee. Under this arrangement, the contracting organization 
could use the course as a means of fund-raising, as an at
traction for its members, or as a training program. The Com
mittee on Meetings, Symposia, and Educational Programs 
and the Committee on Laboratory Quality Assurance are 
coordinating efforts to develop a short course on laboratory 
quality assurance for the bench chemist. The Board of Di
rectors approved the concept of a sampling short course, and 
preliminary steps have been taken to ensure its development 
in time to be offered in December 1988. Another topic area

under consideration for new course development is statistics 
for methodology.

Awards
The 1987 Harvey W. Wiley Award winner is Walter Holak 

of the Food and Drug Administration, New York district 
office. Mr. Holak also celebrated his 25th year as a member 
of AOAC and as an employee of FDA.

The following 7 scientists were named 1987 Fellows of the 
AOAC: Patricia Bulhack, Food and Drug Administration, 
Washington, DC; David Fink, Merck, Sharpe, and Dohme, 
Inc., Rahway, NJ; Robert Isaac, University of Georgia, Ath
ens, GA; James J. Karr, Pennwalt Technology Center, King 
of Prussia, PA; Dick Kleyn, Rutgers University, New Bruns
wick, NJ; Gerald Myrdal, Wisconsin Department of Agri
culture, Madison, WI; and Douglas Park, University of Ar
izona, Tucson, AZ.

P. Frank Ross of the National Veterinary Services Labo
ratories, USDA, in Ames, IA, was named 1987 General Ref
eree of the Year. Dr. Ross is the General Referee for Vet
erinary Analytical Toxicology. The 1987 Collaborative Study 
of the Year Award went to Elaine Bunch of the Food and 
Drug Administration, Seattle, WA, for her work in the areas 
of aminacrine and steroid phosphates. Associate Referee of 
the Year Awards were given to David F. Tomkins, Monsanto 
Co., Muscatine, IA, Associate Referee for Alachlor, Buta- 
chlor, Propachlor, Atrazine/Alachlor Mixtures; Douglas L. 
Park, University of Arizona, Tucson, AZ, Associate Referee 
for Aflatoxin Methods; James T. Tanner, Food and Drug 
Administration, Washington, DC, and Stephen A. Barnett, 
Bristol Myers-US Pharmaceutical and Nutrition Group, Ev
ansville, IN, Associate Referees for Infant Formula and Nu
trient Assay; Leon D. Sawyer, Food and Drug Administra
tion, Washington, DC, Associate Referee for Comprehensive 
Multiresidue Methodology, Low Moisture/High Fat Sample 
Extraction, Ethylene Dibromide (EDB), Polychlorinated Bi
phenyls (PCBs); Russell S. Rowers, Silliker Laboratories, 
Inc., Chicago Heights, IL, Associate Referee for Rapid Meth
ods for the Enterobacteriaceae; and David L. Osheim, Na
tional Veterinary Services Laboratory, Ames, I A, Associate 
Referee for Copper in Tissues, Ruoride.

The 1987 Certificates of Appreciation were awarded to 
James Lawrence, Health and Welfare Canada, Ottawa, On
tario, Canada, and Graham MacEachem, Agriculture Can
ada, Ottawa, Ontario, Canada, Co-Chairmen of the 1987 
AOAC Spring Training Workshop. AOAC Employee Service 
Awards went to Marjorie D. Fuller, Assistant Business Man
ager, for 20 years service, David B. MacLean, Executive 
Director, for 10 years service, Vemora R. Petty, Adminis
trative Assistant/Editorial, for 10 years service, and Margaret
R. Ridgell, Administrative Manager, for 5 years service.

The Harvey W. Wiley Scholarship was awarded to Jo Year- 
gin of the University of California at San Diego.

AOAC Europe
AOAC Europe is scheduled to meet October 20-21, 1987, 

in Paris, France, in a joint symposium on methods of analysis 
in food microbiology and nutrients in foods.

Regional Sections
The Board of Directors approved awarding a charter to 

the Mid-Canada Regional Section, constituting the province 
of Manitoba. This is the seventh AOAC regional section.

Seven AOAC regional sections met since October 1, 1986: 
New York-New Jersey Regional Section, November 18 in 
East Brunswick, NJ, and May 14 in New York, NY; Eastern
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Ontario-Quebec Regional Section, November 4 in Ottawa, 
Ontario, and again at the Spring Training Workshop, April
27-30 in Ottawa, Ontario; Mid-Canada Regional Section, 
November 18 in Winnipeg, Manitoba (organization meet
ing), March 25 in Winnipeg, Manitoba, and June 20 in Por
tage la Prawirie, Manitoba; Southeast Regional Section, June 
2 in Atlanta, GA; Mid-West Regional Section, June 15-17 
in Fargo, ND; Northeast Regional Section, June 22-24 in 
Aurora, NY; and Pacific Northwest Regional Section, June
25-26 in Olympia, WA.

Organizational meetings of new regional sections will be 
held for the following three areas: (7) California, Arizona, 
Hawaii, Nevada, Utah; (2) Texas, New Mexico, Oklahoma, 
Louisiana, Arkansas; and (3) Indiana, Ohio, Kentucky, 
Michigan.

As part of the long range plan, the Board of Directors has 
asked the Regional Section Committee and other AOAC 
committees to recommend actions to strengthen ties between 
the AOAC regional sections and the AOAC membership as 
a whole.

Financial
AOAC’s sources of funds still include publication sales, 

meetings and exhibits, short courses, government support, 
and industry and individual memberships. Fiscal year 1987 
income was $1,777,648 and expenses were $1,893,559, as 
of September 30, 1987.

The Board of Directors approved a change in the AOAC 
fiscal year from October 1 through September 30, to January 
1 through December 31. The transition year will be 1988.

Individual member dues will remain at $45.00 US an
nually and Sustaining member dues will remain at $750.00 
US annually for 1988.

Board of Directors
At the 1987 AOAC Annual International Meeting and 

Exposition in San Francisco, CA, AOAC chose the following 
officers and members to serve on the Board of Directors in
1987-1988: officers, President, Robert C. Rund, Office of the 
Indiana State Chemist and Seed Commissioner; President- 
Elect, Odette L. Shotwell, U.S. Department of Agriculture, 
Agricultural Research Service; Secretary/Treasurer, Thomas
G. Alexander, U.S. Food and Drug Administration; mem
bers, Thomas P. Layloff, U.S. Food and Drug Administra
tion; Albert W. Tiedemann, Virginia Consolidated Labora
tories; H. Michael Wehr, Oregon Department of Agriculture; 
and immediate past president Frank J. Johnson, Tennessee 
Valley Authority.

The Board of Directors met on January 28-29, 1987, in 
Arlington, VA, and took the following actions:

(1) Approved schedule to implement the board-approved 
long range strategic plan before the July 1987 board 
meeting.

(2) Amended and accepted the strategy presented by staff 
for the long range plan. Under this strategy, AOAC 
boards, committees, and staff were assigned respective 
parts of the long range plan. Each group is to present 
to the Board of Directors in July 1987 the actions nec
essary with attached estimates of personnel needs, costs, 
and schedule for completion.

(3) Accepted the Finance Committee’s recommendation 
that Bissell and Meade, the AOAC auditor, be hired for 
fiscal year 1987.

(4) Dissolved the Subcommittee on Automated Methods

and Equipment, a subcommittee of the Instrumental 
Methods and Data Handling Committee.

(5) Concurred with the suggestion of the Committee on 
Quality Assurance to develop media options including 
a loose-leaf manual/handbook, videotapes on specific 
topics, PC disk or 35 MM slides with accompanying 
text on separate topics, pamphlets containing infor
mation on separate topics for presenting quality assur
ance information.

(6) Endorsed the principle of harmonization of protocols 
for the design, conduct, and evaluation of interlabora
tory collaborative studies among international organi
zations.

(7) Approved financial support for Richard Albert as the 
AOAC representative at the IUPAC Working Confer
ence on Harmonization of Collaborative Studies in Ge
neva, Switzerland on May 4-5, 1987.

(8) Accepted the recommendation of the Statistics Com
mittee for a uniform format for the calculation and 
presentation of collaborative study precision data in 
methods submitted for approval.

(9) Commended the Statistics Committee for a job well 
done on developing a computerized statistical program 
for calculation of performance parameters from collab
orative study data.

(10) Deferred inclusion of performance parameters for 
methods in the “C” set of changes in Official Methods 
of Analysis, 14th edition, to be published in March 1987.

(11) Reaffirmed April 1986 instructions to the Constitution 
Committee to draft amendments for preservation to the 
Board of Directors, implementing the January 1986 
board approval of recommendations of the Member
ship Committee on classes, rights, and privileges of in
dividual members, establishment of a single class of 
sustaining members of AOAC, enlargement of the Board 
of Directors, and composition of the Official Methods 
Board and Board of Directors.

( 12) Approved charter for the Mid-Canada Regional Section 
which includes the Province of Manitoba.

(13) Approved $65,000 for new disk drive and accessories 
for the computer in conversion of the database system 
from Oracle version 4 to Oracle version 5.

(14) Approved registration fees for the 1987 Annual Inter
national Meeting as follows:

Pre- registration Fees
Member Nonmember

Full day meeting $105.00 $130.00
One day meeting 
On-site Registration Fees

$ 80.00 $ 90.00

Full day meeting $120.00 $145.00
One day meeting $ 95.00 $105.00

(15) Approved bank resolutions of the Mid-Canada Re
gional Section, Southeast Regional Section, and the 1987 
Spring Training Workshop.

(16) Approved indemnification of regular AOAC headquar
ters staff (greater than 30 hours per week) from liabilities 
incurred in the prudent exercise of their duties and re
sponsibilities as employees of the association.

(17) Accepted the concept in planning for Infant Formula 
Conference II, tentatively scheduled for April 1988 in 
Charleston, SC.
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(18) Elected Thomas Alexander as treasurer of AO AC 
through September 17, 1987, to fill the vacancy created 
by Prince Harrill’s retirement from FDA and resigna
tion.

The AOAC Board of Directors met April 25-26, 1987, in
Ottawa, Ontario, Canada, and took the following actions:

(19) Authorized the Executive Director to prepare written 
answers to specific questions in a press release from the 
House Ways and Means oversight subcommittee which 
is looking at possible changes in tax status of earned 
and unearned income from currently tax-exempt 
501C(6) and 501C(3) organizations.

(20) Approved insertion of performance parameters—re
producibility coefficient of variation (RSDr), repeat
ability coefficient of variation (RSDr), repeatability 
standard deviation (Sr), reproducibility standard devia
tion (SR)— in O ffic ia l M e th o d s  o f  A n a ly s is , 15th edition, 
for methods approved official first action from 1984 
through the fall of 1987, with the provision that these 
parameters be calculated and placed in the 15th edition 
for methods included in the “D ” set of supplements 
(Changes in Methods) to O ffic ia l M e th o d s  o f  A n a ly s is ,  
14th edition.

(21) Deleted all performance parameters listed for methods 
approved 1979-1983 in O ffic ia l M e th o d s  o f  A n a ly s is ,  
14th edition, from O ffic ia l M e th o d s  o f  A n a ly s is , 15th 
edition.

(22) Encouraged each regional section to develop and main
tain a manual of operations following the AOAC re
gional section operations guidelines available from the 
AOAC office.

(23) Instructed regional sections as follows: forward regional 
section annual budget to AOAC comptroller before 
commencement of the regional sections fiscal year; ob
tain specific approval of the AOAC comptroller before 
finalizing any comittments of expenditures totaling more 
than $5000 for a single event or purchase.

(24) Approved recommendation of the Editorial Board that 
subscription rates for the J o u r n a l  o f  th e  A O A C  for 1988 
remain the same as for 1987.

The Board of Directors met on July 14-15, 1987, in Ar
lington, VA, and took the following actions:

(25) Abolished the Committee on Instrumental Methods and 
Data Handling, effective September 18, 1987.

(26) Recommended amendments to the bylaws for consid
eration at the Annual International Meeting on Septem
ber 17, 1987.

(A) Amend Article III, Sections 1 and 2, to establish classes 
of individual membership in the association, individual 
members, sustaining member organizations, and hon
orary members, with individual members eligible to hold 
office, serve on AOAC boards and committees, and vote 
on amendments to bylaws, election of officers, approval 
of analytical methods, and all matters not otherwise ex
cluded.

(B) Establish a provision to allow mail balloting on all sub
stantive matters requiring a vote by the membership, 
including amendments to the AOAC bylaws, election of 
officers, and dues.

(C) Amend Article VIII, Section 3, Paragraph A, to provide 
that a majority of the Official Methods Board shall be 
from one or more of the following: government agencies, 
regulatory agencies, or academic institutions.

(D) Amend Article VI, Section 1, to enlarge membership on 
the AOAC Board of Directors to nine (9) members, the 
majority of whom shall be representatives from one or 
more of the following: a national, state, provincial, or 
municipal government, a regulatory agency, or acade
mia, with a provision that no member of the board may 
be elected for more than six (6) consecutive years.

(E) Deleted paragraphs A, B, and C from Article IX, Section
1. Provided for members instead of agencies voting on 
approval of methods of analysis.

(27) Commended the chairman and Committee on the Con
stitution for the work on the bylaw amendments.

(28) Supported the president’s interpretation of Article X IV  
of the bylaws that individual members of the associa
tion vote on amendments to the AOAC bylaws.

(29) Amended previous action, that of inserting the previ
ously designated performance parameters for methods 
in the 15 th edition of O ffic ia l M e th o d s  o f  A n a ly s is , to 
provide for inclusion for these performance parameters 
for all methods approved official first action from 1984 
(published in March 1985) through 1988 (published in 
January 1989). Required that performance parameters 
applicable to methods to be published in the “D ” set 
of supplements (Changes in Methods) be provided with 
the methods that are approved September 17, 1986.

(30) Approved registration fees for the 1988 AOAC Annual 
International Meeting as follows:

M e m b e r N o n m e m b e r

A d v a n c e  re g is tra tio n $115.00 $160.00
One-day 90.00 100.00
O n -s i te  re g is tra tio n 130.00 175.00
On-site one-day 105.00 115.00

(31) Elected the following persons Fellows of the AOAC: 
Patricia Bulhack, Food and Drug Administration, 
Washington, DC; David W. Fink, Merck Sharp, and 
Dohme, Inc., Rahway, NJ; James J. Karr, Pennwalt, 
King of Prussia, PA; Dick R. Kleyn, Rutgers University, 
New Brunswick, NJ; Robert A. Isaac, University of 
Georgia, Athens, GA; Gerald R. Myrdal, Wisconsin 
Department of Agriculture, Madison, WI; Douglas L. 
Park, Food and Drug Administration, Washington, DC.

(32) Approved the cooperative agreement between the Roy
al Society of Chemistry Analytical Methods Committee 
and AOAC.

(33) Approved the bank resolution for the Southeast Re
gional Section.

(34) Reviewed and concurred with proposals from AOAC 
boards, committees, and staff to implement approxi
mately 85 different items in the draft long range stra
tegic plan. Each proposal described actions to be taken, 
identified the group to take the actions, established 
starting and completion dates, and estimated staff time 
and other costs of the action. Completion dates for the 
long range plan ranged from fall 1987 to the fall of 1990 
and in some cases beyond. The board noted that the 
plan assumes AOAC’s purposes in the bylaws are still 
valid, that some items were more important than oth
ers, and that each AOAC volunteer group should set 
its own priorities with board review of resource needs 
and accomplishments in implementing their parts of 
the long range plan.
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The Board of Directors met on September 13, 1987, at the
Cathedral Hill Hotel in San Francisco, CA, and took the
following actions:

(35) Affirmed a mail ballot of August 14, 1987, relating to 
approval of recommendation to the membership of 
housekeeping amendments to the bylaws.

(36) Modified the language of an August 28, 1987, mail bal
lot and approved supplements in the amount of $ 15,298 
to the fiscal year 1987 budget of 2 AO AC representa
tives.

(37) Approved in concept the point rating system to identify 
candidates for Fellows of the AO AC, after deleting points 
for publication in the scientific media.

(38) Approved establishment of an ad hoc committee to 
review the proposal for a short course on sampling.

(39) Approved changing the AOAC accounting period from 
the fiscal year October 1 through September 30 to a 
calendar year January 1 through December 31, effective 
October 1, 1987.

(40) Directed the staff to compile all policies adopted by the 
Board of Directors since early 1982 through September 
18, 1987, and transmit this compilation with appro
priate documentation to a board committee by Novem
ber 15, 1987.

(41) Directed the staff to submit a draft employee handbook 
(personnel policy) describing benefits, duties, respon
sibilities, rights and so on, for submission to the board 
at the March 1988 meeting.

(42) Set dates for the 1988 meetings of the Board ofDirectors 
as follows: January 6-8, 1988, Arlington, VA; March
8-10,1988, Arlington, V A; June 8-10, 1988, Arlington, 
VA; August 28 & September 2, 1988, Palm Beach, FL.

(43) Sources of financial support through October 1987 were:

G o v e r n m e n t:
Agriculture Canada 
Association of Public Analysts 
Environmental Protection Agency 

Office of Pesticide Programs 
Food and Drug Administration 
Health and Welfare Canada 

Health Protection Branch 
State Laboratory (Ireland)
Laboratory of the Government Chemist 
Ministry of Agriculture, Fisheries & Food 
U.S. Department of Agriculture 

Agricultural Research Service

Alabama Department of Agriculture and Industries 
Alberta Agriculture
Alberta Dairymen’s Association Research Unit 
Arizona State Agriculture Laboratory 
Arkansas State Plant Board 
Assiut University
California Department of Food and Agriculture
Colorado Department of Agriculture
Delaware Department of Agriculture
Florida Department of Agriculture and Consumer Services
Georgia Department of Agriculture
Hawaii Department of Agriculture
Hawaii Department of Health
Illinois Department of Agriculture
Indiana Office of the State Chemist
Indiana State Board of Health

Instituto di Técnica e Sperimentazione 
Lattiero-Caseari di Thiene 

Iowa Department of Agriculture 
Iowa State Veterinary Diagnostic Laboratory 
Kansas State Board of Agriculture 
Kentucky Agricultural Experiment Station 

Division of Regulatory Services 
Kentucky Department of Agriculture 
Maryland Department of Agriculture 
Massachusetts Department of Food and Agriculture 
Michigan Department of Agriculture 
Minnesota Department of Agriculture 
Mississippi State Chemical Laboratory 
Missouri Experiment Station Chemical Laboratory 
Montana Department of Agriculture 
Nebraska Department of Agriculture 
New Jersey Department of Agriculture 
New Mexico Department of Agriculture 
New York Department of Agriculture and Markets 
North Carolina Department of Agriculture 
North Dakota State Laboratories Department 
Oklahoma Department of Agriculture 
Ontario Ministry of Agriculture and Food 
Oregon Department of Agriculture 
Pennsylvania Department of Agriculture 
Quebec Department of Agriculture 
South Carolina Department of Agriculture 
South Dakota State Chemical Laboratories 
Tennessee Department of Agriculture 
Texas Agriculture Experiment Station 
University of Vermont 

Agriculture Testing Laboratory 
Utah State Department of Agriculture 
Virginia Division of Consolidated Laboratory Services 
Wisconsin Department of Agriculture Trade/Consumer 

Affairs
Wyoming Department of Agriculture

Industry:
ABC Research Corp.
Agway, Inc.
Alcon Laboratories, Inc.
American Burdick & Jackson
American Council of Independent Laboratories, Inc.
American Crystal Sugar Co.
American Cyanamid Co.
American Maize Products 
The Andersons 
Archer-Daniels-Midland 
A/S N. Foss Electric 
Avon Products, Inc.
BASF Corp. Chemicals Division 
Beckman Instruments, Inc.
Beech-Nut Nutrition Corp.
Biochem Laboratorium BV 
Bio-Rad Laboratories 
Boehringer Mannheim 
Borden, Inc.
Bristol-Myers Co.
Bristol-Myers U.S. Pharmaceutical & Nutritional Group 
Cacaofabriek De Zaan BV 
California Almond Growers Exchange 
Calreco, Inc.
CAMCO
Campbell Institute for Research & Technology
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Campbell Taggart, Inc.
Cargill, Inc.
Carrington Laboratories, Inc.
Castleton Beverage Corp.
CEM Corp.
Chef Reddy Foods Corp.
Chemical Waste Management Inc.
Chevron Chemical Co.
CIBA-GEIGY Corp. Agricultural Division 
The Coca-Cola Co.
Comibassal International 
Compu-Chem Laboratories, Inc.
ConAgra Consumer Frozen Foods Co.
Continental Baking Co.
Com Refiners Association, Inc.
CPC International, Inc.
DFA of California 
Digital Equipment Corp.
Dionex Corp.
Dow Chemical Co.
Duphar BV
E.I. DuPont de Nemours & Co.
DuPont Pharmaceuticals 
Dynatech Laboratories, Inc.
Eastman Chemical Products, Inc.
Eli Lilly and Co.

Elanco Products Co. Division 
Environmental Testing & Certification Corp.
Express Foods, Inc.
FMC Corp. Agricultural Chemicals Group 
FMC Corp. Food & Pharmaceutical Products Division 
The Fertilizer Institute 
Fisher Scientific Co.
Foss Food Technology Corp.
GAF Corp.
Galbraith Laboratories, Inc.
E & J Gallo Winery 
Gama Foods, Inc.

Division of ITC 
General Foods Corp.
General Mills, Inc.
GENE-TRAK Systems 
Gerber Products Co.
Gist Brocades USA 
Golden State Foods Corp.
Griffith Laboratories USA, Inc.
Haarman & Reimer Corp.
Hazleton Laboratories America, Inc.
Heinz USA 
Hershey Foods Corp.
Heublein Wines
Hoechst-Roussel Pharmaceuticals, Inc.
Hoffmann-La Roche, Inc.
ICI Americas, Inc.
International Minerals & Chemical Corp.
S. C. Johnson & Son, Inc.
Kellogg Co.
Kemira OY 
Kraft, Inc.
The Kroger Co.
Laboratorio di Chimica Analitica Applicata SNC 
Laboratory Specialists, Inc.

Lancaster Laboratories, Inc.
Lehn & Fink Products Co.
Thomas J. Lipton, Inc.
Loma Linda Foods, Inc.
McCormick & Co., Inc.
McKee Baking Co.
MCLAS Technologies, Inc.
McLaughlin Gormley King Co.
McNeil Consumer Products Co.
Marion Laboratories, Inc.
Merck Sharp & Dohme Research Laboratories 
Mettler Instrument Corp.
Miles Laboratories, Inc.
3M Company 
Mobay Corp.
Monsanto Agricultural Co.
Moorman Manufacturing Co.
Nabisco Brands, Inc.
National Food Processors Association 
National Starch & Chemical Corp.
Nestec Ltd
New Zealand Milk Products, Inc.
Novo Biochemicals 
Ocean Spray Cranberries, Inc.
O.M. Scott & Sons Co.
Organon Teknika Corp.
Orion Research, Inc.
Ortho Pharmaceutical Corp.
Oxoid USA, Inc.
Pennwalt Corp.
Pepsico 
Perdue, Inc.
Pfizer Inc.
Pharmacia AB 
Philip Morris USA 
The Pillsbury Co.
The Procter & Gamble Co.
The Quaker Oats Co.
Ralston-Purina 
Rhone-Poulenc Chemical Co.
R. J. Reynolds Industries, Inc.
R. J. Reynolds Tobacco Co.
Ross Laboratories
Sandoz Crop Protection Corp.
Schenley Distillers
Joseph E. Seagram & Sons, Inc.
Schenley Distillers 
Shasta Beverages, Inc.
ShriRam Institute for Industrial Research 
Silliker Laboratories, Inc.
SmithKline Animal Health Products
E. R. Squibb & Sons, Inc.
Technicon Industrial Systems 
Technological Institute 
The Upjohn Co.
Wallace Laboratories 

Division of Carter-Wallace, Inc.
Warner Lambert Co.
Waters Chromatography 

Division of Millipore 
Welch Foods, Inc.
Zoecon Corp.



146 SECRET AR Y/TREASURER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988)

Secretary/T reasu rer and the F inance C om m ittee

T H O M A S  G . A L E X A N D E R , Secretary/Treasurer 
F o o d  a n d  D r u g  A d m in is tr a t io n ,  N a t io n a l  C e n te r  f o r  
D r u g s  a n d  B io lo g ie s , W a sh in g to n , D C  2 0 2 0 4

Other Members: E. R. Elkins; J. E. McNeal

Recommendations for the Board of Directors
The Finance Committee recommends that Bisselle, Meade 

& Company again be selected to serve as the Association’s 
auditors. In our opinion, the company has served the As
sociation well with professional accounting. It is only fitting 
that they be reselected.

Other Discussion
The committee met 4 times during fiscal year 1987. Each 

quarterly financial statement was carefully reviewed. The 
proposed fiscal year 1988 budget was reviewed and com
mented on. The bank vault contents were examined and 
found to be in order. The fiscal year 1987 audited financial 
report was published (J. A sso c . Off. A n a l. C h e m . (1987) 70,
344-345). Copies are available for those interested.

Other items acted on include policies with respect to petty 
cash fund, non-U.S. checking accounts, and regional section 
financial practices. Also the committee acted on, or is acting 
on, 3 issues of the Strategic Action Plan. Finally, the com
mittee prepared, and is presenting to the Governance Coun
cil, a proposed rewriting of the committee’s Terms of Ref
erence.

STATEM ENT OF FINANCIAL CONDITION -  
SEPTEM BER 30, 1987

Assets
C u rre n t A sse ts :

Cash, Signet Bank*
Cash, 1st American Bank*
Cash, 1st American Bank, 

payroll*
Cash, Office fund 
Cash, Regional sections 
Accounts Receivable 

Books and publications 
Contracts and support 
Sustaining Members 
Membership 
Contributions-Annual 

Meeting
Annual Meeting 
Other

Accrued interest receivable 
Inventory, books and 

publications—at cost 
Prepaid expenses 
Deposits

T o ta l  C u rre n t A s s e ts

I n v e s tm e n ts :
Securities $ 65,956
Certificates of Deposit 1,267,431 $1,333,387

F ix e d  A sse ts :
Office furniture, fixtures, 

and equipment

$ 4,653
69,638

13,884
500

26,799

34,333
72,706
14,500
1,640

3,000
2,815
7,806
7,779

180,675
9,776

850
$451,354

Computer and computer
software 351,421

Less: accumulated 
depreciation

$ 416,972 

-217,308 $ 199,664

D e fe r re d  C o s ts :
Official Methods of Analysis— 

15th Edition $ 14,951
Annual Meeting— 1988 5,714
Annual Meeting Exhibit 

Booths— 1988 1,484
EPA Update 7,246
Sampling Manual 2 ,1 1 2
QA Prin Update 1,623
Infant Formula 3,801
Statistical Manual Text 1,578
Principles of Food Analysis 83
Q/A Short Courses 1,881 $ 41,073

T o ta l  A s s e ts $2,025,478

* Interest bearing account

Liabilities and Fund Balances
C u rre n t L ia b i l it ie s :

Accounts payable 
Accrued and withheld

$ 80,371

payroll taxes 1,593
T o ta l  C u r re n t L ia b i l i t ie s $ 81,964

D e fe r re d  In c o m e :
Journal subscriptions $ 87,608
Sustaining Members 47,438
Membership 
Annual Meeting 1988 —

22,140

Exhibit booths 575
Infant Formula 4,000
Q/A Short Courses 6,600 $ 168,361

R e s e r v e  f o r  P u b lic a tio n s $ 200,000
R e s tr ic te d  R e s e r v e  f o r  F A A M $ 5,155
R e s tr ic te d  R e s e r v e  f o r  M A M $ 2,267
R e s tr ic te d  R e s e r v e  f o r  A D A M $ 3,387
R e s tr ic te d  F u n d — H a r v e y  W ile y $ 46,521
R e s tr ic te d  F u n d — 1 5 th  E d i t io n  

R e s tr ic te d  F u n d — L ia b i l i t y

$ 618,139

In su ra n c e $ 4,016
F u n d  B a la n c e :

Balance, October 1, 1986 
Less: excess of expenses

$ 995,678

over income for the 
twelve months ended 
September 30, 1987 -115,911

Balance, September 30, 1987 $ 879,767
Add: Income— 
Regional Sections 
Adjusted balance, 
September 30, 1987

15,901

$ 895,668
T o ta l  L ia b i l i t ie s  a n d

F u n d  B a la n c e s $2,025,478
$ 65,551
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Official Methods Board

A L A N  R. H A N K S , Chairman
O ffice o f  th e  I n d ia n a  S ta t e  C h e m is t,
P u rd u e  U n iv e rs ity , B io c h e m is tr y  D e p a r tm e n t,
W e s t L a fa y e tte ,  I N  4 7 9 0 7

Other Members: M. H. Brodsky; H. B. S. Conacher; D. J. 
Dube; T. L. Jensen; R. J. Noel; R. Schmitt; E. Sheinin; L. L. 
Zaika

Recommendations for the Board of Directors
During this past year the Official Methods Board has taken 

a position on several important issues and recommends the 
following for adoption as AOAC official policy by the Board 
of Directors.

A. Studies proposed for official first action approval must 
be presented in a poster or other designated form at an An
nual International Meeting and before a vote of the mem
bership for official first action. If an Associate Referee is 
unable to attend an Annual International Meeting, the pre
sentation may be made by the General Referee or a fellow 
scientist familiar with the method.

B. An official first action method may not be adopted 
official final action before the second Annual International 
Meeting after it was first adopted. Notice of the General 
Referee’s intent to recommend a method for adoption as 
official final action must be published in T h e  R e fe r e e  in ad
vance of the Annual International Meeting.

C. Any competent scientist in the technical field of a meth
od to be studied, regardless of his/her level of vested interest 
in proprietary products/reagents used in the method, may 
conduct a collaborative study (usually as the Associate Ref
eree) according to established AOAC criteria. Furthermore, 
all reagents which can be prepared in the user’s laboratory 
must be described; proprietary reagents to be protected as 
trade secrets must be described so as to specify the principles 
involved in detection and quantitation.

Rationale for Recommendations to the Board of Directors
A. Currently, methods approved interim official first ac

tion are listed in T h e  R e fe r e e  before the Annual International 
Meeting at which they may be adopted official first action. 
A copy of the method is also made available for review by 
interested parties. However, unless a presentation is made 
in some other form, there is inadequate opportunity for pub
lic view of the method and direct interaction on questions 
with the Associate Referee.

B. A method approved official first action is not published 
as a part of “Changes in Methods” until 4-6 months after 
the date of approval, and such a method actually becomes 
official 30 days after publication. Thus, the policy recom
mendation is made to give interested users adequate time to 
obtain, use, and evaluate a method before it is adopted official 
final action.

C. Recent developments in biotechnology have resulted 
in a rapid increase in the use of proprietary products in the 
detection of many analytes such as aflatoxins, drugs, anti
biotics, pesticide residues, and animal tissues as economic 
adulterants of meat products. It is not unusual for a scientist 
directly involved or closely associated with the development 
of a proprietary biotechnology product/reagent to wish to 
conduct a collaborative study. These scientists may at times 
appear to place such high value on an AOAC-approved meth
od using their products that their objectivity is seemingly 
blurred, and it is difficult to avoid the impression of an intent

to take advantage of AOAC. Because the Official Methods 
Board has not observed any distortions or scientific biases 
in the methods employing proprietary biotechnology prod- 
uct/reagents; because the developers of proprietary products 
have the right to protect trade secrets; because the possession 
of vested interests stimulates the conduct of collaborative 
studies; and because the users of AOAC methods should, if 
so inclined, be able to prepare nonproprietary reagents, while 
having knowledge of the scientific principles behind the per
formance of proprietary products or reagents; the Official 
Methods Board submits the relevant recommendations for 
adoption as AOAC policy.

Meetings
The Official Methods Board continued in its primary re

sponsibility to administer the AOAC collaborative study and 
approval process through 3 meetings during the year: De
cember 10-12 in St. Louis, MO, June 4-6 in Toronto, On
tario, Canada, and September 12 in San Francisco, CA, at 
the AOAC Annual International Meeting. The timeliness of 
the December and June meetings allowed many actions and 
decisions to guide all persons involved in the method study 
and approval processes to be incorporated in informational 
letters sent in January and June of 1987 to General and 
Associate Referees.

Educational Forum Feedback
For the last few years the Official Methods Board has de

voted considerable time and effort not only to the Volunteer 
Educational Forum, but also to evaluation and responses 
with feedback received on the new interim review process 
as a result of the forum. The Official Methods Board plans 
to continue the Volunteer Educational Forum and would be 
pleased to receive suggestions on form, format, and content 
to meet the needs of method volunteers. That portion of the 
1987 educational session devoted to method committees of 
the whole is in direct response to method volunteer requests. 
Further, during this past year, the following actions, re
sponses, or decisions were made as a result of feedback from 
the session in Scottsdale:

A. Associate Referees can and should do their own sta
tistical calculations, using the forms (and statistical pro
grams) to be provided by the AOAC Committee on Statistics, 
with oversight provided by methods committee statistical 
consultants.

B. It is the consensus of the Official Methods Board that 
one statistical consultant per methods committee is sufficient, 
as conflicts may arise when 2 statistical consultants are asked 
to review the same manuscript. In the event any Methods 
Committee has 2 statistical consultants, the committee chair
man may make the decision as to which one to use.

C. In the event of conflicts between the educational packet 
distributed at the AOAC Annual International Meeting in 
Scottsdale, AZ, and the H a n d b o o k  f o r  A O A C  M e m b e r s , 5th 
edition, the guidelines contained in the educational packet 
should be followed.

D. The Official Methods Board believes that all General 
Referee and statistical consultant comments should be in
cluded with a collaborative study when it is distributed to a 
methods committee for review and that General Referees 
should be included in any correspondence concerned with 
studies by their Associate Referees.

E. A suggestion to place a “seal of approval” stamp on 
study designs and protocols which have been reviewed and 
approved by General Referees and statistical consultants has 
been rejected. The new review process is still too young to
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penalize Associate Referees for failure to submit their plans 
for advance review.

F. The Official Methods Board encourages preliminary 
interaction between an Associate Referee and General Ref
eree before submission of a study protocol.

G. General Referees should make certain that Associate 
Referees send complete methods as they are to be used and 
not just instructions to collaborators or mixed statements 
including the method plus collaborator instructions.

A wards
The Official Methods Board annually coordinates the se

lection process for recognition of excellence in performance 
by Associate and General Referees.

A. In 1987, the methods committee nominees for General 
Referee of the Year were: Committee on Pesticides and Dis
infectants—James Launer, retired, Oregon Department of 
Agriculture; Committee on Drugs and Related Topics—James 
Fitzgerald, Food and Drug Administration; Committee on 
Foods I —David Firestone, Food and Drug Administration; 
Committee on Foods I I—Randolph Dyer, Bureau of Alco
hol, Tobacco and Firearms; Committee on Residues—no 
nominee; Committee on Microbiology—Wallace Andrews, 
Food and Drug Administration; Committee on Feeds, Fer
tilizers, and Related Topics—P. Frank Ross, U.S. Depart
ment of Agriculture: and Committee on Hazardous Sub
stances in Waste and the Environment—no nominee. During 
its June meeting in Toronto, the Official Methods Board 
voted to select P. Frank Ross, U.S. Department of Agricul
ture, General Referee for Veterinary Analytical Toxicology, 
as the General Referee of the Year for 1987.

B. One of the Associate Referee awards recognizes the 
single best collaborative study, approved interim official first 
action prior to the Annual International Meeting, as the Col
laborative Study of the Year, based on scientific innovation 
and collaborative study design, implementation, and re
porting. The nominees for this award were: Committee on 
Pesticide Formulations and Disinfectants—“HPLC Method 
for Anilazine in Formulated Products: Collaborative Study,” 
by Stephen C. Slahck, Mobay Corp.; Committee on Drugs 
and Related Topics—“Analysis and Identification of Dexa- 
methazone in Bulk Drugs and Elixirs: Collaborative Study,” 
by Elaine E. Bunch, Food and Drug Administration; Com
mittee on Foods I —no nominee; Committee on Foods I I— 
“Titrimetric Determination of Carbon Dioxide in Wine: Col
laborative Study,” by Arthur Caputi (Associate Referee) and 
Durwood R. Walker, E.&J. Gallo Winery; Committee on 
Residues—“Rapid Determination of Methyl Mercury in Fish 
and Shellfish: Collaborative Study,” by Susan C. Hight, Food 
and Drug Administration; Committee on Microbiology— 
“Identification of Mammalian Feces by Coprostanol TLC: 
Collaborative Study,” by George P. Hoskin, Food and Drug 
Administration; Committee on Feeds, Fertilizers, and Re
lated Topics—“Comparison of HgO and CuS04/Ti02 as 
Manual Kjeldahl Digestion Catalysts in the Determination 
of Crude Protein: Collaborative Study,” by Peter F. Kane, 
Purdue University; and Committee on Hazardous Sub
stances in Waste and the Environment—no nominee. The 
study conducted by Elaine E. Bunch was selected for the 
Collaborative Study of the Year award for 1987.

C. The recipients of the methods committee Associate 
Referee of the Year awards in 1987 were: Committee on 
Pesticides and Disinfectants—David Tomkins, Monsanto 
Agricultural Products Co.; Committee on Drugs and Related 
Topics—Elaine E. Bunch, Food and Drug Administration;

Committee on Foods I —Douglas L. Park, University of Ar
izona (formerly with the Food and Drug Administration); 
Committee on Foods I I—Stephen A. Barnett, Mead Johnson 
& Co., and James T. Tanner, Food and Drug Administration; 
Committee on Residues—Leon D. Sawyer, Food and Drug 
Administration; Committee on Microbiology—Russell S. 
Rowers, Silliker Laboratories, Inc.; Committee on Feeds, 
Fertilizers, and Related Topics—David Osheim, National 
Veterinary Services Laboratory; and Committee on Hazard
ous Substances in Waste and the Environment—no nominee. 
The methods committee Associate Referee awards recognize 
outstanding work and service by Associate Referees in their 
topic areas.

Task Forces
Three new task forces have been initiated to address the 

AO AC strategic plan and other issues assigned to the Official 
Methods Board.

A. An ad hoc Sampling Task force has been charged to 
“assess the extent that AOAC should become involved in 
the development of sampling guidelines and sample prepa
ration guidelines for the analytical (both chemical and bio
logical) examination of foods, drugs, pesticides, water, air, 
and other materials or matrices of interest to AOAC.” The 
Official Methods Board is most pleased to have Douglas L. 
Park, University of Arizona (formerly with the Food and 
Drug Administration), serving as the task force chairman.

B. A Methods Outreach Task Force has been organized 
to address the AOAC Strategic Plan assignment to “develop 
quicker response to methodology needs.” The primary charge 
for this task force is the identification of method sources and 
laboratory resources: What groups, agencies, organizations, 
individual laboratories, and fields of study are likely, or po
tential, sources of methods that can be, or already have been, 
subjected to collaborative study, and/or may meet the con
tinually growing need for new validated methods. What lab
oratories and groups with common/like interests or goals 
related to those of AOAC, but not necessarily involved in 
AOAC activities currently, can be attracted to participate in 
the AOAC methods process? Also, the Official Methods Board 
is asking for a recommendation on a structure that would 
provide continual updating of the task force outputs to place 
AOAC in a position to stay current in the identification of 
new methods, method areas, resources, sources, and clientele. 
The Official Methods Board is extremely pleased to have H. 
Michael Wehr, Oregon Department of Agriculture, as chair
man of the Methods Outreach Task Force.

C. Another AOAC Strategic Plan assignment to “develop 
a statement for methods needed in crisis situations” has 
prompted the establishment of the Crisis Methods Task Force. 
During the past few years, several situations have developed 
rapidly and evoked immediate demands for analytical meth
ods: aldicarb in watermelons, EDB in grain products and 
other foods, sulfite on foods, and ethylcarbamate in wine and 
other liquors. Regulatory and industry laboratories may be 
fortunate and find an existing, validated method available 
such as the LC postcolumn carbamate pesticide method 
(29.A05) useful for aldicarb; however, there may not be a 
method, or existing methods may require multilaboratory 
validation in order for users, both industry and government, 
to have adequate confidence in their use in a regulatory en
vironment. The Crisis Methods Task Force is charged to 
evaluate existing emergency validation procedures and then 
to outline and recommend a protocol for evaluation of a 
method for use in a crisis situation, including the role of
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AOAC. The Official Methods Board is very fortunate to have
H. B. S. Conacher, Health and Welfare Canada, serving as 
the Crisis Methods Task Force chairman.

D. As indicated in the 1986 Official Methods Board report 
(J. A sso c . O ff. A n a l. C h e m . (1987) 70, 346-349), the rec
ommendations of the final report of the ad hoc Committee 
on Biological and Pass/Fail Methods have been considered 
fully during this past year. The following actions were taken 
on these recommendations:

I. S u b s t i tu tio n  o f  E x p e r t ’s  C o u n ts  in  E x tr a n e o u s  M a te r ia ls  
C o lla b o r a tiv e  S tu d ie s /A d d i t io n  to  th e  P r e a m b le  o f  C h a p te r  
4 4 . — The Official Methods Board accepted the use of ex
pert counts as a mode for evaluation of extraneous ma
terial pass/fail collaborative study data and accepted and 
recognized the value of the proposed addition to the 
preamble of Chapter 44.

2 . S a m p le s  U s e d  in  C o l la b o r a tiv e  S tu d ie s .— The Official 
Methods Board accepted the recommended statements 
on samples for use in biological and pass/fail collaborative 
studies as material for incorporation in the H a n d b o o k  f o r  
A O A C  M e m b e r s . During this year, additional work was 
completed on “Preparation of Test Samples for AOAC 
Microbiological Collaborative Studies,” by Wallace An
drews (J. A sso c . O ff. A n a l. C h e m . (1987) 70, 931-936). 
The Official Methods Board has recommended it be ref
erenced in the next edition of the Handbook.

3. S ta t i s t i c a l  P a r a m e te r s  a n d  S tu d y  D e s ig n  C o n s id e r a t io n s  
f o r  B io lo g ic a l  a n d  P a s s /F a i l  C o l la b o r a tiv e  S tu d ie s .— The 
Official Methods Board accepted and supports the ad hoc 
committee’s statement on the subject and passed the rec
ommendations on to the AOAC Committee on Statistics.

4. F a ls e  P o s i t iv e s  a n d  F a lse  N e g a t iv e s  in  B io lo g ic a l  a n d  P a s s /  
F a i l  C o l la b o r a tiv e  S tu d ie s . —The Official Methods Board 
agreed to refer the proposed definitions and treatment of 
false positives and false negatives to the AOAC Com
mittee on Statistics for their review and consideration.

5. A p p l ic a t io n  o f  a  M e th o d  to  D iffe re n t C o m m o d i t ie s . — The 
ad hoc committee’s position was not resolved on this 
issue; however, the Official Methods Board reached a con
clusion and recommends that collaborative study results 
should be applied only to commodities included in actual 
studies. Extension of a method to new or different com
modities requires a mini-collaborative study.

Again the Official Methods Board wishes to recognize the 
outstanding work of the ad hoc Committee on Biological and 
Pass/Fail Methods and to give special thanks for the lead
ership provided by Donald A. Mastrorocco, Hershey Choc
olate Co.

Other Actions, Activities, and Decisions
Many actions and decisions made this year may be of 

varying interest to different segments of the membership; 
these included but were not limited to the following:

1. Reviewed a proposed agreement for cooperative efforts 
with the Analytical Methods Committee of the Royal 
Society of Chemistry for method validation and a pro
posed memorandum of agreement with the U.S. Envi-

ronmental Protection Agency for the collaborative study 
of groundwater methods.

2. Responded to the Board of Directors’ requests for com
ments and recommendations on a proposal by the labo
ratory computers and robotics subcommittee of Instru
mental Methods and Data Handling Committee and 
proposals from the Committees on Statistics, Safety, and 
Membership.

3. Developed a collaborative study review guide and con
solidated various Official Methods Board position state
ments, guidelines, and other significant decisions into an 
Official Methods Board policy and operations manual.

4. Made recommendations on inclusion of statistical param
eters in O ffic ia l M e th o d s  o f  A n a ly s is  and accepted in prin
ciple, with comments and questions, recommendations 
contained in the IUPAC Workshop on the Harmonization 
of Collaborative Analytical Studies.

5. Concluded the use of outside experts for method reviews 
by official methods committees was acceptable, if needed, 
but in such situations the collaborative study manuscripts 
must be treated like unpublished papers in peer review.

6. Reviewed the use of critical steps in selected methods 
from O ffic ia l M e th o d s  o f  A n a ly s is  and identified a need 
to highlight these steps in published methods.

7. Moved the topic areas covering cosmetics and drug res
idues from the Committee on Microbiology to the Com
mittee on Drugs and Related Topics.

8. Reviewed the performance of Associate Referees, General 
Referees, and methods committee members.

9. Made recommendations on by-law changes to the Board 
of Directors.

Interim Official First Action and Official First Action 
Methods

The users of AOAC official methods should recognize that 
the designation interim does not relegate a method to an 
inferior class. Methods approved as interim official first ac
tion are but a vote of the Association away from adoption 
as official first action. The AOAC’s best scientific minds, as 
represented by members of its various methods committees, 
have collectively reviewed and approved a method before it 
is designated interim official first action by the Official Meth
ods Board. Those without the scientific background and 
knowledge to judge methods should accept the evaluation of 
the qualified experts involved in approving AOAC official 
methods.

The Official Methods Board would like to conclude this 
report by first thanking all of the volunteers involved in the 
methods validation process this year. Thanks are also in 
order for a job well done by 2 methods committee chairmen 
who conclude their terms of service: “Harry” B. S. Conacher, 
chairman of the Committee on Foods I; and Douglas J. Dube, 
chairman of the Committee on Hazardous Substances in 
Waste and the Environment.

The progress of the Official Methods Board and manage
ment of the collaborative study process would not be possible 
without the excellent staff support of Rita Bahner and her 
assistant, Michelle Glass. My many thanks for their tireless 
efforts and enduring patience.



150 EDITORIAL BOARD: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988)

Editorial Board

R A F F A E L E  B E R N E T T I, Chairman
C P C  In te r n a t io n a l,  In c .,
M o f fe t t  T e c h n ic a l  C e n ter ,
B o x  3 4 5 , A rg o , I L  6 0 5 0 1

Other Members: P. R. Beljaars; K. W. Boyer; J. A. Burke; 
W. Y. Cobb; C. Franklin; T. M. Hopes; S. W. Klein; I. H. 
Pomerantz; O. L. Shotwell; A. W. Tiedemann; C. H. Van 
Middelem

Recommendations for the Board of Directors
The Editorial Board recommends that the Board of Di

rectors approve the American Chemical Society’s proposal 
and contract to AO AC for mounting the J o u r n a l  o f  th e  A s 
s o c ia tio n  o f  O ffic ia l A n a ly t ic a l  C h e m is ts  on STN, Interna
tional, under Chemical Journals Online, and according to the 
Business Plan presented by ACS to AOAC on Aug. 10, 1987.

Discussion
In 1987, the Editorial Board held a meeting in Washington, 

DC, on March 9-10, and a meeting in San Francisco, CA, 
on September 12. The following report highlights both the 
March and September meetings.

K. W. Boyer presented a report on alternative means of 
publishing O ffic ia l M e th o d s  o f  A n a ly s is , proposing that pub
lication of AOAC methods by magnetic or optical disc media 
be postponed until compact disks become more widely avail
able and used in personal computers. Publishing O ffic ia l  
M e th o d s  o f  A n a ly s is  both in one volume and in separate 
sections (e.g., microbiological methods) was recommended. 
Peripheral chapters (e.g., on safety) would be included in each 
separate section. Sections would be made available only to 
purchasers of the complete volume; the shorter versions are 
intended to encourage use by laboratories pursuing specific 
areas of interest. The sections would include chapters ar
ranged in accordance with the responsibilities of the Methods 
Committees. The AOAC publishing staff will work with the 
editor of the 15th edition and the Editorial Board committee 
to define chapter(s) to be grouped in sections and to evaluate 
economic impact.

The status of 13 publications was reviewed. Reviewers’ 
comments were received on a revised text of Garfield’s Q u a l
i t y  A ss u r a n c e  P r in c ip le s  f o r  A n a ly t ic a l  L a b o r a to r ie s , and 
completion of a final manuscript is feasible by next spring. 
Garfield’s new book, “Guide to Sampling Food, Drug and 
Agricultural Commodities,” will be offered to reviewer(s) in 
its final draft in a few weeks. The Youden and Steiner sta
tistical manual has been reprinted “as is” with a minor re
vision, as sales have continued at a steady rate. Wemimont’s 
book, U se  o f  S ta t is t ic s  to  D e v e lo p  a n d  E v a lu a te  A n a ly t ic a l  
M e th o d s , has been very successful and will be reprinted. The 
book won the 1987 Youden Award of the American Statis
tical Association. A new AOAC statistical manual is being

prepared under the direction of the AOAC Committee on 
Statistics and is slated for review jointly with the Editorial 
Board next spring.

Irwin Pomerantz presented a draft report of the Journal 
Review and Evaluation Committee, to be finalized in the 
next 2 months. J o u r n a l readers, authors, and reviewers and 
AOAC members responded to a questionnaire about the 
J o u rn a l, expressing satisfaction with the present contents and 
format. However, based on this survey and on an opinion 
poll of the J o u r n a l editors, the journal committee is expected 
to recommend that the J o u r n a l become a monthly publi
cation as soon as possible. The J o u r n a l staff will prepare an 
“issues and options” paper concerning increased publication 
frequency. If it is decided to publish the J o u r n a l monthly, 
the page limit will probably be increased.

A policy for recruiting and appointing new J o u r n a l section 
editors, as vacancies occur, was approved. Also approved 
was a description of duties and responsibilities of J o u r n a l  
section editors. The description is to be shared with a new 
editor and his/her supervisor at the time of appointment. All 
future J o u r n a l section editors will be appointed for terms of 
6 years (renewable). Annual performance appraisals will con
tinue and present editors will continue their open-ended ten
ures.

Page charges were instituted for the J o u r n a l in late 1986. 
Early returns on this initiative are mixed; more time is need
ed for an assessment of the effects on costs and revenues. 
Page charges were confirmed for methods development pa
pers leading to collaborative studies; collaborative study re
ports which are denied official status, but are deemed suitable 
for publication through peer review are exempt.

Evaluation of a proposal from the American Chemical 
Society to place the J o u r n a l full text on-line within the Sci
entific Technical Network (STN) led to a recommendation 
that the Board of Directors approve the proposal and con
tract. Readership and prestige of the J o u r n a l are expected to 
increase by its association, within STN, with many other 
leading ACS and international chemistry journals. Extension 
to the AOAC O ffic ia l M e th o d s  o f  A n a ly s is  will be considered.

Increasing J o u r n a l publication frequency and placing the 
J o u r n a l online have strong implications of increased revenue 
through increased advertising income and increased read
ership. Publishing separate sections of O ffic ia l M e th o d s  o f  
A n a ly s is  would also increase its usefulness; however, appro
priate printing and marketing strategies need to be developed.

Other topics covered were acquisition and review of special 
material for the J o u rn a l, such as review papers, editorials, 
and technical commentaries (advice to be sought from the 
editors); minor changes to the wording of the Editorial Board 
Terms of Reference; desktop publishing; and possibilities of 
publication exchanges with libraries and publishers outside 
the United States. In connection with desktop publishing, a 
proposal that AOAC consider publishing a “Laboratory Bul
letin Board” will be studied.
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A rchives Com m ittee

C H A R L O T T E  A . B R U N N E R , Chairman
F o o d  a n d  D r u g  A d m in is tr a t io n ,
D iv is io n  o f  C a r d io -R e n a i  D r u g  P ro d u c ts ,
R o c k v ille , M D  2 0 8 5 7

Other Members: W. V. Eisenberg; W. Landgraf; R. Pierce;
H. L. Reynolds; E. Samoff; H. M. Stahr

Recommendations for the Board of Directors
A. The committee recommends that chairmen of AOAC 

committees and regional sections be requested to furnish the 
Archives Committee with copies of all materials that might 
be of historical interest and do not get published in the J o u r 
n a l o f  th e  A O A C .

B. The committee recommends that the Board of Direc
tors approve funding to cover the cost of taping and tran
scribing oral histories, copying old documents and photo
copies, shipping costs, conference calls, and a booth at the 
1988 annual international meeting.

Discussion
The committee met on Wednesday morning, September 

16, 1987, at the Cathedral Hill Hotel, San Francisco. Com
mittee members gave informal progress reports on their ac
tivities during the past year. Dr. Stahr held discussions with 
Salsbury Laboratories, one of the earliest industry labora
tories to develop and validate methods. They are willing to 
cooperate. He also arranged to obtain AOAC materials from 
Dr. Gehrke, and he and Wynne Landgraf will sort and pre
pare the material for delivery to the archives at Iowa State. 
He has also held discussions with the state experiment station 
and the state department of agriculture but neither organi
zation could identify AOAC materials. Dr. Stahr talked to 
some former Wiley Award winners and asked for their co
operation. It was suggested that a search be made of the 
AOAC files on Wiley Award winners and AOAC Fellows for

historical materials. Wynne Landgraf contacted the Society 
of Feed Microscopists and obtained a few items. Their his
torian has promised to look for AOAC-related materials. It 
was suggested that Dr. Walls of the University of Maryland 
would be a good source.

Dr. Eisenberg has been in contact with Wallace Janssen, 
the FDA historian, but most of that material is oriented to 
FDA rather than to AOAC. He plans to get in touch with 
retired FDA employees who were formerly active in AOAC. 
He will also approach the Food and Drug Law Institute.

Charlotte Brunner and Helen Reynolds have continued 
their examination of AOAC files for archives materials. They 
have been examining the AOAC Centennial files; when that 
is completed, they will look at the administrative files, such 
as financial reports, minutes of Board of Directors and Ed
itorial Board meetings, and formation of committees and 
regional sections.

The proposed questions for use in obtaining oral histories 
were reviewed. One question was added, namely, “What do 
you consider your chief contribution to AOAC?” Names 
were suggested as candidates for oral histories, and com
mittee members were assigned the task of obtaining the oral 
histories.

The Archives Committee booth at the 1987 meeting was 
discussed. The committee felt that the effort had been worth
while. A number of members have been made aware of the 
existence and purpose of the committee, and several people 
agreed to furnish materials or to get in touch with persons 
who might have materials to contribute. Ideas for a booth 
at the 1988 meeting were discussed.

To achieve our goals, in addition to the various suggestions 
listed above, we will try to obtain more volunteers and mem
bers in the Washington, DC, area who will help with the 
time-consuming task of going through AOAC files. We are 
also asking that the various standing committees and regional 
sections be requested to regularly furnish the Archives Com
mittee with copies of their documents for possible inclusion 
in the archives. It is hoped that these various efforts will 
eventually produce the kind of archival materials we need.

Com m ittee on the C onstitution

A U D R E Y  V. G A R D N E R , Chairman
N e w  Y o r k  S ta te  A g r ic u l tu r a l  E x p e r im e n t  S ta t io n ,  G e n e va ,
N Y  1 4 4 5 6

Other Members: W. R. Bontoyan; R. H. Bowers; A. Conetta;
E. J. DeVries; C. A. Geisler; J. B. Kottemann; J. P. Minyard;
R. J. Ronk; A. W. Tiedemann; B. Woodward

Recommendation to the Board of Directors
The Committee on the Constitution recommends that the 

Board of Directors consider amending the AOAC bylaws to:
(7) incorporate all references to the Official Methods Board 
in a separate article; also to be considered are the proposed 
changes which have been suggested by the Official Methods 
Board; and (2) place all references to voting in a separate 
article.

Basis for Recommendations
The Official Methods Board has requested that the Board 

of Directors consider several amendments, including that the

Official Methods Board determine the duties of Associate 
Referees, General Referees, and statistical consultants; that 
the size of each methods committee be increased to a min
imum of 7; that the right of the Board of Directors to de
termine the number and tenure of General Referees be re
moved; and that the methods appeal procedure be formalized. 
It would also be advantageous to have all sections of the 
bylaws that relate to the Official Methods Board placed in 
one article for clarification and accessibility.

The various references to voting in the association are 
scattered throughout the current bylaws. It would be advan
tageous to have all these references placed in one article for 
clarity and easy reference. These would include voting on 
amendments to the bylaws, adoption of methods, acceptance 
of committee reports, election of officers, setting of fees, and 
other substantive matters by mail ballot, by proxy, or at the 
annual business meeting.

Discussion
The committee met on September 14, 1987, during the 

AOAC Annual International Meeting in San Francisco, CA. 
The 5 proposed bylaw amendments and their related house
keeping amendments, as approved by the Board of Directors,
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were reviewed and discussed at length. The text of the pro
posed amendments is appended.
Members of the committee would be available during the 

meeting to inform association members of the amendments 
to be voted on at the business meeting on September 17.
The procedures to be followed for accepting and validating 

proxy votes, presenting the amendments for vote at the busi
ness meeting, and tabulating the voting results were reviewed.

The chairman wishes to thank the committee members 
for the extra effort necessary to complete the many tasks of 
the past year. Special thanks to Margaret Ridgell of the AOAC 
office for her assistance and encouragement in meeting dead
lines, and to Virginia Schlottshauer, AOAC parliamentarian, 
for her expertise and guidance.
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BYLAWS

Revised September 17, 1987

ARTICLE I 
Name

The name by which this Association shall be known is the “Association of Official Analytical Chemists” (hereinafter 
referred to as the “Association”).1

ARTICLE II 
Purpose

This Association is organized and operated exclusively for scientific and educational purposes within the meaning of section 
501(c)(3) of the Internal Revenue Code of 1954. Its primary purpose is to provide government agencies and other interested 
parties, particularly regulated industries, with analytical methods (chemical, biological, or physical) which have undergone 
interlaboratory tests, have been found to be satisfactory, and have been adopted by the Association for use as follows: by 
government agencies for enforcement of, and by industry for compliance with, legal or voluntary requirements or recom
mendations; for monitoring; for research; and for any other pertinent applications. To accomplish its purpose, the Association 
will carry out the following activities:
A. Obtain, improve, develop, test, and adopt uniform, precise, and accurate methods for the analysis of foods, vitamins, 

food additives, pesticides, drugs, cosmetics, plants, feeds, fertilizers, hazardous substances, air, water, and any other 
products, substances, or phenomena affecting the public health and safety, the economic protection of the consumer, 
or the protection of the quality of the environment;

B. Publish: (7) a compendium of official analytical methods; (2) a journal for reporting research in analytical chemistry 
and related areas, for reporting the results of tests of analytical methods, and for reporting actions of the Association, 
particularly those with respect to the adoption of methods; and (3) special monographs, books, and informational or 
instructional material to fulfill needs of analysts in the areas of the Association’s concern;

C. Provide a forum for discussion of all aspects of analytical methods within the areas of the Association’s concern;
D. Promote wider use of official methods of the Association by all sectors in order to obtain the benefits of uniform, 

practicable, and reliable methods for regulatory, compliance, and forensic purposes; for monitoring, for research, for 
quality control, and for other pertinent purposes;

E. Maintain cooperative arrangements with other national and international associations and societies for achieving insofar 
as possible uniformity in analytical methods for the products within the areas of concern to the Association;

F. Carry out such other activities which, in the opinion of the Board of Directors of the Association, assist in accomplishing 
its purpose.

ARTICLE III 
Membership

Section 1. Classes o f  Membership
There shall be three (3) classes of membership in the Association: Individual Members, Sustaining Member Organizations, 

and Honorary Members.
Section 2. Qualifications for Membership
A. In d iv id u a l M em b ers

There shall be one (1) class of individual membership. Qualifications for individual membership shall be a degree in 
Science, or equivalent if approved by the Board of Directors, and interest in the purpose and goals of the Association. 
Scientists shall be eligible for membership provided they are engaged, directly or indirectly, in analysis or research with 
respect to commodities or other substances named in Article II, Section A, and pay the annual Individual Member 
dues. Individual Members shall be eligible to hold office, serve on AOAC Boards and Committees, and vote on 
amendments to the bylaws, election of officers, methods, dues, and all matters not otherwise excluded.

B. S u sta in in g  M e m b e r  O rg a n iza tio n sThere shall be one (1) class of sustaining membership. A Sustaining Member Organization shall be any agency of a 
local, state, provincial, or national government, a college or university, or any firm, business, or organization with an 
interest in the development and interlaboratory evaluation of analytical methodology, provided it is engaged, directly 
or indirectly, in analysis or research with respect to commodities or other substances named in Article II, Section A.

Section 3. Application for Membership
Application for Membership shall be submitted to the Association. Election to membership shall become effective upon 

payment of dues, or as otherwise provided in these bylaws.
Section 4. Honorary Members
Honorary Members shall be persons recognized for their substantial contribution toward the achievement of the objectives 

of the Association. They shall be nominated by the Board of Directors and may be elected by a two-thirds vote of the 
Members voting. An Honorary Member shall have all the rights and privileges of a Member.

'The Association of Official Analytical Chemists was incorporated in the District of Columbia on January 16, 1932, as the Association of Official Agricultural 
Chemists.
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ARTICLE IV 
Elected Officers

Section 1. Officers
The officers of the Association shall be Members and shall consist of a President, President-Elect, Secretary-Treasurer, and 

any other officers designated by the Board of Directors. The President-Elect and Secretary-Treasurer and five (5) Directors 
shall be elected by the majority of Members voting, and shall serve for the year beginning with the adjournment of the annual 
meeting at which they are elected, and ending with the adjournment of the next annual meeting. The President-Elect shall 
become President upon adjournment of the next succeeding annual meeting.
Section 2. President
The President shall be the principal executive officer of the Association, and shall be responsible for all the business and 

affairs of the Association between meetings of the Board of Directors and in accordance with its policies. He shall preside at 
all meetings of the members and the Board of Directors. He shall call regular or special meetings or authorize mail ballots 
by the Board of Directors to handle necessary matters, or instruct the appropriate appointed officer to do so.
The President shall appoint the following for lengths of terms designated by the Board of Directors: the Chairman of the 

Official Methods Board; Committees on Official Methods; an Editorial Board; a Nominating Committee; a Committee on 
the Wiley Award; a Committee on Fellows; a Long-Range Planning Committee; any other Committees established by the 
Board; and Liaison Officers.
Section 3. President-Elect
In the absence of the President, or in the event of his inability or refusal to act, the President-Elect shall perform the duties 

of the President, and when so acting, shall have all the powers of, and be subject to all the restrictions upon the President. 
The President-Elect shall perform such other duties as from time to time may be assigned to him by the President or by the 
Board of Directors.
Section 4. Secretary-Treasurer
The Secretary-Treasurer shall be responsible for the funds and securities of the Association, and in general, perform all 

the duties incident to the office of Treasurer and such other duties as may be assigned to him by the President or by the 
Board of Directors.

ARTICLE V
Nominations and Elections

Section 1. Nominating Committee
The Nominating Committee shall recommend Members as candidates for elected offices. It shall consist of three (3) 

members who shall be the previous three Past Presidents of the Association, provided that, if Past Presidents are not available 
to serve, other Members shall be appointed to the extent necessary to constitute the three member committee.
Section 2. Vacancies: Office o f  President
If the office of the President shall become vacant, the President-Elect shall thereupon become President of the Association 

for the unexpired term. Such service will not affect such person becoming President of the Association upon adjournment 
of the next annual meeting. In the event that the office of President becomes vacant at the time when the office of President- 
Elect is also vacant, such vacancy shall be filled by the action of the other members of the Board of Directors. If any office 
other than that of President shall become vacant, the office shall be filled for the remainder of the year by action of the Board.
Section 3. Vacancies: Board o f  Directors
If a vacancy of one of the elected positions of the Board of Directors should occur, any Past President may be named by 

other members of the Board to temporarily fill such vacancy until an election is held at the next annual meeting.
ARTICLE VI 

Board of Directors
Section 1. Composition
The Board of Directors shall consist of nine (9) Members to include the President, President-Elect, Secretary-Treasurer, 

Immediate Past President, and five (5) Directors, all of whom shall be Individual Members of the Association. The majority 
of the Board shall be representatives from one or more of the following: a national, state, provincial, or municipal government, 
a regulatory agency, or academia. No member of the Board of Directors may be elected for more than six (6) consecutive years.
Section 2. Powers and Duties 
The Board of Directors shall:
—establish general policies, and shall manage the affairs of the Association between meetings of the membership —determine all activities of the Association
—fix the annual dues for membership, subject to approval by the members 
—determine the membership year and the delinquency date
—approve procedures for election to membership and requests for dues waivers, and may nominate Honorary Members 
—act on the subscription rates and prices submitted for approval by the Editorial Board
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—be responsible for the employment and appointment of individuals necessary for the efficient operation of the Association, 
and may assign them appropriate titles

—further define, when necessary, official duties of the employees, officers, and committees of the Association, and may 
assign additional duties to the President-Elect, Secretary-Treasurer, Directors, or other officers, except that of President, 
in accordance with these bylaws

—fill vacancies in the offices of President-Elect, Secretary-Treasurer, or other offices, except that of President, in accordance 
with these bylaws

—determine the number and tenure of members of the Editorial Board and Standing Committees, of Liaison Officers, and 
of General Referees

—establish and terminate committees
—determine the time and place of the annual meeting, and may call a special meeting of the Association membership
— set geographic limits, authorize establishment and dissolution of regional sections, and approve bylaws adopted by the 
regions

—consider recommendations of the Standing and Special Committees
—review all proposed amendments to the bylaws which are received by the Board at least 90 days in advance of a meeting 
of the Association, and submit the proposals, with Board recommendations, to the membership in accordance with 
procedures in these bylaws

—upon dissolution of the Association, distribute remaining assets in accordance with these bylaws and other applicable 
authorities

Section 3. Meetings
A. Regular meetings shall be held at the call of the President, or as ordered by the Board.
B. Special meetings of the Board may be called by the President.
C. The President shall preside at all meetings except as otherwise provided in these bylaws.

Section 4. Voting
A mail ballot may be authorized by the President.

ARTICLE VII 
Appointed Officers

Section 1. Appointed Officers
The Board of Directors may appoint such individuals as are necessary to carry out the following functions: execute the 

directives and policies of the Board; supervise the Business Office and perform any duties necessary in the day-to-day 
management of the Association; keep the minutes of the meetings of the Members and the Board of Directors; see that all 
notices are duly given in accordance with the provisions of the bylaws; keep a register of membership of the Association and 
their addresses; edit and produce the publications of the Association.
An appointed officer with concurrence of the President shall appoint General Referees from the Members of the Association, 

one for each of the general subjects designated by the Official Methods Board.
An appointed officer with concurrence of the President shall appoint Associate Referees on subjects complementary to the 

general subjects assigned to the General Referees. In lieu of an Associate Referee, the appointed officer with concurrence of 
the President may appoint an Associate Referee Committee of two or more persons, designating one as Chairman. Appointment 
of General Referees, Associate Referees, and members of an Associate Referee Committee must have the approval of each 
appointee’s appropriate supervisor.
Section 2. Liaison Officers
The Liaison Officers shall coordinate the development and adoption of uniform analytical methods between the Association 

and related interested organizations.
ARTICLE VIII 

Referees and Committees
Section 1. Associate Referees and Associate Referee Committees
It shall be the duty of an Associate Referee or Associate Referee Committee to:
A. Review the assignment and pertinent literature for methods.
B. Devise or choose and test methods that will be practicable and reliable for regulatory use.
C. Prepare instructions for distribution to participants.
D. Select a group of interlaboratory participants.
E. Prepare and distribute samples or instruct participants how to prepare or obtain suitable samples.
F. Direct and conduct collaborative, interlaboratory studies.
G. Evaluate the participants’ results.
H. Prepare reports and make appropriate recommendations.

Section 2. General Referees
It shall be the duty of a General Referee to:A. Review the assigned subject area on a continuing basis.
B. Recommend scientists for appointment as Associate Referees.
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C. Serve as a guide and consultant to the Associate Referees.
D. Check on the progress of Associate Referees.
E. Review the reports and recommendations of the Associate Referees.
F. Prepare reports and make appropriate recommendations.

Section 3. Official Methods Board and Committees on Official Methods
A. O fficial M e th o d s  B o a rd  (O M B ). The Official Methods Board shall be composed of the Chairmen of the Committees on 

Official Methods plus a Chairman, the majority of whom shall be from one or more of the following: governmental 
agencies, regulatory agencies or academic institutions. The OMB shall promote uniform policy in the consideration, 
adoption and repeal of Official Methods, Changes in Methods, and procedures.

B. C o m m itte e  A ssig n m en ts . Each Committee shall consist of at least four (4) members including a chairman and secretary. 
The Chairman of the Official Methods Board shall assign each Committee the subject categories and reports which it 
shall consider. Each Committee shall prepare a written report on the status of its subjects and make recommendations 
for adoption, for deletion, and for changes in official methods and procedures.

C. C o m m itte e  C o m p o sitio n . Not more than half the members of each Committee shall be from a single agency. The 
Chairman shall be a Member. The Chairman shall rule on procedural matters. Unresolved disputes on adoption of 
methods shall be referred to the voting membership at the business meeting.

Section 4. Editorial Board
The Editorial Board shall be responsible for developing, editing, and publishing the publications of the Association. The 

appointed officer responsible for editing and producing the publications of the Association shall be a member e x  officio.

Section 5. Committee on the Wiley Award
The Committee shall consist of six (6) members with three (3) appointed each year to a two-year term. They shall decide 

on the winner of the Elarvey W. Wiley Award from those nominated for the award. The President shall chair the Committee.
Section 6. Committee on Fellows
The immediate Past President of the Association shall act as chairman of the Committee.
The Committee on Fellows shall select candidates from those nominated and from the general membership for recom

mendation to the Board of Directors. Any Member who has rendered ten years or more of meritorious service to the Association 
as a General Referee, Associate Referee, Committee Member, or in any other official capacity shall be eligible for nomination 
as a Fellow of the Association.
Section 7. Long-Range Planning Committee
The Committee shall make recommendations to the Board of Directors on improving the functions of the Association.

ARTICLE IX 
Meetings

Section 1. Annual Meeting
The annual meeting of the Association shall be held at the time and place decided by the Board of Directors. A special 

meeting of the entire Association may be called by the Board of Directors. Announcement thereof shall be made at least two 
months prior to the time of said meeting. A business meeting shall be held during the annual meeting, for voting on matters 
relating to the analytical methods and other business transactions of the Association.
Section 2. Quorum
Those Members present in person or by proxy shall constitute a quorum at any meeting of the Association which is duly 

called pursuant to the provisions of these bylaws.
Section 3. Proxies
At any meeting of members, a Member entitled to vote may vote by proxy executed in writing by the member or his duly 

authorized attorney-in-fact. No proxy shall be valid for more than eleven (11) months after the date of its execution unless 
otherwise provided in the proxy.
Section 4. Reports by Committees o f  the Official Methods Board
Each committee of the Official Methods Board shall present a written report of the status of its subjects, and read in full 

its specific recommendations on all new methods or changes in methods prior to the vote thereon at the business meeting. 
A two-thirds vote of members present and voting at the annual business meeting shall be required for adoption or repeal of 
methods, changes in methods, and procedures.
Methods of analysis shall be adopted as “official first action” and “official final action.” No method shall be adopted as 

“official first action” until it has undergone interlaboratory study and has been recommended by the appropriate General 
Referee and Committee on Official Methods at the annual meeting. In case a General Referee does not concur in the 
recommendation of the Associate Referee, the appropriate Committee on Official Methods may consider such a recommen
dation upon written request from the Associate Referee. A method shall be adopted as “official final action” only after the 
adoption of such method as “official first action.” No method shall be adopted as “official final action,” except on recom
mendation by the appropriate Committee on Official Methods at an annual meeting. An analytical method which has 
undergone interlaboratory study between annual meetings and has been approved by the appropriate General Referee, the
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appropriate Committee on Official Methods, and the Chairman of the Official Methods Board is designated “interim official 
first action” until the Association votes on full acceptance at the first subsequent annual meeting.
No basic change in an official method shall be adopted until after the changed method has undergone interlaboratory study 

and has been recommended by the appropriate Committee. No official method shall be repealed until such action has been 
recommended by the appropriate Committee at an annual meeting.
A sampling or sample preparation or other type of procedure for which an interlaboratory study is impractical may be 

adopted as official when accumulated data or statistically planned study indicates that the procedure is reliable. Upon 
recommendation of the appropriate General Referee and Committee on Official Methods, the Association may adopt as 
procedures, well established methods of examination or treatment of a mechanical, microscopic, physical, chemical, or other 
nature.
Section 5. Effective Date o f  Methods and Procedures
Adoption, change, or repeal of methods and procedures shall become effective on the 30th day after publication of the 

record of such action in the Journal of the Association.
ARTICLE X

Dues and Subscriptions
Section 1. Membership Dues
A. Annual dues for membership in the Association shall be fixed by the Board of Directors, subject to approval by the 

majority of the members voting by mail ballot.
B. The membership year and the delinquency date shall be determined by the Board of Directors.
C. Membership dues may be waived upon written request of the Member for any membership year in which he is serving 

the Association in an official capacity, such as General Referee, Associate Referee, Committee member, or other 
appointed assignment considered by the President to be of similar importance.

D. Honorary Members and retired Fellows of the Association shall be exempt from payment of dues and annual meeting 
registration fees.

Section 2. Publications
Subscription rates and prices for any publication of the Association shall be determined by the Editorial Board, subject to 

approval of the Board of Directors.
ARTICLE XI

Earnings and Assets
Section 1. Non-Profit Status
A. Regardless of any provision of the bylaws which may be construed otherwise:

[1] No part of the net earnings of the Association shall under any circumstances inure to the benefit of any member or 
individual
[2] The Association shall not be operated for a profit.

B. On lawful dissolution of the Association and after settlement of all just obligations of the Association, the Board of 
Directors shall distribute all remaining assets of the Association to one or more organizations selected by the Board of 
Directors which have been held exempt from Federal Income tax as organizations described in section 501(c)(3) of the 
Internal Revenue Code of 1954.

Section 2. Political Activities
A. No substantial part of the Association’s activities shall consist of carrying on propaganda or otherwise attempting to 

influence local, state, or national legislation. All activities of the Association shall be determined by the Board of 
Directors.B. The Association shall not participate or intervene in any manner in any campaign on behalf of any candidate for a 
political office.

ARTICLE XII 
Subsidiary Organizations

Section 1. Regional Sections
The Board of Directors shall set geographic limits and grant authority to groups of Members of the Association residing 

or working in the same geographical regions for the establishment of regional sections.
Section 2. Purpose o f Regional Sections
The purpose of regional sections shall be to promote and sponsor the purpose of the Association.

Section 3. Membership in Regional Sections
Membership in a regional section shall consist of Members and Honorary Members of the Association resident and working 

within the geographical boundaries of the section. Other individuals interested in the purpose of the regional section and 
resident and working within the boundaries of the section shall also be eligible for section membership but shall not be 
eligible for election to the Executive Committee for the section. No person shall be a member of more than one regional 
section.
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Section 4. Bylaws o f Regional Sections
Each regional section shall adopt for its own government, subject to approval of the Board of Directors, bylaws not 

inconsistent with these bylaws.
Section 5. Dissolution o f Regional Sections
When any regional section shall cease to function as a section for a period of more than one year, or if its membership 

shall be less than 10 Members of the Association for a period of one year, the Board of Directors may terminate the existence 
of such regional section.

ARTICLE XIII 
Parliamentary Authority

The rules contained in the current edition of R o b e r t’s R u les o f  O rd er N ew ly  R e v ise d shall govern the Association in all 
cases in which they are applicable and in which they are not inconsistent with these bylaws or any special rules of order the 
Association may adopt.

ARTICLE XIV 
Amendments to the Bylaws

All proposed amendments of these bylaws shall be presented in writing to the Board of Directors at least ninety (90) days 
in advance of a meeting of the Association. The Board shall present the proposals to the Association membership, with 
recommendations, not later than the second day of a meeting of the Association, and submit them to the membership as 
the first order of business at the business meeting. A three-fourths vote of the Members voting by mail ballot is required for 
adoption.

AMENDMENT I 
Voting by Mail Ballot

All substantive matters requiring a vote of the membership shall be presented to the Members at least sixty (60) days in 
advance of the Annual International Meeting to allow for mail balloting. Deposit in the United States mail shall serve as 
verification of this requirement. Such matters shall include amendments to the AOAC bylaws, election of officers, and dues.
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Committee on Instrumental Methods and 
Data Handling

KENNETH R. HILL, C h a irm a n  
U.S. D epartm en t o f  A griculture,
A griculture R esea rch  Service,
Beltsville, M D  2 0 7 0 5

Other Members: P. F. Kane, Vice Chairman; R. L. Beine;J. V. Bruno; W. Furman; T. Gale; L. Gelber; H. G. Lento;G. MacEachem; M. Margosis; H. M. McNair; W. J. Morris; W. A. Trujillo; P. Volk; M. Walters; R. S. Wayne

Recommendations for the Board o f  Directors
A. It is recommended that the Subcommittee on Instru

mental Specifications be continued as the Subcommittee on 
Instrumental Test Methods, reporting to and directly re
sponsible to the Official Methods Board. Support for this 
motion is contained in the attached status report by W. Fur
man.
B. It is moved that the former Subcommittee on Auto

mated Methods and Equipment be replaced by the new 
Method Advisory Subcommittee on Instrumental Perfor
mance reporting to and directly responsible to the Official 
Methods Board. The proposed objectives of this group are 
contained in a document prepared by P. Kane. The exact 
composition and terms of reference for this subcommittee 
will be developed through future discussions with the Official 
Methods Board.
Discussion
The final meeting of the Instrumental Methods and Data 

Handling Committee was held on September 14, 1987, in 
San Francisco, CA, to review the activities of the subcom
mittees for the preceding year.
The Subcommittee on Instrumental Specifications report

ed that draft manuscripts on “AOAC Instrument Specifica
tions” and “Proposed AOAC Instrument Specifications: Ul
traviolet-Visible Spectrophotometers” are ready for 
submission to the Jo u rn a l. Other test methods under devel
opment for the following instruments are expected to be 
ready for publication in the indicated time spans: differential 
pulse voltammeters (ca 6 months), analog instrument output 
(ca 6 months), pH meters (ca 6 months), analytical balances, 
single pan (ca 1 year), and infrared spectrophotometers (ca 
2 years). The subcommittee recommended that its name be 
changed to Committee or Subcommittee on Instrument Test 
Methods to reflect more accurately the nature of its work 
and that it continue to function as a unit of the Official 
Methods Board. Guidance from the Official Methods Board 
would be sought on plans to (1) publish new instrument test 
methods in the Jo u r n a l in the form of contributed papers, 
corresponding in function to Associate Referee reports, with 
recommendation for adoption by AOAC; (2) receive ap
proval by vote of the association at the annual business meet
ing as is now done for new methods; and (5) publish approved 
instrument test methods in the Jo u r n a l  as “Changes in Of
ficial Methods” and then accumulate them as a new chapter 
in O fficial M eth od s o f  A nalysis.
The Subcommittee on Gas and Liquid Chromatographic

column Specifications reported on progress on the classifi
cation of C-18 LC columns through the publication (J. Assoc. 
Off. A n al. C hem . [1987] 70, 465-469) of the paper entitled 
“Classification of Octadecyl-Bonded Liquid Chromatogra
phy Columns” by Milda J. Walters. The following proposals 
were submitted for consideration: (7) Submit column test 
procedures for review by the Official Methods Board with 
the goal of including them in the proposed new chapter for 
the O fficia l M eth od s o f  A n alysis . (2) Recommend that meth
od developers (Associate Referees) test the C-18 columns 
suitable for their methods by the proposed scheme and sub
mit the data to the Official Methods Board for inclusion in 
the classification table. (3) Recommend that the format for 
column specifications in a method take the following general 
form: L C  c o lu m n .— (Approximate dimensions) packed with 
octadecyl-bonded silica microparticle stationary phase hav
ing an HP Index of 4.0-4.5 and an SiOH Index < 0.9. System  
S u ita b ility .— The LC system is suitable if the analyte peak 
elutes in 8-10 min, the %RSD for the peak responses of 5 
injections of standard solution is <1.5%, and the analyte- 
internal standard R is >2.0 (or T < 1.5 and n > 3000 for 
single ingredient without internal standard). (The numerical 
values are used only as examples and those appropriate to 
the particular method would be included by the author.) (4) 
Accumulate data on more brands of C-l 8 columns and make 
this information available through publication in the J o u r 
nal.
Members of the Subcommittee on Laboratory Computers 

and Robotics reaffirmed their previous recommendations for 
a new approach to specifying weights and volumes and for 
a policy for dealing with robotic modifications to existing 
official methods. R. Beine agreed to continue work directly 
with the Official Methods Board on clarifying any issues 
arising from these recommendations.
The liaison member for the International Organization of 

Legal Metrology (OIML) attended meetings of the U.S. na
tional working group PS 17 and task group RS4 on March 
13, 1987, May 20, 1987, and June 25, 1987. Draft recom
mendations for performance specifications for gas chroma
tographs and gas chromatograph/mass spectrometers were 
approved by the international working group for PS 17 and 
were ready for a vote by the international committee of OIML 
on August 31, 1987. The initial draft recommendations for 
atomic absorption spectrophotometers, high performance 
liquid chromatographs, and portable instruments for air
borne pollutants were reviewed by the international working 
group last September and new drafts should be available for 
comment soon. A meeting of the task group on liquid chro
matographic systems was held on May 20, 1987, at AOAC 
headquarters and several significant changes were made on 
the second draft in response to questions arising from the 
international working group on PS 17 which was held in Paris. 
Included were proposed test chemicals, concentrations, and 
acceptable detection limits for UV, fluorescence, electro
chemical, and conductivity detectors. At the June 25th meet
ing of the PS 17 in Washington, DC, it was determined that 
there would be no copyright restriction on the use of OIML 
specifications by AOAC; the AOAC liaison member sug
gested that PS 17 consider the preparation of an article ex
plaining the work of OIML and the U.S. national working 
group on PS 17 for T h e R eferee.
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Committee on Interlaboratory Studies

WILLIAM HORWITZ, C h a irm a n  
F o o d  a n d  D ru g  A dm inistration ,
C en te r f o r  F o o d  S a fety  a n d  A p p lie d  N utrition,
W ashington, D C  2 0 2 0 4

Other Members: R. H. Albert; P. W. Britton; T. Dols;R. L. Ellis; R. L. Epstein; D. W. Fink; J. Gallagher;M. Ihnat; S. E. Katz; P. C. Kelly; C. J. Kirschmer;T. P. Layloff; M. Margosis; K. A. McCully; A. Munson; J. O’Rangers; H. S. Rageb; R. C. Rund; S. Sherken;E. Smith; J. Springer; W. Stellar; L. Stoloff;B. K. Thompson; M. Thompson; J. S. Winbush; J. Winter;L. R. Williams; E. S. Windham; R. Wood
Recommendations for the Board o f Directors
A. The committee recommends that the Board approve 

the document “Guidelines for Collaborative Study Proce
dure to Validate Characteristics of a Method of Analysis” 
attached as an Appendix.
B. The committee recommends that the Board of Directors 

endorse the continued participation of the committee in the 
additional efforts of the International Union for Pure and 
Applied Chemistry (IUPAC) to obtain harmonization of 
quality assurance systems in chemical analysis and harmo
nization of the presentation of the results obtained by col
laborative studies and by actual analysis.
C. The committee recommends that the board approve 

the participation of AOAC as a cosponsor of a symposium 
on “Harmonization of Quality Assurance Systems” and a 
workshop on “Adoption and Presentation of the Results Ob
tained by Methods Standardized by Collaborative Study” for
1989.
Discussion

A . As a result of almost 5 years of work which began in 
1980, this committee produced a guideline for the design, 
conduct, and analysis of AOAC collaborative studies that 
was approved by the Board of Directors. Based upon this 
document, a discussion paper of the issues requiring har
monization was prepared by the chairman with his recom
mendations for specific actions. These recommendations were 
the basis for a discussion by interested organizations at a 
workshop held in Geneva, Switzerland, May 4-5, 1987, and 
a final report containing modified recommendations was pro
duced. This report was circulated to the participants and the 
revised recommendations were used to further modify the 
original AOAC guidelines. These guidelines have been re
viewed by the committee at meetings held in Washington 
(September 1, 1987) and in San Francisco (September 13,
1987) and by the Statistics Committee on September 14, 
1987, and further revised, primarily editorially. If approved, 
these AOAC guidelines may be designated as in accord with 
the “IUPAC-1987 recommendations.”
The most important changes from the original guidelines 

are the greater emphasis on preliminary work by the Asso
ciate Referee prior to the initiation of the collaborative study; 
increasing the size of the usual study to 5 materials and 8 
laboratories, using blind duplicates or split levels (Youden 
pairs); and the application first of the Cochran outlier test 
for extreme range of replicates within a laboratory, followed 
by the Grubbs tests for extreme laboratory averages. Outliers 
are removed only if they exceed the 1% critical value.

B. The IUPAC organizing committee considers the work 
so important that it wishes to continue the harmonization 
effort in 2 directions: developing quality assurance/quality 
control protocols and expressing the results of collaborative 
studies.
Review of the reports of the AOAC Committee on Lab

oratory Quality Assurance indicates that AOAC does not 
have such a protocol. The closest document to this is Gar
field’s Q uality  A ssuran ce P rin cip les  f o r  A n a ly tic a l L a b o r a 
tories.
The participants are aware that the collaborative study 

develops one set of precision parameters (and sometimes bias 
parameters) but that a different set of parameters must be 
used when these methods are applied in actual practice. ISO 
uses their repeatability and reproducibility critical values for 
this purpose (i.e., how close 2 values by the same analyst 
[repeatability] or by different laboratories [reproducibility] 
should check each other 19 times out of 20). AOAC uses 
ranges of means and standard deviations derived from the 
collaborative study, which have little applicability to actual 
practice.
C. The symposium conducted under the cosponsorship of 

AOAC during its centennial celebration at the National 
Academy of Sciences was considered to be extremely suc
cessful, so much so that the IUPAC organizing committee 
naturally turned to the AOAC again for continued partici
pation. AOAC has the experience and competence to conduct 
such a meeting.
Benefits to AOAC
Other organizations, particularly those that are just begin

ning to use the collaborative study procedure, look to AOAC 
as a model for instructions as to the proper design, conduct, 
and performance of collaborative studies. The promulgation 
of this document, which has had the benefit initially of com
ment from scientists from all over the world as well as from 
within AOAC, has now been fine-tuned to correspond with 
the consensus of numerous other organizations with expe
rience in collaborative studies. If AOAC approves this doc
ument at this meeting, it can claim the distinction of being 
the first organization formally to approve a protocol that can 
state that it is in conformity with the IUPAC-1987 recom
mendations. It will then have a document that can be dis
tributed to all Associate Referees, new and old, and to meth
ods committee statisticians and reviewers as the statement 
of AOAC policy on the design, conduct, and performance of 
collaborative studies.
By utilizing the efforts of other organizations in the area 

of quality assurance/quality control and expression of results, 
AOAC can concentrate on areas where it has had the most 
experience. Some of these areas might be further application 
to microbiological assays and to qualitative tests (yes-no de
cisions) where a number of collaborative studies have been 
published in recent years.
Cosponsorship of the proposed symposium will further 

enhance recognition of AOAC as one of the leaders in the 
area of collaborative studies of methods and will extend it 
into the even more important areas of quality assurance and 
quality control, which have become matters of societal con
cern in recent years.
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Guidelines for Collaborative Study Procedure to Validate 
Characteristics of a Method of Analysis

F ourth  (F inal) D raft

(Incorporates symbols, terminology, and recommendations accepted by consensus by the participants at the IUPAC Workshop 
on Harmonization of Collaborative Analytical Studies, Geneva, Switzerland, May 4-5, 1987.)

This document has been prepared from the point of view of AOAC administrative arrangements. In AO AC, the Associate 
Referee is the individual scientist responsible for choosing the method, conducting intra- and interlaboratory tests, evaluating 
the results, and recommending approval of a method of analysis. Other organizations who may utilize this document may 
wish to substitute their own terminology. Although the directions were developed for chemical studies, some parts may be 
applicable to all types of collaborative studies.

Summary Statement of AOAC Recommendation for the Design of a Collaborative Study:
1. M in im u m  n u m b er o f  m a teria ls: 5 (only when a single level specification is involved for a single matrix may this minimum be reduced to 3).
2. M in im u m  n u m b er o f  la b ora tories: 8 reporting valid data for each material (only in special cases involving very expensive 

equipment or specialized laboratories may the study be conducted with an absolute minimum of 5 laboratories, with the 
resulting expansion in the confidence interval for the statistical estimates of the method characteristics).
3. M in im u m  n u m b er o f  replicates: 1, if within-laboratory repeatability parameters are not desired; 2, if these parameters 

are required. Replication should ordinarily be attained by blind replicates or split levels (Youden pairs).
Guide to Collaborative Study Procedure

(Section numbers correspond to Outline; not all section numbers are included in guide.)

1. Preliminary Work
1.1 Determine purpose of method
1.2 Choose method
1.3 Optimize method
1.5 Prepare description of method
1.6 Invite participation

2. Design of Collaborative Study
2.1 General principles
2.2 Laboratories
2.3 Materials
2.4 Replications

3. Preparation of Materials

4. Submission of Materials
5. Obligations of Collaborators
6. Statistical Analysis
6.1 Initial review of the data
6.3 Outliers
6.4 Bias (systematic error)
6.5 Precision (random error)

6.5.1 Reproducibility
6.5.2 Repeatability

6.6 False positive and false negative values
7. Final Report
8. References

1. Preliminary Work (Within One Laboratory)
1.1 Determine Purpose and Scope o f  the Study and Method

Determine purpose of the study (e.g., to determine attributes of a method, proficiency of analysts, reference values of 
a material, or to compare methods), the type of method (empirical, screening, practical, reference, definitive), and the 
probable use of the method (enforcement, surveillance, monitoring, acceptance testing, quality control, research). 
Also, on the basis of the relative importance of the various method attributes (bias, precision, specificity, limit of 
determination), select the design of the interlaboratory study. The directions in this document pertain primarily to 
determining the precision characteristics of a method, although many sections are also appropriate for other types of 
studies.

1.2 Alternatives for Method Selection
1.2.1 Sometimes obvious (only method available)
1.2.2 Critical literature review (reported within-laboratory attributes are often optimistic)
1.2.3 Survey of laboratories to obtain candidate methods; comparison of within-laboratory attributes of candidate 

methods (sometimes choice may still not be objective)
1.2.4 Selection by expert (AOAC-preferred procedure—selection by Associate Referee with concurrence of General 

Referee)
1.2.5 Selection by Committee (ISO-preferred procedure—often time-consuming)
1.2.6 Development of new method or modification of existing method when an appropriate method is not available. 

(Proceed as a research project.) (This alternative is time-consuming and resource-intensive; use only as a last 
resort.)

1.3 Optimize Either New or Available Method
1.3.1 Practical principles(a) Do not conduct collaborative study with an unoptimized method. An unsuccessful study wastes a tremendous
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amount of collaborators’ time and creates ill will. This applies especially to methods that are formulated by 
committees and have not been tried in practice.

(b) Conduct as much experimentation within a single laboratory as possible with respect to optimization, ruggedness, 
and interferences. Analysis of the same material on different days provides considerable information on vari
ability that may be expected in practice.

1.3.2 Alternative approaches to optimization
(a) Conduct formal ruggedness testing for identification and control of critical variables. See Youden and Steiner 

(8.1, pp. 33-36, 50-55). The actual procedure is even simpler than it appears. (This is an extremely efficient 
way for optimizing a method.)

(b) Use Deming simplex optimization to identify critical steps. See Dols and Armbrecht (8.3).
(c) Conduct trials by changing one variable at a time.

1.4 Develop Within-Laboratory Attributes o f Optimized Method
(Some items can be omitted; others can be combined.)
1.4.1 Determine calibration function (response vs concentration in pure or defined solvent) to determine useful 

measurement range of method. For some techniques, e.g., radioimmunoassay, linearity is not a prerequisite. 
Indicate any mathematical transformations needed.

1.4.2 Determine analytical function (response vs concentration in matrix, including blank) to determine applicability 
to commodity(ies) of interest.

1.4.3 Test for interferences (Specificity):
(a) Test effects of impurities, ubiquitous contaminants, flavors, additives, and other components expected to be 

present and at usual concentrations.
(b) Test nonspecific effects of matrices.(c) Test effects of transformation products, if method is to indicate stability, and metabolic products, if tissue 

residues are involved.1.4.4 Conduct bias (systematic error) testing by measuring recoveries of analyte added to matrices of interest and 
to extracts, digests, or other treated solutions thereof. (Not necessary when method itself defines the property 
or component.)1.4.5 Develop performance specifications for instruments and suitability tests for systems (which utilize columns 
or adsorbents) to ensure satisfactory performance of critical steps (columns, instruments, etc.) in method.

1.4.6 Conduct precision testing at the concentration levels of interest, including variation in experimental conditions 
expected in routine analysis (ruggedness).In addition to estimating the “classical” repeatability standard deviation, sr, the initiating laboratory may 
estimate the total within-laboratory variability expected by determining the variability at different days and 
with different calibration curves, by the same or different analysts within a single laboratory. This total within- 
laboratory estimate includes both between-run (between-batch) and within-run (within-batch) variability.

1.4.7 Delineate the range of applicability to the matrices or commodities of interest.
1.4.8 Compare the results of the application of the method with existing tested methods intended for the same 

purposes, if other methods are available.
1.4.9 If any of the preliminary estimates of the relevant performance of these characteristics are unacceptable, revise 

the method to improve them, and retest as necessary.
1.4.10 Have method tried by analyst not involved in its development.
1.4.11 Revise method to handle questions raised and problems encountered.

1.5 Prepare Description o f  Method
N ote: A collaborative study of a method involves practical testing of the written version of the method, in its specific
style and format, by a number of laboratories on identical materials.
1.5.1 Prepare method in format and style given in the H a n d b o o k  f o r  A O A C  M em b ers (1982), or other recognized manual, e.g., IS O  G u ide  18 (8.4).
1.5.2 Clearly specify requirements for chromatographic materials, enzymes, antibodies, and other performance-related reagents.
1.5.3 Clearly describe and explain every step in the analytical method so as to discourage deviations. Use imperative 

directions; avoid subjunctive and conditional expressions as options as far as possible.
1.5.4 Edit method for completeness, credibility (e.g., buffer pH consistent with specified chemicals, volumes not greater than capacity of container), continuity, and clarity.
1.5.5 Check for inclusion of performance specifications and systems suitability tests (1.4.5), defined critical points, 

and convenient stopping points. Incorporate physical or chemical constants of working standard solutions, e.g., 
absorptivities, half-scale deflections, recoveries, etc., or properties of operating solutions and chromatographic 
materials, e.g., pH, volumes, resolution, etc., and any other indicators (e.g., sum equals 100%) that suggest analysis is proceeding properly.

1.5.6 If time and resources are available, conduct pilot study involving 3 laboratories.



GUIDELINES FOR COLLABORATIVE STUDY PROCEDURE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988) 163

1.6 Invite Participation
1.6.1 S elec tio n  o f  ca n d id a te  labora tories. Laboratories invited to participate should have personnel experienced in 

the basic techniques employed; experience with the method itself is not a prerequisite for selection. Lists of 
possible participants can be developed through personal contacts, technical societies, trade associations, or 
literature search, and advertisements in the AOAC’s news publication “The Referee.”

1.6.2 L e tte r  o f  in v ita tion . Address a formal letter to the individual responsible for assignment of laboratory effort. 
State reason for selecting that laboratory (e.g., as a volunteer or has responsibility or familiarity with the problem 
or method), estimated number of person-hours required for performance, number of materials to be sent, 
number of analyses to be required, expected date for material distribution, and target date for completion of 
the study. E m p h a s ize  th e im p o rta n ce  o f  m a n a g em en t su pport in  a ss ig n in g  th e  necessary  t im e  f o r  th e  p ro ject. 
Enclose a copy of the method and a return form or card (with postage affixed, if domestic), requiring only a 
check mark for acceptance or refusal of the invitation, a signature, and space for address corrections, telephone 
number, and date.With large studies, involving several analysts per laboratory, several familiarization materials, receipt of items 
at different times, or similar recurrent situations, acceptance of the invitation should be followed by a letter 
suggesting that a study coordinator be appointed. The study coordinator should be responsible for receiving 
and storing the materials, assigning the work, dispensing materials and information related to the study, seeing 
that the method is followed as written, accumulating the data, assuring that the data are correctly reported, and 
submitting the report within the deadline.
(A file of letters previously used for these purposes is available.)

1.7 Instructions and Report Forms

1.7.1 Carefully design and prepare instructions and forms, and scrutinize them before distribution. A pilot study
(1.5.6) is also useful for uncovering problems in these documents.

1.7.2 Send instructions and report forms immediately on receipt of acceptance, independent of materials, if selection 
of laboratories is not to be based on performance in pilot or training studies. The instructions should include 
in bold face or capital letters a statement: “THIS IS A STUDY OF THE METHOD, NOT OF THE LABO
RATORY. THE METHOD MUST BE FOLLOWED AS CLOSELY AS PRACTICABLE, AND ANY DE
VIATIONS FROM THE METHOD AS DESCRIBED, NO MATTER HOW TRIVIAL THEY MAY SEEM, 
MUST BE NOTED ON THE REPORT FORM.”

1.7.3 Include instructions on storage and handling, markings, and identifications to be noted, any special preparation 
for analysis, and criteria for use of practice or familiarization materials, if included (see 1.8). Precode the form 
for each laboratory and provide sufficient space for as much sequential data as may be required for proper 
evaluation of the results, including a check of the calculations.
Indicate the number of significant figures to be reported.
When recorder tracing reproductions are required to evaluate method performance, request their submission 
both in the instructions and as a check item on the form. Provide instructions with regard to labeling of recorder 
tracings, such as identification with respect to item analyzed, axes, date, submitter, experimental conditions, 
and instrument settings.Include in the report form a signature line for the analyst and lines for a printed or typed version of the name 
and address for correct acknowledgment. Provide for a review by the laboratory supervisor. An example of a 
completed form is helpful. A questionnaire may be included or sent after completion of the analyses in which 
the questions can be designed to reveal if modifications have been made at critical steps in the method.

1.7.4 Request a copy of the calibration curve or other relationship between response and concentration or amount 
of analyte so that if discrepancies become apparent after examining all of the data, it can be determined whether 
the problem is in the calibration or in the analysis.

1.8 Familiarization or Practice Materials
If deemed necessary, supply as far ahead as practicable, familiarization materials, with instructions, before actual 
materials are sent. When familiarization materials have been submitted, supply forms for reporting progress toward 
satisfactory performance.

2. Design of the Collaborative Study
2.1 General Principles

2.1.1 The purpose of the collaborative study is to provide a realistic estimate of the attributes of a method, particularly 
the systematic and random deviations, to be expected when the method is used in actual practice. A collaborative 
study usually provides information on the best performance to be expected.

2.1.2 The design should attempt to identify and to include the possible sources of significant variability that may 
occur in actual practice, including between days, between runs, and between calibration curves, if these are 
significant factors. (Within-laboratory performance, 1.4.6, particularly on different days and with different 
calibration curves may provide a clue with respect to between-laboratory performance and is required infor
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mation for quality control.) The best measure of within-laboratory variability is obtained by using blind replicates 
or split levels (Youden pairs). The design must take into account how the data will be analyzed statistically.

2.1.3 Present materials sent for analysis as unknowns (blind) and coded in a random pattern. If necessary to conserve 
analyst time, an indication of the potential range of concentration or amount of analyte may be provided. If 
spiking solutions are used, provide one coded solution for each material. All spiking solutions should be identical 
in appearance and volume. Do not provide a single solution from which aliquots are to be removed for spiking. 
Any information with regard to concentration (e.g., utilizing factorial aliquots or serial dilutions of the same 
spiking solutions) or known replication is likely to lead to an underestimate of the variability.

2.1.4 The study must be extensive enough to assure sufficient data surviving in the face of possible loss of materials 
during shipment, inability of collaborators to participate after acceptance, and a maximum outlier rate of 2/9 
(2 laboratory failures in a 9-laboratory study, when a minimum design is used).

2.1.5 Improper preparation of reference standards and standard solutions can cause a significant portion of the 
analytical error. A decision must be made whether such error is to be considered separately or as part of the 
method, i.e., will the analysts procure their own standards and prepare their own standard solutions or will 
standards be provided by the Associate Referee. The decision depends primarily on the availability of the 
standard. If the standard is readily available, the analysts should prepare their own. If the standard is not readily 
available, the standard may be supplied, but physical constants, e.g., absorptivity, of working standard solutions 
should be incorporated into the description as a check on proper preparation of the solution.

2.1.6 Obtain the necessary administrative and operational approvals. Review by potential users of the method is also 
desirable.

2.2 Laboratories
Laboratories must realize the importance of the study. A large investment is being made in testing the method and
this probably will be the only collaborative study of the method that will be performed. Therefore, it is important to
have a fair and thorough evaluation of the method.
2.2.1 T ype. The most appropriate laboratory is one with a responsibility related to the analytical problem. Laboratory 

types may be representative (selection of laboratories that will be using the method in practice), reference 
(assumed to be “best”), or the entire population of laboratories (usually certified or accredited) that will be 
using the method. Final selection of participants should be based on a review with the General Referee and 
other Associate Referees of each laboratory’s capabilities and past performance in collaborative studies, followed 
up, if possible, by telephone conversations or by personal visits. Selection may also be based on performance 
with familiarization materials. Sometimes only laboratories with dedicated or very specialized instruments must 
be used. If the study is intended for international consideration, laboratories from different countries should be 
invited to participate.

2.2.2 N u m b er o f  labora tories: Minimum of 8 laboratories submitting valid data (to avoid unduly large confidence 
bands about the estimated parameters). Only in special cases of very expensive equipment or specialized 
laboratories may the study be conducted with an absolute minimum of 5 laboratories. Fewer laboratories widen 
the confidence limits of the mean and of the variance components (see design considerations 2.4.1 and 2.4.2). 
The optimum number of laboratories, balancing logistics and costs against information obtained, often is 8-
10. However, larger studies are not discouraged.*

2.2.3 A n a lysts: Most designs require only 1 analyst per laboratory. If analyst-within-laboratory variability is a desired 
variance component, multiple analysts should be requested from all participating laboratories. Ordinarily 2 
analysts from the same laboratory cannot be substituted for different laboratories, unless standard solutions, 
reagents, chromatographic columns and/or materials, instrument calibrations, standard curves, etc., are prepared 
independently, and no consultation is permitted during the work. Different laboratories from the same orga
nization may be used as separate laboratories if they operate independently with their own instruments, stan
dards, reagents, and supervision.

2.3 Test Materials
2.3.1 M a teria ls  m u st b e  h om ogen eou s. T h is is critica l. Establish homogeneity by testing a representative number of 

laboratory samples taken at random before shipment. (A collaborator who reports an outlying value will 
frequently claim receipt of a defective laboratory sample.) The penalty for inhomogeneity is an increased variance 
in the analytical results that is not due to the intrinsic method variability.

2.3.2 C o d e  la b o ra to ry  sa m p le s at random so that there is no preselection from order of presentation.
2.3.3 C o n cen tra tio n  range: Choose analyte levels to cover concentration range of interest. If concentration range of 

interest is a tolerance limit or a specification level, bracket it and include it with materials of appropriate 
concentration. If design includes the determination of absence of analyte, include blank (not detectable) materials as part of range of interest.

2.3.4 N u m b er o f  m ateria ls: Minimum number of materials is 5. However, when a single-level specification is involved, 
this may be reduced to an absolute minimum of 3.

* In some cases Associate Referees are unable to obtain more than 5 participants. In such cases a study may be conducted with 5 laboratories, but it must 
be realized that the reliability of the resulting estimates of performance parameters is reduced considerably. Furthermore, in such cases the number of test 
materials in the study should be increased to provide some additional assurance, but the analysis of more test materials is not a substitute for fewer laboratories. 
Methods adopted on the basis of such a design may not be acceptable to other organizations that have adopted the IUPAC-87 recommendations.
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2.3.5 N a tu re  o f  m a teria ls: Materials should be representative of commodities usually analyzed, with customary and 
extreme values for the analyte.

2.3.6 S iz e  o f  la b o ra to ry  sa m p les: Furnish only enough material to provide the number of test portions specified in 
the instructions. If additional test portions are required, the collaborator must request them, with an explanation.

2.3.7 In terferences: If pertinent, some materials, but not all, should contain contaminants and interferences in con
centrations likely to be encountered, unless they have been shown to be unimportant through within-laboratory 
testing (see 1.4.4). The success of the method in handling interference on an intralaboratory basis will be 
demonstrated by passing systems suitability tests.

2.3.8 F a m ilia r iza tio n  m a teria ls: With new, complex, or unfamiliar techniques, provide material(s) of stated com
position for practice, on different days, if possible (see 1.8). The valuable collaborative materials should not be 
used until the analyst can reproduce the stated value of the practice samples within a given range. However, it 
should be pointed out that one of the assumptions of analysis of variance is that the underlying distribution of 
results is independent of time (i.e., there is no drift). The Associate Referee must be satisfied that this assumption 
is met.

2.4 Replication

When within-laboratory variability is also of interest, as is usually the case, independent replication can be ensured
by applying at least one of the following procedures (listed in suggested order of desirability; the nature of the design
should not be announced beforehand):
2.4.1 S p lit leve ls (Y ou den  pa irs): A pair of materials of slightly different composition obtained either naturally or by 

diluting (or by fortifying) one portion of the material with a small amount of diluent (or of analyte). Both 
portions are supplied to the participating laboratories under a random code number and each portion should 
be analyzed only once; replication defeats the purpose of the design.

2.4.2 S p lit levels f o r  so m e  m a te r ia ls  a n d  b lin d  d u p lica tes  f o r  o th er m a te r ia ls in the same study (obtain only single 
values from each portion supplied).

2.4.3 B lin d  d u p lica te  la b o ra to ry  sa m p le s , ra n d o m ly  coded. N o te: Triplicate and higher replication are relatively inef
ficient when compared with duplicate test samples because replication provides additional information only on 
individual within-laboratory variability, which is usually the less important component of error. It is more 
effective to utilize resources for the analysis of more levels and/or materials rather than for increasing the number 
of replicates for the individual materials.
PRACTICAL PRINCIPLE: With respect to replication, the greatest net marginal gain is always obtained in 
going from 2 to 3 as compared to going from 3 to 4, 4 to 5, etc.

2.4.4 In d ep en d en t m a teria ls . (N ote: Unrelated independent materials may be used as a split level in the calculations 
of the precision parameters or for plotting, but the more they differ, particularly with respect to concentration, 
the less reliable the information they provide on within-laboratory variability.)

2.4.5 U se o f  kn ow n  rep lica tes is a common practice. It is much preferable to use the same resources on blind replicates 
or split levels. (S ee  N o te of 2.4.3.)

2.4.6 Instead of obtaining repeatability parameters through the collaborative study, use o f  q u a lity  co n tro l m a te r ia ls  
in  each la b o ra to ry  in d iv idu a lly , for its own use, independent of the collaborative study, for a separate calculation 
of sr, using 2 (or more) replicates from each quality control test, according to the pattern developed for each 
product.

2.5 Other Design Considerations
2.5.1 The design can be reduced in the direction of less work and less cost, but at the sacrifice of reduced confidence 

in the reliability of the developed information.
2.5.2 More work (values) is required if more confidence is needed, e.g., greater confidence is required to enforce a 

tolerance at 1.00 ppm than at 1.0 ppm. (The distinction is a precision requirement of the order of 1% rather 
than 10%.)

2.5.3 The estimate of the standard deviation and of the corresponding relative standard deviation is a random variable. 
For example, 30 data points from a single population will permit estimation of the standard deviation o f  an  
in d iv id u a l rea d in g only to within ±25% with about 95% confidence; 200 data points are required to estimate 
that standard deviation to within about 10%, with about 95% confidence. The distribution of standard deviations 
is actually asymmetrical for small numbers of values, e.g., the relative distribution about 1.00 for 30 values 
(about 95% confidence limits) is 0.78-1.30; for 200, 0.91-1.10.

2.5.4 The validity of extrapolating the use of a method beyond concentrations and components tested can be estimated 
only on the basis of the slope of the calibration curve (sensitivity) observed as a function of the nature and 
concentration of the matrix and contaminant components. If the signal is more or less independent of these 
variables, a reasonable amount of extrapolation may be utilized. The extrapolator assumes the burden of proof 
as to what is reasonable.

3. Preparation of Materials for Collaborative Studies
3.1 General Principles

3.1.1 Heterogeneity between portions from a single test material must be negligible compared to analytical variability, 
as measured within the Associate Referee’s laboratory. S e e  a lso 2.3.1.
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3.1.2 The containers must not contribute extraneous analytes to the contents, and they must not adsorb or absorb 
analytes or other components from the matrix, e.g., water.

3.1.3 If necessary, the materials may be stabilized, preferably by physical means (freezing, dehydrating), or by chemical 
means (preservatives, antioxidants) which do not affect the performance of the method.

3.1.4 Compositional changes must be avoided, where necessary, by the use of vapor-tight containers, refrigeration, 
flushing with an inert gas, or other protective packaging.

3.2 Materials Suitable for Collaborative Studies
3.2.1 A sin g le  ba tch  o f  h om ogen eou s, s ta b le  p ro d u c t such as milk powder, peanut butter, vegetable oil, starch, etc., is 

the best type of material.
3.2.2 R eferen ce m a te r ia ls supplied by standards organizations such as the National Bureau of Standards are excellent, 

unless they have easily recognizable characteristics (e.g., odor and color of NBS Orchard Leaves). However, 
they are of limited availability, composition, and analyte level. If available, they are expensive. Sometimes the 
certification organization may be interested in making reference materials available for the analyte under study, 
in which case it may assist in providing the material for the study.

3.2.3 S y n th e tic  m a te r ia ls may be especially formulated with known amounts of analytes by actual preparation for 
the study. This procedure is best used for macroconstituents such as drugs or pesticide formulations.

3.2.4 S p ik e d  m a te r ia ls consisting of normal or blank materials to which a known amount of analyte has been added 
may be used. The amount of analyte added should not be excessive in relation to the amount present (e.g., 
about 2 x), and the analyte added should be in the same chemical form as present in the commodities to be 
analyzed subsequently.In drug and pesticide residue-type problems, it is often necessary to use spiked materials in order to assess 
recovery. However, because incurred residues are likely to present different problems from those of spiked 
residues, collaborative studies should include some incurred test samples to ensure that the method is applicable 
under these conditions as well.

(a) P rep a ra tio n  in  bulk: This requires thorough and uniform incorporation of the analyte, often by serial dilution 
of solids. The danger of segregation due to differences in densities always exists. Fluid materials susceptible to 
segregation should be prepared under constant agitation. Uniformity should be checked by direct analysis, with 
an internal standard, or by a marker compound (dye or radioactive label).

(b) L a b o ra to ry  sa m p les, in d iv id u a lly  p rep a red : A known amount of analyte is either weighed directly or added as 
an aliquot of a prepared solution to premeasured portions of the matrix in individual containers. The collaborator 
is instructed to use each entire portion for the analysis, transferring the contents of the container quantitatively 
or a substantial weighed fraction of the portion. (This is the preferred alternative to spiked solid materials at 
trace [ppm] levels, at the expense of considerably more work.)

(c) C o n cen tra ted  unknow n  so lu tio n s f o r  d irec t a d d itio n  b y  co lla b o ra to rs  to  th e ir  ow n  co m m o d itie s : Should be used 
only as a last resort when instability of the analyte precludes distribution from a central point. To preclude 
direct analysis of the spiking solution, supply individual coded solutions to be added in their entirety to portions 
of the matrix for single analyses by each laboratory. All solutions should have the same volume and appearance. 
This type of material is analogous to that of 3.2.4(b) except for the source of matrix. This case should be used 
only for perishable commodities that are altered by all available preservation techniques.

3.2.5 M a te r ia ls  a n a ly z e d  b y  another, p re su m a b ly  accurate, m eth od , if available, in the Associate Referee’s laboratory 
or by some or all the collaborators.

3.2.6 O n ly  a s an  a b so lu te ly  la s t resort (u su a lly  w ith  u n sta b le  m a te r ia ls  a n d  p rep a ra tio n  o f  m a te r ia l s tu d ies) sh o u ld  th e  
co lla b o ra to rs  b e  p e rm itte d  to  p rep a re  th e ir  ow n  m a te r ia ls for analysis. Since it is impossible to avoid the personal 
bias introduced by knowledge of the composition of the material, the materials should be prepared in each 
laboratory by an individual who will not be involved in the analyses.

3.3 Blanks
When the absence of a component is as important as its presence, when determinations must be corrected for the 
amount of the component or the presence of background in the matrix, or when recovery data are required, provision 
must be made for the inclusion of blank materials containing “none” (not detected) of the analyte. It is also important 
to know the variability of the blank and the tendency of the method to produce false positives. There are 2 types of 
blanks: matrix blanks and reagent blanks. Since laboratories often will utilize reagents from different sources, each 
laboratory should perform reagent blanks. Matrix blanks, when required, are an intrinsic part of the method, and the 
number of blanks needed depends on the combined variance of the material (sM) and of the blank (sB). The total 
variability of a blank corrected value will be s = (sM2 + sB2)’*.

3.4 Limit o f  Determination
If the limit of determination is important, it is necessary to provide a design which gives special attention to the 
number of blanks, and to the necessity for interpreting false positives and false negatives. In all cases, the definition 
of limit of determination used in the study must be given by the Associate Referee.

3.5 Controls

When separation from interferences is critical to the analysis, appropriate materials incorporating these interferences 
must be included.
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3.6 Practical Principle
Always allow for contingencies and prepare more sets (e.g., 25% more) of laboratory samples than there are collab
orators. Some packages may never arrive, some materials may spoil, and some may be lost or the container broken. 
New laboratories may have to be substituted for those which are unable to complete the promised work. Some sets 
may have to be analyzed at a later time for different purposes, such as to verify stability on storage.

4. Submission of Laboratory Samples
4.1 L a b e l la b o ra to ry  sa m p le s  leg ib ly  a n d  w ith ou t am b ig u ity .
4.2 P a c k  sh ip p in g  carton s w ell a n d  la b e l p ro p e r ly  to  a v o id  tra n sp o rta tio n  delays. If the containers are breakable, pack well 

to minimize possibility of breakage. If material is perishable, ship frozen with solid C02, sufficient to last several days 
longer than anticipated travel time. Notify collaborators of shipping arrangements, including waybill numbers, arrival 
time, and required storage conditions. Use special transportation services, if necessary. For international delivery, 
mark as “Laboratory samples—no commercial value” or other designation as required by customs regulations of the 
country to which the package is being sent. Hazardous materials must be packed and labeled as required by trans
portation regulations. Animal and plant products sent across international borders may require special certification 
from health authorities.

4.3 In clu d e  a  return  slip , to  confirm  sa fe  receipt, w ith  each  p a ck a g e . If not sent previously, include copy of method, 
instructions, and report forms.

4.4 P ro vid e  in stru ction s f o r  p ro p e r  s to ra g e of laboratory samples between unpacking and analysis. Do not use thawed or 
decomposed test samples without consulting the Associate Referee.

4.5 W hen it is im p o r ta n t to  h ave in s tru m en ts  c a lib ra ted  w ith  th e  sa m e  reference m a teria l, supply reference material to 
collaborators. Provision for supplying reference standards is particularly important when commercial sources of 
standards have not yet been developed. The inclusion of a working standard solution as an unknown is useful to 
establish a consensus value for standardization of quality control parameters, such as absorptivity, retention time, 
and sensitivity (change in signal intensity divided by the change in concentration).

5. Obligations of Collaborators
5.1 A n a ly ze  m a te r ia ls  a t tim e s  in d ica ted , a cco rd in g  to  su b m itte d  p ro to co l. With unstable materials (e.g., with microbial 

or decomposition problems) analyses must be started at specified times.
5.2 F O L L O W  M E T H O D  E X A C T L Y  (th is is critica l). Any deviation, such as the necessity to substitute reagents, columns, 

apparatus, or instruments, must be recorded at the time and reported. If the collaborator has no intention of following 
the submitted method, he or she should not participate in the study. If the collaborator wishes to check another 
method on the same materials, additional laboratory samples should be requested for that purpose, to be analyzed 
separately.5.3 C on du ct e x a c tly  th e  n u m b er o f  d e te rm in a tio n s  s ta te d  in  th e  in structions. Any other number complicates the statistical 
analysis. Too few determinations may require discarding the results from that laboratory for that material or inserting 
“missing values”; too many values may require discarding the contribution of that laboratory or at least some of the 
values. If a laboratory cannot follow instructions as to number of analyses to perform, it raises a question as to its 
ability to follow the method.

5.4 R ep o rt in d iv id u a l values, in c lu d in g  b lanks. Do not average or do other data manipulations unless required by the 
instructions. Undisclosed averaging distorts statistical measures. If blank is larger than determination, report the 
negative value; do not equate negative values to zero. Follow or request instructions with regard to reporting “traces” 
or “less than.” Descriptive (i.e., nonquantitative) terms are not amenable to statistical analysis and should be avoided. 
When results are below the limit of determination, report actual calculated result, regardless of its value.

5.5 S u p p ly  ra w  d a ta , graphs, recorder tracings, p h o tograph s, o r  o th er d o cu m en ta tio n as requested in the instructions.
5.6 I f  a n a ly tic a l resu lts a p p ea r  u nreasonable, in ves tig a te  p o ss ib le  cau se im m ed ia te ly , first by checking for transcription 

and calculation mistakes, and then by reanalysis, if permitted by the protocol. Call Associate Referee to discuss 
suspicious values. If Associate Referee indicates a Value may be an outlier, review the determination promptly to the 
extent possible, by recalculation, reanalysis, or preparation of new standards. If time and materials are available, 
obtain new laboratory samples for repeat analysis.
Since collaborators may have no basis forjudging whether a value is an outlier, the results should be communicated 
to the Associate Referee as soon as the protocol is complete and before time and equipment are reassigned, so that 
repeat assays may be performed at once, if necessary.
N o te: The sooner an apparent outlier is investigated, the greater the likelihood of finding a reason for its occurrence. 
The most frequent causes of correctable outliers are:5.6.1 Incorrect calculations and arithmetic errors.
5.6.2 Errors in reporting, such as transposition of numbers, misplacement of the decimal point, or use of the wrong 

units.5.6.3 Incorrect standards due to weighing or volumetric errors (check physical constants or compare against freshly 
prepared standard solutions).

5.6.4 Contamination of reagents, equipment, or test materials. /
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6. Statistical Analysis

6.1 Initial Review o f Data (Data Audit)
The Associate Referee should first plot the collaborative data material by material (or one value against the other for 
a split level [Youden pair]), values vs laboratory, preferably in ascending or descending order of reported average 
concentration. Usually major discrepancies will be apparent: displaced means, unduly spread replicates, outlying 
values, differences between methods, consistently high or low laboratory rankings, etc.
Only valid data should be included in the statistical analysis. Valid data are values that the collaborator has no reason 
to suspect as being wrong. Invalid data may result when: (a) the method is not followed; (b) a nonlinear calibration 
curve is found although a linear curve is expected; (c) system suitability specifications were not met; (d) resolution is 
inadequate; (e) distorted absorption curves arise; (f) unexpected reactions occur; or (g) other atypical phenomena 
materialize. Other potential causes of invalid data are included in 5.6.1-5.6.4.

6.2 Statistical Approach
Perform calculations on each material individually or as split levels, as appropriate. Only if the variances are not 
significantly different from each other should the results across materials be pooled for analysis of variance. If the 
relative standard deviations of the results from different materials are not significantly different, it may be convenient 
to average them over the range tested and to thereby report just a single relative standard deviation. Consultation 
with a statistician is always desirable.

6.3 Outliers
Collaborative studies seem to have an inherent level of outliers, the number depending on the definition of outliers 
and the basis for calculation (analytes, materials, laboratories, or determinations). Rejection of more than 2/9 of 
the data from each material in a study, without an explanation (e.g., failure to follow the method), is ordinarily 
considered excessive. This corresponds to rejection of more than 1 laboratory from a 5-6 laboratory study or 2 from 
a 9 laboratory study. For larger studies, a smaller acceptable percentage of rejections may be more appropriate. 
Determine the probability that the apparent aberrant value(s) is part of the main group of values considered as a 
normal population by applying the following tests in order:
6.3.1 C ochran  tes t for removal of laboratories (or indirectly for removal of extreme individual values from a set of 

laboratory values) showing significantly greater variability among replicate (within-laboratory) analyses than 
the other laboratories for a given material. Apply as a 1-tail test at a probability value of 0.01.To calculate the Cochran test statistic: Compute the within-laboratory variance for each laboratory and divide 
the largest of these by the sum of all of these variances. The resulting quotient is the Cochran statistic which 
indicates the presence of a removable outlier if this quotient exceeds the critical value listed in the Cochran 
table for P  = 0.01 (1 -tail) and L (number of laboratories), Appendix A-l.

6.3.2 G rubbs te s ts for removal of laboratories with extreme averages. Apply in the following order: single value test 
(2-tail; P  = 0.01); then if no outlier is found, apply pair value test (2 values at the highest end, 2 values at the 
lowest end, and 2 values, one at each end, at an overall P = 0.01).
To calculate the single Grubbs test statistic: Compute the average for each laboratory and then calculate the 
standard deviation (SD) of these L averages (designate as the original s). Calculate the SD of the set of averages 
with the highest average removed (sH); calculate the SD of the set of averages with the lowest average removed 
(sL). Then calculate the percentage decrease in SD as follows:

100 x [1 - (sL/s)] and 100 x [1 - (sH/s)]
The higher of these 2 percentage decreases is the single Grubbs statistic, which signals the presence of an outlier 
to be omitted if it ex ceed s the critical value listed in the single Grubbs tables at the P = 0.01 level, 2-tail, for L laboratories, Appendix A-2.
To calculate the Grubbs pair statistic, proceed in an analogous fashion, except calculate the standard deviations 
s2L, s2H, and sHL, following removal of the 2 lowest, the 2 highest, and the highest and the lowest averages, 
respectively, from the original set of averages. Take the smallest of these 3 SD values and calculate the corre
sponding percentage decrease in SD from the original s. A Grubbs outlier pair is present if the selected value 
for the percentage decrease from the original s ex ceed s the critical value listed in the Grubbs pair value table at the P = 0.01 level, for L laboratories, Appendix A-2.

6.3.3 If the single value Grubbs test signals the need for outlier removal, remove the single Grubbs outlier and recycle back to the Cochran test as shown in the flowchart, Appendix A-3.
If the single value Grubbs test is negative, check for masking by performing the pair value Grubbs test. If this 
second test is positive, remove the 2 values responsible for activating the test and recyle back to the Cochran 
test as shown in the flowchart, Appendix A-3, and repeat the sequence of Cochran, single value Grubbs, and 
pair value Grubbs. Note, however, that no outliers should be removed if such removal results in an overall 
reduction of more than 2/9 in the number of laboratories whose values are removed.6.3.4 If no outliers are removed for a given cycle (Cochran, single Grubbs, pair Grubbs), outlier removal is complete. 
Also, stop outlier removal whenever more than 2/9 of the laboratories are flagged for removal. With a higher 
removal rate, either the precision parameters must be taken without removal of all outliers or the method must be considered as suspect.
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N ote: The decision as to whether a value(s) should be removed as an outlier ultimately is not statistical in nature. 
The decision must be made by the Associate Referee on the basis of the indicated probability given by the outlier 
test and any other information that is pertinent. (However, for consistency with other organizations adhering to the 
harmonized outlier removal procedure, the estimate resulting from rigid adherence to the prescribed procedure should 
be reported.)

6.4  Bias (Systematic Deviation) o f  Individual Results

6.4.1 (Estimated) Bias = mean amount found — amount added (or known or assigned value)
N ote: Error of a single value = the single value - amount added (true value)

% Recovery = (measured concentration in fortified material — measured concentration in unfortified material) 
x 100/(known increment in concentration)

The amount added should be a substantial fraction of, or more than, the amount present in the unfortified 
material.

6.4.2 A true or assigned value is known only in cases of spiked or fortified materials, certified reference materials, or 
by analysis by another (presumably unbiased) method. Concentration in the unfortified material is obtained by 
direct analysis or by the method of additions. In other cases, there is no direct measure of bias, and consensus 
values derived from the collaborative study itself often must be used for the reference point.

6.4.3 Notes:
(a) [Note for Youden Manual] Youden equates “true” or “pure” between-laboratory variability (not including the 

within-laboratory variability) to the variability in bias (or variability in systematic error) of the individual 
laboratories. Technically, this definition refers to the average squared difference between individual laboratory 
biases and the mean bias of the assay.

(b) The presence of random error limits the ability to estimate the systematic error. To detect the systematic error 
of a single laboratory when the magnitude of such error is comparable to that laboratory’s random error, at 
least 15 values are needed, under reasonable confidence limit assumptions.

6.5  Precision (Random Error)

The relative basis (i.e., relative standard deviation, RSD) is the most useful measure of precision in chemical analytical 
work because the RSDs are usually independent of concentration or amount of analyte over a reasonable range of 
concentrations. Therefore, the use of RSD facilitates comparison of variabilities at different concentrations. When the 
RSD increases rapidly with a decrease in concentration or amount, the rise delineates the limit of usefulness of the 
method (limit of reliable measurement). The most important types of precision are:
6.5.1 R e p ro d u c ib ili ty —among-laboratories (including within-laboratories) precision, designated as sR.

N ote: This component is not obtained merely by calculating the standard deviation of all the data (except when 
there are no replicates) since this term must be corrected by a replication term (Youden, 8.1, p. 19). The 
correction term must be extracted by an analysis of variance technique (Steiner, 8.1, p. 78-81). However, 
this crude, overall calculation of the standard deviation of all the data can serve as a check on the arithmetic, 
since the 2 values are usually fairly close.

6.5.2 R e p e a ta b ility —within-laboratory precision, designated as sr.
6.5.3 A m o n g -la b o ra to r ie s  (n o t in c lu d in g  w ith in -la b o ra to ry , variab ility). Designated as sL and used only for calculating sR.
6.5.4 R ela tio n sh ip  a m o n g  p rec is io n  com pon en ts.
(a) The relationship among the 3 precision parameters is:

Sr2 =  SL2 +  Sr2

The parameters, sR2, sL2, and sr2, must be nonnegative, by definition. The e s tim a te of sL2, however, can be 
negative. This frequently occurs in practice when sr2 is so large (poor repeatability) that it swamps out sL2. A 
negative estimate of the sL2 term arises from the fact that sL2 is calculated from the difference of 2 terms, each 
of which is calculated independently. If the second term is larger than the first, the difference is negative. When 
this occurs, sL2 is set equal to zero, which does result in a biased estimate of sR2. If this occurs with a number 
of the materials in the collaborative study, the method is probably unsatisfactory due to poor replication. 
Otherwise, such an occasional aberration can be tolerated.

(b) When only single determinations are performed on each material (except in the case of the split level design), 
there is no rigorous basis for calculating sr2, and within-laboratory variability cannot be estimated directly.

(c) The ISO definitions for repeatability value (r) and reproducibility value (R) (see 8.5) are simple multiples of 
the above measures of precision expressed as standard deviations. They are shown to be expressible in terms 
of the corresponding standard deviations below. The ISO definitions use a prediction interval statement: the 
value below which the absolute difference between 2, and only 2, single test results of identical test material 
may be expected to lie with a specified probability (usually 95%); in other words, assuming normal distribution, 
when duplicate measurements are performed, the absolute difference between the results of each of these 
duplicate measurements is expected to be below r or R in 95% of the cases. The relationship between the 2 
definitions is:

Repeatability value (r) = 2■ 21/1 • sr = 2.8-X-RSD/100
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Reproducibility value (R)= 2-2l/!-sR = 2 .8 X R S D r/100

The coefficient 2.8 is derived from assumptions about the distribution of the sample populations, and sr and 
sR are repeatability and reproducibility standard deviations, respectively; RSDr and RSDr are the corresponding 
relative standard deviations, and X is the mean of the laboratory means.

6.5.5 Confidence limits for precision terms. Standard deviations and relative standard deviations from actual collab
orative studies are merely estimates of “true values.” The “confidence interval” (bounded by the confidence 
limits) is the range within which the true value is expected to lie with a stated degree of confidence (customarily 
95%). The confidence intervals of precision terms are rarely given because about 200 values are required to 
estimate the standard deviation to within approximately 10%; for a small study of about 30 values, the standard 
deviation can be estimated to only about 25%.

6 .6  In correct, Im proper, o r  I llu so ry  V alues (F alse P o sitiv e  a n d  False N eg a tive  Values)

These results are not necessarily outliers (no a priori basis for a decision), since there is a basis for determining their 
incorrectness (a positive value on a blank material, or a zero (not found) or negative value on a spiked material). 
There is a statistical basis for the presence of false negative values: In a series of materials with decreasing analyte 
concentration, as the RSD increases, the percent false negatives increases from an expected 2% at an RSD = 50% to 
17% at a RSD = 100%, merely from normal distribution statistics alone.
When false positives and/or false negatives exceed about 10% of all values, analyses become uninterpretable from 
lack of confidence in the presence or absence of the analyte, unless all positive laboratory samples are reanalyzed by 
a more reliable (confirmatory) method with a lower limit of determination than the method under study. When the 
proportion of zeros (not necessarily false negatives) becomes greater than approximately 30%, the distribution can 
become bimodal and even more uninterpretable (is the analyte present or absent?).

7. Final Report
7.1 The final report should contain a description of the materials used, their preparation, any unusual features in their 

distribution, and a table of all valid data, including outliers. When replication is performed, the individual values, 
not just averages, must be given, unless the method requires averages (e.g., microbiological methods). Values not used 
for specified reasons, such as decomposition, failure to follow method, or contamination, should not be included in 
the table since they may be included erroneously in subsequent recalculations. The report should include the statistical 
parameters calculated with and without specified outliers. Report the standard deviations, means, and the correspond
ing RSDs. Proofread tables very carefully since many errors are of typographical origin. Give the names of the 
participants and their organizations, if agreement has been obtained for their acknowledgment.

7.2 The final report should be published in a generally accessible publication, or availability of the report from the 
organization sponsoring the method should be indicated in the published method. Without public documentation, 
the significance of the study is very limited.

7.3 The report should be sent to all participants, preferably at the manuscript stage, so that clerical and typographical 
errors may be corrected before publication. If changes in values from the original submission are offered, they must 
be accompanied by an explanation.

7.4 Example of Table of Statistical Parameters: See Table 1.
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TABLE 1

[x] collaborative tests carried out at the international level in [year(s)] 
by [organization(s)] In which [y and z] laboratories participated, each 
performing [k] replicates, gave the following statistical results:

Results expressed in [units]

Material [Description and listed across the top in increasing order of magnitude 
of means]

Number of laboratories retained after eliminating outliers 
Number of outlying laboratories removed

Mean
True or accepted value, if known

Repeatability standard deviation (sr)
Repeatability relative standard deviation (RSD,)
Repeatability value, r (2.8 x s,)

Reproducibility standard deviation (sR)
Reproducibility relative standard deviation (RSDn)
Reproducibility value, R (2.8 x  s„)

The repeatability and reproducibility values may also be expressed as a relative 
value (as a percentage of the determined mean value), when the results so 
suggest.

If the recovery and precision values are more or less constant for all materials 
or for groups of materials, an overall average value may be presented. 
Although such averaging may not have statistical validity, it does have 
practical value.
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Appendix A-1
Critical Values for the Cochran Test 

(Abbreviated from ISO 5725-1986, P  =  0.01)

L = number of laboratories at a given level (concentration) 
r = number of replicates per laboratory

L r = 2 r = 3 r = 4 r = 5 r = 6

3 0.993 0.842 0.883 0.834 0.793
4 0.968 0.864 0.781 0.721 0.676

5 0.928 0.788 0.696 0.633 0.588
6 0.883 0.722 0.626 0.564 0.520
7 0.838 0.664 0.568 0.508 0.466
8 0.794 0.615 0.521 0.463 0.423
9 0.754 0.573 0.481 0.425 0.387

10 0.718 0.536 0.447 0.393 0.357
11 0.684 0.504 0.418 0.366 0.332
12 0.653 0.475 0.392 0.343 0.310
13 0.624 0.450 0.369 0.322 0.291
14 0.599 0.427 0.349 0.304 0.274

15 0.575 0.407 0.332 0.288 0.259
16 0.553 0.388 0.316 0.274 0.246
17 0.532 0.372 0.301 0.261 0.234
18 0.514 0.356 0.288 0.249 0.223
19 0.496 0.343 0.276 0.238 0.214

20 0.480 0.330 0.265 0.229 0.205
21 0.465 0.318 0.255 0.220 0.197
22 0.450 0.307 0.246 0.212 0.189
23 0.437 0.297 0.238 0.204 0.182
24 0.425 0.287 0.230 0.197 0.176

25 0.413 0.278 0.222 0.190 0.170
26 0.402 0.270 0.215 0.184 0.164
27 0.391 0.262 0.209 0.179 0.159
28 0.382 0.255 0.202 0.173 0.154
29 0.372 0.248 0.196 0.168 0.150

30 0.363 0.241 0.191 0.164 0.145
35 0.325 0.213 0.168 0.144 0.127
40 0.294 0.192 0.151 0.128 0.114

Cochran statistic = (largest individual within-laboratory variance)/(sum of all 
the within-laboratory variances).

Appendix A-2
Critical Values for the Grubbs Single Value and Pair Value Tests 
Expressed as the Percent Reduction in the Standard Deviation 
Caused by Removal of the Suspect Value(s) ( S e e  6.3.2 for cal

culating the Grubbs statistics.)

L = number of laboratories at a given level (concentration)

L Single value test Pair value test

4 91.3 99.7
5 80.7 95.4

6 71.3 88.3
7 63.6 81.4
8 57.4 75.0
9 52.3 69.4

10 48.1 64.6
11 44.5 60.5
12 41.5 56.8
13 38.9 53.6
14 36.6 50.8

15 34.6 48.3
16 32.8 46.0
17 31.2 44.0
18 29.8 42.1
19 28.5 40.4

20 27.3 38.9
21 26.2 37.4
22 25.2 36.1
23 24.3 34.9
24 23.4 33.7

25 22.7 32.7
26 21.9 31.7
27 21.2 30.8
28 20.6 29.9
29 20.0 29.1

30 19.5 28.3
35 17.1 25.0
40 15.3 22.5

Source: Patrick Kelly, Canada Packers, Toronto, Ontario, Canada. Single 
critical values calculated from available formulas; pair critical val
ues from simulation and fitting and should be accurate to 0.1% ab
solute. (Submitted for publication to Technometrics.)
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Appendix A-3
Flowchart

Complies with IUPAC-1987 Recommendations

IUPAC-1987
HARMONIZED STATISTICAL PROCEDURE

Committee on International Coordination

B E N  BO RSJE, Chairman 
P. H. Van Rynstraat 44,
3904 HJ Veenendaal,
The Netherlands

Other Members: K. Naguib, Vice Chairman; C. Y. Ang; W.
R. Bontoyan; L.-H Chen; R. F. Coleman; L. F. Corominas;
E. Hopkin; W. Horwitz; M. Ihnat; J. R. Iturbe; P. Martin; G.
G. Moy; D. L. Park; H. Povlsen; M. Rogers; R. C. Rund; I. 
Santich; R. W. Weik; R. Wood

R eco m m en d a tio n s f o r  the B o a rd  o f  D irec to rs

A. The Committee on International Coordination rec
ommends that the Official Methods Board’s criteria for ac
ceptance of methods originating from other organizations be 
distributed to organizations with which AOAC has cooper
ative agreements and others with which AOAC has regular 
contacts.

B. The committee recommends that the AOAC staff de
velop a menu of services (short courses and symposia) and 
specific projects and describe conditions including funding 
(sponsors) that persons desiring such services must meet for 
AOAC to initiate action.

C. The committee recommends that the methods com
mittees, the General Referees, the Associate Referees, and 
other relevant persons be informed of the contents, conse

quences, and their responsibilities under various AOAC co
operative agreements with other organizations.

D. The committee recommends that the Board of Direc
tors consider the following: The committee is prepared to 
develop a strategic plan, in cooperation with the European 
and U.S. representatives, to advance the methods develop
ment, collaborative studies, and interactions of scientists in 
North America to scientists in Europe; in other words, a 
planned effort to advance the tenets of AOAC in all aspects 
to the scientific community in Europe. Does the Board of 
Directors want the International Coordination Committee, 
eventually in cooperation with the Long Range Planning 
Committee, to develop such a strategic plan? We are prepared 
to do so!

B asis f o r  R ecom m en da tion s

A. The committee noted with pleasure last year in Scotts
dale that the Official Methods Board took a positive action 
in accepting internationally available methods of analysis. 
The committee is now requesting the Board of Directors to 
implement that action for the benefit of the international 
scientific community.

B. Following last year’s request by our African member, 
the committee is studying the possibility of placing training 
courses in developing countries and other less-industrialized 
countries. We need to see what kind of funds can be raised 
and what type of volunteer input is required to organize 
training courses on a cost-recovery basis.

C. The committee has the impression that the implemen
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tation of cooperative agreements with AOAC needs more 
attention.

D. During the meeting of the AOAC Europe Steering 
Committee in San Francisco, 2 motions were adopted con
cerning the clarification of the position of AOAC Europe and 
the need for a permanent representation and strategy for 
AOAC Europe. After discussion of these motions, the Inter
national Coordination Committee adopted a motion cov
ering both.

O th er D iscu ssion

Reports of the status of joint actions with other bodies 
indicated once again a high level of cooperation. These in
ternational organizations included: International Standards 
Organization, Analytical Division of the Royal Society of 
Chemistry (UK), International Union of Pure and Applied 
Chemistry, Food and Agriculture Organization of the United

Nations, World Health Organization, International Dairy 
Federation, Nordic Committee on Food Analysis, European 
Economic Community, American Association of Cereal 
Chemists, American Association of Brewing Chemists, As
sociation of Public Analysts (UK), and Federation of Euro
pean Chemical Societies.

The committee was pleased to note that the AOAC/AMC 
agreement has been signed.

The committee was pleased to learn that the European 
Representative achieved observer status for AOAC at EEC 
expert committee meetings, and considers this a major step 
forward.

The portions of the strategic plan pertaining to the com
mittee were discussed and will be reported on later.

The committee was pleased to receive guests from Brazil, 
Belgium, United Kingdom, Sweden, and Finland. Members 
from Mexico, Egypt, Denmark, United States, and The Neth
erlands were also present.

Intersociety Committee on Methods of 
Air Sampling and Analysis

B E R N A R D  E. S A L T Z M A N , Representative 
University o f Cincinnati,
Kettering Laboratory,
Cincinnati, O H  45267-0056

The committee held one meeting during 1987 on June 23 
in New York, NY. The executive secretary, George Kupchik, 
reported that 1100 copies of the second edition of the manual 
remained of the original 5900 printed. The third edition will 
be issued in 1988; therefore, a proposal by the American 
Public Health Association to offer these remaining copies to 
its non-U.S. distributors at 60% less than the list price was 
discussed. Because of the lack of a quorum, a mail ballot 
vote was taken and the proposal was accepted.

The editor, James P. Lodge, reported that the revised 
manuscript for the third edition of the manual was almost 
complete for specific methods, but some work on general 
techniques remained. He expects the manual to be ready for 
publication in early 1988.

The subcommittee chairmen reported on the status of re
maining work in preparing sections of the manuscript.

Two proposals for publication of the third edition of the 
manual were discussed. The APHA proposal to handle dis
tribution, storage, and accounting of an already published 
manual was not favored. A proposal by Lewis Publishers, 
Inc. (Chelsea, MI), for complete publication and handling 
was subsequently approved by mail ballot. A copy of the 
proposal will be sent to all participating societies. They will 
also distribute the manual as was done with previous edi
tions.

Under the terms of the Articles of Agreement, the chair
manship was rotated to a representative of another society. 
Robert S. Saltzman (Dupont) representing the Instrument 
Society of America was elected chairman by a mail ballot 
for a 3 year term beginning in 1988.

The future program of the Intersociety Committee after 
publication of the third edition of the manual will be dis
cussed at the next meeting. Sampling and analysis of indoor 
air pollutants, hazardous wastes, and toxic substances have 
been suggested.

The 9 societies currently participating in the Intersociety 
Committee are: Air Pollution Control Association; American 
Chemical Society; American Institute of Chemical Engineers; 
American Public Works Association; American Society of 
Civil Engineers; American Society of Mechanical Engineers; 
Association of Official Analytical Chemists; Health Physics 
Society; Instrument Society of America.
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Joint AOAC-AOCS-AACC-IUPAC 
Mycotoxin Committee

PE T E R  M . SC O TT, Chairman 
Health and Welfare Canada,
Health Protection Branch,
Ottawa, Ontario K1A 0L2, Canada

Other Members: R. Bernetti (AACC); H. Casper (AOAC); J.
C. Henderson (AOCS); D. L. Park (AOAC); A. E. Pohland 
(IUPAC); O. L. Shotwell (AACC); R. D. Stubblefield (Sec
retary) (AOCS); A. E. Waltking (AOCS)

The annual meeting of the Joint Mycotoxin Committee 
was held on September 16, 1987, in San Francisco, CA.

(A.) The minutes of the Joint Mycotoxin Committee of 
September 16, 1986, were approved.

(B.) The report of the IUPAC Commission on Food 
Chemistry was given by Doug Park for A1 Pohland. The 
commission has several projects on mycotoxins that are com
pleted, under way, or initiated: (a) collaborative study on 
patulin in apple juice (S. Kubacki, completed); (b) collabo
rative study on ochratoxin A (P. Krogh, to be completed in
1988); (c) collaborative studies on aflatoxin methods (see 
AOAC report, completed); (d) limits and regulations for my
cotoxins in foods and feeds (H. P. van Egmond, ongoing 
project); (e) guidelines for immunoassay methods (J.-M. Fre- 
my, new project); (f) spectroanalytical parameters of Fusar- 
ium toxins (P. Thiel, ongoing project); (g) check sample pro
gram (M. Friessen, ongoing project); (h) decontamination (D. 
Park, new project).

(C.) Peter Scott highlighted the AOAC General Referee 
report on mycotoxins. (a) The ELISA screening method for 
aflatoxin B, in cottonseed products and mixed feeds was 
recommended for adoption to the Committee on Foods I; 
however, they have not yet made a decision, (b) Final reports 
are being prepared on the LC method for determining afla- 
toxins, the solvent-efficient TLC method, and a rapid-screen
ing ELISA card method. These were collaboratively studied 
this year, (c) Numerous official first action methods in chapter 
26 were recommended for official final action status. Three 
methods (aflatoxin in green coffee, 26.061-26.066; identifi
cation of aflatoxin B, by TLC, 26.076-26.082; and confir
mation of aflatoxin M, in liver, 26.110) were declared sur
plus. (d) An associate refereeship is being established for 
Immunochemical Methods for Mycotoxins.

(D.) Art Waltking gave an overview of the AOCS myco
toxin meeting of May 17, 1987, in New Orleans, LA. (a) The 
report of the Smalley Committee on Aflatoxin was reviewed,
(b) The CB method for aflatoxins in com and com products 
was written in AOCS style for inclusion in Official and Ten
tative Methods. It has been forwarded to the AOCS Uniform 
Methods Committee.

(E.) The report of the AACC Mycotoxin Committee was 
given by Odette Shotwell. (a) The method for determining 
zearalenone by liquid chromatography, approved by both 
the AOAC and AOCS, was approved by the AACC. (b) The 
presumptive test for aflatoxin in com, “the black light test,” 
was written up for the AACC book of methods by Odette 
Shotwell. This will provide, “for information only,” a proper 
procedure for doing this test, (c) A new representative to the 
Joint Mycotoxin Committee to replace Raymond Bowers is 
being sought.

(F.) The report of the International Dairy Federation Group 
E33-Mycotoxins was summarized by Peter Scott, (a) The 
method for the determination of aflatoxin M, in milk and 
milk products-IDF Standard 111:1982 (AOAC method
26.095-26.100) will incorporate minor suggestions and be 
submitted for publication as a Provisional IDF Standard, (b) 
Sterigmatocystin in certain types of Dutch hard cheese is a 
topic of concern. A method presented by Dr. Battaglia ap
pears to be promising for study, (c) The occurrence of 
a-cyclopiazonic acid in mold-ripened soft cheese was dis
cussed.

(G.) Art Waltking led a discussion of Proposition 65 in 
California. This proposition has been passed and becomes 
effective in March 1988. Attorneys for the American Peanut 
Product Manufacturers Incorporated (APPMI) have pre
sented their views on how the industry would be affected to 
the scientific advisory panel for Proposition 65, in attempts 
to get it to defer the initial listing of aflatoxin on their list of 
carcinogens. The APPMI noted that aflatoxin is a naturally 
occurring carcinogen, but listing of aflatoxin at this time will 
lead to lowered public confidence in federal standards and 
put a burden upon the peanut butter manufacturers.

(H.) There was a lengthy discussion of the current status 
of ELISA and affinity column chromatography kits. Some 
committee members have evaluated some of the kits, with 
generally good results. However, it was noted that mixed 
feed samples can produce background color in their extracts, 
which could lead to false positives. Other attendees com
mented upon the excellent cleanup of extracts by the affinity 
columns and the effects of temperature variation on the en
zyme in ELISA tests. The discussion shifted to the problems 
encountered when an immunoassay method is written up. It 
is necessary to specify the criteria and specifications so that 
any manufacturer’s kit would be acceptable without a new 
collaborative study, as long as it meets the specified criteria. 
This is no easy task and other Associate Referees are strug
gling with the same problem. It was recommended by the 
committee members that all AOAC Associate Referees in
volved in immunoassay methodology should collaborate to 
address the write-up problems.

(I.) Douglas Park stated that the FDA requested an in- 
depth review on the decontamination of aflatoxin-contam- 
inated commodities (com, peanuts, and cottonseed) by the 
use of ammonia. This review was written by Douglas Park 
(University of Arizona), Louise Lee (SRRC), A1 Pohland 
(FDA), and Ralph Price (University of Arizona) and will be 
used to reach a decision in the clearance process.

(J.) Recent findings of trichothecenes in agricultural com
modities were noted, including HT-2 toxin in wheat, diace- 
toxyscirpenol and DON in soybeans, and 3- and 15-acetyl 
DON in corn.

(K.) Meetings on mycotoxins that will take place in 1988 
are the FASEB Summer Research Conference on Tricho- 
thecene, Blue-green Algal, and Marine Toxins: Mechanisms, 
Detection, and Therapy, at Copper Mountain, CO, July 25- 
28; 7th IUPAC International Symposium on Mycotoxins and 
Phycotoxins, Tokyo, Japan, August 16-19; and 5th Inter
national Congress of Plant Pathology, Kyoto, Japan, August
20-27. A conference and workshop on immunoassay of my
cotoxins is planned for the 103rd AOAC Annual Interna
tional Meeting in St. Louis, MO, September 25-28, 1989.
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Committee on Laboratory Quality Assurance

JO N  E. McNEAL, Chairman
U.S. Department o f Agriculture,
Food Safety and Inspection Service,
Washington, DC 20250

Other Members: R. Alvarez; J. B. Ault; R. A. Baldwin; C.
S. Brannon; M. H. Brodsky; A. S. Y. Chau; D. Curley-Amdt;
J. P. Dux; J. M. Guira; G. Hirsh; E. Klasta; J. Lanier; E. 
Meier; T. Mekaru; T. Stijve

R eco m m en d a tio n s f o r  th e  B o a rd  o f  D irec to rs

A. The committee recommends that the Board of Direc
tors direct the staff to proceed with the implementation of 
an AOAC analyst recognition program, with concomitant 
recognition for the organization to which the analyst belongs.

B. The committee recommends that the Board of Direc
tors not pursue an AOAC certified reference materials pro
gram, but continue to direct the Laboratory Quality Assur
ance Committee to investigate the possibility of the association 
acting as a marketing agent for analytical standards.

B a sis  f o r  R eco m m en d a tio n s

A. A proposal is before the Board of Directors to imple
ment an AOAC analyst accreditation program during 1988; 
accreditation would be based on successful participation in 
AOAC collaborative studies and/or the conducting of studies 
leading to official status for specific methods. Such a program 
would be intended to foster incentive for analysts and As
sociate Referees to participate vigorously in AOAC activities.

The committee believes that the accreditation of analysts 
should not be a part of the collaborative process, because the 
primary objective of the process is to evaluate the method, 
not the analyst. An inherent principle in the collaborative 
process is that analysts are expected to be competent before 
commencing their portion of the study.

Rather than helping to increase analyst participation, it is 
believed that such a program would lead to nonparticipation 
for fear of failure. If a study was successful but an analyst 
was not allowed accreditation because his/her findings were 
considered outliers, the analyst would have this stigma to 
live with, and it could lead to adverse effects on careers. 
Outliers can be characteristic of the method and not the 
analyst.

Not all participation in collaborative studies is voluntary; 
companies and supervisors often assign specific analysts for 
this type of work. Questions arise as to whether such a pro
gram might foster an elitist group within AOAC. What about 
the person who has many years of experience in the specific 
area but, because of present position, cannot participate in 
a collaborative study and therefore is not eligible for accred
itation? What happens in companies that must use official 
methodology but have no accredited analysts or their one 
analyst has changed companies? Would salary differentials 
be created?

AOAC can specifically recognize analysts who have vol
unteered for or have been assigned to a collaborative study. 
Such recognition could be through the use of certificates of 
participation that one could justifiably and proudly display. 
A small fee could be charged to cover the implementation 
of the program, but it should not be considered a revenue
gathering exercise. Because an organization has contributed

dollars to a study, in terms of people, time, and material, it 
too should have the opportunity for recognition.

B. The association does not have the resources to imple
ment a standard reference materials program. Large initial 
outlays of funds are required for manufacturing and testing 
facilities, and there is a limited market. Such a program would 
create an unacceptable financial burden for AOAC.

An opportunity does exist for the association to become a 
marketing agent for standard reference materials if we act 
immediately. The U.S. Office of Management and Budget 
has asked the Environmental Protection Agency to exter
nalize its analytical standards programs; this will allow out
side organizations to contract for the preparation, testing, 
storage, etc., of these materials and to market them. The 
need for these standard materials is huge. EPA would still 
operate the bulk of the program; AOAC could do the mar
keting and share in the revenues. It appears that clients who 
have been receiving these materials free of charge will have 
to begin purchasing them regardless of whether groups out
side EPA market them.

O th er  D iscu ssion

AOAC Quality Assurance Short Courses: Full 2-day courses 
were held in Arlington, VA, on April 7-8, 1987, July 28-29, 
1987, and in San Francisco, CA, on September 12-13, 1987, 
with 35, 54, and 45 attendees, respectively. On July 16,1987, 
AOAC, under contract with EPA, presented a one-day mod
ified course on Quality Assurance for Analytical Laboratories 
at the “EPA Solid Waste Testing and Quality Assurance 
Symposium.” Because of restrictions in the contract, only 35 
participants were allowed. On-site, however, over 200 people 
wished to take the course. Nine additional persons from the 
EPA Pesticide and Toxic Substances Office were added. There 
is still a large market for these courses and more will be 
scheduled during the coming year. Also the short course for 
microbiology laboratories should be offered again.

QA Committee Participation in AOAC Regional Sectional 
Meetings: Committee members participated in the Midwest 
and Southeast Regional Section meetings during 1987, giving 
presentations and conducting question/answer sessions con
cerning quality control and quality assurance for bench level 
analysts. Both presentations were received with great enthu
siasm. Committee members are encouraged to continue their 
contact with AOAC regional sections and to participate in 
programs on quality assurance/quality control wherever 
practical. Presentations should be geared toward the specific 
needs of those attending these meetings and are not meant 
to be in competition with or as all-inclusive as the AOAC 
short courses.

Sampling: The symposium on sampling that was part of 
last year’s annual meeting will not be published as a separate 
entity. Authors are encouraged to submit manuscripts of their 
papers for publication in the Journal o f the AOAC. Frederick 
Garfield is preparing a publication entitled “A Guide to Sam
pling Food, Drugs, and Agricultural Commodities.”

F uture A c tiv it ie s

(7) AOAC Check Sample Programs: Proficiency check 
sample programs are not easy to administer, but they are 
possible. The committee believes that AOAC may have a 
role to play in this area. A subcommittee, chaired by Eugene 
Klesta, has been formed to determine in what areas AOAC 
could service its membership by providing check samples 
for needs not currently covered by existing programs. The
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subcommittee will also look at areas where redundant pro
grams now exist, with efforts directed towards consolidation.

(2) Members of the committee, through their affiliations 
with other professional societies and organizations, will be 
investigating the possibility that those groups with continuing 
education unit (CEU) programs would accept AOAC collab
orative studies for CEU credit. If this can be done, it will 
encourage more participation in AOAC activities.

(5) The committee will look into the possibility of video
taping sections of the short course for sale to interested par
ties. There also appears to be an interest from laboratories 
and companies for on-site courses to which they could send 
more of their people. Preliminary discussions reveal that they 
are willing to pay for this service. These activities could be 
of great service to our membership and could more than pay 
for themselves.

Long Range Planning Committee

RICH A RD  L. ELLIS, Chairman 
U.S. Department o f Agriculture,
Food Safety and Inspection Service,
300 Twelfth St, SW, Washington, DC 20250

Other Members: R. A. Baldwin; W. R. Bontoyan; B. Borsje; 
W. P. Cochrane; F. J. Farrell; C. W. Gehrke; R. Matulis; J. 
P. Minyard; A. Munson; R. C. Rund; A. Shroff; W. Spain;
G. R. Tichelaar; L. Whalen

R eco m m en d a tio n s f o r  th e  B o a rd  o f  D irec to rs

A. The Long Range Planning Committee recommends that 
the Board of Directors approve the revised Terms of Ref
erence for the committee.

B. The committee recommends that the Board of Directors 
transmit to the Official Methods Board the collection of rec
ommendations concerning scientific activities of AOAC, dat
ed 1987, and including scientific areas to be emphasized and 
expanded and new areas to be explored for development of 
methods for collaborative study.

D iscu ssion

The proposed revised Terms of Reference specify an ex
panded committee membership which will allow broader and 
more representative participation in the long range planning 
activities of the association. Principally, this will bring into 
the committee increased representation from the private sec
tor and additional representation from outside North Amer
ica.

As part of its ongoing activities, the Long Range Planning 
Committee assesses the current status of topics and areas 
being addressed by AOAC and evaluates trends and events 
both within those areas and in potential new areas that may 
affect future directions of AOAC. Recommendations were 
developed in 11 areas, as follows:

(1) AOAC should nurture existing cooperative agreements 
with other methods development organizations in the food, 
feeds, and pesticides areas, such as those in existence with 
Nordic Committee on Food Analysis, International Dairy 
Federation, Association of Public Analysts, and others. AOAC 
should capitalize on its recognition in southeast Asia, for 
example, and expand its involvement in the Pacific Basin in 
fertilizers, pesticide formulations, and other commodity areas.

(2) AOAC should encourage industry involvement in the 
effort to harmonize methodology for pharmaceuticals, par
ticularly in broadening traditional AOAC procedures to in
clude validation of methods for new dosage forms.

(3) AOAC should encourage increased participation by 
microbiologists, by being more visible at symposia, meetings,

and workshops of interest, and by offering appropriate and 
relevant microbiological progams within AOAC.

(4) Associate Referees should be appointed in drug and 
device related microbiology to develop methods in microbial 
detection, sterilization, and product evaluation, particularly 
of diagnostic test kits.

(5) AOAC should refocus attention on microbiological 
methods for cosmetics.

(6) AOAC should actively recruit and encourage federal, 
state, and local enforcement agencies to participate in rapid 
development and sharing of analytical methodology for char
acterization of scheduled drugs, forensic evidence, and con
sumer products allegedly tampered with.

(7) AOAC should consider giving official status to the ap
propriate EPA 600 series methods for contaminants in ground 
water, assuming the collaborative data support adoption.

(8) AOAC should pursue cooperation with the Environ
mental Protection Agency on collaborative study of proposed 
methods for disinfectants; at the same time, interests of other 
countries in validating such methods should be explored.

(9) AOAC should delete further consideration of methods 
for hazardous substances in nonfood products; we do not 
have the membership to support interest and study of such 
methods.

(10) Each methods committee and General Referee needs 
to adopt a strategy for developing methodology for diagnos
tics and kits. AOAC will need to be flexible in seeking in
novative procedures, processes, reference standards, and re
lated techniques to assess and incorporate these into Official 
Methods o f Analysis. AOAC needs a policy to address inclu
sion of proprietary reagents in kits and possible implications 
of AOAC adoption of test kit methodology.

(11) AOAC should not expend any additional effort in the 
area of human and veterinary biologies.

As part of its specific responsibilities assigned under the 
association’s long range plan, the committee will be devel
oping a strategy for making better use of the liaison officers 
as information resources, both as transmitters of information 
about AOAC, and as contacts to facilitate cooperation be
tween AOAC and organizations with mutual interests and 
activities. Part of this project will be a formal description of 
the roles and responsibilities for liaison officers.

The committee will be developing summary evaluations 
of new methods areas for expansion of AOAC and will rec
ommend priorities for the expenditure of limited resources 
into these new areas. The committee expects to work with 
the Official Methods Board to suggest protocols for methods 
development in commodity or consumer product areas that 
do not fit the traditional collaborative study evaluation pro
cess.

Two specific topics that the committee will be studying 
will be evaluation of new venture areas, for possible devel
opment by other committees, and a review of the status and 
future of AOAC funding, to be done in cooperation with the 
Ways and Means Committee.
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Committee on M eetings, Symposia, and 
Educational Programs

NICOLE F. H A RD IN , Chairman 
Food and Drug Administration,
4298 Elysian Fields Ave,
New Orleans, LA 70122

Other Members: R. Bianchi; P. D. Bland; M. H. Brodsky; J. 
P. Cherry; S. M. Glad-Anderson; T. L. Jensen; J. J. Karr; E. 
Meir; H. F. Morris; P. F. Ross; R. D. Stubblefield; R. Wood

The committee held 2 meetings during 1987: April 16, at 
AO AC’s offices in Arlington, VA, and September 15, at the 
Annual International Meeting in San Francisco, CA.

At its April meeting, the committee reviewed its respon
sibilities under the association’s long range plan (LRP). LRP 
project sheets were developed and submitted to the Board 
of Directors. Committee LRP obligations are being studied 
and prioritized for implementation.

Also at the April meeting, Fred Garfield reported to the 
committee on the association’s short course program. The 
highly successful Quality Assurance Short Course had, at that 
time, been presented 21 times and the Microbiological Qual
ity Assurance Short Course had been presented once. Mr. 
Garfield proposed a short course on sampling food, drugs, 
and agricultural commodities. The committee approved Mr. 
Garfield’s initial general proposal and his proceeding to de
velop a final specific plan for proposal to the Board of Di
rectors.

This year the committee completed establishment of sym
posium liaisons. After each symposium proposal is accepted, 
a committee member is assigned as a liaison between the 
symposium chairman and the committee. This liaison over
sees symposium development and provides the symposium 
chairman ready access to the committee and assistance, if 
needed.

The committee has a first draft of guidelines for cooper
ative projects between AOAC and other organizations. These 
will be reviewed during the coming year and finalized for 
presentation to the Board of Directors.

Also this year, to comply with its revised Terms of Ref
erence, the committee established 2 permanent subcommit
tees—one for the Annual International Meeting and one for 
educational programs. Robert Bianchi and Michael Brodsky, 
respectively, accepted chairmanship of these subcommittees.

At the committee’s September meeting, William Horwitz 
presented a proposal for AOAC to cosponsor, with IUPAC, 
a symposium, “Harmonization of Protocols for Quality As
surance of Laboratory Studies.” It would be accompanied 
by a one-day workshop on the expression and reporting of 
the results of collaborative studies. The committee enthu
siastically received the presentation and supports this pro
posal.

Five symposia were presented at the Annual International 
Meeting in San Francisco. The lead symposium, “Robotics,” 
chaired by Allen S. Carman and George Tichelaar, was very 
popular and well received. The symposium “Mycotoxins,” 
chaired by Peter Scott, was the first in a series of “state of 
the art” symposia. Also presented were the following: the 
third symposium of Dennis Hinton’s biotechnology series, 
“Biotechnology: Impact on Present and Future Methods of 
Analysis”; “Industrial Analytical Chemistry,” chaired by 
James J. Karr; and “Cholesterol Oxidation,” chaired by Ger
hard Maerker and Jane Robens. Kenneth Helrich moderated 
this year’s Regulatory Roundtable, “Seafood Toxins.” The 
committee commends these chairmen on their excellent sym
posia.

The focus for the 1988 meeting is biotechnology, and 5 
symposia proposals have been accepted by the committee: 
review of biotechnology methods and applications; pesticide 
residues; methods for detecting drug residues in food prod
ucts of animal origin; laboratory information systems; and 
methods for phosphorus and nitrogen in fertilizers and fer
tilizer-related materials. Laboratory safety will be the subject 
of the 1988 Regulatory Roundtable.

The committee gratefully acknowledges the continuing 
support of its staff liaison, Administrative Manager Margaret
R. Ridgell. Whatever the committee has accomplished would 
have been impossible without her assistance.

Committee on M em bership

W ARREN BONTOYAN, Chairman 
Environmental Protection Agency,
Office o f Pesticide Programs,
Beltsville, MD 20705

Other Members: W. F. Carey; W. P. Cochrane; G. Gentry;
A. R. Hanks; K. R. Hill; D. Kassera; B. Larsen; A. J. Ma- 
lanoski; D. L. Park; V. A. Thorpe; J. Williams; R. Young

The Membership Committee’s recommendations regard
ing changes in the AOAC bylaws relating to membership, 
increased number of Directors, and mail ballots were incor
porated into the Constitution Committee’s recommenda
tions and approved by the Board of Directors for a mem
bership vote at the 1987 Annual International Meeting. 
Adoption of these recommendations will be one of the most

significant bylaw changes in the history of the AOAC. It will 
be a clear signal that AOAC is a body of independent sci
entists whose primary goal is the development of reliable and 
scientifically defensible methods of analysis for use by reg
ulatory agencies and regulated industry.

The next goal for the Membership Committee is to perform 
an in-depth review of membership benefits for the 3 classes 
of members (individual, sustaining, and honorary). After re
view, the committee will then recommend revisions or ad
ditions to the membership package. All proposed revisions 
and additions will be viewed from the standpoint of strength
ening the association by addressing bench scientists’ concerns 
and perceptions of the parent body relating to increased 
laboratory outputs, data quality, and professional develop
ment.

Because the spring workshops have been eliminated, it will 
be imperative that AOAC place a high priority on strength
ening and expanding the role of members of the regional
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sections by the development and implementation of specific 
plans to provide a close relationship with the parent body.

The committee will discuss the following in order to 
strengthen AOAC membership throughout the country:

(7) A standing committee should be created with the 
same level of responsibility and stature as the Long Range 
Planning Committee. The initial function would be to de
velop and maintain mandatory protocols, oversight, and re
view of the working relationship between the regional sec
tions and headquarters staff and to furnish semi-annual 
assessments and recommendations to the Board of Directors 
to ascertain that bench scientists (who are the main benefi
ciaries of the regional sections) are an active and integral part 
of the association.

(2) Specific responsibilities (as determined by the Board 
of Directors) should be assigned to 2 or more directors to 
maintain close personal contact with the committee.

(2) Membership in the regional sections will require a con
tinuous effort to make it possible for those scientists who 
cannot attend the Annual International Meeting to feel per
sonally that they are an integral part of the association. There
fore, the committee would comprise 2 or more members 
from each of the regions (and appointed by the region), one 
of whom who would attend either the Annual International 
Meeting or one other meeting before the scheduled Board 
meetings.

(4) AOAC would need to establish a budget item for those 
members who could not obtain travel funds. The AOAC staff 
would be assigned the responsibility for proposing and im
plementing a creative approach to obtaining funds for this 
travel.

The committee is aware of the need for lower registration 
fees and lower AOAC costs in general to increase and main
tain membership; however, how effective these measures have 
been or will be is questionable for active participation of 
bench scientists who cannot attend the Annual International 
Meetings. Therefore, the Membership Committee will solicit 
from members and nonmembers new and creative ap
proaches for attracting new members, maintaining present 
membership, and improving esprit de corps. The solicitation 
may be done via The Referee, flyers enclosed with publica
tions, letters to state, federal, and industry managers, and 
etc.

Consideration of AOAC’s international membership ben
efits will depend on the initial success of recommendations 
(as approved by the Board of Directors) for North America.

An implementation plan was developed to “study and 
evaluate the costs, benefits, and potential liabilities of insti
tuting an employment service for AOAC members.” The 
committee will gather information from other organizations 
similar to AOAC. The AOAC membership will also be sur
veyed. The committee will evaluate all data and make ap
propriate recommendations to the Board of Directors re
garding implementation of the plan.

The Chairman thanks and congratulates the members of 
the committee for developing the proposals as recommended 
by the Constitution Committee. The committee can take 
pride in the knowledge that it played a crucial part in taking 
the first step in assuring the AOAC will continue as the lead
ing independent scientific organization for its second 100 
years.

Committee on Regional Sections

RAYM ON D H. BOWERS, Chairman 
General Mills, Inc.,
9000 Plymouth Ave N,
Minneapolis, M N 55427

Other Members: G. H. Boone; A. V. Jain; K. A. McCully; L. 
Murray; D. Osheim; R. L. Polli; J. Wiskerchen

erations guidelines, the Regional Section Committee’s fund
raising guidelines for regional sections.

D iscu ssion

In response to the directive of the Board of Directors re
quiring submittal of regional section budgets prior to the 
commencement of the fiscal year, the committee has re
quested that the AOAC comptroller develop information on 
budget reporting requirements for regional sections, includ
ing appropriate forms for review by the committee and in
clusion in the AOAC Regional Section operations guidelines.

R ecom m en da tion  f o r  th e B o a rd  o f  D irec to rs

The committee recommends that the Board of Directors 
approve, for inclusion in the AOAC Regional Section op-
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Committee on Safety

EUGENE C. COLE, C h a irm a n  
University o f North Carolina,
Department o f Medicine, Division o f Infectious Diseases, 
Chapel Hill, NC 27599

Other Members: R. Bianchi; R. J. Everson; N. W. Henry; G. 
Markakis; R. Nelson; G. Roach; D. Root; M. G. Torchia

Recommendations for the Board of Directors
A. The committee recommends that the “Safety Check

list” for methods authors as now finalized by the committee 
after previous review by the Official Methods Board be 
adopted for use in submitting new methods for collaborative 
studies and for manuscript review prior to publication.

B. Regarding the revision of safety statements in Official 
Methods o f Analysis, the committee recommends that the 
associate chapter editors be responsible for ensuring that each 
method is either updated with appropriate references to 
Chapter 51, “Laboratory Safety,” or edited so that references 
to Chapter 51 are deleted and appropriate cautionary state
ments are placed at the beginning of the method.

Other Committee Activities
The Terms of Reference were reviewed and finalized.
The audio/visual safety training display at the Annual In

ternational Meeting where attendees could view commer
cially available safety videos was very successful. The com
mittee recommends that the program be included again at 
the 1988 meeting with a larger room and more chairs and 
that half a day at a time be allocated to the display instead 
of hourly alternation which proved too disruptive. A list of

commercially available laboratory safety audio/visual pro
grams will be finalized by January 1, 1988.

The committee agreed to support a Regulatory Roundtable 
for 1988. The topic would be laboratory safety and would 
focus on recently enacted or proposed legislation affecting 
that area. The program will be finalized by January 19,1988. 
Six tentative speakers have already been identified.

The committee agreed to submit to The Referee an article 
on laboratory fume hood operation and safety, based on 
Dave Root’s submitted critique of the recent ACS program 
on fume hood safety.

The committee agreed to interpret new laboratory safety 
legislation for the association by publishing appropriate ma
terial in The Referee as indicated.

The committee recommended that preliminary revised 
drafts of the sections in the AO AC Handbook for Members 
pertaining to safety be drawn up for consideration by the 
Editorial Board. This includes the description of the Com
mittee on Safety, Section XVI (p. 80), and Section 13, Chap
ter VIII (p. 49).

The committee will prepare a list of recommended liaison 
appointments of committee members to other professional 
associations; such appointments would be for the profes
sional exchange of safety information.

The committee requests that the association subscribe to 
the Laboratory Hazards Bulletin (LHB) published by the 
Royal Society of Chemistry in England. Annual cost is 
$158.00. Each month the document would be routed 
throughout the committee membership. LHB contains lab
oratory safety abstracts from 100 or more publications world
wide, and includes information on safety legislation and 
training worldwide. This would be a valuable resource for 
committee activities.

Committee on Ways and Means

JOHN B. BOURKE, C h a irm a n  
U.S. Department o f Agriculture,
CSRS, Washington, DC 20251

Other Members: A. Caputi; W. P. Cochrane; J. Goleb; L. 
Perlman; W. Phillips; M. R. Ready

Recommendations for the Board of Directors
A. The Committee on Ways and Means restates its rec

ommendation that professional fundraisers be contacted when 
attempts are made to raise large sums for endowments or 
capital projects.

B. The committee recommends that the staff explore the 
possibility of forming a consortium of associations to con
struct and manage a common building.

C. The committee recommends that the Board of Direc
tors study and the staff undertake to develop a short course, 
using the format of the quality assurance short course, on 
the design, implementation, and operation of Good Labo
ratory Practices (GLP) to be mandated by the U.S. Environ
mental Protection Agency in 1988.

Discussion
The committee discussed the potential for raising sufficient 

funds to construct an AOAC building as requested by the

long range plan. It was felt that the size of the association 
limited its ability to raise the funds necessary for such an 
undertaking. However, the careful selection of related asso
ciations such as the Institute of Chemists, Society of Envi
ronmental Toxicology and Chemistry, and the American 
Horticultural Society and the pooling of resources could lead 
to a solution of the space and housing problems. Such an 
arrangement would also allow the sharing of common facil
ities such as conference room, educational facilities, and pub
lishing, computer, and duplicating equipment. The commit
tee recommends that the board appoint a special building 
committee to review in detail the needs of the association 
and work with the staff to undertake a feasibility study, in
cluding discussions with potential professional fundraisers.

A course on Good Laboratory Practices (GLP) should as
sist both public and private laboratories in meeting the EPA 
requirements and should assist in the conduct of in-house 
audits. The development, publication, and sales of support
ing manuals, logbooks, check sheets, and continuing edu
cation supplies would also bring additional income to AOAC.

The entire area of continuing education offers many more 
possibilities to develop potentially profitable workshops in 
such areas as safety, laboratory waste disposal, electronics, 
automated data handling, chemical familiarization for the 
legal profession, to name a few. The committee recommends 
that interest centers be developed around a planned sym
posium held at the annual meeting. These centers should 
evaluate the potential for developing profitable workshops 
and training courses. In this case, the program committee
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should keep the end product development in mind when 
planning symposia.

The great growth in the number of contract laboratories 
and the implementation of the proposed GLPs will lead many 
manufacturers of regulated chemicals and drugs to contract 
more of their research to specialists at this type of laboratory. 
The association, with its many contacts in the area of drugs 
and agricultural chemicals, should develop an advertising 
strategy to capitalize on these developments. The sale of 
advertising space in and the distribution of a catalog of food, 
drug, toxicological and agricultural chemical laboratories

would be expected to serve a useful function as well as to 
generate significant income.

In the same vein, a directory of consultants and experts in 
these same areas would be a valuable resource not only to 
the private and public sectors of our disciplines but also to 
the legal profession. The committee recommends that con
sideration be given to the expansion of the current talent file 
of members into a file of scientists (both members and non
members) with descriptions of their particular expertise. Those 
wishing to locate a specific talent could be charged for suc
cessful queries.
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AOAC OFFICERS AND COMMITTEES: 1988________________

BOARD OF DIRECTORS

President: Robert C. Rund, Office of the Indiana State Chemist, Purdue University, West Lafayette, IN 47907

President-Elect: Odette L. Shotwell, U.S. Dept of Agriculture, Northern Regional Research Center, Peoria, IL 61604

Secretary/Treasurer: Thomas G. Alexander, Food and Drug Administration, National Center for Drugs and Biologies, Washington, DC 
20204

Additional Members: Thomas P. Layloff, Food and Drug Administration, 1114 Market St, St. Louis, MO 63101; Albert W. Tiedemann, 
Commonwealth of Virginia, Division of Consolidated Laboratories, 1 N 14th St, Richmond, VA 23219; H. Michael Wehr, Oregon Dept 
of Agriculture, 635 Capitol St NE, Salem, OR 97310; Frank J. Johnson, TVA, National Fertilizer Development Center, Muscle Shoals, 
AL 35660

STAFF

Executive Director: David B. MacLean, AOAC, 1111 N 19th St, Suite 210, Arlington, VA 22209 

Assistant Executive Director: Rita C. Bahner 

Administrative Manager: Margaret R. Ridgell 

Comptroller: Richard Blakely 

Assistant Business Manager: Marjorie D. Fuller 

Assistant Publications Manager: Catherine F. Shiflett 

Computer Manager: Connie L. Varner 

Marketing Manager: Marilyn Taub 

Membership Coordinator: Marilyn J. Siddall 

Editor, Official Methods of Analysis: Kenneth Meirich 

Publications Manager: Nancy Palmer 

Associate Editor: Betty Johnson 

Managing Editor: Melinda K. Carlson 

Scientific Coordinators: Frederick M. Garfield, Joseph Sherma

Liaison Representatives: Eugene H. Holeman, 276 Harding PI, Nashville, TN 37205; Fred J. Baur, 1545 Larry Ave, Cincinnati, OH 45224; 
Howard P. Moore, Rural Route 3, 356B, Hohenwald, TN 38462

European Representatives: Margreet Lauwaars, PO Box 153, 6720 AD Bennekom, The Netherlands; Derek Abbott, Green Gables, Green 
Ln, Ashtead, Surrey KT21 2JP, England; Lars Appelqvist, Swedish University of Agricultural Sciences, Department of Food Hygiene, S 
750 07, Uppsala, Sweden

GOVERNANCE COUNCIL

Thomas P. Layloff (Food and Drug Administration, 1114 Market St, St. Louis, MO 63101 ), C h a irm a n ; Thomas G. Alexander; Raffaele Bernetti; 
John B. Bourke; Charlotte A. Brunner; Richard L. Ellis; Max L. Foster; Audrey Gardner; James J. Karr; James F. Lawrence; David Osheim; 
lleana Santich

VALIDATION COUNCIL

Odette L. Shotwell (U.S. Dept of Agriculture, Agricultural Research Service, Peoria, IL 61604), C h a irm a n ; Raffaele Bernetti; Eugene C. Cole; 
Alan R. Hanks; William Horwitz; Jon E. McNeal; Mollie R. Ready; Peter M. Scott

OFFICIAL METHODS BOARD

Alan R. Hanks (Office of the State Chemist, Purdue University, West Lafayette, IN 47907), C h a irm a n ; Michael H. Brodsky; Thomas L. Jensen; 
Rodney J. Noel; Richard Schmitt; Eric Sheinin; Laura L. Zaika; Richard L. Ellis; Erika E. Hargesheimer

EDITORIAL BOARD

Raffaele Bernetti (CPC International, Inc., Moffet Technical Center, Box 345, Argo, IL 60501), C h a irm a n ; Paul R. Beljaars; Kenneth W. 
Boyer; Jerry A. Burke; William Y. Cobb; Claire Franklin; Ted M. Hopes; Sami W. Klein; Irwin H. Pomerantz; John K. Taylor; Albert W. 
Tiedemann; Charles H. Van Middelem

STANDING COMMITTEES

Archives Committee: Charlotte A. Brunner (Food and Drug Administration, Division of Cardio-Renal Drug Products, Rockville, MD 20857), 
C h a irm a n ; Susan Barkan; William V. Eisenberg; Wynne Landgraf; Rosalind Pierce; Helen L. Reynolds; Evelyn Sarnoff; Henry M. Stahr

Committee on the Constitution: Audrey Gardner (New York Agricultural Experiment Station, Food Research Laboratory, Geneva, NY 14456), 
C h a irm a n ; Raymond H. Bowers; Ellen J. de Vries; Carolyn A. Geisler; James P. Minyard; Richard J. Ronk; Betsy Woodward; Stephen
A. Barnett; Virginia A. Thorpe; Nicole Hardin; P. Frank Ross; Albert E. Pohland; D. L. Terry
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Committee on Finance: Thomas G. Alexander (Food and Drug Administration, National Center for Drugs and Biologies, Washington, DC 
20204), C h a irm a n ; Edgar R. Elkins; Jon E. McNeal

Committee on Interlaboratory Studies: William Horwitz (Food and Drug Administration, Washington, DC 20204), C h a irm a n ; Paul W. Britton; 
Cliff J. Kirchmer; Llewellyn Williams; Ernest S. Windham; John Winter; Thomas Dols; Richard L. Ellis; Michel Margosis; Leonard Stoloff; 
Milan Ihnat; David W. Fink; Brian K. Thompson; Edward Smith; Keith A. McCully; Stephen Sherken; Hussein S. Ragheb; Richard H. 
Albert; Stanley E. Katz; John Gallagher; John O’Rangers; Patrick C. Kelly; James S. Winbush; Robert C. Rund; Roger Wood; William 
Steller; Michael Thompson; Janet Springer; Robert L. Epstein; Paul Caudill; R. Grappin

Committee on International Coordination: lleana Santich (4701 Willard Ave, Chevy Chase, MD 20815), C h a irm a n ; Khayria Naguib; Catherine 
Y. Ang; Warren R. Bontoyan; Lu-Hung Chen; Ronald F. Coleman; Edward Hopkin; William Horwitz; Joseph R. Iturbe; Peter Martin; 
Douglas L. Park; Hedegaard Povlsen; Mike Rogers; Robert C. Rund; Robert W. Weik; Roger Wood; Gerald G. Moy; Milan Ihnat; Luis F. 
Corominas; Ben Borsje; Alex Williams; R. Battaglia; Guenther Henniger; Merton Smith; Paul Eatinger

Committee on Membership: James F. Lawrence (Health and Welfare Canada, Banting Research Center, Ottawa, Ontario K1A 0L2, Canada), 
C h a irm a n ; William P. Cochrane; Alan R. Hanks; Kenneth R. Hill; Dean Kassera; Bernhard Larsen; Anthony J. Malanoski; Douglas L. Park; 
Virginia A. Thorpe; John Williams; Richard Young; William F. Carey; Raymond H. Bowers

Committee on Regional Sections: David Osheim (National Veterinary Services Laboratory, PO Box 844, Ames, IA 50010), C h a irm a n ; Anant
V. Jain; Keith A. McCully; John Wiskerchen; George H. Boone; Linda L. Murray; Max L. Foster; George Wilkens

Committee on Safety: Eugene C. Cole (University of North Carolina, School of Medicine, 547 Burnett-Womack, Chapel Hill, NC 27514), 
C h a irm a n ; Robert Nelson; Gerald L. Roach; David Root; Norman W. Henry; Mark G. Torchia; Georgia Markakis; Robert J. Everson; Dirk 
Shoemaker; Frederick G. Burton; George Schwartzman

Committee on State and Provincial Participation: Max L. Foster (Kansas State Board of Agriculture, 2524 W Sixth St, Topeka, KS 66606), 
C h a irm a n ; H. E. Braun; Paul J. Brignac; William Y. Cobb; Thomas L. Jensen; William V. Kadis; Janet Kapish; Ralph H. Lane; Linda 
Murray; Gilles Paillard; Robert Speth; George R. Tichelaar; LaszloTorma; Betsy Woodward; Hershel F. Morris; Ken Kelley

Committee on Statistics: Mollie R. Ready (Alcon Labs, PO Box 6600, Fort Worth, TX 76115), C h a irm a n ; Richard H. Albert; Patrick C. Kelly; 
Harry Marks; Daniel Mowrey; John G. Phillips; Timothy Peeler; Jeffery L. Cawley

Committee on Meetings, Symposia, and Educational Programs: James J. Karr (Pennwalt Technical Center, 900 First Ave, King of Prussia, 
PA 19406), C h a irm a n ; Peter D. Bland; John P. Cherry; Eugene Meier; Michael H. Brodsky; Thomas L. Jensen; Robert Bianchi; Robert
D. Stubblefield; Roger Wood; Samuel W. Page; Jack E. Michelson; Anthony Romano

Laboratory Quality Assurance Committee: Jon E. McNeal (U.S. Dept of Agriculture, Food Safety and Inspection Service, Washington, DC 
20250), C h a irm a n ; Robert Alvarez; James B. Ault; Richard A. Baldwin; Michael H. Brodsky; A. S. Y. Chau; James P. Dux; Jose M. Guira; 
Eugene Klesta; Eugene Meier; T. Stijve; Douglas Cole; Christine S. Brannon; Jerry Hirsch; Debra Curley-Arndt; Toshio Mekaru

Long Range Planning Committee: Richard L. Ellis (U.S. Dept of Agriculture, Food Safety and Inspection Service, 30012th St SW, Washington, 
DC 20250), C h a irm a n ; Richard A. Baldwin; Frank J. Farrell; Charles W. Gehrke; Arvin Shroff; William Spain; Lynn Whalen; Raymond 
Matulis; William P. Cochrane; George R. Tichlaar; Robert C. Rund; lleana Santich; Kathleen A. Carlberg; Jon L. Schmerhorn; Emmett 
Braselton; Elizabeth T. Haberer

Ways and Means Committee: John B. Bourke (New York State Agricultural Experiment Station, Geneva, NY 14456), C h a irm a n ; Arthur 
Caputi, Jr; William P. Cochrane; Joseph Goleb; Lee Perlman; Mollie R. Ready

Committee on Pesticide Formulations 
and Disinfectants

Thomas L. Jensen (State Dept of Agri
culture, 3703 S 14th St, Lincoln, NE 
68502), C h a irm a n ; James J. Karr (Penn
walt Technical Center, 900 First Ave, King 
of Prussia, PA 19405); James P. Minyard 
(Mississippi State Chemical Laboratory, 
PO Box CR, Mississippi State, MS 
39762); Richard S. Wayne (American Cy- 
anamid Co., Agriculture Div., Box 400, 
Princeton, NJ 08540); H. Hedegaard 
Povlsen (Kemikaliekontrollen, Morkhoj 
Bygade 26, DK-2860 Soborg, Denmark); 
Stephen C. Slahck (Mobay Corp., Box 
4913, Kansas City, MO 64120); Fran 
Porter (Florida Dept of Agriculture, 3125 
Conner Blvd, Tallahassee, FL 32301); 
Richard H. Collier (Purdue University, 
Dept of Entomology, West Lafayette, IN 
47907), S e c re ta ry ; James Hansen (Union 
Carbide Corp, Agricultural Products, PO 
Box 8361, South Charleston, WV 25303), 
S ta t is t ic a l C o n s u lta n t

PESTICIDE FORMULATIONS: 
CARBAMATE AND SUBSTITUTED UREA 
INSECTICIDES______________________

R e fe re e : Marshall Gentry, Florida Dept of 
Agriculture and Consumer Services, Divi
sion of Chemistry, Mayo Bldg, Tallahas
see, FL 32301

Aldicarb
Karin A. Mede, Rhone Poulenc Ag Co., Box 
12014, Research Triangle Park, NC 27709

Bendiocarb
Peter L. Carter, CAMCO, Hauxton, Cam
bridge, UK CB25HU

Carbaryl
Karin A. Mede, Rhone Poulenc Ag Co., Box 
12014, Research Triangle Park, NC 27709

Carbofuran and Carbosulfan
Edward J. Kikta, FMC Corp., Agricultural 
Chemical Group, PO Box 8, Princeton, NJ 
08540

Methomyl
James E. Conaway, Jr, E. I. du Pont de Nem
ours & Co., Agricultural Products Dept, Wil
mington, DE 19898

Mexacarbate (Zectran)
Karin A. Mede, Rhone Poulenc Ag Co., Box 
12014, Research Triangle Park, NC 27709

Oxamyl
Glenn A. Sherwood, Jr, E. I. du Pont de Ne
mours & Co., Biochemicals Dept, Wilming
ton, DE 19898

Pirimicarb

Trimethylphenyl Carbamate Isomers
Karin A. Mede, Rhone Poulenc Ag Co., Box 
12014, Research Triangle Park, NC 27709

PESTICIDE FORMULATIONS: 
ORGANOHALOGEN INSECTICIDES

R e fe re e : David F. Tomkins, Monsanto Co., 
PO Box 473, Muscatine, IA 52761

Benzene Hexachloride and Lindane
Charles F. Harper, Quality Consultants Ser
vices, Inc., Box 1372, Ennis, TX 75119

Chlordane
Benjamin A. Belkind, Sandoz Crop Protec
tion Corp., 341 E Ohio St, Chicago, IL 60611
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Dicofol (Kelthane)
Alan M. Rothman, Rohm and Haas Co., Re
search Laboratories, 727 Norristown Rd, 
Spring House, PA 19477

Ethylan (Perthane)
Dianne Bradway, Environmental Protection 
Agency, Denver Federal Center, Denver, CO 
80225

Fenvalerate

Heptachlor
Benjamin A. Beikind, Sandoz Crop Protec
tion Corp., 341 E Ohio St, Chicago, IL 60611

Methoxychlor
Juan F. Muniz, Oregon Dept of Agriculture, 
Laboratory Services, 635 Capitol St NE, Sa
lem, OR 97310

Methyl Bromide
David McAllister, Great Lakes Chemical 
Corp., Box 2200, West Lafayette, IN 47906

Toxaphene
William H. Clark, Hercules, Inc., Analytical 
Div., Research Center, Wilmington, DE 19808

Trichlorfon (Dylox)
Dianne Bradway, Environmental Protection 
Agency, Denver Federal Center, Denver, CO 
80225

PESTICIDE FORMULATIONS: OTHER 
INSECTICIDES, SYNERGISTS, AND 
REPELLANTS_______________________

R e fe re e : David F. Tomkins, Monsanto Co., 
PO Box 473, Muscatine, IA 52761

Allethrin
Dean Kassera, McLaughlin Gormley King Co., 
8810 Tenth Ave, Minneapolis, MN 55427

Aluminum Phosphide

2,3,4,5-Bis(2-butylene)tetrahydro-2-
furaldehyde

Vernon Meinen, McLaughlin Gormley King 
Co., 8810 Tenth Ave, Minneapolis, MN 55427

Cyhexatin

Cypermethrin
Stephen J. Eitelman, ICi Americas, Inc., PO 
Box 208, Goldsboro, NC 27530

Cypromazine (Larvadex)
Arthur H. Hofberg, Ciba-Geigy Corp., Ana
lytical Section, PO Box 18300, Greensboro, 
NC 27419

Dipropyl Isocinchomeronate
Dave Carlson, McLaughlin Gormley King Co., 
8810 Tenth Ave, Minneapolis, MN 55427

Fumigants

Nicotine
Rodney J. Bushway, University of Maine, 
Dept of Food Science, Orono, ME 04469

Permethrin
Hershel F. Morris, State Dept of Agriculture, 
Box 16390-A, University Station, Baton 
Rouge, LA 70893

Piperonyl Butoxide and Pyrethrins
Dean Kassera, McLaughlin Gormley King Co., 
8810 Tenth Ave, Minneapolis, MN 55427

Resmethrin
C. P. Sharda, Shri Ram Institute for Indus
trial Research, 19 University Rd, 110007 Del
hi, India

Rotenone and Other Rotenoids
Rodney J. Bushway, University of Maine, 
Dept of Food Science, Orono, ME 04469

PESTICIDE FORMULATIONS:
HERBICIDES I_______________________

R e fe re e : Peter D. Bland, ICI Americas, Inc., 
PO Box 208, Goldsboro, NC 27530

Alachlor, Butachlor, and Propachlor
David F. Tomkins, Monsanto Co., PO Box 
473, Muscatine, IA 52761

Amitrole

Atrazine/Alachlor Mixtures
David F. Tomkins, Monsanto Co., PO Box 
473, Muscatine, IA 52761

Bentazon
Thomas M. Schmitt, BASF Corp., 1419 Bid
dle Ave, Wyandotte, Ml 48192

Bromoxynil
Laurence J. Helfant, Rhone Poulenc Ag Co., 
PO Box 12014, Research Triangle Park, NC 
27709

Cacodylic Acid, MSMA, and DSMA

Cyanazine
Ronald D. Collins, Shell Development Co., 
PO Box 4248, Modesto, CA 95353

Dichlobenyl
A. Dereijke, Duphar BV, Analytical Dept, CJ 
Van Houtenlaan 36, 1381 CP Weesp, The 
Netherlands

Fomesafen
Stephen J. Eitelman, ICI Americas, Inc., PO 
Box 208, Goldsboro, NC 27530

Metribuzin
William Betker, Mobay Corp., Agricultural 
Chemicals Division, PO Box 4913, Kansas 
City, MO 64120

Pesticides in Fertilizers
Paul D. Korger, Wisconsin Dept of Agricul
ture, Trade, and Consumer Protection, Bu
reau of Laboratory Services, 4702 University 
Ave, Madison, Wl 53707

Propanil
Steve Gazaway, Rohm and Haas Tennessee 
Inc., PO Box 591, Knoxville, TN 37901

Sodium Chlorate

PESTICIDE FORMULATIONS:
HERBICIDES II_______________________

R e fe re e : Arthur H. Hofberg, Ciba-Geigy 
Corp., Analytical Section, PO Box 18300, 
Greensboro, NC 27419

Benefin, Trifluralin, Ethafluralin, and 
Pendimethalin

Rodger Stringham, Purdue University, Dept 
of Biochemistry, West Lafayette, IN 47907

Bensulide
William Y. Ja, Stauffer Chemical Co., 1200 
S 47th St, Richmond, CA 94804

Benzoylprop-ethyl

Bromacil
Paul K. Tseng, E. I. du Pont de Nemours & 
Co., Biochemicals Dept, Wilmington, DE 
19898

Chlorophenoxy Herbicides
Richard D. Larson, South Dakota State Uni
versity, Chemistry Dept, Brookings, SD 
57007

Chlorosulfuron
Glenn A. Sherwood, E. I. du Pont de Ne
mours & Co., Biochemicals Dept, Wilming
ton, DE 19898

Dicamba
Benjamin A. Beikind, Sandoz Crop Protec
tion Corp., 341 E Ohio St, Chicago, IL 60611

Dimethyl Tetrachloroterephthalate
Brian Korsch, Ricerca, Inc., PO Box 1000, 
Painesville, OH 44079

Dinoseb

Fluometuron
Arthur H. Hofberg, Ciba-Geigy Corp., Ana
lytical Section, PO Box 18300, Greensboro, 
NC 27419

Metasulfuron-methyl
Glenn A. Sherwood, Jr, E. I. du Pont de Ne
mours & Co., Biochemicals Dept, Wilming
ton, DE 19898

Methazole
Benjamin A. Beikind, Sandoz Crop Protec
tion Corp., 341 E Ohio St, Chicago, IL 60611

Naptalam (Alanap)
Milton Parkins, Uniroyal Chemical Co., Crop 
Protection Analytical Div., Naugatuck, CT 
06770

Oryzalin

Pentachlorophenol

Plant Growth Regulators

Substituted Urea Herbicides

Sulfometuron-methyl
Glenn A. Sherwood, Jr, E. I. du Pont de Ne
mours & Co., Biochemicals Dept, Wilming
ton, DE 19898

PESTICIDE FORMULATIONS: OTHER 
ORGANOPHOSPHORUS INSECTICIDES

R e fe re e : Marshall Gentry, State Dept of 
Agriculture and Consumer Services, Divi
sion of Chemistry, Tallahassee, FL 32301
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Crotoxyphos
Wendy King, State Dept of Agriculture and 
Consumer Services, Tallahassee, FL 32301

Dichlorvos

Fenamiphos (Nemacur)
Carl Gregg, MobayCorp., Box 4913, Kansas 
City, MO 64120

Mevinphos

Monocrotophos

Naled
Robert H. Iwamoto, Chevron Chemical Co., 
940 Hensley St, Richmond, CA 94804

Tetrachlorvinphos

PESTICIDE FORMULATIONS: 
ORGANOTHIOPHOSPHORUS 
INSECTICIDES______________________

R e fe re e :---------

Acephate
Robert H. Iwamoto, Chevron Chemical Co., 
15049 San Pablo Ave, Richmond, CA 94804

Azinphos-methyl
Stephen C. Slahck, Mobay Corp., Box 4913, 
Kansas City, MO 64120

Coumaphos

Dimethoate
Richard S. Wayne, American Cyanamid Co., 
Agriculture Div., Box 400, Princeton, NJ 
08540

Dioxathion
William H. Clark, Hercules, Inc., Analytical 
Div., Wilmington, DE 19808

Encapsulated Organophosphorus 
Pesticides

James J. Karr, Pennwalt Technological Cen
ter, 900 First Ave, King of Prussia, PA 19406

EPN
Benjamin A. Beikind, Sandoz Crop Protec
tion Corp., 341 E Ohio St, Chicago, IL 60611

Ethoprop
Richard W. Smith, Rhône-Poulenc, Inc., Box 
352, Mt Pleasant, TN 38474

Fenitrothion
Dwight L. Mount, Centers for Disease Con
trol, 1600 Clifton Rd, Atlanta, GA 30333

Fensulfothion
Margie Owen, State Chemical Laboratory, 
Box 329, Auburn, AL 36830 
William Betker, Mobay Corp., PO Box 4913, 
Kansas City, MO 64120

Fenthion
Willard G. Boyd, Jr, State Chemical Labo
ratory, Box CR, Mississippi State, MS 39762

Fonofos
William Y. Ja, Stauffer Chemical Co., 1200 
S 47th St, Richmond, CA 94804

Isofenfos (Oftanol)
Daniel Terry, Mobay Corp., Box 4913, Kan
sas City, MO 64120

Malathion
Richard S. Wayne, American Cyanamid Co., 
Agriculture Div., Box 400, Princeton, NJ 
08540

Methamidophos
James W. Baird, Mobay Corp., PO Box 4913, 
Kansas City, MO 64120

Methidathion (Supracide)
Thomas T. Gale, Ciba-Geigy Corp., Box 
18300, Greensboro, NC 27419

Oxydemeton-methyl (Metasystox-R)
Stephen C. Slahck, Mobay Corp., Box 4913, 
Kansas City, MO 64120

Parathion and Methyl Parathion
Edwin R. Jackson, Mississippi State Chem
ical Laboratory, Box CR, Mississippi State, 
MS 39762

Phorate

Pirimiphos-methyl
Stephen J. Eitelman, ICI Americas, Inc., PO 
Box 208, Goldsboro, NC 27530

Temephos

S,S,S-Trlbutyl Phosphorotrithioate
William Betker, Mobay Corp., Box 4913, 
Kansas City, MO 64120

PESTICIDE FORMULATIONS: 
FUNGICIDES AND DISINFECTANTS

R e fe re e : Peter D. Bland, ICI Americas, Inc., 
PO Box 208, Goldsboro, NC 27530

Anilazine (Dyrene)
Stephen C. Slahck, Mobay Corp., Box 4913, 
Kansas City, MO 64120

Benomyl

Carboxin and Oxycarboxin
Milton Parkins, Uniroyal Chemical Co., Crop 
Protection Analytical Div., Naugatuck, CT 
06770

Chlorothalonil
Brian H. Korsch, Ricerca, Inc., PO Box 1000, 
Painesville, OH 44079

Copper Naphthenate

Dinocap

Dioxins in Pentachlorophenol

Dithiocarbamate Fungicides
Warren R. Bontoyan, Environmental Protec
tion Agency, Office of Pesticide Programs, 
Beltsville, MD 20705

Oxythioquinox (Morestan)
Stephen C. Slahck, Mobay Corp., Box 4913, 
Kansas City, MO 64120

o-Phenylphenol

Quaternary Ammonium Compounds

Thiram

Triademefon (Bayletón)
Stephen C. Slahck, Mobay Corp., Box 4913, 
Kansas City, MO 64120

Triphenyltin (Fentin)
P. Pasma, M&T Chemicals BV, PO Box 70, 
4380 AB Vlissingen, Netherlands

Water-Soluble Copper in Water- 
Insoluble Copper Fungicides

PESTICIDE FORMULATIONS: 
RODENTICIDES AND MISCELLANEOUS 
PESTICIDES________________________

R e fe re e : Marshall Gentry, State Dept of 
Agriculture and Consumer Services, Divi
sion of Chemistry, Tallahassee, FL 32301

Brodifacoum
Richard S. Freedlander, ICI Americas Inc., 
PO Box 208, Goldsboro, NC 27530

Chlorophacinone

Diphacinone

a-Naphthylthiourea

Sampling

Strychnine

Warfarin

CIPAC STUDIES_____________________
R e fe re e : James Launer, 1260 Acacia Dr 
S, Salem, OR 97302

MICROBIAL PESTICIDES______________

R e fe re e :---------

DISINFECTANTS_____________________
R e fe re e : Aram Beloian, Environmental 
Protection Agency, Benefits and Use Di
vision, Washington, DC 20460

Antimicrobial Agents in Laundry 
Products

Luther B. Arnold and Jean Vollrath-Vaughn, 
Vikon Chemical Co., PO Box 1520, Burling
ton, NC 27215
Jamie McGee, Dow Corning Corp., Midland, 
Ml 48640

Sporicidal Tests
Ted Wendt, Surgikos, Inc., 2500 Arbrook Dr, 
Arlington, TX 76010

Textile Antibacterial Preservatives
Luther B. Arnold and Jean Vollrath-Vaughn, 
Vikon Chemical Co., PO Box 1520, Burling
ton, NC 27215

Tuberculocidal Tests
Joseph Ascenzi, Surgikos, Inc., 2500 Ar
brook Dr, Arlington, TX 76010
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Use-Dilution Test, Variation and 
Amendments

Gayle Mulberry, Hill Top Research, Inc., Box 
42501, Cincinnati, OH 45242 
Eugene C. Cole, University of North Carolina, 
School of Medicine, Chapel Hill, NC 27514

Virucide Tests
Dale Fredell, Economics Laboratory, Inc., 840 
Sibley Memorial Hwy, St. Paul, MN 55118 
Charles R. McDuff, Economics Laboratory, 
Inc., St. Paul, MN 55102

Committee on Drugs and 
Related Topics

Eric Shelnin (Food and Drug Administra
tion, 5600 Fishers Ln, Rockville, MD 
20857), C h a ir m a n ;  Gaylord Anthony 
(Warner Lambert Co., Parke Davis Divi
sion, 170 Tabor Rd, Morris Plains, NJ 
07950); Ronald C. Backer (Office of Chief 
Medical Examiner, 701 Jefferson Rd, 
South Charleston, WV 25309); Kenneth 
Manning (The Upjohn Co., Kalamazoo, 
Ml 49001); Ted M. Hopes (Food and Drug 
Administration, 850 Third Ave, Brooklyn, 
NY 11232); Richard M. Montgomery 
(Avon Products, Inc., 1 Division St, Suf- 
fern, NY 10901); John O’Rangers (Food 
and Drug Administration, 5600 Fishers 
Ln, Rockville, MD 20857); Charles C. 
Clark (Drug Enforcement Administration, 
5205 NW 84th Ave, Miami, FL 33166); 
Robert C. Livingston (Food and Drug 
Administration, 5600 Fishers Ln, Rock
ville, MD 20857); Kaiser Aziz (Food and 
Drug Administration, Bureau of Medical 
Devices, 8751 Georgia Ave, Silver Spring, 
MD 20910); William W. Wright (U.S. 
Pharmacopeial Convention, 12601 Twin- 
brook Pkwy, Rockville, MD 20852), S e c 

re ta ry

DRUGS I____________________________

R e fe re e : James W. Fitzgerald, Food and 
Drug Administration, Winchester Engi
neering and Analytical Center, 109 Holton 
St, Winchester, MA 01890

Acetaminophen in Drug Mixtures
David J. Krieger, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232

Acetaminophen with Codeine 
Phosphate

Norlin W. Tymes, Food and Drug Adminis
tration, 900 Madison Ave, Baltimore, MD 
21201

p-Aminobenzoic Acid and 
Salicylic Acid

Richard D. Thompson, Food and Drug 
Administration, 240 Hennepin Ave, Minne
apolis, MN 55401

Diethylpropion Hydrochloride
Walter E. Dunbar, Food and Drug Adminis
tration, 1560 E. Jefferson Ave, Detroit, Ml 
48207

Phenothiazine and Related Drugs
Kurt Steinbrecher, Food and Drug Admin
istration, 909 First Ave, Seattle, WA 98174

DRUGS II___________________________
R e fe re e : Edward Smith, Food and Drug 
Administration, Biopharmaceutics Re
search Branch, Washington, DC 20204

Aminacrine
Elaine A. Bunch, Food and Drug Administra
tion, 5003 Federal Office Bldg, Seattle, WA 
98174

Belladonna Alkaloids

Colchicine in Tablets
Richard D. Thompson, Food and Drug 
Administration, 240 Hennepin Ave, Minne
apolis, MN 55401

Curare Alkaloids
John R. Hohmann, Food and Drug Admin
istration, Division of Drug Biology, Washing
ton, DC 20204

Dicyclomine Capsules
Henry S. Tan, University of Cincinnati, Col
lege of Pharmacy, Cincinnati, OH 45267

Epinephrine and Related Compounds 
by LC-Electrochemical Detectors

John M. Newton, Food and Drug Adminis
tration, 50 Fulton St, San Francisco, CA 
94102

Ergot Alkaloids
Thomas C. Knott, Food and Drug Adminis
tration, 900 Madison Ave, Baltimore, MD 
21201

Morphine Sulfate
Ada C. Bello, Food and Drug Administration, 
2nd & Chestnut Sts, Philadelphia, PA 19106

Pheniramine with Pyrilamine, 
Phenylpropanolamine, and 
Phenylephrine

Physostigmine and Its Salts
Norlin W. Tymes, Food and Drug Adminis
tration, 900 Madison Ave, Baltimore, MD 
21201

Pilocarpine
Irving Wainer, St. Jude's Children’s Re
search Hospital, PO Box 318, Memphis, TN 
38101

Rauwolfia Alkaloids

Rauwolfia serpentina
Ugo R. Cieri, Food and Drug Administration, 
2nd and Chestnut Sts, Philadelphia, PA 
19106

DRUGS III_________________________
R e fe re e : Martin Finkelson, Food and Drug 
Administration, 850 Third Ave, Brooklyn, 
NY 11232

Coumarin Anticoagulants
Ella Moore, Food and Drug Administration, 
New York Regional Laboratory, 850 Third 
Ave, Brooklyn, NY 11232

Flucytosine
Donald Shostak, Food and Drug Adminis
tration, 850 Third Ave, Brooklyn, NY 11232

Halogenated Hydroxyquinoline Drugs
Edward J. Wojtowicz, Food and Drug Admin
istration, 599 Delaware Ave, Buffalo, NY 
14202 

Haloperidol
Ella Moore, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Hydralazine
Barry Mopper, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232
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Levodopa
Susan Ting, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Medicinal Gases
Martin Woodhouse, Food and Drug Admin
istration, 850 Third Ave, Brooklyn, NY 11232

Metals in Drug Bulk Powders
Walter Holak, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232

Penicillins
Barry Mopper, Food and Drug Administra
tion, New York Regional Laboratory, 850 
Third Ave, Brooklyn, NY 11232

Salts of Organic Nitrogenous Bases
Samuel Walker, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232

DRUGS IV__________________________
R e fe re e : Linda Ng, Merck Sharp & Dohme, 
West Point, PA 19484

d -  and L-Amphetamines
Irving Wainer, St. Jude’s Children's Re
search Hospital, PO Box 318, Memphis, TN 
38101

Benzodiazepines
Eileen Bargo, Food and Drug Administration, 
900 Madison Ave, Baltimore, MD 21201

Diazepam
Michael Tsougros, Food and Drug Admin
istration, 850 Third Ave, Brooklyn, NY 11232

Heroin
Charles C. Clark, Drug Enforcement Admin
istration, 5205 NW 84th Ave, Miami, FL 33166

DRUGS V___________________________
R e fe re e : Thomas G. Alexander, Food and 
Drug Administration, National Center for 
Drugs and Biologies, Washington, DC 
20204

Chlorpropamide
Richard L. Everett, Food and Drug Admin
istration, 900 Madison Ave, Baltimore, MD 
21201

Conjugated Estrogens by LC
Robert W. Roos, Food and Drug Adminis
tration, 850 Third Ave, Brooklyn, NY 11232

Beta-Methasone
David J. Krieger, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232

Penta-Erythritol Tetramitrate
Marvin Carlson, Food and Drug Administra
tion, 240 Hennepin Ave, Minneapolis, MN 
55401

Prednisolone
James F. Brower, Food and Drug Adminis
tration, Division of Drug Analysis, 1114 Mar
ket St, St. Louis, MO 63101

Progestins
Larry K. Thornton, Food and Drug Admin
istration, Division of Drug Analysis, 1114 
Market St, St. Louis, MO 63101

Steroid Acetates
Linda Ng, Merck, Sharpe & Dohme, Re
search Laboratories, West Point, PA 19486

Steroid Phosphates
Elaine A. Bunch, Food and Drug Administra
tion, 5003 Federal Office Bldg, Seattle, WA 
S8174

DIAGNOSTICS AND TEST KITS________
R e fe re e : Richard A. Baldwin, Food and 
Drug Administration, 900 Madison Ave, 
Baltimore, MD 21201

Automated Microbial Identification Sys
tems—Vitek

Joseph Tardio, Food and Drug Administra
tion, 900 Madison Ave, Baltimore, MD 21201

Automated Microbial Identification Sys
tems— HP5898A

Linda English, Food and Drug Administra
tion, 900 Madison Ave, Baltimore, MD21201

Immunological and Diagnostic Assay of 
Peptides, Hormones and Enzymes

John W. Dyminski, Cooper Laboratories, Inc., 
455 E Middlefield Rd, Mountain View, CA 
94039

Multicomponent Analysis of Clinical 
Specimens

Uday J. Mehta, Food and Drug Administra
tion, 900 Madison Ave, Baltimore, MD 21201

Tuberculosis and Enteric Infections by 
Gene Probe

Harvey George, Commonwealth of Massa
chusetts Center for Laboratory and Com
municable Disease Control, 305 South St, 
Boston, MA 02130

IMMUNOCHEMISTRY_________________
R e fe re e : Dennis Hinton, Food and Drug 
Administration, 200 C St SW, Washing
ton, DC 20204

Heparin by Non-RIA Procedures

Hybridoma-Monoclonal Antibodies

DRUG RESIDUES IN ANIMAL TISSUES
R e fe re e : Charlie J. Barnes, Food and Drug 
Administration, Office of New Animal Drug 
Evaluation, Beltsville, MD 20705

Benzimidazole
Leon LeVan, Hazleton Raltech, 3301 Kins
man Blvd, Madison, Wl 53706

Ipronidazole in Turkey and Swine
Raymond B. Ashworth, U.S. Dept of Agri
culture, Food Safety and Inspection Service, 
Washington, DC 20250

Screening Methods
Michael Thomas, Food and Drug Adminis
tration, Agricultural Research Center, Belts
ville, MD 20705

COSMETICS________________________
R e fe re e : Ronald L. Yates, Food and Drug 
Administration, Division of Cosmetics 
Technology, Washington, DC 20204

Aloe
Alexis Eberendu, Carrington Laboratories, 
9200 Carpelter Freeway, Dallas, TX 75247

Essential Oils and Fragrance 
Materials, Components

Harris H. Wisneski, Food and Drug Admin
istration, Division of Cosmetics Technology, 
Washington, DC 20204

Nitrosamines
Hardy J. Chou, Food and Drug Administra
tion, Division of Cosmetics Technology, 
Washington, DC 20204

Preservatives
Ann R. Stack, Food and Drug Administra
tion, Division of Cosmetics Technology, 
Washington, DC 20204

Water and Alcohol
Mohinder Singh, Blistex, Inc., 1800 Swift Dr, 
Oak Brook, IL 60521

FORENSIC SCIENCES________________

R e fe re e :---------

Blood
Ralph Plankenhorn, Pennsylvania State Po
lice, Box P, Greensburg, PA 15601

Grouping Tests for Blood and Other 
Body Fluids

Henry C. Lee, State Police Forensic Science 
Laboratory, 294 Colony St, Meriden, CT 
06450

Electrophoretic Methods

Immunoelectrophoresis of 
Biological Fluids

James D. Hauncher, Michigan State Police, 
42145 W Seven Mile Rd, Northville, Ml 48167

Explosives and Explosives Residues

Fingerprints
Charles M. Connor, 1025 Fashion Ave, Cin
cinnati, OH 45238

Gunshot Residue

Isoelectric Focusing Methods for Body 
Fluid Stains

Paints and Other Polymeric Materials

Soils, Geological Analysis
R. C. Murray, University of Montana, Mis
soula, MT 89801
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Committee on Foods I

Richard L. Ellis (U.S. Dept of Agriculture, 
Food Safety and Inspection Service, 
Washington, DC 20250), C h a irm a n ; Ar
thur E. Waltking (CPC International, Inc., 
1120 Commerce Ave, Union, NJ 07083); 
John D. McKinney (Ranchers Cotton Oil, 
2691 S Cedar, Fresno, CA 93725); Elmer 
George (State Dept of Agriculture and 
Markets, 1220 Washington Ave, Albany, 
NY 12235); H. B. S. Conacher (Health 
and Welfare Canada, Health Protection 
Branch, Tunney’s Pasture, Ottawa, On
tario K1A 0L2, Canada); Michael E. 
Knowles (Ministry of Agriculture, Fish
eries and Food, Horseferry Rd, London 
SW1P 2AE, UK); Douglas Engebretson 
(Land O’ Lakes, Inc., PO Box 116, Min
neapolis, MN 55440); Douglas L. Park 
(University of Arizona, Dept of Nutrition 
and Food Science, 309 Schantz Bldg, 
Tucson, AZ 85721), S e c re ta ry ; Michael 
W. O'Donnell (Food and Drug Adminis
tration, Division of Mathematics, Wash
ington, DC 20204), S ta t is t ic a l C o n s u lta n t

COFFEE AND TEA___________________

R e fe re e ; Robert H. Dick, Food and Drug 
Administration, 850 Third Ave, Brooklyn, 
NY 11232

Ash in Instant Tea
Francis J. Farrell, Thomas J. Lipton, Inc., 800 
Sylvan Ave, Englewood Cliffs, NJ 07632

Caffeine in Coffee
Daniel Zuccarello, General Foods Corp, An
alytical Chemistry Dept, Prospect Plains Rd, 
Cranbury, NJ 08512

Methyl Xanthenes
John M. Newton, Food and Drug Adminis
tration, 50 Fulton St, San Francisco, CA 
94102

Moisture
William P. Clinton, General Foods Corp., 
White Plains, NY 10625

Solvent Residues in Decaffeinated 
Coffee and Tea

B. Denis Page, Health and Welfare Canada, 
Health Protection Branch, Ottawa, Ontario 
K1A 0L2, Canada 

Water Extract in Tea

DAIRY CHEMISTRY__________________
R e fe re e : Gary H. Richardson, Utah State 
University, College of Agriculture, Logan, 
UT 84322

Adulteration of Dairy Products with 
Vegetable Fat

Graham MacEachern, Agriculture Canada, 
Plant Products, Ottawa, Ontario K1A 0C5, 
Canada

Babcock Test and Babcock Glassware
Robert L. Bradley, University of Wisconsin- 
Madison, Food and Science Dept, Madison, 
W l53706

Babcock, Mojonnier, and Kjeldahl Tests

Calcium, Phosphorus, and Magnesium 
in Cheese

Roger Pollman, New York State Dept of Ag
riculture and Markets, Albany, NY 12235

Chloride Meter
Bruce Vines, Kraft, Inc., 1 Kraft Ct, Glenview, 
IL 60025

Cryoscopy of Milk

Fat, Automated Methods
W. Frank Shipe, Cornell University, Dept of 
Dairy and Food Science, Ithaca, NY 14853

Fat, Udy Turbidity Test
Doyle C. Udy, Udy Corp., 201 Rome Ct, Ft. 
Collins, CO 80524

Fat in Milk
Dick H. Kleyn, Rutgers University, Dept of 
Food Science, New Brunswick, NJ 08903

Fat, Protein, and Total Solids in Milk
David M. Barbano, Cornell University, Dept 
of Food Science, Ithaca, NY 14853

Iodine
David C. Sertl, Ross Labs, 625 Cleveland 
Ave, Columbus, OH 43216

Lactose (Chromatographic 
Determination)

Leslie G. West, Kraft Co., 801 Waukegan Rd, 
Glenview, IL 60025

Lactose (Enzymatic 
Determination)

Dick H. Kleyn, Rutgers University, Dept of 
Food Science, New Brunswick, NJ 08903 
John W. Sherbon, Cornell University, Dept 
of Dairy and Food Science, Ithaca, NY 14853

Mid-Infrared Instrumentation
D. A. Biggs, University of Guelph, Dept of 
Food Science, Guelph, Ontario N1G 2W1, 
Canada

Moisture in Cheese
Raymond Matulis, Kraft Foods, Kraft Ct, 
Glenview, IL 60025

Mojonnier Method (Robotic)
Robert Bradley, University of Wisconsin, 
Food and Science Dept, 1605 Linden Dr, 
Madison, Wl 53706

Nonfat Solids
John W. Sherbon, Cornell University, Dept 
of Dairy and Food Science, Ithaca, NY 14853

Nitrates in Cheese
James E. Hamilton, Food and Drug Admin
istration, Division of Drug Labeling— Com
pliance, 5600 Fishers Ln, Rockville, MD 
20857

Phosphatase, Rapid Method
Dick H. Kleyn, Rutgers University, Dept of 
Food Science, New Brunswick, NJ 08903

Phosphatase, Reactivated
Gopala K. Murthy, Food and Drug Admin
istration, Division of Microbiology, 1090Tus- 
culum Ave, Cincinnati, OH 45226

Phosphorus
Wallace S. Brammell, 12423 Chalford Ln, 
Bowie, MD 20715

Protein Constituents in Processed 
Dairy Products

Frederick W. Douglas, Jr, U.S. Dept of Ag
riculture, Eastern Regional Research Center, 
Philadelphia, PA 19118

Protein in Milk, Rapid Tests
John W. Sherbon, Cornell University, Dept 
of Dairy and Food Science, Ithaca, NY 14853

Protein Reducing Substance Tests
Joseph T. Cardwell, Mississippi State Uni
versity, Dairy Science Dept, Mississippi State, 
MS 39762

Total Solids and Moisture by 
Microwave Drying

Tyramine
Thea A. B. Reuvers, Centro Nacional de Ali
mentation y Nutrición, Carretera Majahouda- 
Pozuelo, Majaharda, Spain

Whey Proteins in Nonfat Dry Milk
C. Olieman, Netherlands Institute for Dairy 
Research, Ede, The Netherlands

FOOD ADDITIVES____________________
R e fe re e : Thomas Fazio, Food and Drug 
Administration, Office of Physical Sci
ences, Washington, DC 20204

Anticaking Agents

Antioxidants
B. Denis Page, Health and Welfare Canada, 
Food Research Div., Tunney’s Pasture, Ot
tawa, Ontario K1A 0L2, Canada

Brominated Oils
James F. Lawrence, Health and Welfare 
Canada, Food Research Div., Tunney’s Pas
ture, Ottawa, Ontario K1A 0L2, Canada

Chloride Titrator
Alfred H. Free, Ames Co., Technical Ser
vices, Elkhart, IN 46514

Dilauryl Thiodipropionate

Dressings
Charles R. Warner, Food and Drug Admin
istration, Division of Food Chemistry and 
Technology, Washington, DC 20204

EDTA in Food Products
Gracia A. Perfetti, Food and Drug Adminis
tration, Division of Food Chemistry and 
Technology, Washington, DC 20204

Gums

Indirect Additives from Food Packages
Charles V. Breder, Keller and Heckman, 1150 
17th St NW, Washington, DC 20036 
Henry Hollifield, Food and Drug Administra
tion, Division of Food Chemistry and Tech
nology, Washington, DC 20204

Monier-Williams Modification
Charles R. Warner, Food and Drug Admin
istration, Division of Food Chemistry and 
Technology, Washington, DC 20204
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Nitrates and Nitrites
Jay Fox, U.S. Dept of Agriculture, Eastern 
Regional Research Center, Philadelphia, PA 
19118

Nitrates (Selective Ion Electrode 
Titration)

Nitrosamines
Nisu P. Sen, Health and Welfare Canada, 
Food Directorate, Tunney’s Pasture, Otta
wa, Ontario K1A 0L2, Canada

Nitrosamines in Food Contact Items
J. T. Gray, Michigan State University, Dept 
of Food Science and Human Nutrition, East 
Lansing, Ml 48824

Polycyclic Aromatic Hydrocarbons
Frank L. Joe, Food and Drug Administration, 
Division of Food Chemistry and Technology, 
Washington, DC 20204

Polydimethylsiloxane
R. Firmin, Dow Corning Europe, Chaussee 
de la Hulpe 154, B-1170, Brussels, Belgium

Polysorbates
Charles F. Smullin, 2402 Heather Rd, Wil
mington, DE 19803

Propylene Chlorohydrin

Quinine in Soft Drinks

Sodium Lauryl Sulfate

Sulfiting Agents in Foods

MEAT, POULTRY, AND MEAT AND 
POULTRY PRODUCTS___________________

R e fe re e : Jon E. McNeal, U.S. Dept of Ag
riculture, Food Safety and Inspection Ser
vice, Washington, DC 20250

Automated Methods

Chemical Antibiotic Methods
William Moats, U.S. Dept of Agriculture, Meat 
Science Research Laboratory, Beltsville, MD 
20705

Fat in Meat Products
Jon E. McNeal, U.S. Dept of Agriculture, Food 
Safety and Inspection Service, Washington, 
DC 20250

Identification of Meats, Serological 
Tests

Arthur P. Marin, State Dept of Agriculture 
and Markets, State Campus, Albany, NY 
12235

Immunochemical Identification of 
Additives

Ron Berger, U.S. Dept of Agriculture, Food 
Safety and Inspection Service, Beltsville, MD 
20705

LC Methods for Meat and Poultry 
Products

Sher AN, U.S. Dept of Agriculture, PO Box 
6085, Athens, GA 30604

3-Methyl Histidine
Roger Wood, Ministry of Agriculture, Fish
eries and Food, 65 Romney St, London, 
SW1P 3RD, UK

Nitrates and Nitrites

Nitrosamines in Bacon
Walter Fiddler, U.S. Dept of Agriculture, 
Eastern Regional Research Center, 600 E 
Mermaid Ln, Philadelphia, PA 19118

Nonmeat Protein in Meat
Christopher Hitchcock, Unilever Research, 
Colworth House, Sharnbrook, Bedford 
MK44 1LQ, UK

Protein, Crude
David Christians, Hach Co., PO Box 907, 
Ames, IA 50010

Proteins in Meat
Carolyn Henry, U.S. Dept of Agriculture, Food 
Safety and Inspection Service, PO Box 5080, 
St. Louis, MO 63115

Sample Preparation Techniques
Sylvan Eisenberg, Anresco, Inc., 1370 Van 
Dyke Ave, San Francisco, CA 94124

Species Identification Methods

Specific Ion Electrode Applications
Randy Simpson, U.S. Dept of Agriculture, 
Food Safety and Inspection Service, PO Box 
6085, Athens, GA 30604

Temperature, Minimum Processing
Grover Pickel, U.S. Dept of Agriculture, Food 
Safety and Inspection Service, PO Box 6085, 
Athens, GA 30604 

Total Fat
Max Foster, Kansas State Board of Agri
culture, 2524 W 6th St, Topeka, KS 66606

Total Protein by Microwave Digestion
David L. Fish, CEM Corp., PO Box 200, Mat
thews, NC 28105

Total Solids and Moisture by 
Microwave Drying

David L. Fish, CEM Corp., PO Box 200, Mat
thews, NC 28105

MYCOTOXINS__________________________

R e fe re e : Peter M. Scott, Health and Wel
fare Canada, Health Protection Branch, 
Tunney’s Pasture, Ottawa, Ontario K1A 
0L2, Canada

Aflatoxin M
Robert D. Stubblefield, U.S. Dept of Agri
culture, Northern Regional Research Center, 
Peoria, IL 61604

Aflatoxin Methods
Douglas L. Park, University of Arizona, Dept 
of Nutrition and Food Science, 309 Schantz 
Bldg, Tucson, AZ 85721

Alternaria Toxins
Edgar E. Stinson, U.S. Dept of Agriculture, 
Eastern Regional Research Center, 600 E 
Mermaid Ln, Philadelphia, PA 19118

Citrinin
David Wilson, University of Georgia, Dept of 
Plant Pathology, Tifton, GA 31794

Cyclopiazonic Acids
John A. Landsen, U.S. Dept of Agriculture, 
National Peanut Research Laboratory, Daw
son, GA 31742

Emodin and Related Anthoquinones

Ergot Alkaloids
George Ware, Food and Drug Administra
tion, 4298 Elysian Fields Ave, New Orleans, 
LA 70122

Immunochemical Methods
James J. Pestka, Michigan State University, 
Dept of Food Science and Human Nutrition, 
East Lansing, Ml 48824

Ochratoxins
Stanley Nesheim, Food and Drug Adminis
tration, Divisior of Contaminants Chemistry, 
Washington, DC 20204

Penicillic Acid
Charles W. Thorpe, Food and Drug Admin
istration, Division of Contaminants Chemis
try, Washington, DC 20204

PeniciIHum islandicum Toxins

Secalonic Acid

Sterigmatocystin
Octave J. Francis, Jr, Food and Drug Admin
istration, 4298 Elysian Fields Ave, New Or
leans, LA 70122

Tree Nuts
Vincent P. DiProssimo, Food and Drug 
Administration, 850 Third Ave, Brooklyn, NY 
11232

Trichothecenes
Robert M. Eppley, Food and Drug Adminis
tration, Division of Contaminants Chemistry, 
Washington, DC 20204

Xanthomegnin and Related 
Naphthoquinones

Allen S. Carman, Food and Drug Adminis
tration, 4298 Elysian Fields Ave, New Or
leans, LA 70122

Zearalenone
Glenn A. Bennett, U.S. Dept of Agriculture, 
Northern Regional Research Center, Peoria,
IL 61604

OILS AND FATS________________________

R e fe re e : David Firestone, Food and Drug 
Administration, Division of Contaminants 
Chemistry, Washington, DC 20204

Antioxidants
B. Denis Page, Health and Welfare Canada, 
Health Protection Branch, Ottawa, Ontario 
K1A 0L2, Canada

Emulsifiers
H. Bruschweiler, Laboratoire Federal d’Es- 
sat des Materiaux, Industrie Genie Civil Arts 
et Metiers, Unterstrasse 11, CH-9001 St. 
Gallen, Switzerland

Hydrogenated Fats
Richard A. De Palma, Procter & Gamble Co., 
Winton Hill Technical Center, 6071 Center 
Hill Rd, Cincinnati, OH 45224
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Lower Fatty Acids
Giovanni Bigalli, Hershey Foods Corp., 1025 
Reese Ave, Hershey, PA 17033

Marine Oils
Robert G. Ackman, Nova Scotia Technical 
College, Box 1000, Halifax, Nova Scotia B3J 
2X4, Canada

Olive Oil Adulteration
Enzo Fedell, Experimental Station for Oils 
and Fats, Via Giuseppe Colompo 79, 20133 
Milano, Italy

Oxidized Fats
Michael Blumenthal, Libra Laboratories, Inc., 
44 Stelton Rd, Piscataway, NJ 08854

Pork Fat in Other Fats
Laila El-Sayed Abdel Fattah, Centre of Sci
ence and Medical Sciences for Women, PO 
Box 22452, Riyadh 11495, Saudi Arabia

Sterols and Tocopherols
Robert J. Reina, Food and Drug Administra
tion, 585 Commercial St, Boston, MA 02109

PLANT TOXINS_________________________

R e fe re e : Samuel W. Page, Food and Drug 
Administration, Division of Contaminants 
Chemistry, Washington, DC 20204

Glucosinolates
Douglas I. McGregor, Agriculture Canada, 
107 Science Crescent, Saskatoon, Sas
katchewan S7N 0X2, Canada

Hydrazines

Hypoglycine in Ackee

Phytoestrogens

Pyrrolizidine Alkaloids

Steroidal Alkaloids
Allen S. Carman, Food and Drug Adminis
tration, 4298 Elysian Fields Ave, New Or
leans, LA 70122

SEAFOOD PRODUCTS__________________

Referee: Louis M. Gershman, 151 Collidge 
Ave, Watertown, MA 02172

Amines by TLC
Thomas R. Weber, Food and Drug Admin
istration, 850 Third Ave, Brooklyn, NY 11232

Ammonia in Seafood
Beverly A. Hunter, National Marine Fisheries 
Service, PO Drawer 1207, Pascagoula, MS 
39567

Coprostanol
James F. Stewart, Food and Drug Admin
istration, 3032 Bryan St, Dallas, TX 75204

Decomposition of Crabmeat
Kurt Steinbrecher, Food and Drug Adminis
tration, 909 First Ave, Seattle, WA 98174

Decomposition by Gas and 
Liquid Chromatography

Walter F. Staruszkiewlcz, Jr, Food and Drug 
Administration, Division of Contaminants 
Chemistry, Washington, DC 20204

Drained Weight of Block Frozen, Raw, 
Peeled Shrimp

Michael F. Blattner, Central Analytical Labs, 
Inc., 2600 Marietta Ave, Kenner, LA 70062

Ethanol in Seafoods
Harold R. Throm, Food and Drug Adminis
tration, 909 First Ave, Seattle, WA 98174

Fish Content in Coated Products 
(Breaded or in Batter)

Frederick J. King, National Marine Fisheries 
Service, Northeast Fisheries Center, 
Gloucester, MA 01930
H. Houwing, TNO, Division of Nutrition and 
Food Research, Box 183, 1970 AD, Ijmui- 
den, The Netherlands

Minced Fish in Fish Fillet Blocks
Frederick J. King, National Marine Fisheries 
Service, Northeast Fisheries Center, 
Gloucester, MA 01930

Nitrites in Smoked Fish

Volatile Amines— TMA 
and DMA by GC

Ronald C. Lundstrom, National Marine Fish
eries Service, Northeast Fisheries Center, 
Gloucester, MA 01930

Shellfish Decomposition

SEAFOOD TOXINS______________________

R e fe re e :---------

Ciguatoxins, Biochemical Methods
Yoshitsugl Hokama, University of Hawaii at 
Manoa, School of Medicine, Honolulu, HI 
96844

Cyanobacterial Peptide Toxins
Harold W. Slegelman, Associated Universi
ties, Inc., Biology Dept, Upton, NY 11973

Diarrhetic Shellfish Poisons
Takeshi Yasumoto, Tokoku University, Dept 
of Food Chemistry, Tsutsumidori, Sendai 980, 
Japan

Neurotoxic Shellfish Poisons
Daniel G. Baden, Rosenstlel School of Ma
rine and Atmospheric Sciences, Div. of Bi
ology & Living Research, Miami, FL 33149

Paralytic Shellfish Poisons 
(Immunoassay Method)

Patrick Guire, BioMetric Systems, Inc., 9932 
W 74th St, Eden Prairie, MN 55344

Paralytic Shellfish Poisons 
(LC Methods)

John J. Sullivan, Food and Drug Administra
tion, 909 First Ave, Seattle, WA 98174

Shellfish Poisons
William L. Childress, Food and Drug Admin
istration, 109 Holton St, Winchester, MA 
01890

Tetrodotoxins
Yururu Shimizu, University of Rhode Island, 
College of Pharmacy, Kingston, Rl 02881

Committee on Foods II

Laura L. Zaika (U.S. Dept of Agriculture, 
Eastern Regional Research Center, 600 
E Mermaid Ln, Philadelphia, PA 19118), 
C h a irm a n ; Harry G. Lento (Campbell 
Soup Co., Campbell PI, Camden, NJ 
08151); Roger Wood (Ministry of Agri
culture, Fisheries and Food, Food Sci
ence Laboratory, 65 Romney St, London 
SW1P 3RD, U K); Adeline A. Peake (3711- 
37 St NW, Calgary, Alberta T2L 2J2, 
Canada); Earl F. Richter (Hazleton Labs 
America, Box7545, Madison, WI53707); 
Patricia Bulhack (Food and Drug Admin
istration, Division of Color Technology, 
Washington, DC 20204); Robert A. Mar
tin (Hershey Foods Corp., Hershey Tech
nical Center, 1025 Reese Ave, Hershey, 
PA 17033), S e c re ta ry ; John G. Phillips 
(U.S. Dept of Agriculture, Eastern Re
gional Research Center, 600 E. Mermaid 
Ln, Philadelphia, PA 19118), S ta t is t ic a l  
C o n s u lta n t

ALCOHOLIC BEVERAGES_______________

R e fe re e : Randolph H. Dyer, Bureau of Al
cohol, Tobacco and Firearms, 1401 Re
search Blvd, Rockville, MD 20850

Alcohol Content
Samuel I. Blittman, Bureau of Alcohol, To
bacco and Firearms, Treasure Island Naval 
Station, San Francisco, CA 94130

Alcohol Content of High Solids 
Distilled Spirits

Carbon Dioxide in Wine
Arthur Caputi, Jr, E & J Gallo Winery, PO 
Box 1130, Modesto, CA 95353

Citric Acid in Wine
Leonard Mascaro, Boehringer Mannheim 
Biochemicals, Box 50816, Indianapolis, IN 
46250

Color Intensity for Distilled Alcoholic 
Products

Ethanol in Wine by GC
Arthur Caputi, Jr, E & J Gallo Winery, PO 
Box 1130, Modesto, CA 95353

Ethyl Carbamate in Wine
Benjamin Canas, Food and Drug Adminis
tration, Division of Food Chemistry and 
Physics, Washington, DC 20204

Flavor Compounds in Malt Beverages
George Charalambous, Anheuser-Busch Inc., 
Technical Center, St. Louis, MO 63118

Glycerol in Wine
Eric N. Christensen, E & J Gallo Winery, Box 
1130, Modesto, CA 95353

Hydrogen Cyanide

Malic Acid in Wine
David T. Chia, Letterman Medical Center, 
Dept of Pathology, San Francisco, CA 94129
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Malt Beverages and Brewing Materials
Peter Gales, Anheuser-Busch, Inc., One Bush 
PI, St. Louis, MO 63118

Sorbic Acid in Wine
Arthur Caputi, Jr, E & J Gallo Winery, PO 
Box 1130, Modesto, CA 95353

Sugars in Wine by Enzymatic Methods
Guenther Henniger, Boehringer Mannheim 
GmbH, Bahnhofstrasse 5, D-8132, Tutsing/ 
Obb. Postfach 120, GFR

Sugars in Wine by LC
Jeffrey Kasavan, Taylor California Cellars, 
Box 780, Gonzales, CA 93926 
Thomas Peffer, Berlnger Vineyards, 1000 
Pratt Ave, St. Helena, CA 94574

Sulfur Dioxide in Wine (Ripper 
Method)

Barry Gump, California State University, Dept 
of Food Science and Enology, Fresno, CA 
93740
Guy Baldwin, Paul Masson Vinyards, PO Box 
97, Saratoga, CA 95070

Synthetic Colors
John A. Steele, 13305 Burkhart St, Silver 
Spring, MD 20904

Tartrates in Wine
Masao Ueda, E & J Gallo Winery, PO Box 
1130, Modesto, CA 95353

Thujone
Willie Thurman, Bureau of Alcohol, Tobacco 
and Firearms, 1401 Research Blvd, Rock
ville, MD 20850

Vanillin and Ethyl Vanillin
Felipe Alfonso, Bureau of Alcohol, Tobacco 
and Firearms, 1401 Research Blvd, Rock- 
ville, MD 20850

CEREALS AND CEREAL PRODUCTS

R e fe re e : Ralph H. Lane, University of Al
abama, Dept of Food, Nutrition, and In
stitute Management, University, AL 35486

Fat Acidity in Flour
Ralph H. Lane, University of Alabama, Dept 
of Food, Nutrition, and Institute Manage
ment, University, AL 35486

Iron
James I. Martin, Food and Drug Administra
tion, 60 8th St, NE, Atlanta, GA 30309

Phytates
Barbara F. Harland, Howard University, Dept 
of Human Nutrltion/Food, Washington, DC 
20259

CHOCOLATE AND CACAO PRODUCTS

R e fe re e :---------

Carbohydrates in Chocolate Products
W. Jeffrey Hurst and John C. Robbins, Her- 
shey Foods Corp., 1025 Reese Ave, Her- 
shey, PA 17033

Moisture in Cacao Products
Robert A. Martin, Hershey Foods Corp., 1025 
Reese Ave, Hershey, PA 17033

Nonfat Dry Cocoa Solids

Shell in Cacao Products, Micro 
Methods

W. Jeffrey Hurst and John C. Robbins, Her
shey Foods Corp., 1025 Reese Ave, Her
shey, PA 17033

Triglycerides Composition in Cocoa 
Butter and Fat from Chocolate

Total and Solid Fat Content in 
Chocolate Products by NMR

COLOR ADDITIVES_____________________

R e fe re e : Sandra Bell, Food and Drug 
Administration, Division of Color Technol
ogy, Washington, DC 20204

Arsenic, Barium, and Heavy Metals
William J. McShane, Kraft, Inc., Research 
and Development Dept, 801 Waukegan Rd, 
Glenview, IL 60025

Color Additives Exempt from Certifica
tion

Color in Candy and Beverages
Mary Young, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Color in Cosmetics
Sandra Bell, Food and Drug Administration, 
Division of Color Technology, Washington, 
DC 20204

Color in Nonfrozen Dairy Desserts
Desire L. Massart, Vrlje Unlverslteit Brussel, 
Pharmaceutical Institute, Laarbeeklaan 103, 
B-1090 Brussels, Belgium

Color in Other Foods and Drugs
Nicholas Adamo, Food and Drug Adminis
tration, Division of Color Technology, Wash
ington, DC 20204

Inorganic Salts
Wallace S. Brammell, 12423 Chalford Ln, 
Bowie, MD 20715

Intermediates, Uncombined, in 
Certifiable Water-Soluble Azo Colors

Intermediates in Other Certifiable 
Colors

Alan Scher, Food and Drug Administration, 
Division of Color Technology, Washington, 
DC 20204

Liquid Chromatography
Elizabeth A. Cox, Food and Drug Adminis
tration, Division of Color Technology, Wash
ington, DC 20204

Subsidiary Colors in Certifiable Color 
Additives

John Bailey, Food and Drug Administration, 
Division of Color Technology, Washington, 
DC 20204

X-Ray Fluorescence Spectroscopy
Catherine Bailey, Food and Drug Adminis
tration, Division of Color Technology, Wash
ington, DC 20204

FLAVORS______________________________

R e fe re e : Kurt Schoen, David Michael & 
Co., 10801 Decatur Rd, Philadelphia, PA 
19154

Additives in Vanilla Flavorings
Sidney Kahan, Kahansultants, Inc., 66 
Peachtree Ln, Roslyn Heights, NY 11577

Citral

Essential Oils

Glycyrrhizic Acid and Glycyrrhizic 
Acid Salts

Peter S. Vora, McAndrews & Forbes Co., 
3rd St and Jefferson Ave, Camden, NJ 08104

Imitation Maple Flavors, Identification 
and Characterization

Organic Solvent Residues in 
Flavorings

Vanillin and Ethyl Vanillin in Food
Sidney Kahan, Kahansultants, Inc., 66 
Peachtree Ln, Roslyn Heights, NY 11577

FRUITS AND FRUIT PRODUCTS_________

R e fe re e : Frederick E. Boland, Food and 
Drug Administration, Division of Food 
Technology, Washington, DC 20204

Adulteration of Apple Juice
Edgar R. Elkins, National Food Processors 
Association, 1401 New York Ave, Washing
ton, DC 20005

Adulteration of Orange Juice by 
Pulpwash and Dilution

Donald R. Petrus, Florida Dept of Citrus, Box 
1088 AREC, Lake Alfred, FL 33850

Fruit Acids
Ella D. Coppola, Ocean Spray Cranberries, 
Inc., 225 Water St, Plymouth, MA 02360

Fruit Juices, Identification and 
Characterization

Ronald E. Wrolstad, Oregon State Univer
sity, Dept of Food Science and Technology, 
Corvallis, OR 97331

Limonin in Citrus Juices
Russell Rouseff, Florida Dept of Citrus, 700 
Experiment Station Rd, Lake Alfred, FL 
33850

Moisture in Dried Fruits
Wayne Stevenson, Dried Fruit Association, 
Box 86, Fresno, CA 93707

Orange Juice Content

Sodium Benzoate in Orange Juice
Hyong S. Lee, Florida Dept of Citrus, 700 
Experiment Station Rd, Lake Alfred, FL 
33850

NONALCOHOLIC BEVERAGES__________

R e fe re e : John M. Newton, Food and Drug 
Administration, 50 Fulton St, San Francis
co, CA 94102
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Caffeine and Methyl Xanthines in 
Nonalcoholic Beverages

John M. Newton, Food and Drug Adminis
tration, 50 Fulton St, San Francisco, CA 
94102

Caloric Content

Glycyrrhizic Acid Salts in Licorice- 
Derived Products

Lasiocarpine and Pyrrolizidines in 
Herbal Beverages

Quinine
Leonard Valenti, Food and Drug Administra
tion, 5600 Fishers Ln, Rockville, MD 20857

Safrole in Sassafras

PRESERVATIVES AND ARTIFICIAL 
SWEETENERS__________________________

R e fe re e : James Nelson, Food and Drug 
Administration, Import District, 850 Third 
Ave, Brooklyn, NY 11232

Aspartame, Benzoates, Saccharin, and 
Caffeine, Liquid Chromatography

Organic Preservatives (Thin Layer 
Chromatography)

Rosella Bigornia, General Foods Corp., White 
Plains, NY 10591

Sulfites
Walter Holak, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232 
Martha Hudak-Roos, National Marine Fish
eries Service, 3209 Frederick St, Pascagou
la, MS 39568-1207
John J. Sullivan, Food and Drug Administra
tion, 909 First Ave, Seattle, WA 98174

Sulfites (Ion Chromatographic Methods)
Darryl M. Sullivan, Hazleton Labs, P.O. Box 
7545, Madison, Wl 53707 
Hie Joon Kim, U.S. Army Natick Research 
and Development Center, Natick, MA 01760

PROCESSED VEGETABLE PRODUCTS

R e fe re e : Thomas R. Mulvaney, Food and 
Drug Administration, Division of Food 
Technology, Washington, DC 20204

pH Determination
Frederick E. Boland, Food and Drug Admin
istration, Division of Food Technology, 
Washington, DC 20204

Sodium Chloride

Sugars in Processed Vegetables by LC

Total Solids by Microwave Moisture 
Analyzer

Henry B. Chin, National Food Processors 
Association, 1950 Sixth St, Berkeley, CA 
94710

W ater Activity in Foods
William H. Stroup, Food and Drug Adminis
tration, Food Engineering Branch, 1090 Tus- 
culum Ave, Cincinnati, OH 45226

SPICES AND OTHER CONDIMENTS

R e fe re e : James E. Woodbury, Cal-Com- 
pack Foods, Inc., PO Box 265, Santa Ana, 
CA 92702

Ash and Pungent Principles in 
Mustard

Bulk Index Methods
Thomas E. Haney, Durkee Foods, 16651 
Sprague Rd, Strongsville, OH 44136

Ethylene Oxide and Ethylene 
Chlorohydrin Residues

Lynn Theiss, R. T. French Co., PO Box 23450, 
Rochester, NY 14692

Extractable Color in Capsicum Spices 
and Oleoresins

James E. Woodbury, Cal-Compack Foods, 
Inc., PO Box 265, Santa Ana, CA 92702

Moisture in Dried Spices
Louis A. Sanna, Santa Maria Chili, Inc., Box 
1028, Santa Maria, CA 93456

Monosodium Glutamate in Foods

Piperine in Black Pepper
Ted Lupina, Kalsec, Inc., PO Box 511, Kala
mazoo, Ml 49005

Pungency of Capsicums and 
Oleoresins

James E. Woodbury, Cal-Compack Foods 
Inc., PO Box 265, Santa Ana, CA 92702

Vinegar
Dana A. Krueger, Krueger Food Labs, 24 
Blackstone St, Cambridge, MA 02139

SUGARS AND SUGAR PRODUCTS

R e fe re e : Margaret A. Clarke, Sugar Pro
cessing Research, Inc., Box 19687, New 
Orleans, LA 70179

Chromatographic Methods
Michael Gray, Bio-Rad Laboratories, 32nd & 
Griffin Ave, Richmond, CA 94804

Color, Turbidity, and Reflectance- 
Visual Appearance

Margaret A. Clarke, Sugar Processing Re
search, Inc., Box 19687, New Orleans, LA 
70179

Corn Syrup and Corn Sugar
Raffaele Bernetti, CPC International. Box 
345, Argo, IL 60501

Enzymatic Methods
Marc Mason, Yellow Springs Instrument Co., 
Box 279, Yellow Springs, OH 45387

Gas Chromatographic Methods
Mary A. Godshall, Sugar Processing Re
search, Inc., PO Box 19687, New Orleans, 
LA 70179

Honey
Jonathan W. White, 217 Hillside Dr, Nava- 
sota, TX 77868

Lactose Purity Testing
Janice R. Saucerman, Bristol-Myers, 2404 
Pennsylvania Ave, Evansville, IN 47721

Liquid Chromatographic Methods
W. S. Charles Tsang, Sugar Processing Re
search Inc., Box 19687, New Orleans, LA 
70179

Maple Sap and Syrups
Maria Franca Morselli, University of Ver
mont, Botany Dept, Burlington, VT 05405

Oligosaccharides
George Steinle, Suddeutsche Zucker AG, 
Obrigheim 5, Postfach 1127, D-6718, Gruen- 
stadt 1, FRG

Polarimetrie Methods
Ronald Plews, Tate and Lyle Refineries, 
Thames Refinery, Silvertown, London, UK 
E16 2EW

Stable Carbon Isotope Ratio Analysis
Landis W. Doner, U.S. Dept of Agriculture, 
Eastern Regional Research Center, 600 E 
Mermaid Ln, Philadelphia, PA 19118

Standardization of Sugar Methods of 
Analysis

Mary A. Godshall, Sugar Processing Re
search, Inc., Box 19687, New Orleans, LA 
70179

Sugar in Cereal
L. Zygmunt, Quaker Oats Co., 617 W Main 
St, Barrington, IL 60010

Sugar in Syrups
Rose E. Goff, Food and Drug Administration, 
60 Eighth St NE, Atlanta, GA 30309

Sulfites
Richard Riffer, C&H Sugar, Crockett, CA 
94525

Weighing, Taring, and Sampling

VITAMINS AND OTHER NUTRIENTS

R e fe re e : Mike J. Deutsch, Food and Drug 
Adm inistration, Division of Nutrition, 
Washington, DC 20204

Amino Acids
John P. Cherry, U.S. Dept of Agriculture, 
Eastern Regional Research Center, 600 E 
Mermaid Ln, Philadelphia, PA 19118 
Robert Zumwalt, University of Missouri-Co
lumbia, Agriculture Bidg, Columbia, MO 
65211

Automated Nutrient Analysis
Jonathan DeVries, General Mills Inc., 9000 
Plymouth Ave, Minneapolis, MN 55427

Biotin
Jacob M. Scheiner, Hoffmann-La Roche, 340 
Kingsland St, Nutley, NJ 07110

Carotenoids
Forrest W. Quackenbush, 2911 Browning St, 
West Lafayette, IN 47906

Dietary Fiber
Leon Prosky, Food and Drug Administration, 
Division of Nutrition, Washington, DC 20204

Fat in Food by Chloroform-Methanol 
Extraction

Chester E. Daugherty, Campbell Soups, 
Campbell PI, Camden, NJ 08101
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Folic Acid
Lynn Hoepfinger, Henkel Corp., Box 191, 
Kankakee, IL 60901

Iodine
Walter Holak, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Nutrient Assay of Infant Formula
James T. Tanner, Food and Drug Adminis
tration, Division of Nutrition, Washington, DC 
20204
Stephen A. Barnett, Bristol-Meyers, 2404 
Pennsylvania Ave, Evansville, IN 47721

Pantothenic Acid, Total Activity
Raymond Cooke, Laboratory of the Govern
ment Chemist, Food Composition and Nu
trition, Cornwall House, Stamford St, Lon
don, UK SE1 9NQ

Protein Quality, Evaluation
Phillip H. Derse, DS Associates, 979 Jona
than Dr, Madison, Wl 53713

Sodium
Edgar R. Elkins, National Food Processors 
Association, 1401 New York Ave, NW, 
Washington, DC 20005

Thiamine Assay, Enzyme and Column 
Packing Reagents

Wayne Ellefson, Hazleton Laboratories 
America, Box 7545, Madison, Wl 53707

Vitamin A
J. Neville Thompson, Health and Welfare 
Canada, Health Protection Branch, Ottawa, 
Ontario K1A 0L2, Canada

Vitamin D
Ellen J. deVries, Duphar B.V., Research Dept 
30, PO Box 2, Weesp, The Netherlands

Vitamin E
Edward Waysek, Hoffmann-LaRoche, Inc., 
340 Kingsland St, Nutley, NJ 07110

Vitamin E in Pharmaceuticals (Gas 
Chromatography)

Alan J. Sheppard, Food and Drug Adminis
tration, Division of Nutrition, Washington, DC 
20204

Vitamin K
Stephen A. Barnett, Bristol-Meyers, 2404 
Pennsylvania Ave, Evansville, IN 47721

Vitamins A, D, E, and K by Gel Perme
ation and LC

Abdel-Gawad Soliman, Food and Drug 
Administration, 60 Eighth St, Atlanta, GA 
30309

Committee on Residues

Richard Schmitt (Environmental Protec
tion Agency, Office of Pesticide Pro
grams, Washington, DC 20460), C h a ir

m a n ;  Kenneth W. Boyer (Southern 
Testing and Research Laboratories, Inc., 
PO Box 1849, Wilson, NC 27893); Paul 
E. Corneliussen (Food and Drug Admin
istration, Division of Chemical Technol
ogy, Washington, DC 20204); William G. 
Fong (State Dept of Agriculture, Division 
of Chemistry, Tallahassee, FL 32301); 
Ronald F. Cook (FMC Corp., Agricultural 
Chemicals Group, PO Box 8, Princeton, 
NJ 08543); Richard Frank (Ministry of 
Agriculture, Food Technology, and Field 
Services, 801 Bay St, Toronto, Ontario 
M7A 1A5, Canada); Edgar R. Elkins (Na
tional Food Processors Assoc., 1401 New 
York Ave NW, Washington, DC 20005); 
Keith A. McCully (Health and Welfare 
Canada, Field Operations Directorate, 
Tunney’s Pasture, Ottawa, Ontario K1A 
1B7, Canada), S e c re ta ry ; Richard H. Al
bert (Food and Drug Administration, Di
vision of Mathematics, Washington, DC 
20204), S ta t is t ic a l C o n s u lta n t

METALS AND OTHER ELEMENTS

R e fe re e : Stephen G. Capar, Food and Drug 
Administration, Division of Chemical Tech
nology, Washington, DC 20204

Atomic Absorption Spectrophotometry
Milan Ihnat, Agriculture Canada, Chemistry 
and Biology Research Institute, Ottawa, On
tario K1A 0C6, Canada

Cadmium and Lead in Earthenware
Benjamin Krlnitz, Food and Drug Adminis
tration, 850 Third Ave, Brooklyn, NY 11232

Emission Spectrochemical Methods
Fred L. Fricke, Food and Drug Administra
tion, 1141 Central Pkwy, Cincinnati, OH 
45202

Fluorine
Robert W. Dabeka, Health and Welfare Can
ada, Health Protection Branch, Ottawa, On
tario K1A 0L2, Canada

Graphite Furnace— Atomic Absorption 
Spectrophotometry

Robert W. Dabeka, Health and Welfare Can
ada, Health Protection Branch, Ottawa, On
tario K1A 0L2, Canada

Hydride Generating Techniques
Stephen G. Capar, Food and Drug Admin
istration, Division of Chemical Technology, 
Washington, DC 20204

Lead in Calcium Supplements
Patricia Maroney Benassi, Food and Drug 
Administration, 10 W 35th St, Chicago, IL 
60616

Methyl Mercury in Fish and Shellfish
Susan Hight, Food and Drug Administration, 
Division of Chemical Technology, Washing
ton, DC 20204

Neutron Activation Analysis
William C. Cunningham, Food and Drug 
Administration, Division of Contaminants 
Chemistry, Washington, DC 20204

Organotin Compounds
Allen D. Uhler, Food and Drug Administra
tion, Division of Contaminants Chemistry, 
Washington, DC 20204

Organometallics in Fish
Walter Holak, Food and Drug Administration, 
850 Third Ave, Brooklyn, NY 11232

Polarography
Susan Hight, Food and Drug Administration, 
Division of Chemical Technology, Washing
ton, DC 20204

MULTIRESIDUE METHODS______________

R e fe re e : Leon D. Sawyer, Food and Drug 
Administration, 200 C St SW, Washing
ton, DC 20204

Comprehensive Multiresidue 
Methodology

Leon Sawyer, Food and Drug Administra
tion, Washington, DC 20204 
Darryl E. Johnson, Food and Drug Admin
istration, 240 Hennepin Ave, Minneapolis, MN 
55401 

Fumigants
James L. Daft, Food and Drug Administra
tion, 1009 Cherry St., Kansas City, MO 64106

Extraction of Low Moisture-High Fat 
Samples

Leon D. Sawyer, Food and Drug Adminis
tration, 200 C St SW, Washington, DC 20204

Miniaturization
D. Ronald Erney, Food and Drug Adminis
tration, 1560 Jefferson Ave, Detroit, Ml 48207

Organophosphorus Pesticide 
Residues

Ronald R. Laski, Food and Drug Adminis
tration, 599 Delaware Ave, Buffalo, NY 14202

Sweep Codistillation
Barry Luke, State Chemistry Laboratory, 5 
MacArthur St, East Melbourne, Victoria 3002, 
Australia

ORGANOHALOGEN PESTICIDES________

R e fe re e : Bernadette McMahon, Food and 
Drug Administration, Division of Chemical 
Technology, Washington, DC 20204

Chlordane
Wilbur Saxton, Food and Drug Administra
tion, 5003 Federal Office Building, Seattle, 
WA 98174

Chlorinated Dioxins
David Firestone, Food and Drug Administra
tion, Division of Chemical Technology, 
Washington, DC 20204

Chlorophenoxy Alkyl Acids

Ethylene Oxide and Its Chlorohydrin

Gel Permeation Chromatographic 
Cleanup

Timothy Spurgeon, ABC Laboratories, 7200 
E ABC Ln, Box 1097, Columbia, MO 65205
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Methyl Bromide
Joseph H. Ford, U.S. Dept of Agriculture, 
NMRAL, PO Box 3209, Gulfport, MS 39503 
Richard A. DePalma, Procter and Gamble, 
6071 Center Hill Rd, Cincinnati, OH 45224

Pentachlorophenol
George Yip, Food and Drug Administ-ation, 
Division of Chemical Technology, Washing
ton, DC 20204

Pentachlorophenol in Blood
Virlyn Burse, Center for Environmental 
Health, Clinical Chemistry Division, 1600 Clif
ton Rd, Atlanta, GA 30333

Pentachlorophenol in Meat and 
Poultry Tissue

Douglas Gillard, Huntington Analytical Ser
vices, PO Box 250, Middleport, NY 14105

Polychlorinated Biphenyls (PCBs)
Leon D. Sawyer, Food and Drug Adminis
tration, 200 C St SW, Washington, DC 20204

Polychlorinated Biphenyls in Blood

ORGANONITROGEN PESTICIDES________

R e fe re e : W. Harvey Newsome, Health and 
Welfare Canada, Food Research Division, 
Tunney's Pasture, Ottawa, Ontario, K1A 
0L2, Canada

Anilazine

Benzimidazole-Type Fungicides
Mikio Chiba, Agriculture Canada, Vineland 
Station, Ontario LOR 2E0, Canada

Captan and Related Fungicides
Dalia Gilvydis, Food and Drug Administra
tion, 1560 E Jefferson Ave, Detroit, Ml 48207

Carbamate Herbicides

Carbamate Insecticides (Liquid 
Chromatography)

Richard Krause, Food and Drug Administra
tion, Division of Chemical Technology, 
Washington, DC 20204

Carbofuran

Chlorothalonil

Daminozide and 1,1 -Dimethylhydrazine
Hafez Abdel-Kader, and Milton Parkins, Uni
royal Chemical Co., Crop Protection Re
search and Development, Naugatuck, CT 
06770

Diquat and Paraquat
Brian Worobey, Health and Welfare Canada, 
Food Research Division, Tunney’s Pasture, 
Ottawa, Ontario K1A 0L2, Canada

Dithiocarbamate Fungicides

Maleic Hydrazide

Organonitro Pesticides
Richard Krause, Food and Drug Administra
tion, Division of Chemical Technology, 
Washington, DC 20204

Sodium o-Phenylphenate

Substituted Ureas
Ronald Luchtefeld, Food and Drug Admin
istration, 1009 Cherry St, Kansas City, MO 
64106

Thiolcarbamate Herbicides

s-Triazines

Trifluralin

ORGANOPHOSPHORUS PESTICIDES

R e fe re e : Gail Abbott Parker, Florida Dept 
of Agriculture and Consumer Services, 
3125 Conner Blvd, Tallahassee, FL 32301

Disulfoton
Sunny Y. Szeto, Agriculture Canada, 6660 
NW Marine Dr, Vancouver, British Columbia 
V6T 1X2, Canada

Extraction Procedures

Gel Permeation Chromatography Clean
up

Ronald Scharfe, Agriculture Canada, Pesti
cide Laboratory, Ottawa, Ontario K1A 0L2, 
Canada

Phorate

Phosphine
Bartholomew Puma, Food and Drug Admin
istration, Division of Chemical Technology, 
Washington, DC 20204

Terbufos

RADIOACTIVITY________________________

R e fe re e : Edmond J. Baratta, Food and 
Drug Administration, Winchester Engi
neering and Analytical Center, Winchester, 
MA 01890

Cesium -137
Edmond J. Baratta, Food and Drug Admin
istration, Winchester Engineering anc Ana
lytical Center, Winchester, MA 01890

Iodine-131
Eugene Easterly, Environmental Protection 
Agency, PO Box 15027, Las Vegas, NV 
89114

Plutonium
Richard E. Needham, Food and Drug Admin
istration, Winchester Engineering and Ana
lytical Center, Winchester, MA 01890 
Alfred V. Robinson, United States Testing 
Co., Inc., Richland Division, 2800 George 
Washington Way, Richland, WA 99352

Radium-228
Jacqueline Michel, Research Planning Insti
tute, 925 Gervais St, Columbia, SC 29201

Strontium-89 and -90
Joseph A. Hutchinson, State Dept of Health, 
Radiological Sciences Lab., Albany, NY 
12201

Tritium

Committee on Microbiology

Michael H. Brodsky (Ministry of Health, 
Laboratory Services Branch, Toronto, 
Ontario M5W 1R5, Canada), C h a irm a n ; 
John S. Gecan (Food and Drug Admin
istration, Division of Microbiology, 
Washington, DC 20204); Khalil Rayman 
(Health and Welfare Canada, Health Pro
tection Branch, Tunney’s Pasture, Ot
tawa, Ontario K1A 0L2, Canada); Robert 
M. Twedt (Food and Drug Administra
tion, Division of Microbiology, 1090 Tus- 
culum Ave, Cincinnati, OH 45226); Don
ald E. Lake (American Can Co., 433 N 
NW Highway, Barrington, IL 60010); 
Phillip Alioto (State Dept of Agriculture, 
4702 University Ave, Madison, Wl 53707); 
Donald A. Mastrorocco, Jr (Hershey 
Foods Corp., 19 E Chocolate Ave, Her
shey, PA 17033), S e c re ta ry ; Foster D. 
McClure (Food and Drug Administration, 
Division of Mathematics, Washington, DC 
20204), S ta t is t ic a l C o n s u lta n t; Richard 
E. Young (36 Drexel Ave, Florence, KY 
41042), S ta t is t ic a l C o n s u lta n t

ANALYTICAL MYCOLOGY
AND MICROSCOPY_____________________

R e fe re e : Stanley M. Cichowicz, Food and 
Drug Administration, Division of Microbi
ology, Washington, DC 20204

Chemical Methods for Detecting Mold
Ruth Bandler, Food and Drug Administra
tion, Division of Microbiology, Washington, 
DC 20204

Geotrichum Mold in Canned and Frozen 
Fruits and Vegetables

Stanley M. Cichowicz, Food and Drug 
Administration, Division of Microbiology, 
Washington, DC 20204

Standardization of Plant Tissue 
Concentrations for Mold Counting

Stanley M. Cichowicz, Food and Drug 
Administration, Division of Microbiology, 
Washington, DC 20204

DAIRY MICROBIOLOGY_________________

R e fe re e : James Messer, Food and Drug 
Administration, 1090 Tusculum Ave, Cin
cinnati, OH 45226

Bactoscan Methods

0-Lactam Residues in Milk— Delvo-test
Wesley N. Kelley, State Dairy Laboratory, 
SDSU-Dairymicro Bldg, Brookings, SD 
57007

0-Lactam Residues in Milk—  
Qualitative Methods

James Messer, Food and Drug Administra
tion, 1090 Tusculum Ave, Cincinnati, OH 
45226

0-Lactam Residues in Milk—  
Quantitative Methods

Roy E. Ginn, Dairy Quality Control Institute, 
Inc., 2353 Rice St, St. Paul, MN 55133 
Raymond Matulis, Kraft Foods, Inc., Kraft 
Ct, Glenview, IL 60025
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Listeria-DNA Probe

Listeria-Culture Methods
Joseph Lovett, Food and Drug Administra
tion, 1090 Tusculum Ave, Cincinnati, OH 
45226

Penicillins in Milk— Affinity Quantitation
Stanley E. Charm, Penicillin Assays, Inc., 36 
Franklin St, Malden, MA 02148

Raw Milk in Cheese

Som atic Cells, A utom ated O ptical 
Counting Method

Wesley N. Kelley, State Dairy Laboratory, 
SDSU-Dairymicro Bldg, Brookings, SD 
57007

Som atic Cells, Fossom atic Counting  
Method

R. D. Mochrie, North Carolina State Univer
sity, Animal Science Dept, Raleigh, NC 27695

FOOD MICROBIOLOGY_________________

R e fe re e : Wallace H. Andrews, Food and 
Drug Administration, Division of Microbi
ology, Washington, DC 20204

Bacillus cereus, Isolation and 
Enumeration

Stanley M. Harmon, Food and Drug Admin
istration, Division of Microbiology, Washing
ton, DC 20204
Gayle Lancette, Food and Drug Administra
tion, Minneapolis Center for Microbiological 
Investigations, 240 Hennepin Ave, Minne
apolis, MN 55401

Bacillus cereus Enterotoxin
Reginald W. Bennett, Food and Drug Admin
istration, Division of Microbiology, Washing
ton, DC 20204

Bactoscan Methods
J. D. Cunningham, University of Guelph, En
vironmental Biology, Guelph, Ontario N1G 
2W1, Canada

Campylobacter Species

Enterobacteriaceae
Russell S. Flowers, Silliker Laboratories, Inc., 
1304 Halsted St, Chicago Heights, IL 60411

Escherichia coli, Enzymatic Methods
Lloyd J. Moberg, General Mills, Inc., 9000 
Plymouth Ave N, Minneapolis, MN 55427

Genetic Methods for Detection of 
Bacterial Pathogens

Walter Hill, Food and Drug Administration, 
Division of Microbiology, Washington, DC 
20204

Hydrophobic Grid Membrane Filter 
Methods

Phyllis Entis, QA Laboratories, Ltd, 135 The 
West Mall, Toronto, Ontario M9C 1C2, Can
ada

Iron Milk Test for 
Clostridium perfringens

Carlos Abeyta, Food and Drug Administra
tion, 909 First Ave, Seattle, WA 98174

Petrifilm Methods
Roy E. Ginn, Dairy Quality Control Institute, 
2353 Rice St, St. Paul, MN 55133 
Vernal S. Packard, University of Minnesota, 
Dept of Food Science and Nutrition, St. Paul, 
MN 55108

Redigel Media
Jonathan Roth, RCR Scientific, Inc., PO Box 
340, Goshen, IN 46526

Salmonella in Chocolate
O. Bindschedler, Nestec, Ave Nestle 55, CH 
1800 Vevey, Switzerland

Shellfish
William Watkins, Food and Drug Administra
tion, Construction Batallion Center, North 
Kingstown, Rl 02852

Sugars

Vibrio cholerae and Detection of its 
Toxins

Angelo De Paolo, 2511 SW 35th PI, 39 Arbor 
Apt, Gainesville, FL 32608

Yeasts, Molds, and Actinomycetes
Philip B. Mislivec, Food and Drug Adminis
tration, Division of Microbiology, Washing
ton, DC 20204

Yersinia enterocolitica
James S. Cholensky and Sallie McLaughlin, 
Food and Drug Administration, 240 Henne
pin Ave, Minneapolis, MN 55401 
George Kapperud, National Institute of Pub
lic Health, Norwegian Defense Microbiology 
Laboratory, Geitmyrsvein 75, N-0462, Oslo 
4, Norway

DRUG AND DEVICE RELATED 
MICROBIOLOGY________________________

R e fe re e : Gordon Oxborrow, Food and 
Drug Administration, Minneapolis Center 
for Microbiological Investigations, 240 
Hennepin Ave, Minneapolis, MN 55401

Biological Sterility Indicators
Gordon Oxborrow, 3M, 3M Center, Bldg 270- 
5N-01, St. Paul, MN 55144

Chemical Indicators
Marvin L. Hart, 3M Co., Medical Systems 
and Microbial Products, St. Paul, MN 55082

Limulus Amebocyte Lysate Tests for 
Endotoxins

Christine W. Twohy, Food and Drug Admin
istration, Minneapolis Center for Microbio
logical Investigations, 240 Hennepin Ave, 
Minneapolis, MN 55401

Packaging Integrity for Medical 
Devices

Ana M. Placencia, Food and Drug Adminis
tration, Sterility Research Center, 100 Union 
St, Minneapolis, MN 55455

Sterility Testing of Medical Devices
Michael J. Palmieri, Food and Drug Admin
istration, 850 Third Ave, Brooklyn, NY 11232

Testing and Standardization of 
Biological Indicators

Robert Berube, 3M Co., Medical Surgical Di
vision, St. Paul, MN 55144 
Gordon Oxborrow, Food and Drug Admin
istration, 240 Hennepin Ave, Minneapolis, M N 
55401

FILTH AND EXTRANEOUS MATERIALS 
IN FOODS AND DRUGS_________________

R e fe re e : Jack L. Boese, Food and Drug 
Administration, Division of Microbiology, 
Washington, DC 20204

Baked Goods with Fruit and Nut 
Tissues

Joseph K. Nagy, Food and Drug Administra
tion, Customhouse, Philadelphia, PA 19106

Botanical Drugs, Adulteration by 
Foreign Plant Materials

Frank D’Amelio, Bio Botanica, 75 Commerce 
Dr, Hauppauge, NY 11788

Botanicals
Marvin Nakashima, Food and Drug Admin
istration, Division of Microbiology, Washing
ton, DC 20204
Joseph A. McDonnell, Food and Drug 
Administration, 60 Eighth St NE, Atlanta, GA 
30309

Canned and Dried Soups
Richard Klein, Food and Drug Administra
tion, 850 Third Ave, Brooklyn, NY 11232

Canned Crabmeat Shrimp, and 
Tuna

James D. Barnett, Food and Drug Adminis
tration, 4298 Elysian Fields Ave, New Or
leans, LA 70122

Canned Fish and Fish Products
Wilfred A. Sumner, Food and Drug Admin
istration, 50 United Nations Plaza, San Fran
cisco, CA 94102

Capsicum Products
Susan Schena, Cal Compack Foods, PO Box 
265, Santa Ana, CA 92702

Cheese
Mary-Ann Gardiner, Health and Welfare 
Canada, Microbial Research Division, Otta
wa, Ontario K1A 0L2, Canada

Chocolate Products

Cocoa Powder and Press Cake
C. Robert Graham, Lancaster Laboratories, 
Inc., 2425 New Holland Pike, Lancaster, PA 
17601

Dehydrated Vegetable Products
Francis J. Farrell, Thomas J. Lipton, Inc., 800 
Sylvan Ave, Englewood Cliffs, NJ 07632

Grains, Whole, Cracking Flotation 
Methods

Richard Trauba, Food and Drug Administra
tion, 240 E Hennepin Ave, Minneapolis, MN 
55401

Insect Excreta in Flour
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Meats, Processed
Phillip Alloto, State Dept of Agriculture, 4702 
University Ave, Madison, Wl 53707

Mite Contamination Profiles and 
Characterization of Damage to Foods

Diane Peace and Mary Ann Gardiner, Health 
and Welfare Canada, Bureau of Microbio
logical Hazards, Tunney’s Pasture, Ottawa, 
Ontario K1A 0L2, Canada

Mites in Stored Foods
Jack L. Boese, Food and Drug Administra
tion, Division of Microbiology, Washington, 
DC 20204

Mushroom Products, Dried
Jack L. Boese, Food and Drug Administra
tion, Division of Microbiology, Washington, 
DC 20204
Alan R. Olsen, Food and Drug Administra
tion, 1521 W Pico Blvd, Los Angeles, CA 
90015

Mushrooms, Canned

Performance Evaluation of Methods 
for Filth

Jack L. Boese, Food and Drug Administra
tion, Division of Microbiology, Washington, 
DC 20204
James Karpus and Alan Whiteman, Food and 
Drug Administration, 433 W Van Buren St, 
Chicago, IL 60607

Rye Bread
Richard R. Haynos, Food and Drug Admin
istration, 850 Third Ave, Brooklyn, NY 11232

Shrimp

Soluble Insect and Other Animal Filth
George P. Hoskin and Harriet R. Gerber, Food 
and Drug Administration, Division of Micro
biology, Washington, DC 20204

Soybean Curd
Marvin Nakashima, Food and Drug Admin
istration, Division of Microbiology, Washing
ton, DC 20204

Spirulina
Marvin Nakashima, Food and Drug Admin
istration, Division of Microbiology, Washing
ton, DC 20204

Tomatoes and Mushrooms
Bernice Beavin, Food and Drug Administra
tion, 900 Madison Ave, Baltimore, MD 21201

Urine Detection
Robert S. Ferrera, Food and Drug Admin
istration, Division of Microbiology, Washing
ton, DC 20204

Vertebrate Excreta, Chemical 
Identification Tests

Harriet R. Gerber, Food and Drug Adminis
tration, Division of Microbiology, Washing
ton, DC 20204

Committee on Feeds, Fertilizers, and 
Related Materials

Rodney J. Noel (Office of the Indiana State 
Chemist, Purdue University, West Lafay
ette, IN 47907), C h a irm a n ; Louis W. Fe- 
rarra (Ferrara’s Analytical and Technical 
Service, 82 Heritage Dr, Terre Haute, IN 
47803); Alexander MacDonald (Hoff- 
mann-La Roche Inc., 340 Kingsland St, 
Nutley, NJ 07110); Howard Casper (North 
Dakota State University, Veterinary Di
agnostic Laboratory, Fargo, ND 58102); 
Stanley E. Katz (Rutgers University, Dept 
of Biochemistry and Microbiology, New 
Brunswick, NJ 08903); Thomas M. Par
ham (Arcadian Corp., PO Box 307, Geis- 
mar, LA 70734); Lori L. Rhodig (Smith 
Kline Animal Health Products, 4444 S 
76th St, Omaha, NE 68127); Carolyn 
Geisler (Food and Drug Administration, 
U.S. Customhouse, Denver, CO 80202); 
Billy M. Colvin (University of Georgia, 
College of Veterinary Medicine, Box 1386, 
Tifton, GA 31794), S e c re ta ry ; Daniel H. 
Mowrey (Lilly Research Laboratory, Div. 
of Eli Lilly Corp., Greenfield, IN 46140), 
S ta t is t ic a l C o n s u lta n t

ANTIBIOTICS IN FEEDS_________________

R e fe re e : H. S. Ragheb, Purdue University, 
Biochemistry Department, West Lafay
ette, IN 47907

Antibiotic Screening Methods
Gerald L. Stahl, Upjohn Co., Downtown 
Complex, Kalamazoo, Ml 49001

Bacitracin
Linda L. Knotts, International Minerals & 
Chemicals Corp., PO Box 207, Terre Haute, 
IN 47808

Bacitracin (Chemical Method)
John B. Gallagher, International Minerals & 
Chemicals Corp., PO Box 207, Terre Haute, 
IN 47808

Bambermycins
Jean Olsen, Hoechst Pharmaceuticals, Inc., 
Rte 202-206 N, Somerville, NJ 08876

Chloramphenicol in Animal Tissues
Edward H. Allen, Food and Drug Adminis
tration, Bureau of Veterinary Mecicine, 
Beltsville, MD 20705

Chloramphenicol in Milk
Dieter Arnold, Robert Koch Institute, Nor- 
dufer 20, 1000 Berlin 65, West Germany

Chlortetracycline

Coban
Robert E. Scroggs, Elanco Products Co., Box 
1750, Indianapolis, IN 46206

Cup Plate System for Antibiotic 
Analysis

Virginia A. Thorpe, State Dept of Agriculture, 
1615 S. Harrison Rd, East Lansing, Ml 48823

Design and Computerization of 
Microbiological Tests

Enzyme Immunoassay for 
Antimicrobial Compounds

Nitin Thaker, U.S. Dept of Agriculture, Ag
ricultural Research Service, Beltsville, MD 
20705

Erythromycins

Lasalocid (LC Method)
Edward Waysek, Hoffmann-La Roche, Inc., 
340 Kingsland St, Nutley, NJ 07110

Lasalocid (Microbiological 
Assay)

Lincomycin
A. William Neff, The Upjohn Co., Agricultural 
Div., Kalamazoo, Ml 49001

Microbiological Assays
Marietta S. Brady and Peter Kahn, Rutgers 
University, Dept, of Biochemistry and Micro
biology, New Brunswick, NJ 08903

Monensin

Narasin
Robert E. Scroggs, Elanco Products Co., Box 
1750, Indianapolis, IN 46206

Neomycin

Oxytetracycline
Dorothy M. Brennecke, 3981 Dover PI, St. 
Louis, MO 63116

Rumensin
Robert E. Scroggs, Elanco Products Co., Box 
1750, Indianapolis, IN 46206

Sampling
John Gallagher, International Minerals and 
Chemicals Corp., PO Box 207, Terre Haute, 
IN 47808

Statistics of Microbiological Assay

Tetracyclines in Tissues 
(Chromatographic Assay)

Raymond B. Ashworth, U.S. Dept of Agri
culture, Food Safety and Inspection Service, 
Washington, DC 20250

Tetracyclines in Tissues 
(Microbiological Assay)

Stanley E. Katz, Rutgers University, Dept of 
Biochemistry and Microbiology, New Bruns
wick, NJ 08903

Tylosin
Mark R. Coleman, Eli Lilly & Co., Box 708, 
Greenfield, IN 46140

Virginiamycin (Diffusion Assay)
James A. Miller, Smith Kline Animal Health, 
1600 Paoli Pike, West Chester, PA 19380

Virginiamycin (Turbidimetric Assay)
Dorothy M. Brennecke, 3981 Dover PI, St. 
Louis, MO 63116
Hussein S. Ragheb, Purdue University, Dept 
of Biochemistry, West Lafayette, IN 47907

DRUGS IN FEEDS_______________________

R e fe re e : Robert L. Smallidge, Purdue Uni
versity, Dept of Biochemistry, West La
fayette, IN 47907
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Amprolium
Elzbieta Kentzer, Abbott Laboratories, 1400 
Sheridan Rd, North Chicago, IL 60064

Arsanlic Acid

Carbadox
Virginia A. Thorpe, State Dept of Agriculture, 
1615 Harrison Rd, East Lansing, Ml 48823

Ethopabate
Joseph Hildebrandt, Agway, Inc., 777 War
ren Rd, Ithaca, NY 14850

Furazolidone and Nitrofurazone
Robert E. Smallidge, Purdue University, Dept 
of Biochemistry, West Lafayette, IN 47907

Lasalocid (Microbiological Assay)
Jacob M. Scheiner, Hoffmann-La Roche, 340 
Kingsland St, Nutley, NJ 07110

Meiengestrol Acetate
Raymond Davis, The Upjohn Co., Henrietta 
St Labs, Kalamazoo, Ml 49001

Morantel Tartrate
Linda D. Werner, Pfizer, Inc., 1107 S Mis
souri 291, Lee’s Summit, MO 64063

Phenothiazine

Pyrantel Tartrate
Joyce Konrardy, Pfizer, Inc., Agriculture Div., 
1107 S Missouri St, Lee’s Summit, MO 64063

Roxarsone
Glenn M. George, Salsbury Laboratories, 
2000 Rockford Rd, Charles City, IA 50616

Sulfadimethoxine
Edward Waysek, Hoffmann-La Roche, 340 
Kingsland St, Nutley, NJ 07110

Sulfa Drug Residues
Robert K. Munns, Food and Drug Adminis
tration, 20th and California Sts, Denver, CO 
80202

Sulfamethazine and Sulfathiazole 
(Premix and Finished Feed Levels)

Dwight M. Lowie, State Dept of Agriculture, 
4000 Reedy Creek Rd, Raleigh, NC 27607

FEEDS_________________________________

R e fe re e : Joel Padmore, North Carolina 
Dept of Agriculture, Box 27647, Raleigh, 
NC 27611

Amino Acid Analysis in Mixed Feeds
Wayne Stockland, Supersweet Research 
Farm, Box 117, Courtland, MN 56021

Calcium Salts of Isobutyric and 
Mixed 5-Carbon Volatile 
Fatty Acids

John A. Rogers, Eastman Chemical Division, 
Animal Nutrition Supplements, Box 1955, 
Kingsport, TN 37662

Carotenoids
D. E. McNaughton, Ministry of Agriculture 
and Fisheries, Private Bag, Hamilton, New 
Zealand

Enzymes and Microbial Additives

Fat
Paul Guenther, Colorado Dept of Agriculture, 
1525 Sherman St, Denver, CO 80203

Fiber, Crude
David O. Holst, University of Missouri, Food 
Science and Nutrition, Columbia, MO 65211

Infrared Reflectance Techniques in 
Mixed Feeds

Franklin E. Barton II, U.S. Dept of Agricul
ture, Agricultural Research Service, South
ern Region, Box 5677, Athens, GA 30604

Iodine
Stuart Meridian, Marion Labs, 10236 Bunker 
Ridge Rd, Kansas City, MO 64137

Microscopy
Patricia Ramsey, CDFA Chemical Labora
tories, 3292 Meadowview Rd, Sacramento, 
CA 95832

Minerals

Non-Nutritive Residues
Peter J. Van Soest, Cornell University, Dept 
of Animal Science, Ithaca, NY 14850

Protein, Crude
Peter F. Kane, Purdue University, Dept of 
Biochemistry, West Lafayette, IN 47907

Sampling
Darrel L. Sharpe, State Dept of Agriculture, 
PO Box 630, Jefferson City, MO 65102

Vitamins

Water by Karl Fischer Method
Raffaele Bernetti, CPC International, Inc., PO 
Box 345, Argo, IL 60501

FERTILIZERS___________________________

R e fe re e : Frank J. Johnson, Tennessee 
Valley Authority, National Fertilizer Devel
opment Center, Muscle Shoals, AL 35660

Biuret
Lu s F. Corominas, Apartado Postal No. 7, 
Cuautitlan 54800, Edo de Mexico, Mexico

Boron
James R. Melton, Texas A&M University, 
Agricultural Analytical Services, College Sta
tion, TX 77843

Free and Total Water
Russell D. Duncan, Tennessee Valley Au- 
thcrity, National Fertilizer Development Cen
ter, Muscle Shoals, AL 35660

Iron
James Silkey, State Dept of Agriculture, Lab
oratory Services Div., Salem, OR 97310

Melamine
Billy Arcement, Melamine Chemicals, Inc., 
Box 748, Donaldsonville, LA 70346

Nitrogen

Phosphorus
Joe R. Trimm, Tennessee Valley Authority, 
National Fertilizer Development Center, 
Muscle Shoals, AL 35660

Potash
Peter F. Kane, Purdue University, Dept of 
Biochemistry, West Lafayette, IN 47907

Sampling
Douglas Caine, Vigoro Industries, Inc., PO 
Box 4139, Fairview Heights, IL 62208

Sample Preparation
Rose A. Sweeney, University of Missouri, 
Experiment Station, Columbia, MO 65211

Slow-Release Mixed Fertilizers
Stanley E. Katz, Rutgers University, Dept of 
Biochemistry and Microbiology, New Bruns
wick, NJ 08903

Sodium
Luis F. Corominas, Apartado Postal No. 7, 
Cuautitlan 54800, Edo de Mexico, Mexico

Soil and Plant Amendment Ingredients
Clyde E. Jones, State Dept of Agriculture, 
2331 W 31st Ave, Denver, CO 80211

Sulfur
Virginia A. Thorpe, State Dept of Agriculture, 
Laboratory Div., 1615 S. Harrison Rd, East 
Lansing, Ml 48823

Water-Soluble Methylene Ureas
Robert L. Roser, OM Scott & Sons, Co., 
Marysville, OH 43041

Zinc

PLANTS________________________________

R e fe re e : Robert A. Isaac, University of 
Georgia, Soil Testing and Plant Labora
tory, Athens, GA 30602

Ashing Methods
J. Benton Jones, University of Georgia, Dept 
of Horticulture, Athens, GA 30602

Atomic Absorption Methods
Robert A. Isaac, University of Georgia, Soil 
Testing and Plant Analysis Laboratory, Ath
ens, GA 30602

Boron

Chromium
Earle E. Cary, U.S. Dept of Agriculture, Plant, 
Soil, and Nutritional Laboratory, Tower Rd, 
Ithaca, NY 14853

Emission Spectroscopy
Robert A. Isaac, University of Georgia, Soil 
Testing and Plant Analysis Laboratory, Ath
ens, GA 30602

Fluorine
Jay S. Jacobson, Boyce Thompson Institute, 
Tower Rd, Ithaca, NY 14853

Nitrate and Nitrite

Selenium
Oscar E. Olson and Ivan S. Palmer, South 
Dakota State University, Experiment Sta
tion, Biochemistry Dept, Brookings, SD 
57006

Starch
T. Powell Gaines, University of Georgia, Col
lege of Agriculture, Dept of Agronomy, Tif- 
ton, GA 31797
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Sulfur
Charles W. Gehrke and Rose A. Sweeney, 
University of Missouri-Columbia, Columbia, 
MO 65211

TOBACCO__________________________
Referee: W. Wesley Weeks, North Caro
lina State University, Crop Science Dept, 
PO Box 7620, Raleigh, NC 27695

Alkaloids

Polyphenols

VETERINARY ANALYTICAL 
TOXICOLOGY_______________________

Referee: P. Frank Ross, U.S. Dept of Ag
riculture, National Veterinary Services 
Laboratory, Ames, IA 50010

Animal Serum Thyroxine
Daniel J. Sullivan, Vet-A-Mix, Inc., 604 W 
Thomas Ave, Shenandoah, IA 51601

Antibiotic Screening Methods
Wynne Landgraf, National Veterinary Ser
vices Laboratory, PO Box 844, Ames, IA 
50010
Stephen C. Ross, Illinois Dept of Agriculture, 
Animal Disease Laboratory, Centralia, IL 
62801

Arsenic In Animal Tissue
John Reagor, Texas Veterinary Medicine Di
agnostic Laboratory, Box 3040, College Sta
tion, TX 77840

Atomic Absorption Spectrophotometry
Steve Kasten, Dept of Agriculture, Animal 
Disease Lab., Shattuc Rd, Centralia, IL 62801

Chlorinated Phenols in Animal Tissues

Cholinesterase
Paula Martin, Iowa State University, Veter
inary Diagnostic Laboratory, Ames, IA 50010

Copper in Animal Tissue
David Osheim, U.S. Dept of Agriculture, Na
tional Veterinary Services Laboratory, Ames, 
IA 50010

Fluoride in Animal Tissue
David Osheim, U.S. Dept of Agriculture, Na
tional Veterinary Services Laboratory, Ames, 
IA 50010

Lead in Animal Tissue
Robert J. Everson, Purdue University, School 
of Veterinary Medicine, West Lafayette, IN 
47907

Lipid-Soluble Vitamins
Karen S. Harlin, University of Illinois, Dept of 
Veterinary Bioscience, Urbana, IL 61801

Multielement Analysis by ICP
Emmett Brazelton, Michigan State Univer
sity, Dept of Pharmacology and Toxicology, 
East Lansing, Ml 48824

Multiple Anticoagulant Screening
John D. Reynolds, Dept of Agriculture, Ani
mal Disease Laboratory, Shattuc Rd, Cen
tralia, IL 62801

Natural Products
George Rottlnghaus, University of Missouri, 
College of Veterinary Medicine, Columbia, 
MO 65211

Nitrates and Nitrites
Norman R. Schneider and Michael P. Carl
son, Veterinary Diagnostic Center, Dept of 
Veterinary Science, Lincoln, NE 68583

Pesticides in Toxicological Samples
Henry M. Stahr, Iowa State University, Col
lege of Veterinary Medicine, Ames, IA 50010

Selenium in Animal Tissue
James E. Roof, State Veterinary Diagnostic 
Laboratory, PO Box 1430, Harrisburg, PA 
17105

Sodium Monofluoroacetate
Henry M. Stahr, Iowa State University, Col
lege of Veterinary Medicine, Ames, IA 50010

Zinc in Animal Tissues
Dana Perry, Veterinary Diagnostic Labora
tory, Dept of Veterinary Science, Tucson, AZ 
85721

Committee on Hazardous Substances 
in Water and the Environment

Erika Hargesheimer (City of Calgary, 
Glenmore Waterworks Lab., Calgary, Al
berta T2P 2M5, Canada), Chairman; Nile 
Frawley (Dow Chemical Co., 574 Build
ing, Midland, Ml 48640); Douglas J. Dube 
(State Laboratory of Hygiene, 465 Henry 
Mall, Madison, Wl 53706); David Fried
man (Environmental Protection Agency, 
Office of Solid Waste, Washington, DC 
20460); Ann B. Strong (U.S. Army Corps 
of Engineers, Waterways Experiment 
Station, PO Box 631, Vicksburg, MS 
39180); Robert Graves (Environmental 
Protection Agency, Monitoring and Sup
port Lab., 26 W St. Clair, Cincinnati, OH 
45268); Mark F. Marcus (Chemical Waste 
Management, Inc., 150 W 137th St, Rlv- 
erdale, IL 60627), Secretary; Forest C. 
Garner (Lockheed, 3877 Platls Circle, Las 
Vegas, NV 89103), Statistical Consultant

AIR____________________________
Referee:--------

BIOMONITORING________________
Referee:--------

BIOTA_________________________
Referee:--------

EFFLUENTS____________________
Referee:--------

HAZARDOUS SUBSTANCES_______

Referee: — -—

Ammonia As a Product Ingredient

Benzene in Consumer Products
Wayne G. Warner, Food and Drug Admin
istration, Division of Toxicology, Washing
ton, DC 20204

Carbolic Acid (Phenolic) Compounds

Chlorinated Hydrocarbons

Diethylene Glycol and Ethylene Glycol

Flammable Substances in Pressurized 
Containers

Flash Point of Solids and Semisolids

Formaldehyde

Hazardous Components in Resin 
Systems

Pentachlorophenol in Toy Paints
Hans E. A. M. Van Langeveld, Food Inspec
tion Services, Florijnruwe 111, 6218 CA 
Maastricht, The Netherlands
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Petroleum Distillates in Mixtures

Selenium

Toxic Metals in Paints
Warren K. Porter, Jr, Consumer Product 
Safety Commission, 200 C St SW, Wash
ington, DC 20204

Turpentine

Viscosity of Liquids

SOILS AND SEDIMENTS______________
Referee: James Dragun, Stalwart Envi
ronmental Science and Services, 1700 N 
Opdike Rd, Auburn Hills, Ml 48057

Adsorption Isotherms for Volatile 
Organics

Leverett R. Smith, 622 Clayton Ave, El Cer
rito, CA 94530

Distribution Coefficients—Nonvolatile 
Organics

Danny R. Jackson, Battelle-Columbus Labs, 
505 King Ave, Columbus, OH 43201

Distribution Coefficients—Volatile 
Organics

Soil Column Leaching

WASTE MATERIALS_________________
Referee:--------
Bioassays

Llewellyn R. Williams, Environmental Protec
tion Agency, Environmental Monitoring Sys
tems Lab., Box 15027, Las Vegas, NV 89114

Inorganic Analytes
Gerald McKee, Environmental Protection 
Agency, Environmental Monitoring Systems 
Lab., 26 W St. Clair St, Cincinnati, OH 45268

Organic Analytes
Paul Friedman, Environmental Protection 
Agency, Office of Solid Waste, Washington, 
DC 20460

Physical/Chemical Properties
Florence Richardson, Environmental Protec
tion Agency, Office of Solid Waste, Wash
ington, DC 20460

Prescreening

Sampling

INORGANICS IN DRINKING
AND GROUND WATER________________

Referee: Kenneth P. Stoub, Waste Man
agement, Inc., 3003 Butterfield Rd, Oak- 
brook, IL 60521

Arsenic and Selenium

Ion Chromatography

ORGANICS IN DRINKING
AND GROUND WATER________________

Referee: Andrew D. Sauter, 2356 Aqua 
Vista, Henderson, NV 89015

Environmental Protection Agency 
Methods

Phenols

Polychlorinated Biphenyls
Deborah Lazoski, Chemical Waste Manage
ment, 150 W 137th St, Riverdale, IL 60627

Screening for Polynuclear Aromatic 
Compounds

Total Organic Halogen

Volatile Organics-Capillary Analysis

ORGANICS IN SURFACE AND 
WASTE WATER_____________________

Referee:--------
Chemical Pollutants in Water and 
Wastewater

Larry B. Lobring, Environmental Protection 
Agency, 26 W St, Clair St, Cincinnati, OH 
45268

Chlorinated Solvents in Water
Douglas J. Dube, State Laboratory of Hy
giene, 465 Henry Mall, Madison, Wl 53706

Herbicides in Water and Sediment

Major Ions and Nutrients in Water

Munitions in Wastewater
Peter Risseil, U.S. Army Toxic and Hazard
ous Materials Agency, Aberdeen Proving 
Ground, MD 21010
Thomas Jenkins, Cold Regions Research and 
Engineering Lab., Hanover, NH 03755-1290

Organohalogen Pesticides in Water
Marie Siewierski, Rutgers University, Cook 
College, New Brunswick, NJ 08903

Organophosphorus Pesticides in 
Water

Phenols

Salt

Triazine Herbicides in Water

Inductively Coupled Plasma
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CHANGES IN OFFICIAL METHODS OF ANALYSIS
The following changes in the methods of the Association become effective, as provided in Article IX, Section 5, of the 

Bylaws, on the thirtieth day after publication of this J o u rn a l issue. Section numbers refer to O ffic ia l M e th o d s  o f  A n a lysis , 
14th edition (1984), unless otherwise specified.
Newly adopted methods are numbered in the style of the 14th edition. The first section of the first new method in each 

chapter is numbered with the chapter number plus .D01. Subsequent sections are numbered .D02, .D03, .D04, et seq. The 
D signifies that the method was adopted at the 1987 Annual International Meeting, and was published and became official 
in 1988 in the fourth supplement to the 14th edition.
“Changes in Official Methods“ is accompanied by an index. Errata and emendations are published under the appropriate 

chapter, and are indexed. The “Changes in Official Methods” index is cumulative between editions of O ffic ia l M e th o d s  o f  
A n a ly s is .

1. AGRICULTURAL LIMING MATERIALS

No additions, deletions, or other changes.
2. FERTILIZERS

The following interim liquid chromatographic method for 
triamino-s-triazine in fertilizer mixes was adopted first action:

Triamino-s-Triazine in Fertilizer Mixes 

Liquid Chromatographic Method 

First Action

2.D01 Principle

Ground sample is extd with H 20  and filtered. Triamino-s-triazine 
is detd by liq. chromatgy using external std and UV detection at 
254 nm.

2.D02 Apparatus

(a) L iq u id  chromatograph.—With UV detection at 254 nm. Op
erating conditions: flow rate 1.0 mL/min (1200 psi); column temp, 
ambient; chart speed 0.5 cm/min; injection vol. 20 p.L; sample 
injector with fixed sample loop preferred. Pump LC mobile phase 
thru column until system  is equilibrated. Allow 10 min run time for 
each injection. Retention time for triamino-.v-triazine is 4 -5  min. 
Re-equilibrate baseline before each injection.

(b) LC column.—LiChrosorb RP-18, 25 cm x 4.5 mm. (Use this 
type column; chem istry o f triamino-.v-triazine requires use of polar 
solv. system .)

(c) Strip chart recorder.—To match output o f detector.
(d) p H  meter.—Sensitivity 0.01. Stdze with pH 4 buffer soln.
(e) F ilters.—2.4 cm glass fiber (W hatman 934-H or equiv.).

2.D03 Reagents

(a) Sodium phosphate.—A nhyd., dibasic. N a2H P 0 4, reagent grade 
or equiv.

(b) Diethylam ine.—Reagent grade or equiv.
(c) Phosphoric acid.—Reagent grade or equiv.
(d) Water.— Deionized or distd.
(e) Buffer soln.—pH 4.0.
(f) Mobile phase.—Deionized H 20  contg 1% (w/v) anhyd. Na2H P 0 4 

and 1 mL diethylam ine/L. Adjust to pH 4 with H 3P 0 4.
(g) Triam ino-s-triazine std solns.— (1) Stock std soln.—500 mg/L 

(ppm). Accurately weigh 50.0 mg triamino-.v-triazine ref. std (Mela
mine Chemicals, Inc ., PO Box 748, Donaldsonville, LA 70346) into 
100 m L vol. flask. Dissolve in and dil. to vol. with deionized H 20 .  
(2) Working std solns.—50, 125, and 250 mg/L. Pipet 10, 25, and 50 
mL stock std soln into sep. 100 mL vol. flasks and dil. to vol. with 
deionized H 20 .  Use as calibration stds.

2.D04 Preparation of Sample

Grind £225 g sample (triamino-.v-triazine granules or dry-mix 
blends with o ther fertilizers) to pass No. 40 sieve, mix thoroly, and 
store in tightly stoppered bottle.

Accurately weigh 5 -8  g well m ixed, ground sample and transfer 
to  2 L vol. flask. Dil. to vol. with deionized H 20  and stir 2 h using 
stir bar and mag. stirrer. Filter portion for analysis thru 1 p.m glass 
fiber filter. Pipet 1 mL filtrate into 100 mL vol. flask and dil. to  vol. 
with deionized H 20 .

2.D05 Determination

Equilibrate column with mobile phase for 30-60 min. Inject 20 
p.L std soln until peak hts agree ± 2 % . Inject 20 p L  sample with 
attenuation set to give largest possible on-scale peaks. Reinject std 
after every 10:h sample to verify calibration and ensure accurate 
quantitation.

2.D06 Calculations

Calc, amt triamino-,v-triazine as follows:

Triamino-.v-triazine, % = (P H I P H ') x  [C/(5 x W)] x  100

where P H  and P H '  =  peak hts for sample and std, resp .; C = 
concn of std, ppm; and W  =  sample w t, g.

Ref.: JAOAC 71, May issue (1988).

CAS-108-78-1 (1,3,5-triazine-2,4,6-triamine; melamine)

3. PLANTS
The following first action methods were adopted final 

action:
(a) Metals in plants, emission spectrographic methods,

3.006-3.010.
(b) Metals in plants, atomic absorption spectrophotometric 

method, 3.013-3.016.
(c) Fluoride in plants, potentiometric method, 3.075-3.080.
(d) Metals and other elements in plants, inductively cou

pled plasma spectroscopic method, 3.A01-3.A04.
4. DISINFECTANTS

The following final action methods were repealed to first 
action:(a) Use-dilution methods: testing disinfectants against 
S a lm o n ella  ch o le ra esu is , 4.007-4.009; testing disinfectants 
against S ta p h y lo c o c c u s  a u reu s, 4.010.
(b) Tuberculocidal activity of disinfectants: presumptive 

in vitro screening test using M y c o b a c te r iu m  sm e g m a tis ,  
4.036-4.038; confirmative in vitro test, 4.039-4.041.
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5. HAZARDOUS SUBSTANCES
No additions, deletions, or other changes.

6. PESTICIDE FORMULATIONS
(1) The following first action methods were adopted final 

action:
(a) Diazinon in formulations, gas chromatographic method, 

6.425.
(b) Thiocarbamates in herbicide formulations, gas chro

matographic method, 6.581-6.585.
(c) Metolachlor in formulations, AOAC-CIPAC gas chro

matographic method, 6.A14-6.A18.
(d) Permethrin in formulations, CIPAC-AOAC gas chro

matographic method, 6.B06-6.B11.
(e) Butachlor in formulations, AOAC-CIPAC gas chro

matographic method, 6.B12-6.B16.
(f) Propachlor in formulations, AOAC-CIPAC gas chro

matographic method, 6.B17-6.B21.
(2) The following interim CIPAC-AOAC liquid chromat

ographic method for cyhexatin (tricyclohexylhydroxystan- 
nane) technical and formulations was adopted first action:

Cyhexatin Technical and in Pesticide Formulations 

Liquid Chromatographic Method 

First Action 

C IP A C -A O A C  M e th o d

6.D01 P rin c ip le

Sample is extd with n-decylbenzene internal std soln contg HOAc, 
M eOH, and H ,0 . Cyhexatin is detd by liq. chromatgy using peak 
ht for quantitation.

6.D02 A p p a ra tu s

(a) L iqu id  chromatograph.—With peak ht integrator or recorder, 
10 pL  sample loop, and detector at 214 nm. Operating conditions: 
column ambient; flow rate 2.0 mL/min; A range 1.0 A U FS; injection 
vol. 10 pL ; retention times, cyhexatin ca 7 min and internal std ca 
10 min. Adjust param eters to give peak ht for cyhexatin ca 75% full 
scale.

(b) Chromatographic column.—ODS bonded silica, 10 pm  particle 
size, stainless steel, 25 cm x 4.6 mm id (E. M erck, available from 
Curtin M atheson Scientific, Inc., or VWR Scientific), or equiv.

6.D03 R e a g e n ts

(a) M ethanol.—LC grade,
(b) Acetic acid.—Glacial.
(c) HC I soln.— 1M.
(d) Sodium chloride.—Analytical reagent grade.
(e) M obile phase.— M eO H -H ,0 -H C l-N aC l (93 +  7 + 0.001M 

+ 0.005M). In 1 L g-s flask, combine 1 mL 1M HCI, 69 mL H ,0 , 
and 0.29 g NaCl. Add 930 mL M eOH, mix, and degas.

(f) n-Decylbenzene.—Eastm an Laboratory Chemicals No. 9195 
(Eastm an Kodak Co.), or equiv.

(g) Cyhexatin reference std.—Available from Dew Chemical Co.

6.D04 P re p a ra tio n  o f  S ta n d a rd s

(a) n-Decylbenzene internal std soln.—Weigh 1.0 g n-decylbenzene 
into 1 L vol. flask. Add 49 mL H 20  and 1 mL HOAc. Dil. to vol. 
with MeOH and sonicate until dissolved.

(b) C y h e x a tin  s td  s o ln .—Accurately weigh ca 110 mg pure cy
hexatin ref. std into 150 m L g-s flask. Add by pipet 100 mL internal 
std soln, shake well, sonicate for 10 min, and cool to ambient tem p.

6.D05 Preparation of Sample

(a) T ech n ica l m a te r ia l .— Accurately weigh ca 120 mg sample into 
150 mL g-s flask. Add by pipet 100 mL internal std soln, shake 
well, and sonicate for 10 min. Cool to ambient temp, and centrifuge 
at 2000 rpm.

(b) W e tta b le  p o w d e r .—Accurately weigh sample contg 110 mg 
cyhexatin into 150 mL g-s flask. Proceed as for T ech n ic a l m a te r ia l  
beginning, "A dd by pipet . . .”

(c) S u sp en s io n  c o n c e n tr a te .—Accurately weigh sample contg ca 
120 mg cyhexatin into 150 mL g-s flask. Add 10 mL H ,0  and swirl 
until completely hom ogeneous. Proceed as for T ech n ic a l m a te r ia l  
beginning, “ Add by pipet . . .”

6.D06 Determination

Inject 10 pL  std solns until response ratio (cyhexatin peak ht/ 
internal std peak ht) varies <2% . Make 2 sample injections followed 
by 1 std injection. Average peak ht ratios of stds immediately 
preceding and following sample injections, and average peak ht 
ratios o f the 2 samples. Calc, cyhexatin as follows:

Cyhexatin, % = (/?//?') x (W '/W )  x P

where R  and R ' =  av. peak ht ratios for sample and std, resp.; 
W ' =  g cyhexatin in std soln; W  =  g sample extd for analysis; and 
P  =  %  purity of std.

Ref.: JAOAC 71, January issue (1988).

CAS-13121-70-5 (cyhexatin)

(3) The following interim AOAC-CIPAC gas chromato
graphic method for alachlor (2-chloro-N-(2,6-diethylphenyl)- 
/V-(methoxymethyl)acetamide) in microencapsulated for
mulations was adopted first action:

Alachlor in Microencapsulated Pesticide Formulations 

Gas Chromatographic Method 

First Action 

AOAC-CIPAC Method

6.D07 Principle

Sample is dissolved in acetone contg di-n-pentyl phthalate as 
internal std, analyzed by gas chromatgy with flame ionization 
detection, and quantitated by comparison of integrated peak areas.

6.D08 Safety

LD50 of alachlor has been found to be 930 mg/kg in rat acute oral 
studies (M onsanto Co., 1985, MSDS No. 015972608). Alachlor has 
been detd to produce tumors in laboratory animals. W ear protective 
clothing to  avoid excessive exposure.

6.D09 Apparatus

(a) G a s  c h ro m a to g r a p h .— With flame ionization detector and on- 
column injection ports. Operating conditions: tem ps—column oven 
230°, injection port 250°, detector 260°; gas flows (mL/min)—He 
carrier gas 35, H 30, air 250; sample size 1.0 pL ; run time 15 min.

(b) C o lu m n .—Glass, 6 ft x  2 mm id (on-column configuration), 
packed with 10% SP-2250 on 100-120 mesh Supelcoport (Supelco 
Inc.), or equiv. SP-2250 is methyl-phenyl silicone (50 +  50).
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6.D10 Reagents

(a) A c e to n e .—Pesticide grade (Fisher or equiv.).
(b) D i-n -p e n ty l p h th a la te  in tern a l s td  s o ln .—Weigh 5.3 g di-n- 

pentyl phthalate (CTC Organics, PO Box 6933, A tlanta, GA 30315) 
into 1 L vol. flask. Dissolve in acetone and dil. to vol. with acetone.

(c) A la c h lo r  s td  s o ln .—Recrystallize alachlor (M onsanto Co., PO 
Box 473, M uscatine, IA 52761) from MeOH. Accurately weigh 0.2 
g recrystd alachlor into small flask. Add by pipet 30.0 mL internal 
std soln and shake mixt. to dissolve.

6.D11 Instrument Setup and Calibration

Condition chromatgc column overnight at 250° with He flow at 
35 mL/min. Suggested conditions represent best compromise for 
sepn and quantitation of cmpds of interest. Some minor adjustm ents 
may be required in o ther instrum ents and columns. Column, when 
working properly, should generate 4000-5000 plates calcd as follows: 
N  =  16(x/y)2, where N  =  no. o f theoretical plates, x =  distance 
from point of injection to peak m ax., and y  =  distance along baseline 
betw een intercept points of lines drawn tangent to slope of peak, 
with x  and y  m easured in same units. Typical retention times for 
alachlor and internal std are ca 6 and 11.5 min, resp. Impurity in 
internal std (peak C), which elutes at ca 9.9 min, should be completely 
resolved from internal std peak at ca 11.5 min (Fig. 6:D1). Internal 
std contains another impurity that elutes slightly after internal std 
causing slight tail on that peak. Careful control of integrator 
conditions is required to integrate internal std peak.

After instrument equilibration, make a 3  injections of std soln 
before calibration.

6.D12 Determination

Accurately weigh, to nearest 0.1 mg, ca 0.45 g alachlor m icroen
capsulated formulation into 2 oz sample bottle. Avoid spilling sample 
on inside wall or neck of bottle; entire sample should be on bottom 
of bottle.

Pipet 30.0 mL internal std soln (b) into sample bottle. To reduce 
stirring time, use liq. stream  from pipet to remove most of alachlor 
sample from bottom  of bottle. Add mag. stirring bar (13 x 15 mm) 
and cap bottle with polyethylene-lined cap.

Mag. stir mixt. until sample is completely removed from inside 
wall and bottom  of bottle. During stirring, aggregated sample turns 
fluffy and easily floats in acetone. For m ost samples, this requires 
ca 2-3 min moderately fast stirring. Then place bottles on shaker 
and shake 10 min at high speed.

L et solids settle and pipet off clear acetone soln.

A B

FIG. 6:D1—GC chromatogram of alachlor standard (A), internal standard 
di-n-pentyl phthalate (B), and unknown from internal standard (C)

Make replicate l pL  injections of alachlor std soln and measure 
response ratio, R  (area alachlor peak/area internal std peak) for 
each injection. Repeat until consecutive response ratios agree within 
0.5%.

Make duplicate injections o f acetone sample soln and det. av. R .  

Follow with injection of alachlor std soln. Det. av. R  for std before 
and after sample injection.

Alachlor, % = ( R / R ' )  x ( W ' / W )  x P

where R  and R '  =  av. response ratios for sample and std, resp .; W  

and W  =  wt (g) of sample and std, resp .; P  = %  purity o f std.

Ref.: JAOAC 70, 1056 (1987).

CA S-15972-60-8 (alachlor)

(4) The following interim AOAC-CIPAC liquid chromat
ographic method for anilazine (4,6-dichloro-N-(2-chloro- 
phenyl)-l,3,5-triazin-2-amine) in formulations was adopted 
first action:

Anilazine in Pesticide Formulations 

Liquid Chromatographic Method 

First Action 

AOAC-CIPAC Method

(Method is suitable for formulations with anilazine as only active 
ingredient.)

6.D13 Principle

Anilazine is detd by liq. chrom atgy using octanophenone as 
internal std. Adequate resolution is controlled by m onitoring sepn 
of bis-compound (major impurity o f anilazine) from anilazine and 
internal std peaks.

6.D14 Apparatus

(a) Liquid chromatograph.—Able to generate > 7  MPa (>1000 
psi) and measure A  at 250 nm. Operating conditions: column temp, 
ambient; mobile phase flow rate ca 1.7 mL/min (ca 800 psi); chart 
speed 0.5 cm/min; injection vol. 20 pL ; A  range 0.32 AU FS. 
Retention times: anilazine ca 2.5 min, bis-compound ca  4.0 min, 
octanophenone ca 6.6 min. Pump LC mobile phase thru column 
until system is equilibrated (flat baseline). Allow 1 min after elution 
of internal std before next injection.

(b) Chromatographic column.—250 x 4.6 mm id packed with 
<10 pm C,8 bonded silica gel capable o f resolving bis-compound 
from anilazine and internal std peaks (Du Pont ODS, or equiv.).

(c) Chart recorder.— Min. 250 mm span, 10 mV range, 30 cm/h 
speed.

(d) Bath.— Ultrasonic.
(e) Filters.—0.45 pm porosity (Gelman Acrodisc-CR, or equiv.).

6.D15 Reagents

(a) Acetonitrile.—LC grade or distd in glass (Burdick & Jackson 
Laboratories, Inc., or equiv.).

(b) Octanophenone internal std soln.— Dil. 4 m L octanophenone 
(Aldrich Chemical Co., Inc., or equiv.) to 250 mL with C H 3CN.

(c) Water.—LC grade or distd in glass (Burdick & Jackson 
Laboratories, Inc., or equiv.).

(d) L C  mobile phase.—C H 3C N -H ,0  (80 +  20).
(e) Anilazine std soln.—Accurately weigh ca 230 mg anilazine ref. 

std (Mobay Corp., Agricultural Chemicals Div., PO Box 4913, 
Hawthorne Rd, Kansas City, MO 64120-0013) into 100 mL vol.
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flask. Pipet 10 mL internal std soln into flask, dil. to vol. with 
C H 3CN, and mix well. Pipet 5 mL of this soln into 100 mL vol. 
flask, dil. to vol. with CH3CN, and mix well. Filter portion of final 
soln for LC analysis.

6.D16 Preparation of Sample

(a) F o rm u la tio n s ex c lu d in g  f lo w a b le .—Accurately weigh sample 
contg ca 230 mg anilazine into 100 mL vol. flask. Pipet 10 mL 
internal std soln into flask, dil. to vol. with C H 3CN, and sonicate 1 
min. Mix well. Pipet 5 mL of this soln into 100 mL vol. flask, dil. 
to vol. with CH ,CN , and mix well. Filter portion of final soln for 
LC analysis.

(b) F lo w a b le .—Accurately weigh sample contg ca 230 mg anilazine 
into 100 m L vol. flask. Add 5 mL LC grade or distd in glass FLO 
and swirl until sample is thoroughly dispersed. Pipet 10 mL internal 
std soln into flask, dil. to vol. with C H 3CN, and sonicate 1 min. 
Mix well. Pipet 5 mL of this soln into 100 mL vol. flask, dil. to vol. 
with CH3CN, and mix well. Filter portion of final soln for LC 
analysis.

6.D17 Determination

Inject anilazine std soln and adjust operating param eters so that 
anilazine elutes in 2 .5-3 .0  min. Adjust injection vol. and attenuation 
to give largest possible on-scale peaks. Bis-compound must be 
resolved from anilazine and octanophenone peaks. If not, change 
or repack column.

Using same injection vol. for all sample and std injections, make 
repetitive injections of ref. std soln and calc, response ratios by 
dividing anilazine peak ht by internal std peak ht. Response ratios 
must agree within ±  1%. Average duplicate response ratios obtained 
with std solns.

Inject duplicate aliquots of each sample soln. Average duplicate 
response ratios for each sample soln. Response ratios must agree 
within ±  1%. If not, repeat detn, starting with std injections.

Re-inject ref. std soln twice. Average response ratios o f stds 
immediately preceding and following sample injection. These must 
agree within ±  1%. If not, repeat detn.

6. D18 Calculation

Anilazine, wt %  = (R I R ') x (W '/W )  x P

where R  and R ' =  av. response ratios for sample and std solns, 
resp ., W  and W  =  wt (mg) of anilazine in std and sample solns, 
resp ., and P  — %  purity o f anilazine std.

Ref.: JAOAC 71, January issue (1988).

CAS-101-05-3 (anilazine)

7. ANIMAL FEED

(1) The following interim CuSO/TiCL mixed catalyst 
Kjeldahl method for crude protein in animal feed was adopted 
first action:

Protein (Crude) in Animal Feed 

CuSO/ri02 Mixed Catalyst Kjeldahl Method 

First Action

(Caution: See 51.030, 51.037.)

7. D01 Principle

Sample is digested in H2S 0 4, using C u S 0 4/T i0 2 as catalysts, 
converting N to N H 3 which is distd and titrd.

7.D02 Reagents

(a) Sodium hydroxide soln.—Dissolve ca 450 g N aOH pellets or 
flakes (low N) in FLO, cool, and dil. to 1 L ; or use soln with sp. 
gr. £1.36.

(b) Boiling stones.—Alundum, 8-14 mesh (No. 1590-D18; Thomas 
Scientific Co., 99 High Hill Rd at 1-295, PO Box 99, Sw edesboro, 
NJ 08085-0099).

(c) Methyl red indicator.—Dissolve 1 g Me red (Na salt) in 100 
mL MeOH.

(d) Hydrochloric or sulfuric acid std soln.— 0.5N. Prep, as in 
50.011-50.017 or 50.039-50.040.

(e) Sodium hydroxide std soln.—0.1N. Prep, as in 50.032-50.035.

After stdzg both acid and base by m ethods suggested in (d) and
(e), also check one against the other. In addn, check entire m ethod 
by analyzing NBS Std Ref. material No. 194, N H 4H 2P 0 4, certified 
12.15% N, and a high purity lysine-HCl.

7.D03 Apparatus

(a) Digestion.— Kjeldahl flasks with capacity of 500-800 mL.
(b) Distillation.—Digestion flask (e.g., Corning No. 2020) con

nected to distn trap by rubber stopper. Distn trap is connected to 
condenser with low-S tubing. Outlet of condenser tube should be 
< 4  mm diam.

7.D04 Determination

Weigh 0.250-1.000 g sample into digestion flask. Add 16.7 g 
K2S 0 4, 0.01 g anhyd. C u S 0 4, 0.6 g T i0 2, 0.3 g pum ice, 0 .5-1 .0  g 
Alundum granules, and 20 mL H 2S 0 4. (Add addnl 1.0 m L H 2S 0 4 
for each 0.1 g fat or 0.2 g other org. m atter if sample wt is >1 g.)

Include at least 1 sample of high purity lysine-HCl in each day’s 
run as check of correctness of digestion param eters. If  recovery is 
not complete, make appropriate adjustm ents.

To digest sample, first adjust heat to bring 250 mL H 20  at 25° to 
rolling boil in 5 min. Add a few boiling chips to prevent superheating. 
Then heat samples at this 5-min boil rate until dense white fumes 
clear bulb of flask (ca 10 min), swirl gently, and continue heating 
addnl 40 min. (Note: Reagent proportions, heat input, and digestion 
time are critical factors—do not change.) Cool, cautiously add about 
250 mL H 20 ,  and cool to room temp. (Note: Add H 20  as soon as 
possible to reduce amt of caking. If excessive bumping occurs 
during distn, increase diln H20  from 250 mL to ca 300 mL.)

Prep, titrn beaker by adding appropriate vol. of acid std soln to 
amt of H 20  such that condenser tip will be sufficiently imm ersed to 
trap all N H 3 evolved. Add 3 -4  drops o f  indicator soln (c).

Add addnl 0 .5-1 .0  g Alundum granules to cooled digestion flask. 
Optionally, 2-3 drops o f tributyl citrate may also be added to reduce 
foaming. Slowly down side of flask, add sufficient N aOH soln (a) 
such that mixt. will be strongly alk. Immediately connect flask to 
distn app., mix completely, and distill at ca 7.5-min boil rate until 
a  150 mL distillate is collected in titrn beaker.

Titr. excess std acid in distillate with NaOH std soln (e). C orrect 
for blank detn on reagents. Calc. % nitrogen:

% N = {[(Nacid)(mLacid) -  (mLbl)(NN,oE)
-  (m LNa0H)(NNso„)] x 1400.67}/mg sample

where m LNa0H = mL std base needed to titr. sample; m Lacid =  mL 
std acid used for that sample; mLbk =  mL std base needed to titr. 
1 mL std acid minus mL std base needed to titr. reagent blank 
carried thru m ethod and distd into 1 mL std acid; N acid =  norm ality 
of std acid; N Na0H = normality o f std base. Calc. % crude protein, 
defined as 6.25 x % nitrogen, or 5.7 x %  nitrogen for wheat grains.

Ref.: JAOAC 70, 907(1987).
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(2) Make an editorial change in the final action photometric 
method for phosphorus in animal feed, 7.125-7.128. Add the 
following applicability statement:
(Not applicable to mineral-mix feeds)
Ref.: JAOAC 59, 937(1976).
8. BAKING POWDERS AND BAKING CHEMICALS
No additions, deletions, or other changes.

9. BEVERAGES: DISTILLED LIQUORS
The following first action method was adopted final action:
Total acidity in cordials and liqueurs, 9.135.
10. BEVERAGES: MALT BEVERAGES AND BREWING 

MATERIALS
(1) The following first action methods were adopted final 

action:
(a) Ethanol in beer, ASBC-AOAC gas chromatographic 

method, 10.028-10.033.
(b) Af-Nitrosodimethylamine in beer, ASBC-AOAC gas 

chromatographic method I, 10.098-10.106.
(c) Extract of barley for malting, ASBC-AOAC method, 

10.120-10.125.
(d) Aphids in hops, flotation method, 10.182.
(e) Total solids in liquid and pressed yeast, 16 hour drying 

method, 10.222-10.224.
(2) The following interim ASBC-AOAC digital density 

meter method for specific gravity of beer and wort was 
adopted first action:

Specific Gravity of Beer and Wort 
Digital Density Meter Method 

First Action 
A S B C -A O A C  M e th o d

10.D01 P rin c ip le

N atural frequency of hollow oscillator varies with density of 
m aterial that fills tube. Electronic m easurem ent o f a time period is 
converted to digital display of density.

10.D02 A p p a ra tu s  a n d  R e a g e n ts

(a) D ig ita l  d e n s ity  m e te r .—M ettler DMA-46 (M ettler Instrum ent 
Corp., Box 100, Princeton, N J 08540), or equiv.

(b) H y p o d e r m ic  s y r in g e .—As recom mended in density m eter 
instructions.

10.D03 C a lib ra tio n  o f  D e n s ity  M e te r

Calibrate digital density m eter at 20.0 ±  0.1° with air and H,(). 
Use hypodermic syringe to inject liqs into sample tube. Fill tube 
completely so no gas or solids are entrapped.

10.D04 P re p a ra tio n  o f  S a m p le

D ecarbonate beer samples as in 10.001. Samples must be brilliantly 
clear and free from any particulate m atter, and must be at 20° test 
temp. Filter if required.

10.D05 D e te rm in a tio n

Inject clear, decarbonated sample into filling tube. Be sure no gas 
is entrapped in tube. Let therm ostated sample tube reach therm al 
equilibrium (0 .5-4  min). Obtain sp gr m easurem ent.

Refs.: J. Am. Soc. Brew. Chem. 36, 118(1978). ASBC: Beer-2,A.

(3) Make an editorial change in the final action titrimetric 
method for alpha-amylase in malt, 10.155-10.158.
In 10.155(a): Soluble starch is available from American 

Society of Brewing Chemists, 3340 Pilot Knob Rd, St. Paul, 
MN 55121.
In 10.155(b): beta-Amylase powder is no longer available 

from Wallerstein Co. Henley Chemical, Inc., 50 Chestnut 
Ridge Rd, Mont Vale, NJ 07654 is a distributor of Sterge 
beta-amylase.
In 10.156: Heilige apparatus is now available from Orbeco 

Analytical Systems, Inc., 185 Marine St, Farmingdale, NY 
11735.

11. BEVERAGES: WINES
(1) The following first action methods were adopted final 

action:
(a) Alcohol in wines, dichromate oxidation method, 11.008-

11.011. Alternative use of an electric distillation unit (“Changes 
in Official Methods” (1985) JAOAC 68, 374).
(b) Alcohol in wines, gas chromatographic method, 11.012-

11.014.
(c) Caloric content of wines, 11.022.
(d) Volatile acidity of wines exclusive of S02, by barium 

hydroxide treatment, 11.046.
(e) Citric and malic acids in wines, 11.052.
(f) Carbohydrate content in wine, 11.A05.

(2) The following interim titrimetric method for determi
nation of carbon dioxide in wine was adopted first action:

Carbon Dioxide in Wines 
Titrimetric Method 

First Action
(Applicable to wines contg £400 mg CCL/mL)

11 .D01 P rin c ip le

Sample is made alk. with N aOH and carbonate form ed is titrd 
with stdzd FLSO,,. Degassed sample is titrd as blank.

11 .D02 A p p a ra tu s  a n d  R e a g e n ts

(a) p H  m e te r .—Stdzd at pH 4 and 10 with appropriate buffers.
(b) B u r e t .—25 m L with autom atic zero.
(c) M a g n e tic  s tir re r .
(d) S u lfu r ic  a c id .—0.0455N H ,S 0 4. At this norm ality, 1 m L = 

20 mg CO2/100 mL.
(e) C a r b o n ic  a n h y d r a s e  s o ln .— 0.1 mg/mL H 20 .  K eep refrigerated; 

soln is stable for 1 week. (Use carbonic anhydrase from bovine 
erythrocytes. Available from Sigma Chemical Co., Cat. No. 
C-7500.)

(f) S o d iu m  h y d r o x id e  s o ln .—50% soln of reagent grade NaOH .
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11. D03 D e te rm in a tio n

Cool sample to ca 5°, open bottle, and add equiv. of 5 mL NaOH 
soln per 375 mL sample. Immediately recap bottle, mix contents, 
pipet 10 mL portion of sample into 40 mL H 20 ,  add 3 drops carbonic 
anhydrase soln, and titr. to pH 8.6 with 0.0455N H ,S 0 4. Refill buret 
and continue titm  to pH 4.0. Record titer between pH 8.6 and 4.0.

Obtain blank as follows: Degas 25 mL duplicate of sample with 
agitation ca 1 min under >28 in. vac. in 500 mL filter flask contg 3 
drops carbonic anhydrase soln. Add 0.33 mL NaOH soln. Pipet 
10 mL degassed sample into 150 mL beaker contg 40 mL H 20 .  Stir 
and titr. as for sample detn.

Calc, as follows:

mg CO2/100 mL = (mL sample -  mL blank) x 20 x 1.013 

Ref.: JAOAC 70, 1060(1987).

CAS-124-38-9 (carbon dioxide)

12. BEVERAGES: NONALCOHOLIC AND 
CONCENTRATES

No additions, deletions, or other changes.

13. CACAO BEAN AND ITS PRODUCTS
No additions, deletions, or other changes.

14. CEREAL FOODS
(1) The following first action method was adopted final 

action:
Phytate in foods, anion-exchange method, 14.B01-14.B05.
(2) Make a nonsubstantive change in the final action 

titrimetric method for fat acidity of grains, 14.069-14.071, 
to use toluene in place of benzene in the titration medium, 
14.069(a).

15. COFFEE AND TEA
No additions, deletions, or other changes.

16. DAIRY PRODUCTS
(1) Make a nonsubstantive change in the final action Babcock method for fat in cream, 16.177-16.178:
Change 16.178(a) to read:
. . . centrf. 5 min. Fill bottle to neck with hot H20 and 

centrf. 2 min. Add hot H20 until liq. column. . . .
(2) Make a nonsubstantive change in the first action 

infrared spectroscopic method for determination of fat, 
lactose, and protein in milk, 16.083-16.092:
Add the following sentence in 16.087:
Use A, B, and A + B filters for measurement.
(3) The interim microbial receptor assay for rapid detec

tion and identification of 7 families of antimicrobial drugs in
milk was adopted first action:

Antimicrobial Drugs in Milk 

Microbial Receptor Assay 

First Action

(Min. detectable concns (ng/mL) are penicillin G, 3; tetracycline, 
600; erythrom ycin, 20; streptom ycin, 10; novobiocin, 10; sulfa

methazine, 5; chloramphenicol, 80.)

16.D01 P rin c ip le

Assay is based on binding reaction betw een drug functional group 
and receptor site on added microbial cells. 14C or 3 * *H binding is 
measured by scintillation counter and com pared with zero std milk 
to detect antimicrobials. The greater the amt o f antibiotic present 
in the sample, the lower the counts. M ethod does not detect 
metabolites, only active drugs.

16.D02 A p p a ra tu s

App. is available from Penicillin Assays Inc., 36 Franklin St, 
Malden, MA 02148.

(a) H e a te r s .—Two dry well incubators o f anodized Al, each with 
6 holes, 5.23 cm deep, 1.35 cm diam ., controlled at 45 and 85 ±  1°, 
for 13 x 100 mm glass test tube.

(b) M ix e r .—Maxi Mix II (Thermolyne Corp., 2555 K erper Blvd, 
Dubuque, 1A 52001), or equiv.

(c) B e n c h  c e n tr i fu g e .— 12-place, 1300 x g .  W hisperfuge (Damon 
Scientific, 300 Second Ave, Needham  Heights, MA 02194), o r equiv.

(d) C o ld  p la te .—To accom m odate 7 mL plastic scintillation vials 
holding at -  3 to -  5°.

(e) S c in ti l la tio n  c o u n te r .—To accomm odate 13 x  100 mm glass 
tube. W indow settings such that <10%  of 3H crosses into l4C channel 
and <30% of I4C crosses into 3H. Counting time is 1 min. Efficiency 
is >80%. Replication in counting same tube at ca 1000 cpm is ca 
10%.

(f) S c in ti l la tio n  f lu id  d is p e n s e r .—(Oxford [Monoject Scientific, 
1831 Olive St, St. Louis, MO 63103]; o r equiv.).

(g) L a b w a r e .—Cotton swabs. Wash bottle. 13 x  100 mm 
test tubes, wall thickness 0.084 ±  0.005 cm. Plastic stoppers for 
13 x 100 mm tubes. Plastic scintillation vials, 7 mL. Pipets capable 
of delivering 200 p-L, 300 pL , and 5 mL.

16.D03 R e a g e n ts

Reagents are available from Penicillin Assays Inc.
(a) S c in ti l la tio n  f lu id .—Optifluor (Packard Instrum ent Co., 2200 

W arrenville Rd. Downers Grove, IL  60515), or equiv.
(b) M ic ro b ia l b in d e r s .—(7) R e a g e n t  D :  Freeze-dried suspension 

of B a c illu s  s te a r o th e r m o p h ilu s . Reagent is stable 1 year at -  20°. 
When reconstituted with Diluent D, it is stable 1 week at -  20° or 
24 h at -5 ° .  About 1 x 10s cells are added per assay or 200 p L , 
used for binding beta-lactam s, tetracyclines, streptom ycin, macro- 
lides, and novobiocin.

(2) R e a g e n t  R :  Freeze-dried irradiated, nonviable suspension of 
microorganism, with receptor sites for sulfonamides and chloram 
phenicol (microorganisms inhibited by these drugs possess required 
receptor sites). Stable 1 year at -2 0 °  freeze-dried, and 6 h at - 5 °  
reconstituted. About 1 x  109 cells are used per 200 pL  for binding 
sulfonamides and chloramphenicol.

(c) A n tib io t ic  tr a c e r  r e a g e n ts .—(/) Penicillin l4C 125 pC i/pm ol, 
0.0024 pC i/test. (2) Tetracycline 3H 0.5 pC i/pm ol, 0.052 pC i/test.
(3) Erythrom ycin l4C 38 pC i/pm ol, 0.0031 pC i/test. (4) Streptom ycin 
3H 26 pCi/m m ol, 0.0185 pC i/test. (5) Novobiocin 3H 55 pCi/m m ol, 
0.0148 pC i/test. (6) Sulfamethazine 3H 59 pCi/m m ol, 0.0311 pCi/ 
test. (7) Chloramphenicol l4C 35 pCi/m m ol, 0.0126 pC i/test.

Antibiotic tracer reagents have stabilizers added to preserve their 
biological activity. Freeze-dried tracer reagents are stable >12
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months at -  20°; reconstituted tracer reagents are stable 2 weeks at -20°.
In certain cases l4C and 3H tracers are combined to facilitate 

screening for more than 1 family in each tube. This is done with 
penicillin l4C and tetracycline 3H as well as erythrom ycin l4C and 
streptom ycin 3H.

(d) D ilu e n t C.—70% soln of propylene glycol for reconstituting 
radiolabeled tracer antibiotics.

(e) D ilu e n t D .—Soln contg 5% sucrose, 10% dimethyl sulfoxide 
(DMSO), 1.2% NaCl for reconstitution of binding microorganisms 
for Reagents D and R.

(f) R e a g e n t  N H .— 12% (NH4):S 0 4.

16.D04 R e c o n s titu tio n  o f  R e a g e n ts

(a) T ra ce r  r e a g e n ts .—Add room temp, diluent to freeze-dried 
tracer. Dissolution occurs immediately. Remove amt reagent needed 
for 1 day into plastic screw-cap vial. Place vial in cold plate at - 3  
to - 5 °  for up to 24 h. Store remaining tracer as liq. at -2 0 °  for up 
to 2 weeks. Small plastic vials may be refilled as needed from 
storage vial held at -2 0 ° .

(b) M ic ro b ia l b in d in g  r e a g e n ts .—Reconstitute R e a g e n t  D  by 
adding vol. o f cold Diluent D (4°) indicated on label, usually 12 mL. 
Break up clumps of cells by using large glass test tube and vortex 
mixer. Mix well. Let reconstituted Reagent D warm to room temp. 
(25°) and hold for ca 5 min. Dispense into vials and place in cold 
plate at -  5° for use or store at -  20°. Reagent D may be stored at 
-2 0 °  for 1 week or 12 h at -5 ° .  Thaw frozen Reagent D by placing 
in tap FLO (ca 20°) for 5 min and cool in cold plate >5 min before 
use.

Reconstitute R e a g e n t  R  by adding amt of Diluent D indicated on 
bottle. Mix well. Reagent R may be stored in cold plate 6 h at -5 ° .

16.D05 G e n e ra l In s tru c tio n s

(a) E x e m p t q u a n ti t ie s  o f ' ^ C  a n d  3H .—Amts of radioactivity used 
in this m ethod are sufficiently low as to be exem pt from U.S. 
Nuclear Regulatory Commission (NRC) and agreement state regu
lations. This applies to laboratories unlicensed by NRC.

Check appropriate national and local regulations for use o f exempt 
amts o f l4C and 3H.

(b) D is p o s a l o f  sc in ti l la tio n  flu id .-—Liq. scintillation counting solns 
which are readily soluble or dispersible in FLO (Optifluor, or equiv.) 
and which contain <0.05 p.Ci 3H or ,4C per g soln can be dispersed 
in large vol. o f FLO and disposed thru sanitary sewerage system (in 
this m ethod, 2.8 g Optifluor/assay is used). It is recommended that 
ratio o f running FLO to scintillation fluid exceed 1 0 :1. Dispersion 
may be cloudy due to presence of high bp hydrocarbon. No special 
fire prevention precautions are necessary. N ote that local regulations 
must be observed if these differ from federal regulations.

16.D06 P e r fo rm a n c e  C h e c k

Check reagents and equipment by testing zero std milk. Compare 
with previous zero milk results or with m anufacturer’s typical count 
sheet that accompanies reagents. If comparable results are obtained, 
proceed.

Combine tracers as follows: penicillin and tetracycline (P&T), 
erythrom ycin and streptom ycin (E&St), novobiocin (N), sulfon
amides and o ther PABA analogs (Sm), chloramphenicol (C).

(/) Mark 5 tubes: (P&T), (E&St), (N), (Sm), (C).
(2) Add 200 |j,L tracer reagent to corresponding tube; wipe pipet 

before each addn. Pipet reagent directly to bottom of tube.
(2) F o r  c h lo r a m p h e n ic o l  o n ly , add 300 pL  Reagent NH.
(4 ) Add 5 m L milk sample to each test tube.
(5) Gently add 200 pL  R e a g e n t  D  to (P&T), (E&St), and (N) 

tubes. Add R e a g e n t  R  to (Sm) and (C) tubes.

(6) Mix by letting milk swirl and settle ca 10 times to ensure thoro 
distribution of added reagents. This should take ca 10 s.

(7) Incubate (P&T) and (E&St) 3 min at 85°; incubate (N), (Sm), 
and (C) 3 min at 45°.

(8) Centrf. tubes 3 min and then decant milk completely.
(9) Hold tubes at 45° tilt and rinse by filling tube once with H ,0  

from wash bottle; do not disturb ppt at bottom  of tube. Tilt tubes 
down to drain. Wipe dry with 2 or more swabs while wiping out fat 
ring.

(10) Add 300 pL  H 20  and resuspend pellet completely, using 
mixer.

(11)  Dispense 3 mL scintillation fluid into tube, cap, and shake 
tube gently.

(12) M easure activity in analyzer 3H channel and 14C channel. 
Read (T), (St), (N), and (Sm) on 3H channel and (P), (E), and (C) 
on ,4C channel.

Note w hethe- num ber is above control point for neg. sample or 
below for pos. Control point is num ber about 3 std devs from av. 
o f 6 zero samples. Reassay pos. samples.

16.D07 D o u b le  P o s itiv e

To det. w hether double pos. in 1 tube is true double pos. o r is 
result o f single pos. and “ cross ta lk” betw een 14C and 3H channels, 
retest sample with single tracers in duplicate and com pare with 2 
zero detns carried out with single tracers. If  single tracer result 
compares with zero single tracer, then that “ p o s .”  is due to cross 
talk.

16.D08 C o n tro l P o in t  D e te rm in a tio n

Set control point £ 3  std devs from av. zero. For convenience, 
use percentage to est. 3 std devs.

For penicillin, use ca 2.5 std devs because <0.008 IU /m L must 
be detected to accomm odate B. s te a ro th e rm o p h ilu s  disc assay std 
where required by U .S. Food and Drug Adm inistration Pasteurized 
Milk Ordinance (1983; revision).

To det. control points, subtract following percentages from av. 
of 6 zero detns.

A n tib io tic  %  s u b tr a c te d  f r o m  a v e r a g e  ze ro
Beta-lactam 15
Tetracyclines 20
M acrolices 20
Streptom ycin 25
Novobiocin 20
Sulfonamides 20
Chloramphenicol 20

Ref.: JAOAC 71, March issue (1988).

17. EGGS AND EGG PRODUCTS

No additions, deletions, or other changes.
18. FISH AND OTHER MARINE PRODUCTS

(1) Make an editorial change in the final action biological 
method for paralytic shellfish poison, 18.086-18.092.
In 18.086(a): The standard is now available from Food 

and Drug Administration, Division of Contaminants Chem
istry, Natural Products and Instrumentation Branch, 200 C 
St, SW, Washington, DC 20204.
(2) The following interim physical separation method for 

determination of minced fish flesh in mixed fillet-minced cod 
blocks was adopted first action:
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Minced Fish Flesh in Mixed Fillet-Minced Cod Blocks 
Physical Separation Method 

First Action

18.D01 Principle

M ixed  fille t-m in ced  cod  b lo ck  is air-thaw ed, drained, w eighed, 
and im m ersed in cold  FLO bath . F ille ts  are sepd from  m ince by 
hand and placed  on perforated  tray to drain. H 20  from  bath is 
poured thru sieve, and any fillet p ieces on sieve are rem oved and 
added to drain tray . F ille ts  are drained 15 min and w eighed. Amt 
o f  m inced  fish is calcd  from  drained wt o f  b lo ck  and drained wt o f 
fillets.

18.D02 Apparatus

(a) Trays.— A1 o r galvanized. (/) Sh allow ; large enough to  hold 1 
fish b lo ck  fo r thaw ing. (2) P erforated , with holes 3/s in. diam . drilled 
to co v er entire bottom  o f  tray , or made from  U .S . Standard  N o. 8 
m etal w ire cloth.

(b) Container.— T u b o f  sufficient size to hold fish b lock  plus FLO.
(c) Scale.— Sen sitiv e  to 0 .25  oz (7 g).
(d) Sieve.— U .S . N o. 8.

18.D03 Determination

Thaw  sam ple (entire fish b lock) on prew eighed tray at am bient 
(room ) tem p, (usually takes overnight). Perform  detn within 8 h 
a fter b lo ck  is com pletely  thaw ed.

D rain any exuded fluid (thaw -drip) and d et. wt o f  drained fish 
b lo ck  (wt =  WB).

Im m erse drained fish flesh in tub o f  co ld , 10 -2 1 ° (5 0 -7 0 °F ) , FLO. 
U se ratio o f  2 -3  parts H 20  to 1 part fish by w t. Sep . fillets by hand 
and w ash m inced fish flesh from  fillets in tub. P lace  w ashed fillets 
on upper section  o f  prew eighed perforated  tray . In clin e tray at angle 
o f  2 0 -4 0 °  to facilitate  draining.

Pour FLO  contg m inced fish and any sm all p ieces o f  fillet from  
tub thru sieve. R em ove any fillet p ieces from  sieve, p lace them  on 
drain tray with fillets, and let fillets drain 15 m in. R em ov e any 
ex ce ss  FLO from  low er section  o f  tray and weigh drained fillets (wt 
=  W,). "

18.D04 Calculation

M inced  fish, %  =  [(W * -  W,)/WH\ x  100

w here WB =  wt o f  thaw ed, drained fish b lo ck , and W, =  wt o f 
drained fillets.

R e f.: JA O A C  71, Janu ary  issue (1988).

19. FLAVORS

No additions, deletions, or other changes.

20. FOOD ADDITIVES: DIRECT
No additions, deletions, or other changes.

21. FOOD ADDITIVES: INDIRECT

No additions, deletions, or other changes.

22. FRUITS AND FRUIT PRODUCTS

In the method for titratable acidity of fruit products, 
22.058-22.059, add the following as an introductory para
graph;

Titratable acidity can be expressed conventionally in g 
acid per 100 g or per 100 mL product, as appropriate, by

using the factor appropriate to the acid: for malic acid use 
0.067 as factor; oxalic acid, 0.045: citric acid monohydrate, 
0.070; tartaric acid, 0.075; sulfuric acid, 0.049; acetic acid, 
0.060; lactic acid, 0.090.

23. GELATIN, DESSERT PREPARATIONS, AND MIXES

No additions, deletions, or other changes.

24. MEAT AND MEAT PRODUCTS

The following interim enzyme-linked immunosorbent as
say for determination of soy protein in meat products was 
adopted first action:

Soy Protein in Raw and Heat-Processed Meat Products 
Enzyme-Linked Immunosorbent Assay 

First Action
(M ethod is sem iqu an t.; may be quant, w hen nature o f  added soy 

protein is know n, and esp ecially  i f  calibration  sam ple is av ailab le .)

24. D01 P rin c ip le

E n z y m e - l in k e d  Im m u n o s o r b e n t  a s s a y  ( E L I S A ) .— Inhibition mode 
o f  E L IS A  is applied (Fig . 24 :D 1) in w hich soy protein  analyte 
(antigen) is reacted  w ith fixed vol. o f  appropriate antiserum  (anti- 
bod y-pos.) in e x ce ss , and un reacted  antibody is detd a fter iso lation 
on im m unosorbent, in this ca se  inside su rface o f  sen sitized  p lastic 
well onto w hich antigen has been passively  im m obilized. A ntiserum  
contain s specific rabbit serum  globulins; captured antibody is detd 
after addn o f  another im m unoreagent (con ju gate) con sistin g  o f 
second  antibody (e .g ., raised  in goat to iso lated  rabbit serum  
globulins) to w hich enzym e has been covalen tly  attach ed . C aptured 
enzym e is detd by adding ch rom ogen ic su bstrate . W ashing steps 
are incorporated  a fter each  in teraction  stage to rem ove any non- 
im m obilized sp ecies , and each  sam ple is generally  assayed  at several 
serial dilns.

D e te r m in a tio n  o f  s o y  p r o te in .— A ceton e pow der o f  sam ple is 
prepd and solubilized in hot aq . urea soln. A fter diln, renatured 
proteins are analyzed  by E L IS A  using com . available antibodies. 
R esp on se  is com pared  to that observed  with std com . soy protein 
and with suitable blanks.

24.D02 A p p a ra tu s

App. specified here (as guide) has been tested  and used for 
co llaborative study but does not imply com prehen sive su rvey  or 
recom m endation ov er a ltern ativ es; equiv . app. may be used. Sev era l 
com . sem i-autom ated  aids to E L IS A  are available at various levels 
o f  con v en ien ce and exp en se ; these can  be w orthw hile, sin ce sy s
tem atic w ashing o f  E L IS A  plates is o f  great im p ortan ce, and the 
final step  involves m easurem ent o f  optical density  o f  250 p.L portion 
o f  soln.

(a) E L I S A  w a s h in g  s y s te m .— A utom atic system : D yn aw asher II 
(A M  55, D yn atech  L ab o ra to ries, In c ., 14340 Sullyfield  C ircle , 
C hantilly , V A  22021) o r N unc-Im m uno W ash (N os. 447430  o r 448909 , 
G ibco  L td , PO  B o x  35, P aisley  PA 3 4 E F , Sco tlan d , or T hom as 
S c ien tific , 99 High Hill Rd at 1-295, PO  B o x  99 , Sw ed esb oro , N J 
08085-0099). M ultichannel m anual w ashing system  m ay be used.

(b) E L I S A  r e a d e r .— A utom atic E L IS A  read er (D yn atech  A M  
133), M inireader II  (D yn atech  A M  118), or equiv . app.

(c) P ip e tt in g  s y s te m s .— V ariab le  8- or 12-channel p ipetter, 5 0 -  
200 p-L (Nos. 77-857-00 or 77-887-00, F low  L ab s L td , S econ d  A v e, 
Industrial E sta te s , Irv in e, A yrshire K A 12  8 N B , Sco tlan d , or F low  
L a b s In c ., 7655 Old Springhouse R d, M c L e a n , V A  22102); reagent 
reserv o irs, sep arate reserv o ir needed fo r  each  soln (77-824-01 , F low
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Antigen: soy protein. 
Antibody raised in a rabbit.

A A A  Samples solubilized in buffered urea, then diluted.
n n o  Antiglobulin-enzyme conjugate, raised in goat 

and chemically coupled to phosphatase.

1. Samples and standards A are 2. Sensitized wells are prepared 
incubated with excess antibody by passive adsorption
^  separately. of antigen A  > remainder is

washed out.

▼ ▼ ▼
A A A
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3. Mixture is incubated in wells; 
excess antibody is immobilized 
in wells, remainder is washed 
out.

i
<2>©

i
A ©©

I
4. Excess antibody is labeled by 

incubating with antibody 
conjugated to enzyme Q , 
remainder is washed out. . f iB

i
a 5 5

5. Substrate O is added and 
incubated to assay 
enzyme activity.

o o°o

?BS

6. Color intensity of product Q 
is measured at 405 nm. • t ° .

! S S
7. Unknown antigen levels are estimated by comparing 

with appropriate standards (see calibration curve).
FIG. 24:D1—Determination of soy protein by ELISA procedure: scheme 

illustrating individual steps of procedure
Stages 1 and 5 require addition of solutions by pipet and incubation of 

mixture; stages 2, 3, and 4 also involve subjecting wells to standardized 
draining/filling procedure which can be done in automatic or manual washer. 
Quantitative interactions on which assay is based occur in monomolecular 
layer on inner surface of well; normally, 96 wells are used simultaneously for 
blanks, standards, and samples at different serial dilutions. Optical density 
of final solution (250 pL) is measured at stage 6; this can be done in situ 
using special reader.

L a b s  L td ); pipet tips and tip carrier. P ipets (5 -5 0  p L ; 5 0 -2 0 0  p L ;
1 0 0 -1 0 0 0  p L ; 1 0 0 0 -5 0 0 0  p L ) with tips (A nach em , C h arles S t , 
L u to n , B ed ford sh ire L U 2  0 E B , England ). G raduated glass pipet 
(200 p L ), with filler, fo r 2-m ercaptoethan ol.

(d) Labware fo r  sample extraction.— H om ogenizer. M easuring 
cy lin d ers. C onical flasks. M acera to r, e .g .,  IK A  U ltra-T u rrax  D is
p erser T  18/10 with 18N shaft (Sarto riu s In strum en ts L td , 18 A venue 
R d , B elm o n t, Su rrey  SM 2 6 JD , England ). F ilte r  funnel, 7 cm , 3- 
piece W hatm an (1950 017, F S A  L aboratory  Supplies, B ishop M eadow 
R d, Loughborough L e ice stersh ire  L E 1 1  0 R G , E ngland) and W hat
man N o. 541 n iter paper, with B u ch n er flask and v a c . system . 
Fu n nels. M ortar and p estle . G raduated  P yrex  test tu b es, 10 m L , 
with plastic stoppers (1628 10, F S A  L ab o ra to ry  Su p p lies; o r equ iv .) 
and holding tray . B oilin g  H 20  bath.

(e) Labware fo r  ELISA .— Im m u noassay p lates, 96-w ell (M icro ti
ter, D y n atech ; or N unc-Im m uno P late I , G ib co  [N o. 2-39454] or 
T hom as Sc ien tific) w ith lids (e .g ., N o. 76-405-04 , F low  L a b s  L td ). 
Sea lab le  p lastic bags to fit E L IS A  p lates. P lastic  storage tubes 
(M icron ic PPN  tu bes, F low  L a b s  L td  N o . 61-226-C 2) fo r serial 
dilution and p re-incubation , w ith 8-cap  strips and tube holder.

( f)  General labware.— V o l. flasks (10 , 25 , 50  m L ) w ith p lastic 
stoppers. B a lan ce  (top pan). B a la n ce  (w eighing to 100 pg). pH  m eter 
(reading to 0 .0 2  pH unit). In cu b ato r (37 ±  0 .5 °). W hirlim ixer. C lock  
(tim ing to 1 s). M agnetic stirrer. Sem ilogarithm ic graph paper (linear/ 
4  log cy c le s ) . F lex i-cu rv es .

24.D03 R e a g e n ts

U se anal, grade ch em icals and distd H 20 .  C h em icals used as 
received  include ace to n e , urea, 2-m ercap toeth an ol (Caution; to x ic  
and vo latile), and sodium  azide (Caution: to x ic  m aterial: prevent 
co n tact with skin and e y e s , and avoid breath ing dust). S to re  coned  
antibody-pos. and con ju gate  solns at 2 -8 ° ,  antibody-neg. soln at 
-  20°, and su bstrate tablets at < 0 ° .

(a) C h lo r o fo r m - m e th a n o l .— 2 +  1 v/v.
(b) E th a n o l - w a te r  (a c id ifie d ) .— 80 +  20 v/v acidified w ith 2 drops 

HC1/L.
(c) T r is -H C l b u ffe r .— 0.25M  tris(hydroxym ethyl)m ethylam ine (30.3 

g /L ), ad justed to pH 8 .60  with HC1.
(d) S e n s i tiz in g  s o ln .— U n ico  75 (U nim ills B .V . ,  Z w ijnd iecht, T he 

N etherlands) has been  used as arb itrary  std.
( / )  F resh ly  prep. 50-fold  coned  sensitizing soln by m ixing 4 .5  m L  

0 .2M  N a2C 0 3, 8 .0  m L  0 .2M  N a H C 0 3, A  p L  soy protein  std antigen 
so ln , and H 20  to 50 m L . A is ealed  to  corresp on d  to  2 .5  mg soy 
protein in the aceto n e  pow der; soln d escribed  in 24 .D 05(b ) contain s 
100 mg/25 m L , in w hich ca se  A =  625 . S to re  rem aining std soln 
overnight at 2 -8 ° .

(2) P rep , w orking diln by m ixing 4 .5  m L  0 .2M  N a2C 0 3, 8 .0  m L  
0 .2M  N aH C C '3, and H 20  to 50 m L , and then rem oving 1.0 m L  o f  
soln and rep lacing it w ith 1.0 m L  50-fo ld  con ed  sensitizing soln.

(e) P h o s p h a te  b u f fe r  sa lin e  p H  7 .1 - T w e e n  2 0 - a z id e  (P B S T A ).— 
Prep. 10-fold coned  soln w ithout T w een  (P B S A ) by m ixing 8 5 .0  g 
N aC l, 10.7 g N a2H P 0 4, 3 .9  g N aH 2P 0 4-2H 20 ,  5 .0  g N aN 3, and H 20  
to  1000 m L . P rep , w orking P B S T A  soln by m ixing 100 m L  P B S A ,
1.5 m L  T w een  20, and 900 m L  H 20 .

(f) Im m u n o r e a g e n ts .— A m ts o f  antibody and con ju gate  added 
depend on properties o f  im m unoreagents reed . S td ze each  batch  
and ca lc . B  and C as d escribed  in 24.D04.

(1) A n tib o d y -p o s . s o ln :  R abbit antiserum  to  soy protein  (H o ech st
U .K . L td , O T N G 05 , m anufactured  and purified by B ehrin gw erke 
from  rabbits im m unized w ith m ixt. o f  co m . untreated  and heat- 
denatured antigens), B  p L  dild w ith P B S T A  to  50 m L .

(2) A n tib o d y -n e g . s o ln :  N orm al rab b it serum  (e .g ., F low  L ab s 
L td  N o. 29-411-46), B  p L  dild w ith P B S T A  to  50 m L .

(3) C o n ju g a te  s o ln :  G oat anti-rabbit IgG  (H  + L )-a lk a lin e  ph os
phatase con jugate (L q ) (M iles L ab o ra to ries R e se a rch  P rod ucts N o. 
61-275-1), C j iL  dild with P B S T A  to 25 m L .

(g) S u b s tr a te  s o ln .— p-N itrophenyl phosphate in bu ffer. P rep , by 
m ixing 2 .25  m L  0 .2M  N a2C 0 3, 4 .0 0  m L  0 .2 M  N a H C 0 3, 25 p L  0 .5M  
M gCl2-6H 20 ,  and H 20  to 25 m L ; add 25 m gp -n itrop henyl phosphate
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as 5 tablets (5 mg each ) o f  Sigm a 104 phosphatase su bstrate (Sigm a 
C h em ical C o . N o. 104-105).

24.D04 S ta n d a rd iz a tio n

(a) Antibody-positive and antibody-negative.— T est new batch es 
on an E L IS A  plate (prepd as d escribed  in 24.D05(c) and (d)). M ake 
up series o f  dilns (e .g ., in range 1 0 0 -1 0 0  000) o f  antibody pos. (row s 
A -D )  and antibody neg. (row s E -H )  in P B S T A , pre-incubate w ithout 
soy protein , and then proceed  as d escribed  in 24.D05(h)-(k). U se 
antiserum  diln cu rve to obtain titer o f  antibody pos. C a lc , value o f 
B , e .g .:

T ite r  =  1 in 3000; B = 2 x  (1/3000) x  50 000  p L  =  ca  30 p L

A lso test antibody on std m eat products contg know n soy protein 
co n cn  and on potential cro ss-reactin g  m aterials.

(b) Conjugate.— T est new batch es o f  con jugate on an E L IS A  
plate (prepd as described  in 24.D05(c) and (d)). Prep, antibody pos. 
as for B P  (24.D05(f)) and pre-incubate this soln with P B S T A  
sep arately  (24.D05(g)). In cu bate  in plate (24.D05(h)) in row s A -D  
(antibody p o s.) and row s E - H  (P B S T A ). U se  conjugate at various 
dilns (e .g ., in range 5 0 0 -5 0 0 0 ) in 24.D05(i) and then follow  24.D05(j) 
and (k). C alc , value o f  C (e .g ., C =  15) such that con jugate pos. is 
> 1 .0 0 0  and conjugate neg. is < 0 .0 5 0 .

(c) ELISA plate.— T est plate batch es for variability  acro ss plate. 
Plate pattern in protocol uses only w ells (B - G )  (2 -1 1 )  fo r quantitation 
becau se  o f  som e variation in ou ter w ells. M ajority  o f  sam ples contg 
soy protein would then be on linear portion o f  std graph, elim inating 
n ecessity  fo r reassay .

24.D05 D e te rm in a tio n

Perform  analyses in duplicate.

(a) Acetone powder preparation.— W eigh representative sam ple 
(20 g) o f  m eat product and m acerate  as follow s (e .g ., by U ltra- 
T u rrax) in sequen ce o f  org. so lvs, filtering o ff  residue at each  stage 
fo r re-extn . E x t. with 200 m L  C H C l3-M e O H  (3 tim es), then with 
200 m L  acidified E tO H  (3 tim es), and finally with 200 m L  aceton e 
(3 tim es). A ir-dry residue overnight and grind it in m ortar. T ake 
sep. sam ples for detn o f  total protein by K jeldahl procedure (24.027, 
24.028-24.036, 24.037, or 24.038-24.040); use observed  level o f  total 
protein (N x  6 .25 ) in aceton e pow der to ca lc , appropriate wt o f  
sam ple to be taken in (b) for E L IS A  o f  soy protein .

(b) Solubilization o f samples and std.— W eigh into sep. 10 m L 
graduated test tubes std soy aceton e  pow der (9 7 -1 0 3  mg protein) 
and each  sam ple o f  aceton e  pow der (9 5 -1 0 5  mg protein). T o  each 
tube add in order: 2 m L  T r is -H C l bu ffer, 6 .0  g urea, 2 m L  H ,0 ,  
200 p L  2-m ercap toethan ol, and H20  to 10 m L . S top p er and m ix; 
ad just vols i f  n ecessary  and heat in steam  or boiling H 20  bath for 
60  ±  1 min, im m ersing up to 10 m L  level. C ool for 3 - 5  min and 
tran sfer quant, to 25 m L  vol. flask. D il. to  vol. with H ,0  used in 
tran sfer, ensuring resolubilization o f  any crystd  urea. S to re  sam ple 
solns overnight at 2 -8 ° .

(c) ELISA plate sensitization.— F ill reagent reserv o ir with sen si
tizing soln. U sing m ultichannel p ipetter, tran sfer 200 p L  to each  
well in E L IS A  plate. P lace lidded plate in p lastic bag and sea l; 
incu bate 16 ±  1 h at 37°.

(d) ELISA plate washing and storage.— A lw ays w ash E L IS A  
plates by using stdzd w ashing procedure. W ith autom atic w ashing 
sy stem s, “ one 5-fold  w ash ”  is cy cle  in w hich each  row  o f  w ells is 
su ccessiv ely  drained to w aste and refilled with P B S T A ; this is 
repeated  4 m ore tim es and finally w ells are drained w ithout being 
refilled. W ith m anual w ashing sy stem s, 1 row  o f  w ells is drained 
and refilled with P B S T A  5 tim es before being finally drained; 
sequ en ce is repeated with su ccessiv e  row s. “ O ne 10-fold w ash” 
includes first a 5-fold w ash follow ed by refilling all w ells with 
P B S T A , and then a second  5-fold  w ash.

If  sensitized  E L IS A  plate is not to be used im m ediately , rem ove 
it from  in cu bator at end o f  16 h and w ash it 5-fold  as ab o v e. E ffic ien t 
and co n sisten t w ashing is essentia l part o f  assay . W ashed  plate may 
be blotted and stored. U se absorben t tissu e to dry sides o f  p late ; 
invert plate to rem ove any rem aining liq. from  w ells, and then dry 
top o f  plate. Id eally , inside su rface o f  w ells including base should 
rem ain untouched throughout w ashing and blotting step s. P lace  
lidded plate in p lastic bag and sea l; store upside-dow n in deep freeze  
( - 2 0 ° )  until required.

(e) Serial dilution o f  sample and std  solns.— E n su re that sensitized  
E L IS A  plate to be used in (h) has sufficient tim e ( 4 5 -6 0  min) to 
warm from  - 2 0 °  or cool from  37°, and that sam ple and std solns 
are also at room  tem p. T ran sfer 750 p L  aliquots o f  each  o f  these 
solns to 10 m L  vol. flasks; dil. to vol. with P B S T A  and m ix by 
repeated inversion . Fill M icron ic tube holder with tubes and pipet 
600 p L  o f  dild sam ple and std solns each  into appropriate tubes as 
defined in T ab le  24:D1: std S I  in trip licate and sam ples T l - Z l  in 
d uplicate. T ab le  24:D1 illustrates std pattern o f  tubes w hich co rre 
sponds to w ells in E L IS A  plate, designed to m ake least use o f  
ou term ost w ells and to facilitate m ultichannel pipetting. A ll o th er 
tubes must now receiv e 400 p L  P B S T A ; m ake this tran sfer from  
reagent reserv o ir using m ultichannel p ipetter (tw o 200 p L  portions). 
Carry out serial diln o f  each sam ple in d uplicate by using m ultichannel 
pipet to m ix 600 p L  aliquots (by withdraw ing 200 p L  and rep lacing 
it 3 tim es), and then to tran sfer 200 p L  o f  each  to an ad jacen t tube 
that already contain s 400 p L  P B S T A . M ix as before and repeat 
diln, discarding 200 p L  aliquot from  final tube. T h is results in a 
num ber o f  1:3 serial dilns o f  w hich only 3 are analyzed  in d uplicate; 
norm ally, use undild, 3-fold dild, and 9-fold  dild sam ple solns for 
assay  w hen su spected  level o f  soy protein in sam ple is unknow n or 
low  (0 -11  g soy protein/100 g total protein). C h oo se higher dilns if 
levels are higher (3-, 9 -, 27-fold  o f  1 1 -33  g/100 g; 9 -, 27-, 81-fold  for 
3 3 -1 0 0  g/100 g), or if  E L IS A  has already d em onstrated  that sam ple 
solns are too coned . D il. std soln sim ilarly , but prep. 7 serial dilns 
fo r assay  (undild soln to 729-fold  diln each  in trip licate).

(f) Blanks.— F o u r types o f  blank are used, each  in trip licate: 
su bstrate (B S ) , conjugate (B C ), antibody-pos. (B P ), and antibody- 
neg. (B N ) b lan ks. R elev an t M icron ic tubes already contain  400 p L  
P B S T A ; add 2 addnl 200 p L  portions o f  P B S T A  to B S  and B C  
tu bes, antibody-pos. soln (2 x  200 p L ) to B P  tu bes, and antibody- 
neg. soln (2 x  200 p L ) to B N  tu bes. Id eal, final op tical density 
readings (k) corresponding to these blanks should be as fo llow s: B S  
< 0 .0 1 0 ;  B C  < 0 .0 5 0 ;  B P  > 1 .0 0 0 ;  B N  < 0 .2 0 0 .

(g) Pre-incubation with antiserum against soy protein.— Fill re
agent reserv o ir with antibody-pos. soln. U se m ultichannel pipet to

Table 24:D1 Recommended Standard Pattern of Micronic Tubes in Their 
Holder and Corresponding Wells in ELISA Plate for Assay 
of 7 Samples in Duplicate3

Column

Row 1 2 3 4 5 6 7 8 9 10 11 12

A BS SI SI SI 00 00 00 00 00 00 00 00
B BS S2 S2 S2 T1 U1 VI W1 XI Y1 Z1 00
C BS S3 S3 S3 T2 U2 V2 W2 X2 Y2 Z2 00
D BC S4 S4 S4 T3 U3 V3 W3 X3 Y3 Z3 00
E BC S5 S5 S5 T1 U1 VI W1 XI Y1 Z1 00
F BC S6 S6 S6 T2 U2 V2 W2 X2 Y2 Z2 00
G BP S7 S7 S7 T3 U3 V3 W3 X3 Y3 Z3 00
H BP BP BN BN BN 00 00 00 00 00 00 00

“ The 96 positions are arranged in 12 columns (l—12) and 8 rows (A-H). 
Samples are each analyzed at 3 dilutions, standard (in triplicate) at 7 dilutions, 
and 4 blanks in triplicate.

Key: BS, substrate blank: BC, conjugate blank; BP, antibody-positive 
blank; BN, antibody-negative blank; 00, unused; SI-S7, standard (1-7 
indicates 7 serial dilutions); T-Z, 7 samples (1-3 indicates 3 serial dilutions).
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add antibody-pos. soln (2 x  200 |xL) to each  o f  sam ple and std 
tubes. P lace  P B S T A  (2 x  200 p L ) in rem aining ou ter tubes (00 in 
T ab le  24:D1). C arefu lly  affix cap strips to tubes. In v ert tube holder 
&3 tim es to m ix, and place in 37° incu bator fo r 30 ±  1 m in, 
minimizing untim ed interval sin ce addn o f  im m unoreagents.

(h) Antibody step.— If  fresh ly  prepd sensitized  E L IS A  plates (c) 
are to be used im m ediately, rem ove from  incu bator at end o f  16 h, 
and let cool to room  tem p, (ca  30 m in). I f  stored , sensitized  E L IS A  
plates (d) are to be used, rem ove from  freezer, let warm to room  
tem p. ( 4 5 -6 0  m in), and fill w ells with P B S T A  by using E L IS A  plate
w ashing system . In last 10 min o f  pre-incubation step (g), w ash 
freshly  prepd plate 10-fold o r  stored plate 5-fold  (using stdzd w ashing 
and blotting procedure (d)). C om plete th ese op erations by end o f  
30 min pre-incubation o f  M icron ic tubes (g).

R em ove tube holder from  in cu bator at stipulated tim e and invert 
3 tim es to m ix. C arefu lly  rem ove cap s. U sing m ultichannel p ipetter, 
tran sfer 200 p L  aliquot o f  each  soln to w ells in corresponding 
positions in E L IS A  plate (T ab le  24:D1). B efo re  each  tran sfer, ensure 
hom ogeneity by rem oving 200 p L  aliquot and pipetting it back  into 
rem aining 600 p L  o f  soln. Th en  place lidded plate in p lastic bag 
and sea l; incu bate 120 ±  2 min at 37°, minimizing untim ed interval 
sin ce previous incubation.

(i) Conjugate step.— R em ove E L IS A  plate from  incu bator at end 
o f  120 m in; w ash 10-fold and blot as in (d). Fill a reagent reservo ir 
with con jugate so ln . Add 200 p L  P B S T A  to “ su bstrate b lan k ’ ’ B S  
w ells. U se m ultichannel p ipetter to add con jugate soln to all oth er 
w ells (apart form  B S  w ells) in sam e order as in antibody step (h). 
T hen place lidded plate in p lastic bag and sea l; incu bate 120 ±  2 
min at 37°, m inim izing untim ed interval since previous incubation .

(j) Substrate step.— R em ove E L IS A  plate from  incu bator at end 
o f  120 m in; w ash 10-fold and blot as in (d). F ill reagent reservo ir 
with su bstrate so ln , and use m ultichannel p ipetter to add this soln 
(200 p L ) to each  well in plate in sam e order as in antibody step (h). 
T h en  place lidded plate in p lastic bag and sea l; incu bate 30 ±  0 .25  
min at 37°, minimizing untim ed interval since previous incubation .

(k) Termination o f enzymic reaction and color measurement.—  
F ill reagent reserv o ir w ith 0 .2M  N aO H  soln (Caution: co rro siv e). 
Prep, m ultichannel pipet fo r addn o f  50 p L  aliquots. R em ove E L IS A  
plate from  incu bator at end o f  30 min and add 50 p L  0 .2 M  N aO H  
soln to each  well in plate in sam e order as in antibody step. C ritical 
tim ing o f  30 min incubation is im portant becau se it facilita tes som e 
com parison betw een d ifferent p lates; how ever, it is essentia l to 
en sure equal enzym ic reaction  tim es (within 15 s) in each  individual 
well o f  single plate by m eans o f  sy stem atic tim ing. M easure and 
record  op tical density  at 4 0 5 -4 1 0  nm o f  soln in each  w ell, using 
E L IS A  read er o r  eq u iv .; these data should be observed  betw een 5 
and 60 min after addn o f  N aO H .

24.D06 C a lc u la t io n

F o r  each  p late, co n stru ct calibration  cu rve (F ig . 24:D2) o f  log 
co n cn  o f  soy protein as aceton e  pow der (N  x  6 .25 ) in the 7 std 
serial dilns vs corresponding optical d ensity  (m ean o f  3 observation s). 
C alc , co n cn  o f  total protein (N  x  6 .25 ) in each  diln o f  each  sam ple 
soln. F rom  each  m ean observed  op tical density  read from  curve 
corresponding co n cn  o f  soy protein in each  diln o f  each  sam ple 
soln. C alc , wt soy protein/100 g total protein for 3 dilns corresponding 
to each  sam ple o f  aceton e  pow der. I f  all 3 values correspond  to 
cen tral portion ( i .e . , dilns 2 - 6 )  o f  calibration  cu rve (F ig . 24:D2), 
take m ean as final result. O ptical d ensities that are too low  imply 
that soln assayed  was too co n ed ; higher serial dilns should be 
ch osen  fo r a second  E L IS A . R esu lt can  also  be ealed in term s o f 
wt soy protein/100 g sam ple as receiv ed  or in term s o f  wt soy 
ingredient (e .g ., flour contg  45%  protein) per 100 g sam ple as 
rece iv ed . N ote that the 3 w ays o f  defining soy levels in sam ple are 
not identical and m ust be distinguished carefu lly .

S o y  p ro te in , p g /m L

FIG. 24:D2—Determination of soy protein by ELISA procedure: calibration 
curve showing relationship between concentration of soy protein in 

standard solution and observed optical density

24.D07 S u g g e s te d  T im e ta b le

E L IS A  procedure itse lf  (F ig . 24:D1), exclu ding prepn o f  all solns 
and ealen o f  resu lts, should be carried  out in a few  hours during 
single w ork day. C om plete analysis o f  7 sam ples in duplicate on 
single plate (T ab le  24:D1) requ ires 1 w eek from  receip t o f  sam ples 
and involves 2 -3  days actual labor. R ea lis tic  tim etable  might be as 
fo llow s; how ever, it is p ossible to  use the intervals to ach iev e higher 
throughput or to dovetail o th er jo b s  as n e cessary .

D ay on e: secs  24.D03(a) and (b); 24.D05(a)
D ay tw o: secs  24.D03(c) and (e); 24.D05(a)
D ay three: secs 24.D03(d) and (e); 24.D05(b) and (c)
D ay four (E L IS A ) : secs 24.D03(f) and (g); 24.D05(d)-(k)
D ay five: sec . 24.D06

R e fs .: J .  S c i. F ood  A gric. 36 , 499(1985). J .  A sso c . Publ. A nalysts 
22, 59(1984). JA O A C  71, M arch issu e (1988).

25. METALS AND OTHER ELEMENTS

(1) The following first action methods were adopted final 
action:

(a) Arsenic, cadmium, lead, selenium, and zinc in food, 
multielement method, 25.001-25.007.

(b) Cadmium and lead in food, anodic stripping voltam- 
metric method, 25.008-25.015.

(c) Methyl mercury in fish and shellfish, gas chromato
graphic method, 25.146-25.152.

(d) Tin in canned foods, atomic absorption spectropho- 
tometric method, 25.A01-25.A04.

(2) Make a nonsubstantive change in the final action 
AOAC-ASTM atomic absorption spectrophotometric method 
for determination of cadmium and lead in earthenware, 
25.024-25.027.

Change 25.025(c)(2) to read:
Working solns.—Dil. 0.0, 1.0, 3.0, 5.0, 10.0, and 15.0 mL 

stock soln to 1 L with 4% HOAc (0, 1, 3, 5, 10, and 15 |xg/ 
mL).

(3) The following interim rapid gas chromatographic method 
for determination of methyl mercury in fish and shellfish 
was adopted first action:
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Mercury (Methyl) in Fish and Shellfish 
Rapid Gas Chromatographic Method 

First Action

25.D01 P rin c ip le

O rg. in terferen ces are rem oved from  hom ogenized seafood  by 
aceton e  w ash follow ed by toluene w ash. Protein-bound M e Hg is 
released  by addn o f  HC1 and extd  into toluene. T olu en e ex t is 
analyzed  fo r C H 3H gCl by electron  capture G C .

25.D02 R e a g e n ts

E qu iv . reagents m ay be used.

(a) S o lv e n ts .— A ceto n e, toluen e, and isopropanol, all distd in glass 
(B u rd ick  and Ja ck so n  L ab o ra to ries, In c ., or M C /B  M anufacturing 
C h em ists, N orw ood, OH 45212). Caution: Tolu en e is harm ful if  
inhaled and is flam m able; conduct all op erations with toluene in 
laboratory  hood.

(b) H y d r o c h lo r ic  a c id  so ln  ( I  + 1).— Add coned HC1 to equal 
vol. distd or deionized  H 20  and m ix. U se  2 vols toluene to ext 
potential in terferen ces from  1 vol. HC1 soln by vigorously shaking 
m ixt. 15 s in sep arator. D iscard  toluene ex t. R ep eat extn  step 4 
tim es. So ln  may be m ixed in ad vance. H ow ever, extn  m ust be 
perform ed im m ediately be fo re  HC1 soln is used to avoid form ation 
o f  e lectron -captu ring com pds w hich produce extran eou s peaks in 
chrom atogram s.

B e fo re  beginning analysis, ch eck  quality o f  reagents by  ch rom a
tographing blank taken thru m ethod. Do not use HC1 and solvs 
w hich produce extran eou s peaks at retention tim e o f  M e Hg.

(c) C a rrie r  g a s .— G C  quality A r-C H 4 (95 +  5).
(d) S o d iu m  s u l fa te .— A nhyd. reagent grade. H eat overnight in 

600° fu rn ace, let co o l, and store in capped b o ttle . L in e  cap with 
aceton e-w ashed  A1 foil to prevent contam ination from  cap . P eaks 
appearing at 14-15  min m ay be elim inated by refiring N a2S 0 4 (600° 
overnight).

(e) M e th y l  m e r c u r ic  c h lo r id e  s td  s o ln s .— K eep  tightly stoppered. 
S e a l stopper with T eflon  tape. ( / )  S to c k  s td  s o ln .— 1000 pg H g/m L. 
W eigh 0 .1252  g C H 3H gCl ( IC N -K & K  L ab o ra to ries , In c .)  into 100 
m L  vol. flask. D il to vol. with toluen e. (2) H ig h  le v e l  in te r m e d ia te  
s td  s o ln .— 40 pg H g/m L. D il. 10.0 m L  stock  std soln to 2 5 0 .0  m L  
w ith toluen e. (S) L o w  le v e l in te r m e d ia te  s td  s o ln .— 2 .0  pg H g/m L. 
D il. 10.0 m L  high level interm ediate std soln to 200 .0  m L  with 
toluene. (4) W o rk in g  s td  so ln s .— 0 .0 0 5 -0 .1 0  pg H g/m L. Prep, monthly 
by dilg with toluene in vol. flasks as follow s: D il. 10.0 m L  o f  2 .0  
pg H g/m L soln to  200 .0  m L  for 0 .10  pg H g/m L. D il. 2 0 .0  m L  o f  
0 .1 0  pg H g/m L soln to 2 5 .0  m L , 15.0 m L  to  25 .0  m L , 10.0 m L  to 
2 5 .0  m L , 10.0 m L  to 50 .0  m L , 10.0 m L  to 100.0 m L , and 10.0 m L  
to  2 0 0 .0  m L  fo r 0 .0 8 0 , 0 .0 6 0 , 0 .0 4 0 , 0 .0 2 0 , 0 .0 1 0 , and 0 .005  pg Hg/ 
m L , resp.

(f) M e r c u r ic  c h lo r id e  c o lu m n  tr e a tm e n t  s o ln .— 1000 ppm H gC l2. 
D isso lv e 0.1 g H gC l2 in 100 m L  toluene.

(g) F o r ti f ic a tio n  s o ln s .—( I ) S to c k  s o ln .— 1000 pg H g/m L. W eigh 
0 .1252  g C H 3H gC l into 100 m L  vol. flask. D il to vol. with H ,0 .  (2) 
W o rk in g  fo r t i f ic a t io n  s o ln .— 15 pg H g/m L. D il. 1500 p L  stock  
fortification  soln to 100.0 m L  w ith H 20 .

25.D03 A p p a ra tu s

W ash all g lassw are w ith d etergent (M icro  L aborato ry  C lean er, 
In ternational P rod u cts, T ren to n , N J 08601) and rin se thoroly with 
hot tap H ,0  follow ed by distd or deionized H 20 .  T hen rinse 3 tim es 
with aceto n e  and 3 tim es w ith toluen e. D ry in hood.

E qu iv . app. may be used excep t use packed colum n specified.

(a) C e n tr i fu g e .— M odel IE C  C R U -5000  (Intern ational Equipm ent 
C o ., N eedham  H eights, M A  02194).

(b) C e n tr ifu g e  tu b e s .— G la ss , 50  m L  cap acity  w ith Teflon-lin ed  
screw  caps (C at. N o. 9 2 12-K 78 , T h om as S c ien tific , 99 H igh H ill Rd 
at 1-295, PO  B o x  99 , Sw ed esb oro , N J 08085-0099).

(c) G r a d u a te d  c y lin d e r s .— G la ss , c lass A , 50 m L  cap acity , with 
ground-glass stoppers (K im ble 20036).

(d) T r a n s fe r  p ip e t s .— D isp osab le  g lass, P asteu r-typ e.
(e) D r o p p in g  p ip e ts .— G lass, 5 m L  cap acity  (N o . 13 -710B , F ish e r  

Sc ien tific  C o .).
(f) M e c h a n ic a l  s h a k e r .— M odel S -500  sh aker-in -th e-roun d, with 

M odel P T -0  tim er (K ra ft A pparatus, In c ., M in eola , N Y  11501).
(g) G a s ch r o m a to g ra p h .— H ew lett-Packard M odel 5710A  equipped 

with linear 63N i electron  capture d etecto r, M odel 7131A  reco rd er, 
and 6 ft x  2 mm id silanized glass colum n packed  with 5% D E G S - 
P S  on 1 0 0 -1 2 0  m esh Su p elcop ort (Su p elco , In c .) . P ack  colum n n o  
c lo s e r  than 2 .0  cm  from  in jection  and d etecto r port nuts and hold 
packing in p lace with 2 cm  high quality , silanized glass w ool at both 
ends. In stall oxygen scru bber and m olecular sieve d ryer (N o . H G C - 
145, A nalabs) betw een carrie r gas supply and co lu m n . C ondition 
colum n accord in g to m anu facturer’s instru ctions as fo llow s: F lu sh  
colum n 0 .5  h with carrie r gas flowing at 30 m L/m in at room  tem p. 
T hen heat 1 h at 50°. N ex t, heat colum n to  200° at 47m in  and hold 
at 200° overnight. D o not co n n ect colum n to d etecto r during this 
conditioning p ro cess . M aintain 30 m L/m in carrier gas flow  at all 
tim es during conditioning, treatm en t, and use. O perating cond ition s: 
colum n 155°, in jecto r 200°, d e tecto r 300°; carr ie r gas flow 30 m L / 
m in; record er ch art speed 0 .5 - 1 .0  cm /m in. U nd er th ese  cond itions 
and with H gC l2 colum n treatm en t proced ure d escribed  below , 
C H 3H gCl peak appears 2 -3  min a fter in jection  o f  ex t.

25.D04 M e rc u r ic  C h lo r id e  C o lu m n  T re a tm e n t

Colum n o f  5%  D E G S -P S , conditioned accord in g to m an u factu rer’s 
in stru ction s, can  be used to  det. C H 3H gCl only  a fter treatm en t by 
H gCl2 so ln , (f). B e ca u se  colum n perform an ce degrades w ith tim e, 
a lso  treat colum n periodically  during u se. P erform  appropriate H gC l2 
treatm en t proced ures d escribed  below .

(a) F o llo w in g  200° c o lu m n  c o n d itio n in g  a n d  a f te r  e v e r y  2 - 3  d a y s  
o f  a n a ly s e s .—I f  colum n has ju s t  been  cond ition ed  accord in g to 
m anu facturer’s instru ctions or has been  used 2 -3  days to  analyze 
e x ts , proceed  as follow s: A dju st colum n tem p, to 200° and in ject 20 
p L  H gC l2 treatm en t soln 5 tim es at 5 -1 0  min in tervals. M aintain 
200° tem p, overnight. C hrom atogram  will con tain  large, broad peaks. 
A dju st colum n tem p, to 155° n ext m orning and in ject 20 p L  H gC l2 
treatm en t soln 2 m ore tim es. L arg e , broad ch rom atgc peaks ap
pearing at ca  1 -2  h signal com pletion o f  treatm en t p ro cess and that 
colum n is ready fo r use.

(b) O n d a y  p r e c e d in g  a n a ly s e s .— I f  colum n has been  treated  by 
procedure (a) or used 1 day at 155° to analyze e x ts , colum n m ay be 
treated  at end o f  w orking day fo r n ext d ay ’s use as fo llow s: L o w er 
colum n tem p, to  115° and in ject 20 p L  H gC l2 treatm en t soln 1 tim e. 
A fter large, broad peaks appear in chrom atogram  (1 1 -2 0  h), trea t
m ent p ro cess is com p lete . N ex t w orking day, in crease  colum n tem p, 
to 155° operating tem p. W hen baselin e is stead y, co lu m n is ready 
fo r use.

(c) D u r in g  e x tr a c t  a n a ly s e s  a t  155°.— I f  colum n has been  used at 
155° to analyze exts or if  colum n p erform an ce and peak  ht have 
degraded enough to require H gCL treatm en t, in je c t tw o 20 p L  
aliquots o f  H gC l2 treatm en t soln. L arg e , broad  peaks will ap p ear in 
chrom atogram  1 -2  h a fter H gC l2 in jectio n , signaling com pletion  o f  
treatm en t p ro cess . W ait fo r stead y b aselin e ; then colum n is ready 
for use.

25.D05 E x tra c tio n  o f  M e th y l M e rc u r ic  C h lo r id e

P erform  all op erations excep t weighing in laboratory  hood. T ak e  
em pty cen trf. tube thru all steps fo r m ethod blank detn. A ccu rate ly  
weigh 1 g hom ogenized test sam ple into 50 m L  cen trf. tu be. Add 
25 m L  a ce to n e ; tightly cap and v ig o r o u s ly  shake tube by hand 15 s.
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L oosen  cap and cen trf. 5 min at 2000 rpm . C arefu lly  d ecant and 
discard a ceton e . (U se  dropping pipet to rem ove ace to n e , if  n e ce s
sary .) R epeat 25 m L  aceto n e  w ash step 2 m ore tim es. B reak  up 
tissue with glass stirring rod before shaking tube, if  n ecessary . Add 
20 m L  to lu en e; tightly cap  and vigorously shake tube by hand 30  s. 
L oosen  cap and cen trf. 5 min at 2000 rpm . C arefu lly  d ecant (or 
draw o ff  with dropping pipet) and d iscard  toluene. E xtran eo u s peaks 
in final G C  chrom atogram  m ay indicate that m ore vigorous shaking 
with aceton e  and toluene is required. In products fo r w hich M e Hg 
recov eries are to be detd, fortify  tissu e at this point by adding 
working fortification  so ln , (g), to cen trf. tubes.

Add 2 .5  m L  HC1 so ln , (b), to cen trf. tube contg  aceto n e- and 
toluene-w ashed sam ple. B re a k  up tissu e with glass stirring rod, if 
n ecessary . E x t  C H 3H gCl by adding 20 m L  toluene and shaking tube 
gently but thoroly 5 min on m ech. sh aker at setting 5 (2 min by 
hand). L o o se n  cap and cen trf. 5 min at 2000 rpm. I f  em ulsion is 
present after cen trifugation , add 1 m L  isopropanol and gently stir 
into toluene lay er with glass stirring rod to reduce em ulsion. D o 
not m ix isopropanol with aqueous phase. Add equal am ts o f  
isopropanol to blank and test so lns. I f  em ulsion is not p resent, do 
not add isopropanol to blank or test so lns. V igorous m ixing o f 
isopropanol with HC1 may produce interfering peaks in ch rom ato
gram s. R ecen trifu ge. W ith dropping pipet, carefu lly  tran sfer toluene 
to graduated cylin der. R in se  w alls o f  cen trf. tube with 1 -2  m L  
toluene and tran sfer rin se to graduated cylinder. R ep eat extn  step 
1 m ore tim e. C om bine both exts in graduated cy lin d er, dil. to 50 
m L  with toluen e, stop per, and m ix w ell. Add 10 g N a2S 0 4 and m ix 
again. T ightly stoppered ex ts (sealed  with T eflon  tape) m ay be 
refrigerated  and held overnight at this point. A nalyze by G C .

25.D06 G as  C h ro m a to g ra p h y

V erify  that system  is operating properly by in jecting  5 p,L std 
soln contg  0 .005  p.g H g/m L into G C  system . D iff. betw een C H ,H gC l 
peak hts fo r 2 in jection s should be £ 4 % . C h eck  d etecto r linearity  
by chrom atographing all w orking std solns.

In je c t 5 p,L std soln w ith co n cn  approx, equal to or slightly greater 
than co n cn  o f  ex t. Im m ediately a fter C H 3H gCl peak appears, in ject 
an o th er 5 p.L ex t. Im m ediately a fter C H 3H gCl and background 
peaks for ext appear, in ject another 5 p,L aliquot o f  std soln. B ecau se  
colum n perform an ce and peak ht slow ly d ecrease  w ith tim e, ca lc . 
Hg co n cn  in each  test sam ple by com paring peak ht fo r each  test 
ext to average peak ht fo r std solns in jected  im m ediately a fter test 
ext.

C o rrect ht o f  C H 3H gC l peak fo r test ex t by subtracting ht o f  peak 
for m ethod blank obtained  at sam e attenuation and record er sen si
tiv ity . C a lc . M e-bound Hg co n ten t o f  test sam ple exp ressed  as p,g 
Hg/g (ppm Hg) by com paring ht o f  peak from  in jection  o f  test ext 
to av . ht o f  peak from  dup. in jection s o f  std soln as follow s:

p.g Hg/g fish =  (.R IR ')  x (C '/C ) x 50

w here R =  co rrected  ht o f  C H 3H gCl peak from  in jection  o f  test 
e x t , R' =  av . ht o f  C H 3H gC l peak from  dup. in jection s o f  std soln, 
C  = wt (g) o f  test portion, C ' = co n cn  (p,g/mL) o f  Hg in std soln, 
and 50 =  final vol. (m L ).

R e f.: JA O A C  70, 24(1987).

C A S -7439-97-6  (m ercury)

26. NATURAL POISONS
(1) The following first action methods were adopted final 

action:
Aflatoxin M, standards for thin layer chromatography,

26.008-26.011.
Aflatoxins in food, Romer minicolumn method, 26.014-

26.019.

Aflatoxins in corn and peanuts, Holaday-Velasco mini
column method, 26.020-26.025.

Aflatoxins in peanuts and peanut products, CB method, 
26.026-26.031.

Aflatoxins in peanuts and peanut products, BF method, 
26.032-26.036.

Aflatoxins in coconut, copra, and copra meal, thin layer 
chromatographic method, 26.044-26.048.

Aflatoxins in corn, thin layer chromatographic method, 
26.049-26.051.

Aflatoxins in cottonseed products, thin layer and liquid 
chromatographic methods, 26.052-26.060 (includes sample 
preparation, 26.B01).

Aflatoxins in green coffee, thin layer chromatographic 
method, 26.061-26.066.

Aflatoxins in pistachio nuts, thin layer chromatographic 
method, 26.067-26.068.

Aflatoxins in soybeans, thin layer chromatographic method,
26.069.

Aflatoxins in eggs, thin layer chromatographic method,
26.070-26.075.

Identification of aflatoxin, by derivative formation on TLC 
plate, 26.083.

Aflatoxin M, in dairy products, thin layer chromatographic 
method, 26.090-26.094.

Aflatoxins B, and M, in liver, thin layer chromatographic 
method, 26.101-26.106.

Aflatoxins B, and M, in liver, confirmation method, 26.107- 
26.109.

Ochratoxins in barley, thin layer chromatographic method,
26.111-26.118.

Ochratoxin A in green coffee, thin layer chromatographic 
method, 26.119-26.125.

Sterigmatocystin in barley and wheat, thin layer chro
matographic method, 26.132-26.138.

Zearalenone in corn, thin layer chromatographic method, 
26.139-26.147.

Aflatoxin B, identification, confirmation method, 26.A01-
26.A08.

a-Zearalenol and zearalenone in corn, liquid chromato
graphic method, 26.A09-26.A16.

(2) Make a nonsubstantive change in the final action thin 
layer chromatographic-spectrometric method for prepara
tion of aflatoxin standards, 26.004-26.007.

Add as final sentences in 26.007:
Do not store stock solns of aflatoxin stds in MeOH. To 

store, evap. MeOH soln to dry film, or evap. and then 
redissolve residue in benzene-CH3CN.

(3) Make nonsubstantive changes in the first action (final
1988) CB method for aflatoxins in peanuts and peanut 
products, 26.026-26.031.

(a) In 26.031(b), 1st par., change line 9 to read:
. . . spot2,5,and 10p.Laflatoxinstds,26.011,orresolution 

ref. std, 26,012. Spot 5 |xL std. . .
(b) In 26.031(c), 2nd par., change line 3 to read:
. . . spot 3.5, 5.0, and 6.5 p,L aflatoxin stds, 26.011, 

corresponding to aflatoxins observed on preliminary plate, 
or use resolution ref. std, 26.012. Spot 5.0 p,L. . .
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(4) The following first action methods were declared 
surplus:

(a) Aflatoxins in green coffee, 26.061-26.066 (final 1988).
(b) Identification of aflatoxin B,( thin layer chromato

graphic method, 26.076-26.082.
(c) Aflatoxin M, in liver, confirmatory method, 26.110.

27. NUTS AND NUT PRODUCTS

No additions, deletions, or other changes.

28. OIUS AND FATS

No additions, deletions, or other changes.

29. PESTICIDE RESIDUES

No additions, deletions, or other changes.

30. SPICES AND OTHER CONDIMENTS

(1) The following first action method was adopted final 
action:

Moisture in spices, distillation method, 30.B01-30.B03.

(2) Make an editorial correction in method 30.083-30.084.
The title should read:
Permanganate Oxidation Number (6), Titrimetric Method, 

Final Action

31. SUGARS AND SUGAR PRODUCTS

(1) The following first action methods were adopted final 
action:

(a) Purity of lactose, liquid chromatographic method, 
31.064-31.071.

(b) Corn syrup and cane sugar in maple syrup, carbon 
ratio mass spectrometric method, 31.185-31.190.

(2) Make nonsubstantive changes in the final action thin 
layer chromatographic method for high fructose corn sirup 
in honey, 31.156-31.157.

(a) In 31.157(a): (7) Change the last sentence of the first 
paragraph to read, “ Evap. eluate in 50 mL beaker on steam 
bath in current of air or N, or by other appropriate means.”

(2) Change the last sentence of the second paragraph to 
read, “ Dissolve residue in 0.1-0.2 mL H:0 .”

(b) Change 31.157(c) to read:
Interpretation.—Pure honey will show 1 or 2 large blue- 

gray or blue-brown spots at R{ >0.35. Any blue streaks or 
series of spots extending from origin provide presumptive 
evidence of presence of corn sirup, high fructose corn sirup 
(HFCS), including high fructose sirup derived from plant 
source other than corn. In this event, addnl test must be. . .

(3) Make a nonsubstantive change in the final action carbon 
ratio mass spectrometric method for corn sirup in honey, 
31.158-31.161.

In 31.161, change the last paragraph to read:
. . . from TLC method 31.156. Corresponding 8I3C values 

for predominantly citrus honey are -21.9%c and -20.0%o.

Samples with 8I3C value less negative than -21.5%o relative 
to PDB ( -  20.0%o for citrus honey) is considered adulterated.

(4) The following final action methods were repealed to 
first action:

(a) Canadian lead number of maple products, Fowler 
modification, 31.191.

(b) Winton lead number of maple products, 31.192-31.194.

(5) The following interim Roberts copper method for 
dextran in raw cane sugar was adopted first action:

Dextran in Raw Cane Sugar 
Roberts Copper Method 

First Action

31.D01 P rin c ip le

All high M W  m aterial (> 1 0 ,0 0 0  daltons) is sepd from  sugar by 
pptn in 80%  ethyl a lcoh ol. Pptd m aterial is filtered o ff, w ashed, and 
then red issolved . A ik . C u (II) reagent is added w hich selectiv ely  
ppts dextran from  oth er high M W  m aterial in raw can e  sugar. T h is 
ppt is filtered o ff, and d extran  co n ten t is detd co lo rim etrica lly  as 
carboh yd rate by p h e n o l-H ,S 0 4 reac tio n , w hich breaks dow n d extran 
com plex to g lucose units and gives co lo r with in tensity  proportional 
to total am t dextran in sam ple. Sam ples and reaction  m ixts m ust 
be kept free o f  contam ination by sugar dust and oth er dust that may 
contain  carboh yd rate and react positively in ph enol-H ; S 0 4 co lo r 
test.

31 .D02 A p p a ra tu s

(a) Colorimeter or spectrophotometer.— T o  read A o r  T at 485 
nm.

(b) Sintered glass filters.— C o arse , pore size C , 15 m L.
(c) Nessler tubes.— 35 m L , or flat-bottom  test tubes short enough 

to fit inside filter flask.

31.D03 R e a g e n ts

U se reagent grade chem s unless oth erw ise specified. U se distd 
or deionized H ,0 .

(a) Absolute alcohol.— U se absolute a lco h o l; do not use 95%  
a lcoh ol.

(b) Ethyl alcohol, 80%.— D il. 80 m L  absolute alcohol (a) w ith 20 
m L  H ,0 .

(c) Filter aid.— A nal, grade, acid-w ashed.
(d) NaOH reagent soln.— 2.5N  N aO H , satd with N a2S 0 4. D is

solve 100 g N aO H  in H ,0  and dil. to 1 L . S a t. with anhyd. o r 
hydrated N a ,S 0 4, adding cry sta ls  until som e are left undissolved . 
S to re  in reagent bottle that has stopper o f  m aterial o th er than g lass. 
So ln  m ay be stored  1 m onth.

(e) Cu stock soln.— D issolve 3 .0  g C u S 0 4-5 1 L 0  in 50 m L  1LO . 
D issolve 30 .0  g N a citra te  in 50 m L  H ,0 .  M ix th ese 2 solns and dil. 
to 1 L  with H ,0 .  So ln  may be stored 2 w eeks.

(f) Cu reagent soln.— D il. 50  m L  Cu stock  soln w ith 50 m L  H 20 .  
D issolve 12.5 g anhyd. N a ,S 0 4 in this soln. R eagen t m ust be freshly 
prepd on each  day o f  use and m ust not be stored.

(g) Wash soln.— T o  50 m L  H ,0 ,  add 10 m L  Cu reagent soln and 
10 m L  2 .5N  N aO H  reagent soln.

(h) Phenol soln, 5%.— D issolve 5 .0  g pure phenol in H ,0  and dil. 
to 100 m L . So ln  may be stored 2 w eeks.

(i) Dextran.— (Ph arm acia C o ., In c ., 800 C en tennial A v e, P iscat- 
aw ay, N J 08854). Any M W  range may be used.
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(j) Sulfuric acid, 2N .— D issolve 98 g H 2S 0 4 in H 20  and dil. to 1 
L. Soln  m ay be stored 1 m onth. (Caution: S e e  51.030.)

31 .D04 P re p a ra tio n  o f  S ta n d a rd  C u rv e

D et. m oisture content o f  dextran to allow  m oisture co rrection  
when d extran  is w eighed fo r std cu rve. W eigh 500 mg std dextran 
in weighing dish and dry 4  h at 105°. C ool in d esicca to r ov er anhyd. 
C aC l2. W eigh and ca lc , m oisture content as follow s:

M oistu re, % =  [(original wt -  dry w t)/original wt] x 100

W eigh 500 mg d extran  (corrected  fo r calcd  m oisture con ten t), 
d issolve in H 20 ,  and dil. to 500 m L . D o not use predried dextran 
w hich m ay not d issolve properly. Soln con tain s 1.0 mg d extran/m L. 
U se  fresh ly  prepd soln fo r each  std cu rve detn.

D il. 100 m L  1.0 mg d extran/m L  std soln to 1 L  (0.1 mg dextran/ 
m L ). U se  this soln in aliquots o f  10, 20 , 30 , 40 , 50 , 60 , 70 , 80, 90, 
and 100 m L , each  dild to 100 m L , to prep, std cu rve. E ach  soln 
co n ta in s, resp ., 0 .0 1 , 0 .0 2 , 0 .0 3 , 0 .0 4 , 0 .0 5 , 0 .0 6 , 0 .0 7 , 0 .0 8 , 0 .0 9 , 
and 0.1 mg d extran/m L.

U se  A  (or T) data to co n stru ct calibration  cu rve with mg dextran/ 
m L  as x -ax is .

31.D05 P h e n o l-H 2S 0 4 Test

In series o f  10 test tu bes, 20 x 150 m m , place 2 m L  o f  each 
d extran  std soln. P lace  2 m L  H zO in an 11th tube as blank. Add 1 
m L  5%  phenol soln to each  tube. Sw irl tubes gently to m ix phenol 
and carboh yd rate solns.

T o  each  tube add 10 m L  coned H 2S 0 4, preferably  using plastic 
autom atic pipet, releasing acid  rapidly to ensure that soln is thoroly 
m ixed. D o not let pipet touch so ln , and do not let acid  rem ain on 
top o f  soln. M ix on V o rte x  m ixer.

P lace tubes (in rack) in boiling H 20  bath for 2 min. L e t co o l 30 
min.

R ead  co lo r as A or T, preferably  A , on co lorim eter or spectroph tr 
at 485 nm against blank so ln . Se t A  to  zero  on blank and then read 
A  o f  so ln s, using sam e cell (or m atched ce lls) fo r blank and test 
so lns. M ake duplicate co lo rim etric  readings and ca lc . av. value.

F o r  b est a ccu ra cy , A should be betw een 0.1 and 0 .6  (T  should be 
> 2 5 % ) . I f  A  is > 0 .6 ,  diln step is required. T h is step should not be 
n ecessary  fo r prepn o f  std cu rv e, but m ay be required fo r sugar 
sam ples.

T o  prep, dild soln from  soln from  w hich 2 m L  aliquot was taken 
(final 25 m L  soln in sugar sam ple d etn ), pipet 5 m L  into 25 m L  vol. 
flask and dil. to vol. U se  2 m L  o f  this dild soln in p h en o l-H 2S 0 4 
detn. In this ca se , diln fa c to r  o f  5 m ust be included in ealen o f  ppm 
dextran.

31 ,D06 D e te rm in a tio n

A ccu rately  weigh 4 0 .0  g sugar in b eaker and d issolve in small 
am t H20 .  Q uant, tran sfer soln to 100 m L  vol. flask and dil. to vol. 
with H 20 .  F ilte r  > 5 0  m L  o f  this soln thru qual. paper in funnel to 
rem ove co arse  suspended m aterial

Pipet 10 m L  filtrate into 100 m L  b eak er, add 0 .3 - 0 .4  g anal, filter 
aid, and stir; add 40  m L  absolute alcoh ol and stir. L e t  stand 5 min 
to form  ppt. F ilte r ppt o ff  on sintered glass filter on ru bber ring or 
ru bber sleeve-topped v a c . filter flask.

W ash ppt 5 tim es with 80%  ethyl a lcoh ol, each  tim e filling filter 
with alcoh ol, and letting alcohol be drawn thru ppt. D o not let ppt 
go dry and do not let alcoh ol overflow  filter. This step  is im portant 
to rem ove sugar that might rem ain adsorbed to ppt and interfere in 
p h en o l-H 2S 0 4 reaction .

W hen last portion o f  alcoh ol w ash has been com pletely  drawn 
thru ppt, quant, transfer ppt plus filter aid to 25 m L  vol. flask. U se 
m in. am t H20  for tran sfer. F irs t, p lace 50 or 60 mm long-stem  
funnel in em pty 25 m L  flask. Invert sin tered  glass funnel contg  ppt 
into long-stem  funnel; fill stem  o f  sin tered  glass funnel with H 20  
and blow  ppt plus filter aid into long-stem  funnel, using air hose or

m outh. U se  H 20  from  w ash bo ttle  to  w ash rem aining tra ce s  o f  solid 
from  sintered  glass funnel (2  tim es) into long-stem  funnel, and w ash 
all ppt (broken up w ith spatula) into 25 m L  vol. flask. A m t H 20  
used m ust not exceed  vol. o f  25 m L  flask. A djust to vol. with H 20 .

F ilte r  soln thru fluted W hatm an N o. 42 , 110 m m , paper in 60  or 
80 mm funnel. C o llect a  10 m L  filtrate fo r analysis.

Pipet 10 m L  filtrate into 20 x 100 mm glass o r  p lastic test tube. 
Pipet 2 m L  2 .5N  N aO H  reagent soln into test tube. Pipet 2 m L  Cu 
reagent soln into test tube and add 0 .2  g anal, filter aid. P lace test 
tubes (in rack) in boiling H 20  bath 5 min to ppt C u -d extran  com plex 
on filter aid, and then let co o l 20 m in.

F ilte r  ppt, w nich con tain s C u -d ex tran  co m p lex , on sin tered  glass 
filter (coarse  pore size , 15 m L ). R in se  test tube 2 tim es w ith 10 m L  
portions o f  w ash soln and pour th ese into sintered  glass filter.

D iscard  filtrate.
P lace filter, contg  ppt, on v ac. flask con tg  short (35 m L ) N essler 

tube (or flat-bottom  vial) positioned so that stem  o f  sintered glass 
funnel exten d s into N essler tube.

Pour 2 m L  2N  H 2S 0 4 soln on to  ppt in sin tered  glass fun nel; turn 
on vac. and draw acid  soln thru ppt. R ep eat this proced u re, then 
rinse ppt with 2 m L  H 20 .

Quant, transfer filtrate , w hich co n ta in s solubilized  d extran  to 25 
m L  vol. flask and dil. to vol. with H 20 .

Pipet 2 m L  o f  this soln into 20 x  150 mm test tube and follow  
procedure for Phenol-H2S04 Test.

31 ,D07 C a lc u la t io n

R ead d extran  co n cn , m g/m L, from  std calibration  cu rv e.

D extran  in sam ple, ppm =  [(m g/m L  d extran  from  std cu rve) x  
(m L  final soln o f  C u -d extran  co m p lex) x (m L  soln o f  a lcoh ol ppt) 
x 105]/[(m L  aliquot taken  fo r Cu pptn) x (m L  aliquot taken  for 

alcoh ol pptn) x (w t sam ple solids dild to 100 m L)]

I f  A =  wt sam ple solid s, g , dild to 100 m L ; B = a liquot taken 
for alcoh ol pptn, m L ; C  =  soln o f  a lcoh ol ppt, m L ; D  =  aliquot 
taken for Cu pptn, m L ; E =  final soln o f  C u -d extran  co m p lex , m L ; 
F  =  dextran (from  std cu rv e), m g/m L, then:

D extran , ppm =  (F) x (E) x (C/£>) x (1 IB) x (1/A) X 105

T h erefo re , fo r aliquots specified in p roced ure: A =  4 0 , B  =  10, 
C  =  25, D  =  10, and E = 25.

R e f.: JA O A C  71 , M arch  issu e (1988).

C A S-9004-54-0  (dextran)

32. VEGETABLE PRODUCTS, PROCESSED
No additions, deletions, or other changes.

33. WATERS; AND SALT
No additions, deletions, or other changes.

34. COLOR ADDITIVES
The following interim rapid cleanup for spectrophotometric 

and thin layer chromatographic identification of FD&C color 
additives in foods was adopted first action:

FD&C Color Additives in Foods 
Rapid Cleanup

for Spectrophotometric and Thin Layer Chromatographic 
Identification 
First Action

(A pplicable to sepn and identification o f  F D & C  R ed  N os. 3 and 40, 
B lu e N os. 1 and 2 , Y ellow  N os. 5 and 6 , G reen  N o. 3, and form er 

F D & C  R ed N o. 2)
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34.D01 Principle

C o lo r additives are sepd on rev erse  phase C lg cartridge and 
identified by spectroph otom etry  and thin lay er chrom atgy.

34.D02 Apparatus

(a) C 18 cartridges.— Sep -P ak  (W aters A sso cia tes , In c .) , or equiv. 
Cartridges are reu sable w hen flushed with 3 - 4  m L  50%  isopropanol 
to rem ove all residual co loring and stored  in isopropanol until 
needed.

(b) Syringe.— 10 m L  with L u er tip.
(c) Spectrophotometer.— U V -v isib le , record ing, capable o f  scan 

ning w avelength range from  750 to 350 nm.
(d) Spectrophotometric cells.— 3.5 m L , 1 cm  path length.
(e) TLC plates.— S ilica  gel G , precoated . U nip lates (A lltech  

A sso c ia te s , In c ., 2051 W aukegan R d, D eerfield , IL  60015), or equiv.
(f) Filter paper.— Fold ed . W hatm an N o. 2 V , 12.5 cm , or equiv.
(g) Pipets.— D isp osab le , 5 p,L. M icrocap s (Drum m ond Scien tific 

C o ., 500 P arkw ay, B room all, PA  19008), or equiv.

34.D03 Reagents

(a) Isopropanol solns.— 2 .5 , 5, 13, 20 , and 50%  L C  grade isop ro
panol in H 20 .

(b) Acetic acid soln.— 1% H O A c in H 20 .
(c) Hydrochloric acid.— C oned , anal, reagen t grade.
(d) NaOH soln.—50%  N aO H  in H 20  w/v.
(e) FD&C reference stds.— (A vailable from  F ood  and Drug 

A dm inistration , D ivision o f  C olor T ech n olo gy , 200 C S t , SW , 
W ashington, D C 20204, and com m ercial so u rces). Stock soln: 100 
mg ref. std/100 m L  H20 .  Working soln: D il. 1 m L  stock  soln to 100 
m L  w ith appropriate isopropanol soln to obtain  sp ectra . U se  1 cm  
cells as d escribed  in Identification.

(f) TLC solvent system.— n-Butanol-m ethyl ethyl k eton e-N H 4O H - 
H ,0  (5 +  3 +  1 +  1).

34.D04 Preparation of Samples

Sam ple size depends on intensity  o f  co loran ts p resent. P rior to 
C 18 cartridge ex tn , filter sam ples thru prew etted paper, sintered 
glass filters, or d isposable filters (L id /X  [X y d ex C o rp ., 4 A lfred C r, 
B ed ford , M A  01730 ; or equ iv .]). Note: F ilte r  paper m ay absorb 
coloring.

I f  lakes o f  co lo rs are present use alternative m ethodology.

MIXTURE
10mL 2,5% ISP

E R

R2 * 75 R3 * R40+Y6+Bi +B2+G3
Sep-Pak
(¿mL 5% ISP) 5ml 13% ISP

E R E R
75 r 2 R40tY6 *B2 R3  + &I + 6 3

5mL13% ISP 5mL
E Sep-Pak

R2
(11mL5% SP)

E R E R

02 y 6  + R̂ 0 b1+g3 r 3

5 ml
20% ISP

TLC 3 ml 50% 
E ISP

p _L J___
E J !  Q3

76 + R40
TLC

X  □ _
y6 rL0

FIG. 34:D1—Scheme for identification of FD&C color additives: isopro
panol (ISP); E = elutes and R = retains. R2, Red No. 2; R3, Red No. 3; 
R«i, Red No. 40; Y5, Yellow No. 5; Y6> Yellow No. 6; B,, Blue No. 1; B2, 

Blue No. 2; G3, Green No. 3

syringe barrel and rep lace plunger. Pump soln thru cartrid ge, rem ove 
cartrid ge, and d iscard  eluate. R ep eat using 5 m L  1%  H O A c follow ed 
by filtered sam ple and appropriate voi. o f  isopropanol soln accord in g 
to schem e in F ig . 34 :D 1 . C o llect only co lored  portion. E lu te  at 
m oderate flow rate  that results in droplets rather than stream s o f  
eluant. M onitor sepn close ly  and d iscard  fractio n s that contain  
overlapping bands.

34.D06 Identification
Follow ing are exam ples o f  prepns fo r com m only en cou ntered  

sam ples.
(a) Oriental noodles.— P lace 5 g product and 20 m L  H 20  in beaker 

ov er low  heat with gentle sw irling until co loring is leached . F ilte r 
so ln , and apply 2 m L  filtrate onto cartridge.

(b) Candy.— P lace  in b eak er 2 or m ore units depending on 
in tensity  o f  product co loring. U se sep. b eak er fo r each  different 
co lo red  candy. Add 10 m L  H 20  to each  b eaker and proceed  as for 
nood les (a).

(c) Carbonated soda and similar drinks.— U se sam ple “ as i s .” 
A pply 2 m L  onto cartridge.

(d) Gelatin dessert.— P lace  3 g product and 90  m L  H 20  in b eaker 
ov er low  heat with gentle sw irling until d issolved . F ilte r  soln and 
apply 5 m L  filtrate onto cartridge. U se  cartridge only on ce and 
d iscard . U se new cartridge for rep eat extn .

(e) Powdered drink mix.— P lace 1 g product in beaker, add 200 
m L  H 20 ,  and m ix by gentle sw irling until sam ple is d issolved . F ilte r 
soln and apply 2 m L  filtrate onto cartridge.

(f) Dye mixtures.— Apply 1 -2  m L  aq . soln o f  dye m ixt. d irectly  
on to  cartridge.

34.D05 Separation
R em o v e plunger from  10 m L  syringe, and p lace long end o f  

cartridge on L u er tip o f  syringe barrel. Add 3 m L  isopropanol to

R ef. std solns m ust be prepd in sam e strength isoprop anol used  
to elute test sam ple. Id entify  sepd co lo r additives by v isib le sp e c
trop hotom etry  with further confirm ation by thin lay er ch rom atgy .

Wavelength (nm)
FIG. 34:D2—Spectra of former FD&C Red No. 2 in three 13% isopropanol 

solutions
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(a) S p e c tr o p h o to m e tr y .- -U se n eu t.-acid -b asic  com bination spectra 
as show n in F ig . 34:D2. P erform  follow ing steps in seq u en ce on 
sam e soln to obtain sp ectra  under 3 cond ition s: (7) N e u tr a l s o ln .—  
F ill 3 .5  m L  1 cm  absorption  cell ca  Va full w ith sam ple eluate and 
scan visible spectrum  from  750 to 350 nm.

(2) A c id  s o ln .— T o  neut. soln in cell add 1 drop (P asteu r pipet 
equ iv .) o f  HC1. O btain  visible spectrum  as for neut. soln.

(3) B a s ic  s o ln .— T o  acid  soln in cell add 2 drops 50%  N aO H  soln. 
O btain visible spectrum  as for neut. soln.

(b) Thin la y e r  c h ro m a to g r a p h y .— U se silica  gel G  plates and T L C  
solv. system  (f). U se  sam ple eluate “ as is ’ ’ if  co lo r intensity  is 
adequate fo r visualization, o r  co n e , to sm all vol. if jud ged  too dild. 
S treak  3 cm  band o f  unknow n sam ple along line 1 cm  above base 
o f  T L C  p late, and let dry. Apply 1 p L  appropriate ref. stds to  plate 
at spaced  intervals atop dried sam ple streak , dry, and develop to 
10 cm . O ne com m on band that develops at R, o f  corresponding ref. 
std identifies co lo r additive.

R e f.: JA O A C  71 , M ay issue (1988).

35. COSMETICS

No additions, deletions, or other changes.

36. DRUGS: GENERAL

(1) The following first action methods were adopted final 
action:

(a) Methocarbamol in drugs, liquid chromatographic method,
36.212-36.218.

(b) Trimethobenzamide hydrochloride in drugs, ion-pair 
column chromatographic method, 36.A01-36.A06.

(c) Phenothiazine drugs, microcrystalline identification, 
36.A07-36.A10.

(2) The following interim liquid chromatographic method 
for determination of flucytosine in capsules was adopted 
first action:

Flucytosine in Drug Capsules 
Liquid Chromatographic Method 

First Action

36.D01 Principle

Flu cy tosin e  co n ten t o f  capsules is detd by liq. chrom atgy on C I8 
rev erse  ph ase co lu m n, using H 20 - M e 0 H - H 0 A c  m obile phase contg
1-octanesulfonic acid  N a salt, p -am in obenzoic acid  as internal std, 
and U V  d etection  at 285 nm.

36.D02 Apparatus

(a) L iq u id  c h ro m a to g r a p h .— M odel 8800 solv. pump with variable 
w avelength d etecto r cap ab le  o f  m onitoring elution at 285 nm (Du 
P ont In strum en ts D iv .), in jection  valve with 20  p L  sam ple loop 
(V aleo  Instrum ents C o ., In c ., PO  B o x  55603, H ou ston , T X  77055), 
and su itable strip ch art record er. E qu iv . L C  system  m ay be used. 
O perating cond ition s: flow rate  1.5 m L/m in ; d etecto r 285 nm , 0 .32  
A U F S ; ch art speed 0 .5  cm /m in; tem p, am bient; in jection  vol. 20 
p L . T o  d etect flu orouracil, main degradation/precursor product o f  
flu cytosine , m onitor sepn at 266 nm to m axim ize sensitiv ity .

(b) C h r o m a to g ra p h ic  co lu m n .— Stain less stee l, 300 mm x  3 .9  
mm id, packed w ith 10 pm  p B on d ap ak  C 18 (W aters A sso cia tes ,

I n c . ) ,  o r  e q u iv .  c o lu m n  th a t  m e e t s  L C  s y s t e m  s u i t a b i l i t y  r e q u i r e 
m e n ts .

36.D03 Reagents

(a) 1-Octanesulfonic acid N A  salt.— ( E a s t m a n  K o d a k  C o .) .

(b) p-Aminohenzoic acid.— C e r t i f i e d  A C S  G r a d e  ( F i s h e r  S c ie n t i f ic  
C o . ) ,  o r  e q u iv .

(c ) M obile phase.— H , 0 - M e O H - H O A c  (7 8 5  +  2 0 0  +  15 v /v /v )  
c o n tg  2 g /L  o f  1 - o c ta n e s u l f o n ic  a c i d  N a  s a l t .

(d) In ternal std soln.— A c c u r a t e l y  w e ig h  c a  160 m g  p - a m in o b e n -  
z o ic  a c id  a n d  t r a n s f e r  t o  2 0 0  m L  v o l .  f la s k .  A d d  1 00  m L  m o b i le  

p h a s e ,  s o n i c a t e  5  m in ,  s h a k e  m e c h .  25  m in ,  d i l .  t o  v o l .  w i th  m o b i le  
p h a s e ,  a n d  m ix  w e ll .

(e) Flucytosine std soln.— A c c u r a t e l y  w e ig h  c a  3 0  m g  U S P  F l u 
c y to s i n e  R e f .  S td  a n d  t r a n s f e r  t o  5 0  m L  v o l .  f la s k .  A d d  25 m L  
m o b i le  p h a s e ,  s o n i c a t e  5  m in  w i th  g e n t l e  s w i r l in g ,  s h a k e  m e c h .  25 

m in ,  d i l .  t o  v o l .  w i th  m o b i le  p h a s e ,  a n d  m ix .  T r a n s f e r  1 0 .0  m L  o f  
th i s  s o ln  t o  100 m L  v o l .  f l a s k ,  a d d  5 .0  m L  i n t e r n a l  s t d  s o ln ,  d i l .  to  
v o l .  w i th  m o b i le  p h a s e ,  a n d  m ix .  P r e p ,  t h i s  s o ln  f r e s h  d a i ly .

36.D04 Sample Preparation

A c c u r a t e l y  w e ig h  c o n t e n t s  o f  a 2 0  f l u c y to s in e  c a p s u l e s  a n d  d e t .  
a v .  w t / c a p s u le .  A c c u r a t e l y  w e ig h  p o r t i o n  o f  p o w d e r  e q u iv .  t o  c a  
100  m g  f lu c y to s in e  a n d  t r a n s f e r  t o  100  m L  v o l .  f l a s k .  A d d  5 0  m L  
m o b i le  p h a s e ,  s o n i c a t e  5 m in  w i th  g e n t l e  s w i r l in g ,  s h a k e  m e c h .  25  
m in ,  d i l .  to  v o l .  w i th  m o b i le  p h a s e ,  a n d  m ix  w e l l .  F i l t e r  p o r t i o n  o f  
s o ln  t h r u  s u i ta b le  p a p e r  o r  0 .4 5  p m  m e m b r a n e  f i l t e r ,  d i s c a r d i n g  f i r s t  

10 m L  f i l t r a te .  T r a n s f e r  6 .0  m L  f i l t r a te  t o  100 m L  v o l .  f l a s k ,  a d d
5 .0  m L  i n t e r n a l  s t d  s o ln ,  d i l .  t o  v o l .  w i th  m o b i le  p h a s e ,  a n d  m ix  
w e l l .  F r o m  th i s  p o in t ,  c o m p le t e  d e t n  o n  s a m e  d a y .

36.D05 Suitability Test and Determination

I n j e c t  2 0  p L  e a c h  o f  s a m p le  a n d  s t d  s o ln s  in to  L C  s y s t e m  b y  
u s in g  s a m p l in g  v a lv e  o r  h ig h  p r e s s u r e  m ic r o s y r in g e .  O p e r a t e  s y s t e m  
a s  d e s c r ib e d  in  Apparatus. A d ju s t  d e t e c t o r  s e n s i t i v i t y  s o  p e a k  
r e s p o n s e  f o r  f lu c y to s in e  i s  b e t w e e n  4 0  a n d  7 5 %  fu ll  s c a l e .  I n  s u i t a b le  

c h r o m a to g r a m ,  C V  o f  p e a k  h t  ( o r  a r e a )  r a t i o s  f o r  6  r e p l i c a t e  i n je c t io n s  
o f  s td  s o ln  s h o u ld  b e  < 2 .0 % ,  a n d  r e s o l u t i o n  f a c t o r ,  R, f o r  f l u c y to s in e  
p e a k  a n d  in te r n a l  s t d  p e a k  s h o u ld  b e  £ 2 .

C a lc ,  r e s o l u t i o n  f a c t o r  a s  fo l lo w s :

R = [2(h -  i,))/(W2 + W.)
w h e r e  t2 a n d  t, = r e t e n t i o n  t im e s  o f  2  c o m p o n e n t s ,  a n d  W2 a n d  W , 
=  c o r r e s p o n d in g  w id th s  o f  p e a k s ,  m e a s u r e d  b y  e x t r a p o l a t i n g  s id e s  
o f  p e a k s  t o  b a s e l in e .

36.D06 Calculation

C a lc ,  a m t  f l u c y to s in e  in  d o s a g e  f o r m ,  u s in g  r e s p o n s e  r a t i o s  b a s e d  
o n  e i t h e r  p e a k  h t s  o r  p e a k  a r e a s ,  a c c o r d i n g  t o  f o l l o w in g  e q u a t io n :

F l u c y t o s i n e ,  m g /c a p s u le  =  1 .6 6 7 C  x (R/R') x ( TIW)

w h e r e  C =  c o n c n ,  p g /m L ,  o f  f l u c y to s in e  in  s td  s o ln ;  R a n d  R' -  
r e s p o n s e  r a t i o s  f o r  f lu c y to s in e  p e a k  t o  i n t e r n a l  s t d  p e a k  f o r  s a m p le  
a n d  s td ,  r e s p  ; T = a v .  c a p s u l e  w t ,  m g ;  W  =  w t  s a m p l e  t a k e n  f o r  
a s s a y ,  m g .

R e f . :  J A O A C  7 1 , J a n u a r y  i s s u e  (1 9 8 8 ) .

C A S -2 0 2 2 -8 5 -7  ( f lu c y to s in e )

(3) The following interim liquid chromatographic method 
for determination of levodopa and levodopa-carbidopa in 
solid dosage forms was adopted first action:
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Levodopa and Levodopa-Carbidopa in Solid Dosage Forms 
Liquid Chromatographie Method 

First Action

flask, add acetam inophen internal std soln (15 m L  fo r levod opa- 
carbidopa 100/25 tab lets , 5 m L  fo r all o th er dosage lev els), dil. to 
vol. with 0 .1N  HC1, and m ix.

36.D07 Principle

L e v o d o p a  in  t a b l e t s  o r  c a p s u le s  a n d  l e v o d o p a - c a r b id o p a  in  t a b l e t s  
a r e  d e t d  b y  r e v e r s e  p h a s e  l iq .  c h r o m a tg y  o n  C I8 c o lu m n  w i th  3 %  

H O A c  a s  m o b i le  p h a s e ,  a n d  U V  d e t e c t i o n  a t  2 8 0  n m . M e th y l d o p a  
is  i n t e r n a l  s t d  f o r  l e v o d o p a  t a b l e t s  o r  c a p s u l e s ;  a c e t a m in o p h e n  is  
i n t e r n a l  s t d  f o r  l e v o d o p a - c a r b id o p a  t a b l e t s .

36.D08 Apparatus

(a) L iq u id  c h ro m a to g r a p h .— I s o c r a t i c  s y s t e m  e q u ip p e d  w i th  d e 

t e c t o r  c a p a b le  o f  m o n i to r in g  A  a t  2 8 0  n m .  s u i ta b le  s t r ip  c h a r t  
r e c o r d e r ,  a n d  in je c t io n  v a lv e  w i th  2 0  p ,L  s a m p le  lo o p .

(b) C h r o m a to g ra p h ic  co lu m n .— 3 0 0  x 3 .9  m m  id ,  p ,B o n d a p a k  

C I8, 10 p-m p a r t i c l e  s iz e  ( W a te r s  A s s o c i a t e s ,  I n c ) ,  o r  e q u iv .  c o lu m n  
t h a t  m e e t s  s u i t a b i l i ty  r e q u i r e m e n t s .

(c ) M e m b ra n e  f i l te r s .— 0 .4 5  p m  p o r o s i ty  (M i l l ip o r e ,  o r  e q u iv .) .

36.D09 Reagents

(a) M o b ile  p h a s e .— 3 %  a q .  H O A c .

(b) M e th y ld o p a  in tern a l s td  so ln .— 2 m g /m L .  A c c u r a t e l y  w e ig h  
c a  2 0 0  m g  U S P  M e th y l d o p a  R e f .  S td  in to  100  m L  v o l .  f la s k ,  a d d  50 
m L  0 .1 N  H C 1 , a n d  s o n ic a t e  t o  d i s s o lv e  s td .  D il.  t o  v o l .  w i th  m o b i le  
p h a s e ,  a n d  m ix .

(c ) A c e ta m in o p h e n  in tern a l s td  so ln .— 0 .5  m g /m L .  A c c u r a t e ly  
w e ig h  c a  125 m g  U S P  A c e ta m in o p h e n  R e f .  S td  in to  2 5 0  m L  v o l .  

f l a s k ,  a d d  7 5  m L  M e O H ,  a n d  s o n ic a t e  to  d i s s o lv e  s td .  D il .  t o  v o l. 
w i th  m o b i le  p h a s e ,  a n d  m ix .

(d) L e v o d o p a  s td  so ln .— J u s t  p r i o r  t o  u s e ,  d r y  U S P  L e v o d o p a  
R e f .  S t d  4  h  a t  105°. S to r e  in  t ig h t ly  c o v e r e d ,  l i g h t - r e s i s t a n t  c o n ta in e r .  
A c c u r a t e l y  w e ig h  c a  100 m g  d r i e d  s td  in to  5 0  m L  v o l .  f la s k .  A d d  

3 0  m L  0 .1 N  H C 1 , a n d  s o n ic a t e  to  d i s s o lv e .  D il .  to  v o l .  w i th  0 .1 N  
H C 1 , a n d  m ix .  F i l t e r  s o ln  t h r u  0 .4 5  p m  m e m b r a n e  f i l te r ,  d i s c a r d i n g  

f i r s t  5  m L  f i l t r a te .  P ip e t  5 m L  f i l t r a te  a n d  10 m L  m e th y ld o p a  in te r n a l  
s t d  s o ln  in to  100 m L  v o l .  f la s k ,  d i l .  t o  v o l .  w i th  m o b i le  p h a s e ,  a n d  
m ix .

(e ) L e v o d o p a -c a r b id o p a  s td  so ln .— D ry  U S P  C a r b id o p a  R e f .  S td  
t o  c o n s t  w t  a t  100° u n d e r  r e d u c e d  p r e s s u r e  n o t  e x c e e d in g  5 m m  H g . 
S to r e  in  t ig h t ly  c o v e r e d ,  l i g h t - r e s i s t a n t  c o n ta in e r .  A c c u r a t e l y  w e ig h  
c a  100 m g  d r i e d  U S P  L e v o d o p a  R e f .  S td  (d) in to  5 0  m L  v o l .  f la s k .  
A d d  a c c u r a t e l y  w e ig h e d  a m t  o f  d r ie d  c a r b id o p a  s td  s o  t h a t  c a r b id o p a -  
t o - l e v o d o p a  r a t i o  c o r r e s p o n d s  to  t h a t  f o u n d  in  c o m .  le v o d o p a -  
c a r b i d o p a  t a b l e t .  A d d  3 0  m L  0 .1 N  H C 1 , s o n ic a t e  t o  d i s s o lv e ,  d il .  
t o  v o l .  w i th  0 .1 N  H C 1 , a n d  m ix .  F i l t e r  s o ln  t h r u  0 .4 5  p m  m e m b r a n e  
f i l t e r ,  d i s c a r d i n g  f i r s t  5 m L  f i l t r a te .  P ip e t  10 m L  f i l t r a te  in to  100 m L  

v o l .  f l a s k ,  a n d  a d d  v o l .  o f  a c e t a m in o p h e n  i n t e r n a l  s td  s o ln  s o  t h a t  
a c e t a m i n o p h e n  c o n c n  is  1 .25  t im e s  c a r b id o p a  c o n c n .  D il .  t o  v o l .  
w i th  m o b i le  p h a s e ,  a n d  m ix .

36.D10 Sample Preparation

(a) L e v o d o p a  ta b le ts  o r  c a p s u le s .— W e ig h  a n d  f in e ly  p o w d e r  £ 2 0  
t a b l e t s  o r  c o m p o s i t e  c o n t e n t s  o f  2 0  c a p s u le s .  W e ig h  p o r t i o n  o f  
p o w d e r  e q u iv .  t o  c a  100  m g  l e v o d o p a  in to  5 0  m L  v o l .  f la s k ,  a n d  
p r o c e e d  a s  d i r e c t e d  u n d e r  l e v o d o p a  s td  s o ln  (d), b e g in n in g  “ A d d  
3 0  m L  0 .1 N  H C 1 . . . ”

(b) L e v o d o p a -c a r b id o p a  ta b le ts .— W e ig h  a n d  f in e ly  p o w d e r  > 2 0  
t a b l e t s .  W e ig h  p o r t i o n  o f  p o w d e r  e q u iv .  t o  c a  100 m g  le v o d o p a  in to  
5 0  m L  v o l .  f la s k ,  a n d  p r o c e e d  a s  d i r e c t e d  u n d e r  l e v o d o p a - c a r b id o p a  
s t d  s o ln  (e ) , b e g in n in g  “ A d d  3 0  m L  0 .1 N  H C 1 . . . ”

(c ) L e v o d o p a -c a r b id o p a  ta b le ts  f o r  c o n te n t u n ifo rm ity  d e te r m i
n a tio n .— D is s o lv e  1 t a b l e t  in  s u f f ic ie n t  0 .1 N  H C 1  to  p r e p ,  s o ln  c o n tg  
2 m g  l e v o d o p a /m L .  F i l t e r  s o ln  t h r u  0 .4 5  p m  m e m b r a n e  f i l te r ,  
d i s c a r d i n g  f i r s t  5 m L  f i l t r a te .  P ip e t  1 0 .0  m L  f i l t r a te  in to  100  m L  v o l .

36.D11 System Suitability Test and Assay
E qu ilibrate L C  system  with m obile phase at 1.5 m L/m in . In je c t  

20 p L  std soln. A pprox, reten tion  tim es are levod op a, 3 m in; 
m ethyldopa, 4 .5  m in; carb id op a, 5 m in; and acetam in op h en, 9 m in. 
C alc , resolution fa c to r , R, as follow s:

R =  [2 fe  -  t,)]/(W , +  W.)

w here t2 and ?, = retention tim es o f  the 2 com p on en ts, and W 2 and 
W, = corresponding w idths o f  bases o f  peaks obtain ed  by extrap 
olating relatively  straight sides o f  peaks to baselin e. R betw een 
levodopa and carbidopa and betw een carbidopa and acetam inophen 
should be > 3 .5 .  R betw een levod opa and m ethyldopa should be 
>2.

Change flow rate to  im prove resolution . F o r  levod opa-carb idopa 
tab lets, change d etecto r sensitiv ity  betw een levod opa peak (approx. 
0 .6 4  A U F S ) and carbidopa peak (approx. 0 .0 8  or 0 .0 4  A U F S ) . S e t 
d etecto r sensitiv ity  to 3 5 -9 5 %  A U F S . I f  n e cessary , ad ju st vol. o f  
internal std soln added to sam ple soln and std soln to obtain 
satisfactory  d etecto r resp on se fo r std so ln . In je c t  std soln 5 tim es 
and com pare peak hts. C a lc . C V  as follow s:

C V ,%  =  ^  
A

2 ( a , - a f ->

N -  1

w here A  =  m ean o f  set o f  A  m easurem en ts, and A , =  an individual 
detn o f  ratio o f  peak ht o f  analyte to peak ht o f  internal std . In 
suitable system , C V  =  £ 2 .0 .%

P roceed  w ith sam ple analysis by in jecting 20 |xL each  o f  sam ple 
soln and corresponding std soln.

36.D12 Calculation
U sing peak ht ratios R  and R '  relative to internal std, ca lc , mg 

drug/tablet or capsule as follow s:

m g/tablet or capsule =  (R /R ')  x  C  x  (D IW ) x  T

w here R  and R ' =  peak ht ratios fo r sam ple and std so ln s, re sp .; 
C  =  co n cn  o f  std so ln , m g/m L; W =  wt o f  sam ple tak en , mg; 
D  =  sam ple diln; and T = av. tablet or capsule w t, mg.

R e f.; JA O A C  70 , 987 (1987).

C A S-59-92-7  (levodopa) 
C A S-38821-49-7  (carbidopa) 
C A S-28860-95-9  (carbid opa anhydrous)

37. DRUGS: ACIDIC
(1) The following first action method was adopted final 

action: Primidone in drug tablets, liquid chromatographic 
method, 37.A17-37.A22.

(2) The following interim liquid chromatographic method 
for determination of diethylpropion hydrochloride in drug 
substance and tablets was adopted first action:

Diethylpropion Hydrochloride in Drug Substance and Tablets 
Liquid Chromatographic Method 

First Action
37.D01 Principle

D E P H  co n ten t o f  drug su bstan ce and tablets is detd by rev erse  
phase liq. chrom atgy using anth racen e as internal std , U V  d etection
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at 254 nm , and M e O H -H 20 -p h o sp h a te  m obile phase. Purity  is 
confirm ed by U V , L C , and spot tests.

37.D02 Apparatus

(a) L iq u id  c h ro m a to g r a p h .— Equipped with 30 cm  x 4 mm id 
stainless steel colum n packed  with O D S bonded to m icroparticu late 
silica ; U V  d etecto r; and su itable integrator. O perating cond itions: 
colum n tem p, am bient; m obile phase flow rate ca  1.5 m L/m in ; vol. 
in jected  20 p L ; d etecto r w avelength 254 nm.

(b) U V -v is ib le  sc a n n in g  sp e c tr o p h o to m e te r .

37.D03 Reagents

U se d eionized , purified H 20  and anal, reagent grade ch em icals 
unless oth erw ise specified.

(a) M o b ile  p h a s e .— D issolve 0 .4 0  g K H 2P 0 4 and 2 .2 6  g anhyd. 
N a2H P 0 4 in H 20  to m ake 1000 m L . M ix 1 part o f  this soln w ith 4 
parts o f  M eO H , and filter thru su itable m em brane o f  £  1 pm  
porosity . pH o f  resulting soln should be ca  7 .7 . D egas soln by 
sparging with H e. M ake ad ju stm en ts, i f  n e cessa ry , to obtain  desired 
retention tim es and resolution .

(b) H ,P 0 4 so ln .— 11 in 2000). D il. 1 m L  H 3P 0 4 (85% ) to  2 L  with 
H 20 .

(c) In te rn a l s td  s o ln .— D issolve 20 mg anth racen e in 500 m L  
M eO H . S to re  in air-tight con tain er.

(d) D E P H  s t d  so ln .— D ry U S P  D iethylpropion H ydrochloride 
R ef. Std  ov er silica  gel >  4 h. A ccu rate ly  weigh ca  25 mg dried std 
and tran sfer to 200 m L  vol. flask contg  40 m L  H 3P 0 4 so ln . Pipet
4 0 .0  m L  internal std soln into flask, dil. to vol. with M eO H , and 
m ix.

37.D04 Chromatographic System Suitability Test

L e t  ch rom atgc system  equ ilibrate and in ject rep licate 20 p L  
portions o f  D E P H  std soln. T y p ical retention tim es for diethylpropion 
and an th racen e are ca  6 and 9 m in, resp ., at flow rate betw een 1.0 
and 2 .0  m L/m in . In su itable system , resolution , R , betw een these 
peaks is >  3 .0  and relativ e std dev. (R S D ) for ratios o f  peak 
resp on ses, Rs, fo r 6 rep licate  in jection s o f  D E P H  std soln is £  
1.0%.

37.D05 Sample Preparation

(a) B u lk  d ru g  a s s a y  so ln .— D ry D E P H  bulk drug ov er silica  gel 
>  4 h. A ccu rately  w eigh ca  25 mg dried sam ple and tran sfer to 200 
m L  vol. flask contg  40  m L  H 3P 0 4 soln. Pipet 4 0 .0  m L  internal std 
soln into flask, dil. to vol. with M eO H , and m ix.

(b) T a b le t a s s a y  s o ln .— W eigh and finely pow der a  20 D E P H  
tablets. In to  200 m L  vol. flask , tran sfer accu rately  w eighed amt o f  
pow der equiv. to ca  25 mg D E P H . Add 40 m L  H 3P 0 4 soln and 
shake m ech. >  15 m in. T ran sfer 4 0 .0  m L  internal std soln to flask, 
dil. to  vol. w ith M eO H , and m ix. C entrifuge portion o f  so ln , and 
filter su p em ate thru su itable m em brane filter £  1 pm  porosity .

37.D06 Determination

(a) B u lk  d ru g .— Se p . in ject equal vols (ca  20 p L ) o f  D E P H  std 
soln and bulk drug assay  soln in duplicate into L C  sy stem , record  
ch rom atogram s, and m easure resp on se fo r m ajo r peaks. R e l. re ten 
tion tim es are ca  0 .7  fo r d iethylpropion and 1.0 for anth racen e. 
C a lc , am t D E P H , mg, in portion o f  D E P H  drug su bstan ce taken  as 
follow s:

mg D E P H  =  F  x C  x {RJRS)

w here F  =  vol. sam ple soln/1000 pg/mg =  200 m L /1000 pg/mg =  
0 .2 ; and w here C  =  co n cn , p g/m L , o f  U S P  D E P H  R ef. Std  in 
D E P H  std so ln , and Ru and Rs are ratios o f  peak resp on ses o f

d i e th y lp r o p io n  to  a n t h r a c e n e  o b ta in e d  f r o m  b u lk  d r u g  a s s a y  s o ln  
a n d  D E P H  s td  s o ln ,  r e s p .

(b) Tablets.— U s e  t a b l e t  a s s a y  s o ln  a n d  fo l lo w  p r o c e d u r e  f o r  b u lk  
d r u g  d e tn .  C a lc ,  a m t  D E P H ,  m g / ta b le t ,  a s  f o l l o w s :

D E P H ,  m g / t a b l e t  =  { [0 .2 C  x (RJRS)]Im g  s a m p le }  x W  

w h e r e  W = a v .  t a b l e t  w t ,  m g .

37.D07 Identification Tests

(a) Bulk drug.— U V  s p e c t r u m  o f  1 in  1 0 0 ,0 0 0  s o ln  in  0 .1 N  H C 1  
e x h ib i t s  m a x .  a n d  m in .  a t  s a m e  w a v e le n g th s  a s  t h a t  o f  s im i la r  p r e p n  
o f  U S P  D E P H  R e f .  S td  c o n c o m i t a n t ly  m e a s u r e d ,  a n d  m o la r  a v a lu e s  
( a n h y d .  b a s i s )  a t  w a v e le n g th  m a x .  a t  c a  2 5 3  n m  d o  n o t  d i f f e r  b y  >  

3 .0 % .
(b) Tablets.— C h r o m a to g r a m  o f  t a b l e t  a s s a y  s o ln  o b t a i n e d  a s  

d i r e c t e d  f o r  t a b l e t  a s s a y  e x h ib i t s  m a jo r  p e a k  f o r  d i e th y lp r o p io n ,  

w i th  r e t e n t i o n  t im e  t h a t  c o r r e s p o n d s  w i th  t h a t  e x h i b i t e d  in  c h r o 
m a to g r a m  o f  D E P H  s td  s o ln ,  b o th  r e l a t i v e  t o  i n t e r n a l  s td .

37.D08 Chromatographic Purity

(a) Test preparations.— Test prepn A .— D is s o lv e  2 5 0  m g  b u lk  d r u g  
in  2 0  m L  H 3P 0 4 s o ln  in  100  m L  v o l .  f la s k ,  d i l .  t o  v o l .  w i th  M e O H ,  
a n d  m ix .  Test prepn B.— T r a n s f e r  1 .0  m L  t e s t  p r e p n  A  t o  100  m L  
v o l .  f la s k ,  d i l .  t o  v o l .  w i th  4 :1  m ix t .  o f  M e O H  a n d  H 3P 0 4 s o ln ,  a n d  
m ix .

(b) L C  system.— U s e  s y s t e m  d e s c r i b e d  in  Apparatus.
(c ) Procedure.— I n je c t  2 0  p L  t e s t  p r e p n  B  in t o  L C  s y s t e m ,  a d j u s t  

d e t e c t o r  o u t p u t  t o  o b t a in  p e a k  h t  f o r  d i e t h y l p r o p i o n  >  4 0 %  b u t  <  
1 0 0 %  fu l l  s c a le  d e f le c t io n  o n  c h a r t ,  a d j u s t  i n t e g r a t o r  s e n s i t i v i t y  

a c c o r d i n g ly ,  a n d  d e t .  a r e a  o f  d i e t h y l p r o p i o n  p e a k .  I n j e c t  2 0  p L  t e s t  
p r e p n  A ,  c h r o m a t o g r a p h  f o r  t o t a l  t im e  e q u a l  t o  3 t im e s  r e t e n t i o n  
t im e  o f  d i e th y lp r o p io n ,  a n d  d e t .  s u m  o f  a r e a s  o f  i m p u r i ty  p e a k s  

b e t w e e n  s o lv .  f r o n t  p e a k  a n d  d i e t h y l p r o p i o n  p e a k .  P e r f o r m  s o lv .  
b la n k  d e tn  b y  in je c t in g  2 0  p L  o f  4 :1  m ix t .  o f  M e O H  a n d  H 3P 0 4 

s o ln .  C a lc .  %  c h r o m a tg c  im p u r i t i e s  b y  f o r m u la :

%  im p u r i t i e s  =  100 ( r A -  r s ) / [ 1 0 0 rB +  (rA -  r j ]

w h e r e  r A =  s u m  o f  a r e a s  o f  i m p u r i ty  p e a k s  in  c h r o m a t o g r a m  
o b ta in e d  f r o m  t e s t  p r e p n  A ,  rs =  s u m  o f  a r e a s  o f  p e a k s  in  

c h r o m a to g r a m  o b t a i n e d  f r o m  s o lv .  b l a n k ,  a n d  rB = a r e a  o f  d i e 
th y lp r o p io n  p e a k  in  c h r o m a to g r a m  o b t a i n e d  f r o m  t e s t  p r e p n  B . 
I m p u r i t i e s  f o u n d  s h o u ld  b e  £  0 .5 % .

37.D09 Secondary Amines

(a) Acetaldehyde test soln.— M ix  4  m L  a c e t a l d e h y d e ,  3 m L  
a l c o h o l ,  a n d  1 m L  H 20 .  P r e p ,  s o ln  f r e s h .

(b) Procedure.— D is s o lv e  100 m g  b u lk  d r u g  in  2  m L  C H 2C12 in  
c e n t r f .  t u b e .  T r a n s f e r  t o  s e c o n d  tu b e  2 m L  s td  s o ln  o f  d ie th y l -  
a m in e - H C l  ( D E A H )  ( d r ie d  2 h  a t  105° b e f o r e  u s in g )  in  C H 2C I2, 
w h ic h  h a s  k n o w n  c o n c n  o f  2 5 0  p g /m L .  T r e a t  e a c h  s o ln  a s  f o l l o w s :  

E x t  w i th  2 m L  b u f f e r  s o ln  c o n tg  5 .7  g  N a 2C 0 3 a n d  3 .0  g  N a H C 0 3/ 
100  m L  H 20 .  C e n t r i f u g e ,  i f  n e c e s s a r y ,  t o  c la r i f y  u p p e r  p h a s e ,  a n d  
im m e d ia te ly  t r a n s f e r  0 .5  m L  o f  s o ln  t o  s p o t  p l a t e .  I m m e d ia t e ly  a d d  
2  d r o p s  o f  a c e t a l d e h y d e  t e s t  s o ln ,  a n d  th e n ,  in  r a p i d  s u c c e s s i o n ,  
a d d  1 d r o p  o f  N a  n i t r o f e r r i c y a n i d e  s o ln  (1 in  100) t o  e a c h  s p o t .  
I m m e d ia t e ly  a n d  s im u l t a n e o u s ly ,  b r ie f ly  s t i r  b o t h  s p o t s  t o  m ix  
r e a g e n t s .  A n y  b lu e  c o l o r  f o r m e d  w i th in  3 m in  b y  b u l k  d r u g  s o ln  is  
n o t  v is ib ly  m o r e  i n t e n s e  t h a n  t h a t  o f  D E A H  s td  s o ln  ( <  0 .5 %  o f  
s e c o n d a r y  a m in e s  a s  D E A H ) .  N o te :  F a i lu r e  o f  D E P H  s td  t o  f o r m  
b lu e  c o l o r  h a s  b e e n  s h o w n  to  b e  d u e  to  d e c o m p o s e d  a c e t a l d e h y d e .

R e f . :  P h a r m .  F o r u m  S e p t  . - O c t .  1 9 8 5 , p .  7 9 1 .

C A S -9 0 -8 4 -6  ( d ie th y lp r o p io n )
C A S - 13 4 -8 0 -5  ( d i e th y lp r o p io n  H C 1)



218 CHANGES IN METHODS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 71, NO. 1, 1988)

(3) The following interim liquid chromatographic method 
for determination of coumarin anticoagulants dicumarol, 
phenprocoumon, and warfarin sodium in tablets was adopted 
first action:

Dicumarol, Phenprocoumon, and Warfarin Sodium 
in Drug Tablets

Liquid Chromatographic Method 
First Action

37.D10 Principle

C o u m a r in  a n t i c o a g u la n t s  d i c u m a r o l ,  p h e n p r o c o u m o n ,  a n d  w a r 
f a r in  N a  a r e  id e n t i f ie d  a n d  q u a n t ,  d e t d  in  t a b l e t s  b y  r e v e r s e  p h a s e  
L C  o n  C ,8 c o lu m n  w i th  t e t r a h y d r o f u r a n - M e O H - H U O - H O A c  m o b i le  

p h a s e ,  a n d  p h o to m e t r i c  d e t e c t i o n  a t  311 n m .

37.D11 Apparatus

(a) Liquid chromatograph.— E q u i p p e d  w i th  D u  P o n t  M o d e l  8 8 0 0  
s o lv .  p u m p ,  v a r i a b l e  w a v e le n g th  d e t e c t o r ,  a n d  s t r i p  c h a r t  r e c o r d e r  
( E . I .  d u  P o n t  d e  N e m o u r s  &  C o .) ,  o r  e q u iv . ;  a n d  R h e o d y n e  M o d e l  
7 1 2 5  i n j e c t i o n  v a lv e  w i th  2 0  p .L  s a m p le  lo o p  ( R h e o d y n e  I n c . ,  P O  

B o x  9 9 6 , C o ta t i ,  C A  9 4 9 2 8 ) , o r  e q u iv .  O p e r a t in g  c o n d i t i o n s :  c o lu m n  
t e m p ,  a m b ie n t ;  s o lv .  f lo w  r a t e  1 .5  m L /m in ;  d e t e c t o r  w a v e le n g th  311 
n m ;  d e t e c t o r  a t t e n u a t i o n  16 A U F S ;  r e c o r d e r  r a n g e  1 m V ; c h a r t  

s p e e d  0 .5  c m /m in .
(b) Chromatographic column.— S ta in le s s  s te e l .  3 0  c m  x 3 .9  m m  

id ,  p a c k e d  w i th  10 p m  p B o n d a p a k  C I8 ( W a te r s  A s s o c i a t e s ,  I n c .) ,  
o r  e q u iv .

37.D12 Reagents

(a) Solvents.— L C  g r a d e  M e O H  a n d  r e a g e n t  g r a d e  g la c ia l  H O  A c  
( F i s h e r  S c ie n t i f ic  C o .) ;  t e t r a h y d r o f u r a n  ( M a l l i n c k r o d t ,  I n c . ) ;  a n d  

H 20  d o u b le  d i s td  in  g la s s .
(b) Mobile phase.— T e t r a h y d r o f u r a n - M e O H - H 20 - H O A c  (3 5  +  

10 +  6 5  +  0 .1  v /v /v /v ) .  F i l t e r  t h r u  0 .4 5  p m  m e m b r a n e  a n d  d e g a s  

u n d e r  v a c .
(c) Dicumarol std soln.— 0 .0 5  m g /m L .  A c c u r a t e l y  w e ig h  c a  25 

m g  U S P  R e f .  S td  D ic u m a r o l  in to  100 m L  v o l .  f la s k ,  d i s s o lv e  in  a n d  
d i l .  t o  v o l .  w i th  0 .0 1 N  N a O H ,  a n d  m ix .  P ip e t  5  m L  o f  th i s  s o ln  in to  
25  m L  v o l .  f la s k ,  d i l .  to  v o l .  w i th  m o b i le  p h a s e ,  a n d  m ix .

(d) Warfarin Na std soln.— 0 .2  m g /m L .  A c c u r a t e l y  w e ig h  c a  10 
m g  U S P  R e f .  S td  W a r f a r in  N a  in to  5 0  m L  v o l .  f la s k ,  a n d  d i s s o lv e  
in  m o b i le  p h a s e .  D il .  t o  v o l .  w i th  m o b i le  p h a s e ,  a n d  m ix .

(e) Phenprocoumon std soln.— 0 .1 2  m g /m L . A c c u r a t e l y  w e ig h  c a  
3 m g  U S P  R e f .  S td  P h e n p r o c o u m o n  in to  25  m L  v o l .  f la s k ,  a n d  
d i s s o lv e  in  m o b i le  p h a s e .  D il.  t o  v o l .  w i th  m o b i le  p h a s e ,  a n d  m ix .

37.D13 Preparation of Sample

(a) Tablet composites.— W e ig h  a n d  f in e ly  p o w d e r  & 2 0  t a b l e t s .  
T r a n s f e r  a c c u r a t e l y  w e ig h e d  a m t  o f  p o w d e r  t o  s u i t a b le  v o l .  f la s k  
a n d  q u a n t ,  d i s s o lv e  in  m o b i le  p h a s e  w i th  a id  o f  u l t r a s o n ic  b a th .  D il.  
t o  v o l .  w i th  m o b i le  p h a s e  t o  p r e p ,  s o ln  c o n tg  c a  0 .1 2  m g /m L  o f  
p h e n p r o c o u m o n  o r  0 .2  m g /m L  o f  w a r f a r in  N a .  F o r  d i c u m a r o l  
s a m p l e s ,  f i r s t  d i s s o lv e  p o w d e r  in  0 .0 1 N  N a O H  w i th  a id  o f  u l t r a s o n ic  
b a t h  t o  o b t a in  s o ln  c o n tg  0 .2 5  m g /m L ;  t h e n  q u a n t ,  d i l .  5 .0  m L  
a l iq u o t  o f  s o ln  w i th  m o b i le  p h a s e  t o  f in a l d ic u m a r o l  c o n c n  o f  c a  
0 .0 5  m g /m L .  F i l t e r  a ll  s a m p l e  p r e p n s  p r i o r  t o  i n je c t io n  in to  L C  
s y s t e m .

(b) Single tablets.— P la c e  1 p o w d e r e d  t a b l e t  in  s u i t a b le  v o l .  f la s k ,  
a n d  p r o c e e d  a s  d e s c r ib e d  f o r  t a b l e t  c o m p o s i t e s .

37.D14 Determination

E q u i l i b r a t e  s y s t e m  w i th  m o b i le  p h a s e  a t  1 .5  m L /m in  u n t i l  b a s e l in e  
is  s t e a d y .  U s e  s a m p l in g  v a lv e  t o  i n je c t  m e a s u r e d  v o l .  o f  s t d  s o ln

in to  L C  s y s t e m .  A d ju s t  i n je c t io n  v o l .  a n d  o p e r a t i n g  p a r a m e t e r s  s o  
s td  s o ln  g iv e s  p e a k  h t  c a  6 0 %  fu l l  s c a l e .  U n d e r  t h e s e  c o n d i t i o n s ,  3 
r e p l i c a t e  i n je c t io n s  o f  a  s td  s o ln  s h o u ld  g iv e  R S D  < 3 %  a n d  ta i l in g  

f a c t o r  s 2 . 0 .  M a k e  a l t e r n a t e  i n je c t io n s  o f  e q u a l  v o ls  o f  s td  a n d  
s a m p le  s o ln s .  M e a s u r e  p e a k  r e s p o n s e s  in  s a m p le  a n d  s td  s o ln s .

37.D15 Calculations
C a lc ,  a m t  c o u m a r in  a n t i c o a g u la n t  in  s a m p l e  a s  f o l l o w s ;

T a b le t  c o m p o s i t e  s a m p le :

m g / t a b l e t  =  (H/H') x  (W'/D') x  (DIW) x  A 

S in g le  t a b l e t  s a m p le :

m g / ta b le t  =  {H/H') x  {W'D') x  D
w h e r e  H a n d  H' =  p e a k  r e s p o n s e s  o f  s a m p l e  a n d  s t d  s o ln s ,  r e s p . ;  
W a n d  W' = m g  s a m p l e  a n d  s td  t a k e n ,  r e s p . ;  D a n d  D' = d i ln  
f a c to r s  f o r  s a m p l e  a n d  s t d  s o ln s ,  r e s p . ;  a n d  A =  a v .  t a b l e t  w t ,  m g . 
T o  c a l c ,  a m t  w a r f a r in  N a  in  e i t h e r  t a b l e t  c o m p o s i t e s  o r  i n d iv id u a l  

t a b l e t s ,  u s e  1 .071 a s  m u l t i p l i e r  in  a b o v e  e q u a t io n s  (1 .0 7 1  =  r a t i o  o f  
M W  o f  w a r f a r in  N a /M W  o f  w a r f a r in ) .

R e f . :  J A O A C  7 0 , 8 3 4  (1 9 8 7 ) .

C A S -6 6 -7 6 -2  (d ic u m a r o l )
C A S -4 3 5 -9 7 -2  ( p h e n p r o c o u m o n )
C A S -8 1 -8 1 -2  (w a r f a r in )

C A S - 1 2 9 -0 6 -6  ( w a r f a r i n  N a )

38. DRUGS; ALKALOIDS AND RELATED BASES
No additions, deletions, or other changes.

39. DRUGS: STEROIDS AND HORMONES

(1) The following first action method was adopted final 
action:

Hydrocortisone in drugs, liquid chromatographic, infrared 
spectroscopic, and thin layer chromatographic methods,
39.047-39.055.

(2) The following methods were declared surplus:
(a) Conjugated estrogens in drugs, final action spectro- 

photometric method, 39.001-39.005.
(b) Dexamethasone phosphate in drugs, first action spec- 

trophotometric method, 39.056-39.060.

(3) The following interim liquid chromatographic method 
for determination of cortisone acetate in bulk drug and 
dosage forms was adopted first action:

Cortisone Acetate in Bulk Drug and Dosage Forms 
Liquid Chromatographic Method 

First Action
39.D01 Principle

B u lk  d r u g  o r  d o s a g e  f o r m  is  d i s s o lv e d  in  C H 3C N - 0 .0 2 5 M  a c e t a t e  
p H  4  b u f f e r  (1 +  1) a n d  a n a l y z e d  b y  e x t e r n a l  s t d  m e th o d .  C o r t i s o n e  
a c e t a t e  i s  r e s o lv e d  f r o m  e x t r a n e o u s  c o m p o n e n t s  b y  r e v e r s e  p h a s e  
l iq .  c h r o m a tg y  a n d  d e t e c t e d  a t  2 5 4  n m .

39.D02 Apparatus
(a) Liquid chromatograph.— E q u i p p e d  w i th  i s o c r a t i c  p u m p  s y s 

t e m  w ith  U V  d e t e c t o r  (2 5 4  n m )  a n d  s u i ta b le  r e c o r d e r .  O p e r a t e  a t  
a m b ie n t  t e m p .
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(b )  LC column.— R e v e r s e  p h a s e  o c t a d e c y l s i l a n e ,  10 p m .
(c) Ultrasonic bath.
(d )  Table top centrifuge.

39.D03 Reagents

U s e  L C  g r a d e  r e a g e n t s .

(a )  Sodium acetate pH 4  buffer.— M ix  2 0  m L  I N  H C 1 , 150  m L  

0 .5 N  K C 1 , a n d  5 0  m L  0 .5 M  N a O A c  in  1 L  v o l .  f la s k .  D il .  t o  v o l .  
w i th  H , 0  (0 .0 2 5 M  a n d  0 .1  p  s o ln ) .

(b )  Diluent.— M ix  C H 3C N  a n d  p H  4 b u f f e r  (1 +  1). L e t  m ix t .  
e q u i l i b r a t e  t o  r o o m  t e m p .

(c ) Mobile phase.— D e g a s  m ix t .  o f  4 5 0  m L  C H 3C N  a n d  5 5 0  m L  
H 20 .  A d ju s t  v o l .  o f  C H 3C N  a s  n e e d e d  to  o b t a in  s u i ta b le  r e t e n t io n  
t im e .

39.D04 Preparation of Standard Solutions

A c c u r a t e ly  w e ig h  c a  3 0  m g  U S P  R e f .  S td  a n d  t r a n s f e r  t o  100 m L  

v o l .  f la s k .  A d d  d i lu e n t ,  s o n i c a t e  u n t i l  s td  is  d i s s o lv e d ,  a n d  d i l .  to  
v o l .  w i th  d i l u e n t .  F u r t h e r  d i l .  s o ln  10 m L  to  5 0  m L ,  10 m L  to  25 
m L ,  a n d  5 m L  to  10 m L  t o  p r e p .  3 s td  s o ln s .

39.D05 Preparation of Samples

Bulk drug.— A c c u r a t e l y  w e ig h  c a  25  m g  b u lk  d r u g  a n d  t r a n s f e r  to  
2 5 0  m L  v o l .  f la s k .  D is s o lv e  in  a n d  d i l .  t o  v o l .  w i th  d i l u e n t .  U s e  a n  
a l i q u o t ,  c o n c n  c a  0 .1  m g /m L ,  f o r  L C  a n a l y s i s .

Tablets.— W e ig h  a n d  f in e ly  p o w d e r  10 t a b l e t s .  A c c u r a t e l y  w e ig h  
e q u iv .  o f  c a  2  t a b l e t s  o r  a m t  n e c e s s a r y  t o  p r e p ,  s o ln  n o t  t o  e x c e e d

1 .0  m g /m L  c o n c n .  T r a n s f e r  s a m p le  t o  v o l .  f la s k ,  d i s s o lv e  in  d i l u e n t ,  
a n d  s o n ic a t e  c a  5 m in .  D il .  a s  n e e d e d  to  c o n c n  o f  c a  0 .1  m g /m L . 
C e n t r f .  a l i q u o t  o f  p r e p d  s o ln ,  a n d  u s e  p o r t i o n  o f  s u p e r n a t e  f o r  L C  
a n a l y s i s .  F i l t e r  s u p e r n a t e  t h r u  0 .4 5  p m  f i l t e r  b e f o r e  a n a l y s i s  i f  
n e c e s s a r y .

Suspension.— M e a s u r e  s a m p l e  v o l .  o f  1 o r  m o r e  v ia ls  a s  fo l lo w s :  
S h a k e  v ia l  v ig o r o u s ly  u n t i l  p r o d u c t  is  h o m o g e n e o u s  ( b u t  > 1 5  s ). 
R e m o v e  s a m p l e  im m e d ia t e ly  b y  s u c c e s s iv e  u s e  o f  c l e a n ,  d r y  h y 

p o d e r m ic  s y r in g e s  o f  a p p r o p r i a t e  s iz e .  D e l iv e r  s a m p l e s  i n t o  s a m e  
s t d z d  c y l in d e r  g r a d u a t e d  to  c o n ta in .  R e a d  v o l .  T r a n s f e r  c o n t e n t s  o f  
c y l i n d e r  t o  v o l .  f la s k .  R in s e  a l l  g l a s s w a r e  tw ic e  w i th  d i l u e n t ,  a n d  
a d d  r i n s e s  t o  v o l .  f la s k .  C o n c n  o f  s o ln  s h o u ld  n o t  e x c e e d  1 .0  m g / 

m L .  D il .  s o ln  a s  n e e d e d  t o  c o n c n  o f  c a  0 .1  m g /m L  f o r  L C  a n a l y s i s .  
F i l t e r  s o ln  t h r u  0 .4 5  p m  f i l t e r  b e f o r e  a n a l y s i s  i f  n e c e s s a r y .

39.D06 System Suitability Tests

C o n d i t i o n  c o lu m n  w i th  m o b i le  p h a s e  u n t i l  b a s e l in e  is  a c c e p ta b l e .  
C o r t i s o n e  a c e t a t e  p e a k  s h o u ld  fu lf ill f o l l o w in g  p e r f o r m a n c e  s p e c i 

f ic a t io n s :  c o lu m n  e f f ic ie n c y ,  > 1 5 0 0  th e o r e t i c a l  p l a t e s ;  a s y m m e t r y  
o r  ta i l in g  f a c t o r  ( a t  5 %  p e a k  h t ) ,  < 2 ;  c a p a c i t y  f a c t o r ,  k ' ,  a 2 ;  r e la t iv e  
s td  d e v ia t i o n  < 1 %  f o r  5  r e p l i c a t e  2 0  p L  in je c t io n s .

39.D07 Determination

I n j e c t  e a c h  o f  3 s td  s o ln s  b e f o r e  a n d  a f t e r  a ll  s a m p l e s .  U s e  p e a k  
a r e a  t o  c a l c ,  a m t  o f  e a c h  s a m p l e ,  p g /m L ,  w i th  r e s p e c t  t o  s td s .  
C u r v e - f i t  s a m p l e s  a n d  c a l c ,  r e s u l t s  m a th e m a t i c a l l y  o r  b y  c a l c u l a to r .

39.D08 Calculations

( / )  C a l c ,  c o n c n ,  p g /m L ,  o f  c o r t i s o n e  a c e t a t e  in  e a c h  s td  s o ln  

( C sld) a s  f o l l o w s :

C s,d =  (W std/V sld) x  (V d Vdf) x  (P /1 0 0 )  x  1000

w h e r e  W sld =  w t  o f  s t d ,  m g ; Vsld =  v o l .  o f  s td ,  m L ;  Vd =  v o l .  o f  
a l iq u o t  t r a n s f e r r e d  f o r  d i ln ,  m L ;  V'df =  v o l .  o f  f la s k  u s e d  f o r  d i ln ,  

m L ;  P = p u r i t y  o f  s td  a s  %.
(2 ) U s e  l i n e a r  r e g r e s s io n  p r o c e d u r e  o f  F A sld v s  C std t o  p r e p ,  s td

c u r v e  m a th e m a t i c a l l y  o r  b y  c o m p u t e r .  C o r r e l a t i o n  c o e f f ic ie n t  (r) 
s h o u ld  b e  > 0 .9 9 9  a n d  i n t e r c e p t  < ± 3 . 0 .

S u b s t i t u t e  c a l c d  v a lu e s  f o r  c o n s t s  m  a n d  c ,  a n d  v a r i a b l e  X  in  
f o l lo w in g  e q u a t io n  to  c a l c ,  in d iv id u a l  Y v a lu e s :

Y = m l  +  c

w h e r e  Y = s t d  c o n c n ,  p g /m L ;  a n d  X  =  a v .  o f  p e a k  a r e a s  f o r  s td s  
i n je c te d  b e f o r e  a n d  a f t e r  s a m p le s .

E n t e r  P A ,am ( a v .  p e a k  a r e a s  f o r  s a m p l e s  =  X) o n  s td  c u r v e  a n d  
o b ta in  v a lu e  f o r  C sam ( c o n c n  o f  s a m p l e ,  p g /m L  =  Y).

(3) C a l c ,  c o r t i s o n e  a c e t a t e  in  b u lk  d r u g  a n d  d o s a g e  f o r m s  a s  
fo l lo w s :

B u lk  d ru g :

C o r t i s o n e  a c e t a t e ,  m g  =  ( C sam x  Z ))/1000  

S u s p e n s io n :

C o r t i s o n e  a c e t a t e ,  m g /m L  =  [C sam x  (Z )//V )]/1000  

T a b le t s :

C o r t i s o n e  a c e t a t e ,  m g / ta b le t  =  C sam x  D x  [W tal,/(IV saln x  1000)]

w h e r e  D =  d i ln  f a c t o r ;  N  =  v o l .  f o r  v ia ls  s a m p l e d ,  m L ;  Vk,ab =  
a v .  t a b l e t  w t ,  m g ; W sam =  s a m p l e  w t ,  m g .

R e f . :  J A O A C  7 1 , M a y  i s s u e  (1 9 8 8 ) .

C A S -5 0 -0 4 -4  ( c o r t i s o n e  a c e t a t e )

(4) The following interim liquid chromatographic method 
for determination of dexamethasone acetate in bulk drug 
and suspensions was adopted first action:

Dexamethasone Acetate in Bulk Drug and Suspensions 
Liquid Chromatographic Method 

First Action

39.D09 Principle

B u lk  d r u g  o r  s u s p e n s i o n  is  d i s s o l v e d  in  C H ,C N - 0 .0 2 5 M  p h o s p h a t e  
p H  6  b u f f e r  (1 +  1) a n d  a n a l y z e d  b y  e x t e r n a l  s t d  m e th o d .  D e x a 

m e th a s o n e  a c e t a t e  is  r e s o lv e d  f r o m  e x t r a n e o u s  c o m p o n e n t s  b y  
r e v e r s e  p h a s e  l iq .  c h r o m a tg y  a n d  d e t e c t e d  a t  2 5 4  n m .

39.D10 Apparatus

(a) Liquid chromatograph— E q u i p p e d  w i th  i s o c r a t i c  p u m p  s y s t e m  
w ith  U V  d e t e c t o r  (2 5 4  n m )  a n d  s u i ta b le  r e c o r d e r .  O p e r a t e  a t  a m b ie n t  
te m p .

(b) Column.— R e v e r s e  p h a s e  o c t a d e c y l s i l a n e ,  10 p m .

(c) Ultrasonic bath.

39.D11 Reagents

U s e  L C  g r a d e  r e a g e n t s .

(a) Potassium phosphate pH 6 buffer— M ix  3 m L  I N  N a O H ,  138 
m L  0 .5 N  K C 1 , a n d  5 0  m L  0 .5 M  K H 2P 0 4 in  1 L  v o l .  f la s k .  D il .  v o l .  
w i th  H 20  (0 .0 2 5 M  a n d  0 .1  p  s o ln ) .

(b) Diluent.— M ix  C H 3C N  a n d  0 .0 2 5 M  p h o s p h a t e  p H  6  b u f f e r  
(1 +  1). L e t  m ix t .  e q u i l i b r a t e  t o  r o o m  t e m p .

(c ) Mobile phase.— D e g a s  m ix t .  o f  4 5 0  m L  C H 3C N  a n d  5 5 0  m L  
H 20 .  A d ju s t  v o l .  o f  C H 3C N  a s  n e e d e d  to  o b t a in  s u i t a b l e  r e t e n t io n  

t im e .

39.D12 Preparation of Standard Solutions

D ry  U S P  R e f .  S td  2 h  in  105° o v e n .  A c c u r a t e l y  w e ig h  c a  3 0  m g  
d r i e d  s td  a n c  t r a n s f e r  t o  100 m L  v o l .  f la s k .  A d d  d i lu e n t ,  s o n i c a t e
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u n t i l  s t d  is  d i s s o lv e d ,  a n d  d i l .  t o  v o l .  w i th  d i l u e n t .  F u r t h e r  d i l .  s o ln  

10 m L  to  5 0  m L ,  10 m L  to  25  m L ,  a n d  5 m L  to  10 m L  to  p r e p .  3 

s td  s o ln s .

39.D13 Preparation of Samples
Bulk drug.— A c c u r a t e l y  w e ig h  c a  25  m g  b u lk  d r u g  t h a t  h a s  b e e n  

d r i e d  2 h  in  105° o v e n  a n d  t r a n s f e r  t o  2 5 0  m L  v o l .  f la s k .  D is s o lv e  
in  a n d  d i l .  t o  v o l .  w i th  d i l u e n t .  U s e  a n  a l i q u o t ,  c o n c n  c a  0 .1  m g / 
m L ,  f o r  L C  a n a l y s i s .

Suspension.— M e a s u r e  s a m p l e  v o l .  o f  1 o r  m o r e  v ia ls  a s  fo l l o w s :  
S h a k e  v ia l  v ig o r o u s ly  u n t i l  p r o d u c t  is  h o m o g e n e o u s  ( b u t  a  15 s ). 

R e m o v e  s a m p le  im m e d ia t e ly  b y  s u c c e s s iv e  u s e  o f  c l e a n ,  d r y  h y 
p o d e r m ic  s y r in g e s  o f  a p p r o p r i a t e  s iz e .  D e l iv e r  s a m p l e s  in to  s a m e  
s td z d  c y l in d e r  g r a d u a t e d  to  c o n ta in .  R e a d  v o l .  T r a n s f e r  c o n t e n t s  o f  
c y l i n d e r  t o  v o l .  f la s k .  R in s e  a l l  g l a s s w a r e  tw ic e  w i th  d i l u e n t ,  a n d  

a d d  r i n s e s  t o  v o l .  f la s k .  C o n c n  o f  s o ln  s h o u ld  n o t  e x c e e d  0 .8  m g / 
m L .  D il .  s o ln  a s  n e e d e d  to  c o n c n  o f  c a  0 .1  m g /m L .  F i l t e r  s o ln  t h r u  
0 .4 5  p m  f i l t e r  b e f o r e  L C  a n a l y s i s  i f  n e c e s s a r y .

39.D14 System Suitability Tests
C o n d i t i o n  c o lu m n  w i th  m o b i le  p h a s e  u n t i l  b a s e l in e  is  a c c e p ta b l e .  

D e x a m e t h a s o n e  a c e t a t e  p e a k  s h o u ld  fu lf ill f o l l o w in g  p e r f o r m a n c e  
s p e c i f i c a t io n s :  c o lu m n  e f f ic ie n c y ,  > 1 5 0 0  th e o r e t i c a l  p l a t e s ;  a s y m 
m e t r y  o r  ta i l in g  f a c t o r  ( a t  5 %  p e a k  h e ig h t ) ,  < 2 ;  c a p a c i t y  f a c t o r ,  k ' 
> 2 ;  r e l a t i v e  s td  d e v ia t i o n  < 1 %  f o r  5 r e p l i c a t e  2 0  p L  in je c t io n s .

39.D15 Determination
I n j e c t  e a c h  o f  3 s td  s o ln s  b e f o r e  a n d  a f t e r  a ll s a m p l e s .  U s e  p e a k  

a r e a  t o  c a l c ,  a m t  o f  e a c h  s a m p l e ,  p g /m L ,  w i th  r e s p e c t  t o  s td s .  
C u r v e - f i t  s a m p le s  a n d  c a l c ,  r e s u l t s  m a th e m a t i c a l l y  o r  b y  c a l c u l a to r .

39.D16 Calculations

( / )  C a l c ,  c o n c n ,  p g /m L ,  o f  d e x a m e th a s o n e  a c e t a t e  in  e a c h  s td  

s o ln  ( C sld) a s  fo l lo w s :

C sld =  (W std/V sld) x  (V d/V df) x  (P /1 0 0 )  x  1000

w h e r e  W std =  w t  o f  s t d ,  m g ; V std =  v o l .  o f  s t d ,  m L ;  Vd =  v o l .  o f  
a l i q u o t  t r a n s f e r r e d  f o r  d i ln ,  m L ;  Vdf =  v o l .  o f  f la s k  u s e d  f o r  d i ln ,  
m L ;  P =  p u r i t y  o f  s td  a s  % .

(2 ) U s e  l i n e a r  r e g r e s s io n  p r o c e d u r e  o f  PAstd v s  C sld t o  p r e p ,  s td  
c u r v e  m a th e m a t i c a l l y  o r  b y  c o m p u te r .  C o r r e l a t i o n  c o e f f ic ie n t  (r )  
s h o u ld  b e  a O .9 9 9  a n d  i n t e r c e p t  < ± 3 . 0 .

S u b s t i t u t e  c a l c d  v a lu e s  f o r  c o n s t s  m  a n d  c ,  a n d  v a r i a b l e  X  in  
f o l l o w in g  e q u a t io n  to  c a l c ,  in d iv id u a l  Y v a lu e s :

Y = m l  +  c

w h e r e  Y =  s td  c o n c n ,  p g /m L ;  a n d  X -  a v .  o f  p e a k  a r e a s  f o r  s td s  
i n j e c t e d  b e f o r e  a n d  a f t e r  s a m p le s .

E n t e r  PAsam ( a v .  p e a k  a r e a s  f o r  s a m p l e s  =  X) o n  s td  c u r v e  a n d  
o b ta in  v a lu e  f o r  C sam ( c o n c n  o f  s a m p l e ,  p g /m L  =  T).

(5 ) C a lc ,  d e x a m e t h a s o n e  a c e t a t e  a n d  d e x a m e t h a s o n e  e q u iv .  in  
b u lk  d r u g  a n d  s u s p e n s i o n ,  r e s p . ,  a s  f o l l o w s :

B u lk  d ru g :

D e x a m e th a s o n e  a c e t a t e ,  m g  =  ( C sam x  D ) /1 0 0 0  

S u s p e n s io n :

D e x a m e t h a s o n e  e q u i v . ,  m g /m L  =  [C sam x  (DIN) x  F j /1 0 0 0

w h e r e  D = d i ln  f a c t o r ;  N = v o l .  f o r  v ia ls  s a m p l e d ,  m L ;  F = f a c t o r  
t o  c o n v e r t  a c e t a t e  t o  f r e e  b a s e  =  0 .9 0 3 .

R e f . :  J A O A C  71, M a y  i s s u e  (1 9 8 8 ) .

C A S -5 5 8 1 2 -9 0 -3  ( d e x a m e th a s o n e  a c e t a t e  m o n o h y d r a t e )  
C A S -5 0 -0 2 -2  ( d e x a m e th a s o n e )

(5) The following interim quantitative and identification 
methods for dexamethasone in drug substance and elixirs 
were adopted first action:

Dexamethasone in Drug Substance and Elixirs 

Quantitative and Identification Methods 

First Action

39.D17 Principle

D e x a m e th a s o n e  c o n t e n t  in  d r u g  s u b s t a n c e  a n d  e l i x i r  is  d e t d  b y  

n o r m a l  p h a s e  L C  u s in g  q u a t e r n a r y  m o b i le  p h a s e  w i th  c o n t r o l l e d  
H 20  c o n t e n t ,  U V  d e t e c t i o n  a t  2 5 4  n m ,  a n d  c o r t i s o n e  a s  i n t e r n a l  
s td .  I d e n t i t y  is  c o n f i r m e d  in  b u lk  d r a g  s u b s t a n c e  a n d  e l i x i r  b y  T L C  

a n d  in  d r u g  s u b s t a n c e  b y  I R  s p e c t r o s c o p y  a n d  r e l a t i v e  L C  r e t e n t i o n  
t im e  r a t i o s .  A lc o h o l  c o n t e n t  in  e l i x i r  is  d e t d  b y  G C  o n  p o r o u s  
p o ly m e r  c o lu m n  u s in g  i n t e r n a l  s t d  a n d  f la m e  io n i z a t io n  d e t e c t o r .

Liquid Chromatographic Method

39.D18 Apparatus

(a) L iq u id  c h ro m a to g r a p h .— M o d e l  8 1 0 0  ( S p e c t r a - P h y s i c s ,  333 3  

N  F i r s t  S t ,  S a n  J o s e ,  C A  9 5 1 3 4 -1 9 9 5 )  e q u i p p e d  w i th  M o d e l  1 0 0 -1 0  
p h o to m e t r i c  d e t e c t o r  ( H i t a c h i /N S A ,  4 6 0  E  M id d le f ie ld  R d ,  M o u n ta i n  
V ie w ,  C A  9 4 0 4 3 ) , 1 5 -3 0  p L  in je c t io n  v a lv e  ( V a le o  I n s t r u m e n t s  C o . ,  
I n c . ,  P O  B o x  5 5 6 0 3 , H o u s t o n ,  T X  7 7 2 5 5 ) , a n d  M o d e l  C R 1 A  
in t e g r a t o r  ( S h im a d z u  S c ie n t i f ic  I n s t r u m e n t s ,  I n c . ,  7 1 0 2  R i v e r w o o d  
R d ,  C o lu m b ia ,  M D  2 1 0 4 6 ) . E q u i v .  L C  s y s t e m ,  U V  d e t e c t o r ,  a u t o 
s a m p l e r ,  a n d  s t r i p  c h a r t  r e c o r d e r  m a y  b e  u s e d .  L C  p u m p in g  s y s t e m  
in  w h ic h  b u b b le s  d e v e l o p  in  m o b i le  p h a s e  is  u n s u i t a b l e .  1 p g  
d e x a m e t h a s o n e  s h o u ld  p r o d u c e  5 0 %  fu l l  s c a le  r e s p o n s e  w i th  a p p r o 
p r i a t e  d e t e c t o r  a n d  r e c o r d e r  o r  i n t e g r a t i o n  s e t t i n g s  a t  2 5 4  n m . M o b i le  
p h a s e  f lo w  r a t e  1 .2  m L /m in  a t  a m b ie n t  t e m p .

(b) C h r o m a to g ra p h ic  co lu m n .— S ta in l e s s  s t e e l ,  25  c m  x 4 .6  m m  
id ,  p a c k e d  w i th  5 p m  Z o r b a x - S i l  ( E . I .  d u  P o n t  d e  N e m o u r s  a n d  
C o .) ,  o r  e q u iv .  m e e t in g  a p p r o p r i a t e  L C  s y s t e m  s u i ta b i l i ty  r e q u i r e 
m e n t s .  S t a in le s s  s te e l  g u a r d  c o lu m n ,  3 c m  x  4 .6  m m  id ,  p a c k e d  
w i th  10 p m  s i l i c a  p a r t i c l e s  m a y  b e  u s e d .  I f  n e c e s s a r y ,  d r y  s i l ic a  

c o lu m n  b y  e lu t in g  w i th  2 0  m L  C H 2C l2- H O A c - 2 ,2 - d i m e t h o x y p r o p a n e  
( 9 0 + 2 + 2  v /v /v ) .

39.D19 Reagents

(a) S o lv e n ts .— G la c i a l  H O A c  ( J .T .  B a k e r  o r  e q u i v . ) ,  U V  g r a d e  
M e O H  a n d  C H 2C 1 2 ( B u r d i c k  a n d  J a c k s o n  L a b o r a t o r i e s ,  I n c . ,  o r  
e q u iv . ) ,  a n d  d i s td - in - g la s s  H 20 .

(b )  M e th a n o l so ln .— P ip e t  5 .0  m L  H 20  i n t o  100  m L  v o l .  f l a s k  
a n d  d i l .  t o  v o l .  w i th  M e O H .

(c ) M o b ile  p h a s e .— P ip e t  1 .0  m L  g la c ia l  H O A c  a n d  4 5 .0  m L  
M e O H  s o ln  in to  1 L  v o l .  f la s k ,  a n d  d i l .  t o  v o l .  w i th  C H 2C12. D e g a s  
m ix t .  A d ju s t  M e O H  c o n t e n t  t o  o b t a in  r e t e n t i o n  t im e s  o f  a p p r o x .  6  

a n d  9  m in  f o r  c o r t i s o n e  a n d  d e x a m e t h a s o n e ,  r e s p .  C o r t i s o n e  r e t e n 
t i o n  t im e  s h o u ld  b e  u s e d  f o r  m o b i le  p h a s e  c o m p o s i t i o n  a d j u s t m e n t s ;  
i n c r e a s e d  M e O H  c o n t e n t  d e c r e a s e s  r e t e n t i o n  t im e .

(d) S o d iu m  b ic a r b o n a te  so ln .— 1M . D is s o lv e  8 .4  g  N a H C 0 3 in  
100 m L  H 20 .

(e ) In te rn a l s td  s o ln .— D is s o lv e  3 0  m g  c o r t i s o n e  ( S ig m a  C h e m ic a l  
C o . ,  o r  e q u iv . )  in  4 .0  m L  M e O H  a n d  d i l .  t o  1 0 0 .0  m L  w i th  C H 2C12.

(f) D e x a m e th a s o n e  s td  so ln .— 4 .0  m g /1 0 0  m L .  T r a n s f e r  c a  2 5  m g  
a c c u r a t e l y  w e ig h e d  U S P  R e f .  S td  D e x a m e t h a s o n e  ( p r e v io u s ly  d r i e d  
30  m in  a t  105°) t o  25  m L  v o l .  f la s k ,  a n d  d i s s o lv e  in  a n d  d i l .  t o  v o l .  

w i th  M e O H .  T r a n s f e r  2 .0  m L  a l iq u o t  o f  t h i s  s o ln  t o  5 0  m L  v o l .  
f la s k  c o n tg  6 .0  m L  i n t e r n a l  s td  s o ln ,  a n d  d i l .  t o  v o l .  w i th  C H 2C12. 
D o  n o t  f i l t e r  t h r u  m e m b r a n e  f i l te r .
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39.D20 Sample Preparation

(a) D ru g  s u b s ta n c e .— P r e p ,  a s  d i r e c t e d  f o r  D e x a m e lh a s o n e  s td  
s o ln , u s in g  25 m g  d e x a m e t h a s o n e .  D o  n o t  f i l t e r  t h r u  m e m b r a n e  

f i l te r .
(b) E lix ir .— T r a n s f e r  a c c u r a t e l y  m e a s u r e d  10 m L  p o r t i o n  o f  D e x 

a m e th a s o n e  E l ix i r ,  c o n tg  1 m g  d e x a m e t h a s o n e ,  t o  125 m L  s e p a r a t o r y  
f u n n e l ,  a d d  5 m L  1M  N a H C 0 3 s o ln ,  a n d  e x t  w i th  f o u r  2 0  m L  

p o r t i o n s  o f  C H 2C12. C o l l e c t  e x t s  in  2 50  m L  s e p a r a t o r y  f u n n e l  c o n tg  
5 m L  H 20 .  B a c k - w a s h  c o m b in e d  e x t s  a n d  f i l te r  t h r u  c o t t o n  w e t  
w i th  C H 2C I2 in to  s u i ta b le  b e a k e r .  R in s e  H 20  b a c k - w a s h  a n d  125 
m L  s e p a r a t o r y  f u n n e l  c o n s e c u t i v e l y  w i th  10 m L  C H 2C12. F i l t e r  th is  

r i n s e  i n to  b e a k e r .  E v a p .  f i l t r a te  o n  s t e a m  b a t h  u n d e r  j e t  o f  a i r  to  
a p p r o x .  10 m L  a n d  q u a n t ,  t r a n s f e r  w i th  C H 2C12 to  25  m L  v o l .  f la s k  
c o n tg  1 .0  m L  M e O H  a n d  3 .0  m L  i n t e r n a l  s t d  s o ln .  D il .  t o  v o l .  w ith  
C H 2C12. D o  n o t  f i l t e r  t h r u  m e m b r a n e  f i l te r .

39.D21 Determination
E q u i l i b r a t e  c o lu m n  w i th  m o b i le  p h a s e  a t  1 .2  m L /m in .  M o n i to r  

r e s p o n s e  a t  2 5 4  n m . M a k e  3 r e p l i c a t e  i n j e c t i o n s  o f  d e x a m e th a s o n e  
s td  s o ln .  U s in g  e i t h e r  p e a k  a r e a  o r  p e a k  h t  m e a s u r e m e n t s  f o r  e a c h  
in j e c t i o n ,  c a l c ,  c o e f f ic ie n t  o f  v a r i a t i o n  (C V )  o f  p e a k  r e s p o n s e  r a t i o s  

o f  d e x a m e t h a s o n e  to  i n t e r n a l  s t d .  In  s u i t a b le  s y s t e m ,  C V  s h o u ld  b e  
< 2 . 5 %  a n d  r e s o l u t i o n  f a c t o r ,  R f o r  d e x a m e t h a s o n e  p e a k  a n d  
i n t e r n a l  s td  p e a k  s h o u ld  b e  > 3 .  M a k e  d u p l i c a t e  i n j e c t i o n s  o f  s td  
a n d  s a m p l e  s o ln s  a n d  d e t .  r e s p o n s e  r a t i o  f o r  e a c h .  R e l a t iv e  r e t e n t i o n  

r a t i o s  o f  d e x a m e t h a s o n e  to  i n te r n a l  s t d  s h o u ld  a g r e e  w i th in  ± 2 . 0 % .  
I f  r e l a t i v e  r e t e n t i o n  r a t i o s  d i f f e r  b y  >  2 .0 % ,  t h e n  d r y  s i l i c a  c o lu m n  
a s  d e s c r i b e d  in  A p p a r a tu s  (b).

39.D22 Calculations
C a lc ,  c o n t e n t  o f  d e x a m e t h a s o n e  a s  fo l lo w s :

D r u g  s u b s t a n c e :

D e x a m e t h a s o n e ,  m g  =  6 2 5  x  C  x  (RR/RR')
E l ix i r s :

D e x a m e t h a s o n e ,  m g /5  m L  =  1 2 .5  x  C  x  (RR/RR')
w h e r e  C  =  f in a l  c o n c n  o f  s td  s o ln  (m g /m L ) ,  a n d  RR a n d  RR' = 
a v .  r e s p o n s e  r a t i o  f o r  p e a k  h t  o r  a r e a  o f  a n a l y t e  t o  t h a t  o f  i n t e r n a l  

s t d  f o r  s a m p le  a n d  s td  s o ln s ,  r e s p .

Thin Layer Chromatographic Identification

39.D23 Apparatus, Reagents, and Test Solutions
(a) Thin la y e r  p la te s .— G la s s ,  2 0  x  2 0  c m ,  c o a t e d  w i th  2 5 0  p m  

l a y e r  o f  s i l i c a  g e l  G  w i th  f l u o r e s c e n t  i n d i c a t o r  ( A n a l t e c h  C a t .  N o .  

0 2 0 1 1  [ A n a l t e c h  I n c . ,  75  B lu e  H e n  D r ,  P O  B o x  7 5 5 7 , N e w a r k ,  D E  

1 9 7 1 1 ], o r  e q u iv .) .
(b) D e v e lo p in g  s o ln s .— ( / )  D ru g  s u b s ta n c e .— C H C l 3- d i e t h y l a m i n e  

(2  +  1). (2 ) E lix ir .— C H C l3- a c e t o n e - g l a c i a l  H O A c  (8 0  +  4 0  +  1).
(c) T L C  s td  te s t  s o ln s .— ■(/) D ru g  s u b s ta n c e .— P r e p .  1 m g /m L  s o ln  

o f  U S P  R e f .  S td  D e x a m e th a s o n e  in  C H 2C l2- M e O H  (1 +  1). (2) 
E lix ir .— E v a p .  10 m L  o f  D e x a m e th a s o n e  s td  so ln  (f) j u s t  t o  d r y n e s s  
o n  s t e a m  b a th .  D is s o lv e  r e s id u e  in  1 m L  C H 2C l2- M e O H  (1 +  1). 
P r e p ,  i n d iv id u a l  4 0 0  p g  s o ln s  o f  d e x a m e t h a s o n e  (S ig m a  C h e m ic a l  
C o . ,  o r  e q u iv . )  a n d  c o r t i s o n e  in  C H 2C l2- M e O H  (1 +  1) t o  s e r v e  a s  

c h r o m a tg c  id e n t i f i c a t io n  s td s .
(d) T L C  sa m p le  te s t  s o ln s .— (I)  D ru g  s u b s ta n c e .— P r e p ,  a s  d i r e c t e d  

f o r  T L C  s td  te s t  so ln . (2 ) E lix ir .— E v a p .  10 m L  o f  e l i x i r  s a m p le  
p r e p n  (b) j u s t  t o  d r y n e s s  o n  s t e a m  b a th .  D is s o lv e  r e s id u e  in  1 m L  

C H 2C l2- M e O H  (1 +  1).

39.D24 Chromatography
E q u i l i b r a t e  s u i t a b le  c h r o m a tg c  t a n k  w i th  a p p r o p r i a t e  d e v e l o p in g  

s o lv .  S p o t  5  p L  o f  e a c h  t e s t  s o ln  c a  2 .5  c m  f r o m  b o t to m  o f  c o a t e d

p la te .  L e t  s p o t s  d r y  a n d  d e v e l o p  c h r o m a to g r a m  u n t i l  s o lv .  f r o n t  h a s  
m o v e d  10 c m  f r o m  o r ig in .  R e m o v e  p l a t e ,  m a r k  s o lv .  f r o n t ,  a i r - d r y  

p l a t e ,  a n d  l o c a t e  s p o t s  u n d e r  s h o r t w a v e  U V  l ig h t .  F o r  d r u g  s u b 

s t a n c e ,  R , o f  m a jo r  s p o t  in  s a m p l e  t e s t  s o ln  c o r r e s p o n d s  t o  t h a t  f o r  
s td  t e s t  s o ln .  F o r  e l ix i r ,  r e l a t i v e  R f o f  d e x a m e t h a s o n e  t o  c o r t i s o n e  
f o r  T L C  s a m p l e  t e s t  s o ln  c o r r e s p o n d s  t o  t h a t  f o r  T L C  s td  t e s t  s o ln .

39.D25 Infrared Spectroscopic Identification

D ru g  s u b s ta n c e .— P r e p .  K B r  d i s p e r s i o n s  f r o m  p r e v io u s ly  d r i e d  
s a m p le  a n d  s td  m a te r i a l .  S c a n  s p e c t r a  b e t w e e n  2 .5  a n d  1 5 .0  p m .  
C o m p a r e  s a m p le  a n d  s td  s p e c t r a .  I f  d i f f e r e n c e  a p p e a r s ,  d i s s o lv e  

p o r t i o n s  o f  b o t h  s a m p l e  a n d  s td  in  C H 3C N ,  e v a p .  s o ln s  t o  d r y n e s s ,  
a n d  r e p e a t  t e s t  o n  r e s i d u e s .  S a m p le  a n d  s td  p r e p n s  e x h ib i t  m a x im a  
a t  s a m e  w a v e le n g th .

39.D26 Identification by Relative Retention Times

D ru g  s u b s ta n c e .— C o m p a r e  r e t e n t i o n  r a t i o s  o f  m a in  p e a k  to  
i n t e r n a l  s td  p e a k  o b ta in e d  f o r  d e x a m e t h a s o n e  s td  s o ln  a n d  f o r  a s s a y  
s a m p le  p r e p n  a s  d i r e c t e d  in  L C  a s s a y .  R a t io s  t h a t  d o  n o t  d i f f e r  b y  
> 2 . 0 %  c o n f i rm  id e n t i ty .

Alcohol in Elixir 
Gas Chromatographic Method

39.D27 Apparatus and Reagents

(a )  G a s c h ro m a to g r a p h .— M o d e l  5 8 3 0 A , w i th  f la m e  io n iz a t io n  
d e t e c t o r  a n d  e l e c t r o n i c  i n t e g r a t o r  ( H e w l e t t - P a c k a r d ) ,  o r  e q u iv .  

O p e r a t in g  c o n d i t i o n s :  c o lu m n  t e m p .  165° a n d  N  g a s  f lo w  a d ju s t e d  
s o  t h a t  2 - p r o p a n o l  e lu t e s  in  3 - 5  m in .

(b) C h r o m a to g ra p h ic  co lu m n .— G la s s ,  6  f t  x 4  m m  id ,  p a c k e d  
w i th  8 0 - 1 0 0  m e s h  c o p o ly m e r  o f  e t h y l v i n y l b e n z e n e  a n d  d iv in y lb e n -  
z e n e  t h a t  h a s  n o m in a l  s u r f a c e  a r e a  o f  5 0 0 - 6 0 0  s q  m /g  a n d  a v .  p o r e  
d ia m . o f  0 .0 0 7 5  p m .  T h i s  m a te r i a l  h a s  b e e n  w a s h e d  w i th  o rg .  s o lv s  
a n d  a c id s  a n d  t h e n  p r e c o n d i t i o n e d  in  b u lk  in  O - f r e e  a tm .  S u p e r - Q  

(A l l t e c h  A s s o c i a t e s  C a t .  N o .  2 7 3 5  [ A p p l ie d  S c i e n c e  L a b s ,  2051 
W a u k e g a n  R d ,  D e e r f ie ld ,  I L  6 0 0 1 5 ])  h a s  b e e n  f o u n d  to  b e  s u i t a b l e .

(c ) In te r n c l s td  so ln .— D il.  5 .0  m L  2 - p r o p a n o l  w i th  H 20  to  2 5 0  
m L .

(d) A lc o h o l s td  s o ln .— D il. 5 .0  m L  a b s o l u t e  a l c o h o l  w i th  H 20  to  
2 5 0  m L .  P ip e t  10 m L  o f  th i s  s o ln  a n d  10 m L  i n t e r n a l  s t d  s o ln  in to  
100 m L  v o l .  f la s k  a n d  d i l .  t o  v o l .  w i th  H 20 .

39.D28 Preparation of GC Column

W ith  s m a l l  p lu g  o f  s i l a n i z e d  g la s s  w o o l  in  e n d  o f  c o lu m n ,  a p p ly  
v a c .  t o  e x i t  o f  c o lu m n  a n d  a d d  p a c k i n g  in  s m a l l  a m ts  t o  in le t  e n d .  
W i th  a id  o f  g e n t le  v ib r a t i o n ,  p a c k  c o lu m n  f irm ly .  C o n d i t i o n  c o lu m n  
o v e r n ig h t  a t  23 5 °  w i th  s lo w  N  f lo w .  C h e c k  c o lu m n  f o r  v o id s  a f t e r  
c o n d i t io n in g .  G e n t ly  v ib r a t e  c o lu m n  to  r e m o v e  v o id s .  C h e c k  c o lu m n  
p e r f o r m a n c e  b y  in je c t in g  a l c o h o l  s td  s o ln  a n d  c a l c g  fo l lo w in g :  
r e s o lu t io n  a  3 ; R S D  <  1 .5 %  f o r  a l c o h o l  p e a k  a r e a  r e l a t i v e  t o  2- 
p r o p a n o l  p e a k  a r e a  w i th  6  r e p l i c a t e  i n j e c t i o n s ;  a n d  ta i l in g  f a c t o r  
< 2 . 0  f o r  a lc o h o l .

39.D29 Sample Preparation

P ip e t  4  m L  e l ix i r  a n d  10 m L  s td  s o ln  in to  100  m L  v o l .  f l a s k  a n d  
d i l .  t o  v o l .  w i th  H 20 .

39.D30 Determination and Calculation

I n j e c t  c a  5  p L  e a c h  o f  s a m p l e  a n d  s td  s o ln s  in  d u p l i c a t e .  C a l c .  
%  a lc o h o l  in  e l ix i r  a s  f o l l o w s :

%  a lc o h o l  (v /v )  =  (R R /R R ')  x C  x D  

w h e r e  R R  a n d  R R ' = a v .  r e s p o n s e  r a t i o  f o r  p e a k  a r e a  o f  a n a l y t e
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to  t h a t  o f  in te r n a l  s t d  f o r  s a m p l e  a n d  s td ,  r e s p . ;  C  =  %  a lc o h o l  in  
s td  s o ln ;  a n d  D =  s a m p l e  d i ln  f a c to r .

R e f . :  J A O A C  70, 9 6 7 (1 9 8 7 ) .

C A S -5 0 -0 2 -2  ( d e x a m e th a s o n e )

40. DRUGS: ILLICIT

(1) The following first action method was adopted final 
action:

Diazepam in drug tablets, liquid chromatographic method,
40.A01-40.A06.

(2) The following interim liquid chromatographic method 
for determination of enantiomers of amphetamine was adopted 
first action:

Enantiomers of Amphetamine 
Liquid Chromatographic Method 

First Action
( A p p l ic a b le  t o  b u lk  d r u g ,  a n d  s y r u p  a n d  c a p s u le  d o s a g e  f o r m s )

40.D01 Principle
S a m p le s  a r e  d i s s o lv e d  in  C H 2C l2, a n d  2 - n a p h th o y l  a m id e  d e r i v a 

t i v e s  a r e  f o r m e d  b y  a d d in g  2 - n a p h th o y l  c h lo r id e .  I s o m e r s  a r e  d e td  
b y  liq .  c h r o m a tg y  o n  c h i r a l  s t a t i o n a r y  p h a s e  L C  c o lu m n ,  w i th  
h e x a n e - i s o p r o p y l  a l c o h o l - C H 3C N  (9 7  +  3 +  0 .5 )  m o b i le  p h a s e  a n d  

d e t e c t i o n  a t  2 5 4  n m .

40.D02 Apparatus
(a) Liquid chromatograph.— S p e c tr a -P h y s ic s  M o d e l  800 0  e q u ip p e d  

w i th  V a le o  7 0 0 0  p s i  i n je c t io n  v a lv e  w i th  10 p L  in je c t io n  lo o p ,  t e m p .-  
c o n t r o l l e d  o v e n  o r  c o lu m n  H 20  j a c k e t ,  a n d  p r i n t e r  p lo t t e r .  E q u i v .  

a p p  m a y  b e  u s e d .
(b) Detector.— S p e c t r a - P h y s i c s  M o d e l  7 7 0  U V - v is ,  o r  e q u i v . ,  s e t  

a t  2 5 4  n m ,  0 .0 4  A U F S ,  a n d  t im e  c o n s t a n t  a t  4  s .
(c) Data integration system.— S e t  p e a k  w id th  t o  p e a k  th r e s h o ld  

r a t i o  a t  1 :6 0  f o r  S p e c t r a - P h y s i c s  M o d e l  8 0 0 0  o r  a t  a p p r o p r i a t e  
s e t t in g s  f o r  e q u iv .  c h r o m a tg c  d a t a  s y s te m .

(d) LC column.— P ir k le  c o v a l e n t  D -p h e n y l  g ly c in e  a n a l y t i c a l  c o l 
u m n  ( J .T .  B a k e r  C h e m ic a l  C o . ( B a k e r b o n d  C h ir a l  P h a s e  [D N B P G ]  

c o lu m n )  o r  R e g i s  C h e m ic a l  C o . ,  8 2 1 0  N  A u s t in  A v e ,  M o r to n  G r o v e ,  
I L  6 0 0 5 3 ).

40.D03 Reagents
(a) Solvents.— U s e  U V  q u a l i ty ,  L C  g r a d e  H 20 ,  h e x a n e ,  i s o p r o p y l  

a l c o h o l ,  C H j C N ,  a n d  C H 2C12.
(b) LC mobile phase.— H e x a n e - i s o p r o p y l  a l c o h o l - C H 3C N  (9 7  +  

3 +  0 .5  v /v /v ) .

(c) 2-Naphthoyl chloride.— 9 8 %  ( A ld r ic h  C h e m ic a l  C o .) .
(d) Reagent solns.— 2 0 %  N a O H  s o ln ;  0 .0 1 M  s o ln  o f  2 - n a p h th o y l  

c h lo r id e  in  C H 2C12; 0 .0 1 M  H 2S 0 4 s o ln .

40.D04 Preparation of LC Standard and Sample Solutions
(a )  Standard.— D is s o lv e  10 m g  U S P  R e f .  S td  in  5  m L  C H 2C12, 

a n d  a d d  5 m L  2 0 %  N a O H  s o ln .  C o n t in u e  w i th  (e ).
(b) Bulk drug.— D is s o lv e  10 m g  b u lk  d r u g  in  5  m L  C H 2C12, a n d  

a d d  5 m L  2 0 %  N a O H  s o ln .  C o n t in u e  w i th  (e ).
(c ) Syrup.— M ix  10 m L  s y r u p  w i th  5 m L  C H 2C12, a n d  a d d  5 m L  

2 0 %  N a O H  s o ln .  C o n t in u e  w i th  (e ).

(d) Capsules.— P la c e  1 c a p s u le  in  5  m L  2 0 %  N a O H  s o ln ,  u l t r a 
s o n ic a t e  45  m in  o r  u n t i l  d i s s o lv e d .  F i l t e r  r e s u l t i n g  s o ln .  A d d  5 m L  
C H ,C 1 2 to  f i l t r a te .  C o n t in u e  w i th  (e ).

(e) Working solns.— T r a n s f e r  s o ln  f r o m  (a), (b), (c ) , o r  (d) t o  30  
m L  s e p a r a t o r y  f u n n e l .  A d d  10 m L  0 .0 1 M  s o ln  o f  2 - n a p h th o y l  
c h lo r id e  in  C H 2C12, a n d  s h a k e  m ix t .  1 m in .  T r a n s f e r  o r g .  p h a s e  to  

a n o t h e r  3 0  m L  s e p a r a t o r y  f u n n e l .  W a s h  a q .  p h a s e  w i th  5 m L  C H 2C12, 
a n d  c o m b in e  o rg .  l a y e r s .  W a s h  c o m b in e d  o r g .  l a y e r s  w i th  5 m L  

0 .0 1 M  H 2S 0 4, a n d  f i l t e r  w a s h e d  o rg .  l a y e r  t h r u  s y r in g e  (1 0  m L  
p la s t i c  s y r in g e  w i th  p lu n g e r  r e m o v e d )  c o n tg  g la s s  c o t t o n  p lu g  a n d  
a n h y d .  N a 2S 0 4. D i s c a r d  a q .  l a y e r s .

40.D05 Liquid Chromatography

(a) Column preparation.— E q u i l ib r a t e  o v e r n ig h t  c h i r a l  s t a t i o n a r y  
p h a s e  L C  c o lu m n  w i th  m o b i le  p h a s e  a t  f lo w  r a t e  o f  0 .2 5  m L /m in  
w i th  t e m p ,  c o n t r o l l e d  a t  20  ±  1°. C i r c u l a t e  s o lv .  d u r in g  a n a l y s i s  
w i th o u t  i n t e r r u p t i o n .  U s e  f lo w  r a t e  o f  2  m L /m in  d u r in g  a n a l y s i s .

(b) System suitability test.— A f t e r  d e r i v a t i z a t i o n ,  i n j e c t  10 p L  
a l iq u o ts  o f  5 0 :5 0  m ix t .  o f  ¿ : / - a m p h e ta m in e  ( s y s t e m  s u i t a b i l i t y  s td ;  
a v a i la b le  f r o m  S ig m a  C h e m ic a l  C o . )  in to  c h r o m a t g c  c o lu m n .  F ig .  
4 0 :D 1  s h o w s  L C  r e s o lu t io n  o f  t h i s  m ix t .  R e p e a t  a n a l y s i s  in  t r i p l i c a t e .  
C a l c ,  m e a n  a n d  c o e f f ic ie n t  o f  v a r i a t i o n  a s  f o l l o w s :

m e a n ,  X  =  (A , +  X2 + . . . X Jn

C o e f f .  o f  v a r . ,  %  =  ( s td  d e v . /m e a n )  x  100

E f f ic ie n c y  is  o p t im u m  w h e n  r e s o l u t i o n  is  a  1 .2  a n d  m a x .  r e l a t i v e  
s td  d e v .  is  £ 2 . 0 ;  h o w e v e r ,  s u i t a b le  r e s u l t s  c a n  b e  o b t a i n e d  w i th  
r e s o lu t io n  a s  lo w  a s  0 .8 .

(c) Procedure.— I n je c t  10 p L  a l i q u o t s  o f  w o r k in g  s o ln s  o f  s td ,  
b u lk  d r u g ,  s y r u p ,  o r  c a p s u le s .  M a k e  e a c h  in je c t io n  in  d u p l i c a t e .

40.D06 Calculations

C a lc .  %  a r e a  o f  / - a m p h e ta m in e  ( p e r c e n t  / - a m p h e ta m in e )  a n d  ¿ -  
a m p h e ta m i n e  ( p e r c e n t  ¿ - a m p h e ta m i n e )  in  s td  a n d  s a m p l e s  a s  fo l l o w s :

/ - A m p h e ta m in e ,  %  =  [PAJ{PAt + P A d)] x  100

¿ - A m p h e ta m in e ,  %  =  [PAJ(PA, +  R A d)] x  100

w h e r e  B A , a n d  PAa = p e a k  a r e a s  f o r  /- a n d  d - a m p h e t a m i n e s ,  r e s p .

R e f . :  J A O A C  7 1 , M a y  i s s u e  (1 9 8 8 ) .

C A S - 1 56 -34 -3  ( / - a m p h e ta m in e )
C A S - 5 1-64 -9  ( ¿ - a m p h e ta m in e )

41. DRUGS AND FEED ADDITIVES IN ANIMAL 
TISSUES

No additions, deletions, or other changes.

42. DRUGS IN FEEDS

(1) The following first action methods were adopted final 
action:

I 2

TIME
FIG 40:D1— Chromatogram of system suitability standard composed of 
50:50 mixture of ¿¿-amphetamine: 1, /-amphetamine; 2, ¿-amphetamine.
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(a) Dimetridazole in feeds, spectrophotometric method, 
42.063-42.068, including an editorial change to correct the 
dilution factors in 42.068(a): Change the factors to read: 
“ where diln factor = 66.67 for feeds contg 0.015%; 250.0, 
0.06%; and 333.3, 0.1%.”

(b) Furazolidone and zoalene in feeds, qualitative tests,
42.077-42.080.

(c) Melengestrol acetate in feed supplements, gas chro
matographic method, 42.088-42.096.

(d) Sulfaquinoxaline in feeds, spectrophotometric method— 
method I, 42.179-42.183.

(e) Furazolidone in feeds, liquid chromatographic method, 
42.A01-42.A06.

(2) The following first action methods were declared 
surplus:

(a) Arprinocid in feeds, liquid chromatographic method, 
42.021-42.026.

(b) Arprinocid in premixes, spectrophotometric method, 
42.027-42.032.

(c) Diethylstilbestrol in feeds, spectrophotometric method, 
42.059-42.062.

43. VITAMINS AND OTHER NUTRIENTS

(1) The following first action methods were adopted final 
action:

(a) Nutrients in ready-to-feed milk-based infant formula, 
43.A21-43.A40: Compositing of sample, 43.A21; sampling 
liquids for analysis, 43.A22; riboflavin, 43.A23; vitamin B6 
(pyridoxine, pyridoxal, pyridoxamine), 43.A24-43.A27; vi
tamin C (reduced ascorbic acid), 43.A28-43.A31; niacin and 
niacinamide (nicotinic acid and nicotinamide), 43.A32-43.A36; 
minerals, 43.A37-43.A40.

(b) Nutrients in ready-to-feed milk-based infant formula, 
43.B01-43.B39: Proximate analysis, 43.B01-43.B05; chlo
ride, 43.B06-43.B10; cobalamin (vitamin B,, activity), 43.B11- 
43.B22; phosphorus, 43.B23-43.B28; thiamine (vitamin B,), 
43.B29-43.B39.

(2) The final action ion exchange chromatographic method 
for determination of sulfur amino acids in food and feed 
ingredients, 43.A08-43.A13, was extended first action to 
include processed foods.

(3) The following interim Food Chemicals Codex-U.S. 
Pharmacopeia-AOAC gas chromatographic method for mixed 
tocopherols concentrate was adopted first action:

Tocopherol Isomers in Mixed Tocopherols Concentrate 
Gas Chromatographic Method 

First Action
Food Chemicals Codex-U.S. Pharmacopeia-AOAC Method

43.D01 Principle

S a m p le  is  r e f lu x e d  w i th  i n t e r n a l  s t d  s o in  o f  h e x a d e c y l  h e x a d e -  
c a n o a t e  in  p y r i d i n e - p r o p i o n i c  a n h y d r i d e  (2  +  1). I s o m e r s  a r e  d e t d  
b y  g a s  c h r o m a tg y  w i th  f la m e  io n iz a t io n  d e t e c t i o n .

43.D02 Apparatus

U s e  lo w - a c t in ic  g la s s w a r e  f o r  a l l  s o ln s  c o n tg  t o c o p h e r o l s .

(a) Gas chromatograph.— W ith  f la m e  io n iz a t io n  d e t e c t o r  a n d  
g la s s - l i n e d  s a m p l e - in t r o d u c t io n  s y s t e m  o r  o n - c o lu m n  in je c t io n .  O p 
e r a t i n g  c o n d i t i o n s ;  c o lu m n ,  i s o th e r m a l  b e t w e e n  2 4 0  a n d  2 6 0 ° ; in je c 
t io n  p o r t ,  c a  2 9 0 ° ; d e t e c t o r  b lo c k ,  c a  30 0 ° . A d ju s t  c a r r i e r  g a s  f lo w  

r a t e  t o  o b t a in  h e x a d e c y l  h e x a d e c a n o a t e  p e a k  c a  1 8 -2 0  m in  a f te r  
s a m p le  i n t r o d u c t io n  w h e n  2 %  c o lu m n  is  u s e d ,  o r  3 0 - 3 2  m in  f o r  5 %  
c o lu m n

(b )  Column.— 2 m  x  4  m m  b o r o s i l i c a t e  g la s s  p a c k e d  w i th  2 - 5 %  
m e th y lp o ly s i l c x a n e  g u m  o n  8 0 - 1 0 0  m e s h  a c i d - b a s e  w a s h e d ,  s i l a n iz e d  
c h r o m a tg c  d i a : .  e a r t h .  Note: C u r e  a n d  c o n d i t i o n  c o lu m n  a s  n e c e s 
s a r y ;  t y p i c a l ly ,  c o n d i t i o n  1 h  a t  c a  30 0 °  w i th  n o  c a r r i e r  g a s  f lo w . 
L e t  c o lu m n  c o o l .  C o n n e c t  c a r r i e r  g a s  t o  c o lu m n ,  s t a r t  f lo w ,  a n d  

m a in ta in  4  h . C o n n e c t  c o lu m n  to  d e t e c t o r  a n d  p e r f o r m  s y s t e m  
s u i ta b i l i ty  c h e c k .

(c ) Flasks.— E r l e n m e y e r ,  5 0  m L ,  19 /38  g r o u n d - g l a s s  n e c k  (K im b le  
2 6 5 1 0 , o r  e q u iv .) .

43.D03 Reagents

(a )  Internal std soln.— A c c u r a t e l y  w e ig h  c a  6 0 0  m g  h e x a d e c y l  
h e x a d e c a n o a t e  ( >  9 9 % ; A n a la b s  N o .  L M S - 0 6 7 ,  o r  e q u iv . )  a n d  
t r a n s f e r  t o  2C0 m L  v o l .  f la s k .  D is s o lv e  in  a n d  d i l .  t o  v o l .  w i th  
p y r i d i n e - p r o p i o n i c  a n h y d r id e  (2  +  1), a n d  m ix .

(b )  Tocopherol std solns.— A c c u r a t e l y  w e ig h  12 , 2 5 ,  3 7 , a n d  50  
m g  p o r t i o n s  o f  U S P  A lp h a  T o c o p h e r o l  R e f .  S td  a n d  t r a n s f e r  t o  s e p .  
5 0  m L  e r l e n m e y e r s .  P ip e t  2 5 .0  m L  i n t e r n a l  s t d  s o ln  in to  e a c h  f la s k ,  
m ix ,  a n d  r e f lu x  10 m in  u n d e r  H .O - c o o le d  c o n d e n s e r s .

(c) Carrier gas.— N ,  d r y .

43.D04 Assay Preparation

A c c u r a t e ly  w e ig h  c a  6 0  m g  s a m p l e  a n d  t r a n s f e r  t o  5 0  m L  
e r l e n m e y e r .  P ip e t  1 0 .0  m L  i n t e r n a l  s t d  s o ln  in to  f l a s k ,  m ix ,  a n d  
re f lu x  10 m in  u n d e r  H ,0 - c o o l e d  c o n d e n s e r .

43.D05 System Suitability Test

C h r o m a to g r a p h  s u i t a b l e  n u m b e r  o f  i n j e c t i o n s  o f  a s s a y  p r e p n ,  a s  
d i r e c t e d  in  Calibration. R e s o lu t io n  f a c t o r ,  R, b e t w e e n  m a jo r  p e a k s  
o c c u r r in g  a t  r e t e n t i o n  t im e s  o f  c a  0 .5 0  ( d e l t a - t o c o p h e r y l  p r o p io n a t e )  
a n d  0 .6 3  ( b e ta -  p lu s  g a m m a - to c o p h e r y l  p r o p i o n a t e s ) ,  r e l a t i v e  t o  

h e x a d e c y l  h e x a d e c a n o a t e  a t  1 .0 0 , s h o u ld  b e  ^ 2 . 5 .  C a l c .  R a s  
fo l lo w s :

R =  [2 ( f , -  r ,)] /(v r, +  u s )

w h e r e  t2 a n d  t, =  r e t e n t i o n  t im e s  o f  2  c o m p o n e n t s ,  a n d  u s  a n d  w, 
=  c o r r e s p o n d in g  w id th s  o f  b a s e s  o f  p e a k s ,  o b t a i n e d  b y  e x t r a p o la t i n g  
r e la t i v e ly  s t r a ig h t  s id e s  o f  p e a k s  t o  b a s e l in e .

43.D06 Calibration

C h r o m a to g r a p h  s u c c e s s iv e  2 - 5  p L  p o r t i o n s  o f  e a c h  to c o p h e r o l  
s t d  s o ln  u n t i l  r e l a t i v e  r e s p o n s e  f a c t o r ,  F. f o r  e a c h  is  c o n s t ,  i . e . ,  
w i th in  r a n g e  o f  c a  2 %  f o r  3 c o n s e c u t i v e  i n j e c t i o n s .  I f  g r a p h ic  
i n t e g r a t i o n  is  u s e d ,  a d j u s t  i n s t r u m e n t  t o  o b t a in  5=70%  m a x .  r e c o r d e r  
r e s p o n s e  f o r  h e x a d e c y l  h e x a d e c a n o a t e  p e a k .  M e a s u r e  a r e a s  u n d e r  
f i r s t  ( a lp h a - to c o p h e r y l  p r o p i o n a t e )  a n d  s e c o n d  ( h e x a d e c y l  h e x a d e 
c a n o a te )  m a jo r  p e a k s  ( e x c lu d in g  s o lv .  p e a k ) ,  a n d  r e c o r d  v a lu e s  a s  
PAS a n d  PA,, r e s p .  C a lc ,  f a c t o r ,  F, f o r  e a c h  c o n c n  o f  to c o p h e r o l  
s td  s o ln  a s  f o l l o w s :

F = (PAJPA,) x  (C , x  C 5)

w h e r e  C , a n d  C s =  e x a c t  c o n c n s ,  m g /m L ,  o f  h e x a d e c y l  h e x a d e c a 
n o a t e  a n d  U S P  A lp h a  T o c o p h e r o l  R e f .  S td  in  t o c o p h e r o l  s t d  s o ln .  
P r e p ,  c u r v e  b y  p lo t t in g  p e a k  a r e a  f o r  a l p h a - t o c o p h e r y l  p r o p io n a t e  

v s  r e l a t i v e  r e s p o n s e  f a c to r .
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43.D07 Determination

Inject 2-5 pL  assay prepn into chromatograph and record chro
matogram. M easure areas under 4 major peaks occurring at relative 
retention times of 0.50, 0.63, and 0.76, and 1.00, and record values 
as PAf,, FAo+,,  P A a, and P A U corresponding to delta-tocopheryl 
propionate, beta- plus gamma-tocopheryl propionates, alpha-toco- 
pheryl propionate, and hexadecyl hexadecanoate, resp. Calc, wt, 
mg, of each tocopherol form as follows:

delta-Tocopherol, mg = (10Ci/F) x { P A J P A f  

beta- plus gamma-TocopheroI, mg =  (lOC^F) x  (P A f,  + 1 +  I P A I) 
alpha-Tocopherol, mg =  (10C/F) x (P A j P A t)

where F  =  value from relative response factor curve (see C a lib r a 
tion )  for each of corresponding peaks produced by assay prepn. 
N o te :  Relative response factor for delta-tocopheryl propionate and 
for beta- plus gamm a-tocopheryl propionates has been detd empir
ically to be same as for alpha-tocopheryl propionate.

Ref.: Pharm. Forum  (Jan .-Feb. 1987) p. 2155.

CAS-59-02-5 (a-tocopherol)
CAS-148-03-8 ((3-tocopherol)
CAS-7616-22-0 (7 -tocopherol)
CAS-119-13-1 (8-tocopherol)

(4) The in te rim  ion  exchange chrom atographic method 
fo r  determ ination o f tryp tophan in  foods and food and feed 
ingredients was adopted firs t action:

Tryptophan in Foods and Food and Feed ingredients 

Ion Exchange Chromatographic Method 

First Action

43.D08 Principle

Protein is hydrolyzed under vac. with 4.2N NaOFI. After pH 
adjustm ent and clarification, tryptophan is sepd by ion exchange 
chromatgy with m easurement o f ninhydrin chrom ophore or by 
reverse phase liq. chromatgy with UV detection.

43.D09 Apparatus

(a) A m in o  a c id  a n a ly z e r .—Dionex D-500, or equiv., operated in 
accordance with m anufacturer’s instructions. Column, 50 cm x 
1.75 mm id stainless steel, packed with DC5A cation exchange resin 
(Dionex Corp., PO Box 3603, Sunnyvale, CA 94088). Operating 
conditions: flow rate 8 mL/h. Column temp.: hold at 59° for 0 to 
50:00 min, then increase to 65° for 50:00 to 90:00 min. Pump 
regenerant 0.2N N aOH for 0 to 5:35 min. Elution buffers: Na citrate 
elution buffer 1, pH 4.25, 0.2N, 5:35 to 50:00 min; then N a citrate 
elution buffer 2, pH 5.3, 0.14N with 4% 2-propanol, 50:00 to 90:00 
min.

(b) M o d if ie d m ic r o -K je ld a h lf la s k s .—25 mL m icro-Kjeldahl flasks 
fitted with 12 mm id x  15 cm long neck. C onstrict neck to ca 6  mm 
id 5 cm above bulb of flask (available as special order from Ace 
Glass, Inc.). These modifications can be made easily by experienced 
glass blower.

(c) L C  s y s te m .—W aters 6000 instrum ent, or equiv., operated 
according to m anufacturer’s instructions. Column: 25 cm x 4.6 mm 
id stainless steel pB ondapak C I8 (W aters Chrom atography Div., 
Millipore, Milford, MA 01757). Operating conditions: flow rate 1.5 
mL/min; mobile phase 0.0085M NaOAc (adjusted to pH  4.0 with 
HO Ac)-M eO H (95 +  5); UV at 280 nm, 0.01 AUFS.

(d) V acu u m  p u m p .—Capable o f 10 pm  (Welch Duo-Seal Model 
No. 1400 equipped with diffusion pump head, or equiv.).

(e) M e m b ra n e  f i l te r .— 0.45 pm.

43.D10 R e a g e n ts

(a) W a te r .—Purified by Milli-Q system  (Millipore C orp.), or 
equiv. Use thruout m ethod.

(b) T ryp to p h a n  s td  s o ln .—(/) S to c k  so ln :  1 mg/mL. Dissolve 250 
mg L-tryptophan (Calbiochem, PO Box 12087, San Diego, CA 92112- 
4180) in 100 mL H20  with 6 drops HC1. Add 3 drops “ pH ix” buffer 
preservative (Pierce Chemical Co.), and dil. to 250 mL with H 20 .
(2) W orkin g  so ln  I: 0.1 mg/mL. Dil. 10 mL stock soln to 100 mL 
with H ,0 . (5) W orkin g  so ln  II: 0.04 mg/mL. Dil. 4 m L stock soln 
to 100 mL with H ,0 . Refrigerate std solns when not in use. Prep, 
solns fresh monthly.

(c) N a  c itra te  lo a d in g  b u ffer .—pH 4.25, 0.2N (Pierce Chemical 
Co.). Filter twice thru 0.45 pm  filter.

(d) N a  c itr a te  e lu tin g  b u ffer .—pH 5.3, 0.14N, 4% 2-propanol. 
Dil. 262 mL Beckman pH 4.95 buffer (Beckman Instrum ents, Inc.) 
and 40 mL 2-propanol to 1 L  with H ,0  F ilter twice thru 0.45 pm 
filter.

(e) R e g e n e ra n t so ln .—0.2N NaOH with EDTA. Dissolve 32 g 
NaOH and 3 g N a2EDTA in H 20  and dil. to 4 L with H 20 .  F ilter 
twice thru 0.45 pm  filter.

43.D11 P re p a ra tio n  o f  S a m p le s

Grind test sample in centrifugal mill fitted with 1 mm screen, and 
mix thoroly. Weigh test portion contg 100 mg protein (£300 mg) 
into modified m icro-Kjeldahl flask.

(a) T est sa m p le s  w ith  >5% l ip id s .—Add 10 mL pet ether to 
weighed sample in flask. Swirl gently to mix and sonicate 20 min. 
L et settle. Centrf. if necessary. Siphon off as m uch pet ether as 
possible, taking care not to remove any solids. Evap. remaining pet 
ether under gentle stream  of N. Continue as under P r e p a r a tio n  o f  
H y d r o ly s a te s .

(b) T es t sa m p le s  w ith  <5% l ip id s .—Continue as under P r e p a r a 
tion  o f  H y d r o ly s a te s .

43.D12 P re p a ra tio n  o f  H y d ro ly s a te s

Deaerate 4.2N NaOH by bubbling with N for 10 min. Add 10 mL 
deaerated 4.2N NaOH to each flask. Add 3 drops 1-octanol. 
Im mediately freeze treated soln in dry ice-E tO H  bath. Then rem ove 
flask from bath and evacuate to 10 pm . Turn off vac. and seal neck 
of flask at constriction with dual head O/natural gas flame. Place 
sealed flask in beaker contg H 20  at room tem p, until sam ple soln 
is melted. Place flask in 110° oven for 20 h.

L et flasks cool to room temp. E tch neck of each flask with glass 
knife and break seal by touching white hot glass rod to etch mark. 
Tap neck of flask to break off tip into clean 50 m L beaker. Rinse 
neck of flask with 1 mL pH 4.25 N a citrate buffer soln, collecting 
rinse in beaker. Quant, transfer hydrolysate to same 50 m L beaker, 
rinsing flask with two 2 m L portions o f pH 4.25 N a citrate buffer 
soln. N eutze soln with 3.5 m L HC1, and stir vigorously. Adjust pH 
to 4.25 ±  0.05.

Quant, transfer soln to 25 mL vol. flask, and dil. to vol. with 
H 20 .  Pour into 40 mL centrf. tube and centrf. 20 min at 1150 x g . 
Filter supernate thru glass fiber paper (W hatman GF/A). Transfer 
filtrate to centrf. tube and centrf. 10 min at 23 000 x g .

43.D13 D e te rm in a tio n

Load 40 pL  test o r std soln into amino acid analyzer. Operate 
system  according to m anufacturer’s instructions. Inject stds at 
beginning and end of run and after every 5 o r 6 test solns.

For LC sepn, inject 15 pL  test or std soln. M easure A  at 280 nm.
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43.D14 Calculations

M easure peak areas for tryptophan in test samples and stds. Calc. 
%  tryptophan as follows:

Tryptophan, g/100 g = [(P A /P A ') x  C  x  (V /W )] x 100

where P A  and P A ' =  peak areas o f sample and std, resp .; C  =  g 
std/mL; V  =  vol. o f final diln, m L; W  =  wt sample, g.

Ref.: JAOAC 71, May issue (1988).

CAS-73-22-3 (L-tryptophan)

44. EXTRANEO US M A T E R IA L S : IS O L A T IO N

(1) The fo llow ing  firs t action methods were adopted fina l 
action:

F ilth  in  cocoa, chocolate, and press cake, flo ta tion  m ethod,
44.006-44.007.

F ilth  in  ground coffee and coffee substitutes, sedim entation 
and flo ta tion  m ethod, 44.008.

A ph ids in  hops, A O A C -A S B C  flo ta tion  m ethod, 44.009-
44.011.

L ig h t f ilth  in tea, flo ta tion  m ethod, 44.014-44.016.
Sediment in da iry  products, sediment test m ethod, 44.021.
F ilth  in  shelled nuts, 44.028-44.029.
F ilth  in pecans, 44.030-44.031.
F ilth  in  shredded coconut, 44.032.
F ilth  and extraneous m aterial in  peanut bu tte r, sedimen- 

ta tion /flo ta tion  methods, 44.033-44.038.
Insect in festation (in terna l) o f wheat, cracking flo ta tion  

m ethod, 44.040-44.042.
L ig h t filth  (pre- and post-m illing ) in  w h ite  flou r, flo ta tion  

m ethod, 44.052.
Insect excreta in  flou r, 44.054.
L ig h t f ilth  in rice flours (powders), extruded rice products, 

and rice  paper, flo ta tion  m ethod, 44.055-44.057.
L ig h t f ilth  in  soy flou r, flo ta tion  m ethod, 44.060.
L ig h t f ilth  in  wheat gluten, flo ta tion  m ethod, 44.061.
L ig h t filth  in starch, sieving m ethod, 44.062.
L ig h t f ilth  in w h ite  breads and high-fa t products, flo ta tion  

m ethod, 44.067.
L ig h t f ilth  in  breading o f frozen food products, flo ta tion  

m ethod, 44.068.
L ig h t f ilth  in  a lim entary pastes, flo ta tion  m ethod, 44.069.
L ig h t f ilth  in  com  and rice cereals and corn ch ip  products, 

flo ta tion  m ethod, 44.070.
L ig h t f ilth  in  w hole wheat cereals, flo ta tion  m ethod, 44.071.
L ig h t f ilth  in  barley, oatmeal, and m ixed d ry  in fan t cereal, 

flo ta tion  m ethod, 44.072-44.073.
L ig h t f ilth  in  canned crabm eat, flo ta tion  m ethod, 44.080.
L ig h t f ilth  in fish (canned) and fish products, flo ta tion  

m ethod, 44.082.
L ig h t filth  in  canned shrim p, flo ta tion  m ethod, 44.083.
L ig h t f ilth  in po rk  sausage (uncooked) and ground beef o r 

ham burger, enzyme digestion m ethod, 44.084-44.085.
F ilth  in  apple bu tte r, flo ta tion  m ethod, 44.086.
Thrips  and o ther insects in  frozen blackberries and frozen 

raspberries, flo ta tion  m ethod, 44.089-44.090.
F ilth  in  ja m  and je lly ,  44.094.
F ilth  in  c itrus and pineapple ju ices (canned), 44.095-

44.096.

L igh t f ilth  in  raisins, m icroscopic exam ination m ethod,
44.097.

F ilth  in  potato chips, flo ta tion  m ethod, 44.101.
F ilth  in  corn chips, flo ta tion  m ethod, 44.102.
F ilth  in  candy, flo ta tion  m ethod, 44.103.
F ilth  in sirups, molasses, and honey, f iltra tio n  methods, 

44.105.
F ilth  in sugars, f iltra tio n  m ethod, 44.106.
Foreign m atter in canned corn , flo ta tion  and m acroscopic 

methods, 44.109.
F ilth  in  green lea fy vegetables, 44.110-44.111.
F ilth  in  pureed in fan t food, 44.113-44.114.
L ig h t f ilth  in  dehydrated potato products, flo ta tion  m ethod,

44.117.
F ilth  in  sauerkraut, sieving m ethod, 44.118.
F ilth  in  tom ato products, 44.119-44.120.
L ig h t f ilth  in spices and condim ents, flo ta tion  m ethod,

44.125-44.126.
F ilth  in ground annatto, 44.129.
H eavy filth  in ground capsicum s, sedim entation m ethod, 

44.130.
L ig h t f ilth  in ground capsicums, flo ta tion  m ethod, 44.131- 

44.132.
L ig h t filth  in ground nutmeg, flo ta tion  m ethod, 44.140-

44.141.
L ig h t filth  in recond itioned nutmeg, flo ta tion  m ethod,

44.142.
F ilth  in paprika, 44.145-44.147.
L ig h t filth  in  pepper, 44.148-44.149.
F ilth  in prepared horseradish, flo ta tion  m ethod, 44.155. 
L ig h t f ilth  in  prepared m ustard, flo ta tion  m ethod, 44.156. 
L ig h t f ilth  in gums (p lant, crude), flo ta tion  m ethod, 44.158. 
L ig h t f ilth  in crude and refined papain, flo ta tion  m ethod, 

44.161.
Insect penetration through packaging m ateria ls, m ic ro 

scopic exam ination m ethod, 44.162.
M o ld  in  fru it  nectars, purees, and pastes, H ow ard  m old 

count, 44.201-44.203.
M o ld  in dehydrated tom ato pow der, H ow ard  m old count, 

44.211.
M o ld  in  soft d rinks, G eotrichu m  m old count, 44.217. 
M o ld  in c itrus  ju ices , G eotrichu m  m old count, 44.218. 
M o ld  in vegetables, fru its  and ju ices  (canned), G eotrichu m  

mold count, 44.219.
M o ld  in com m inuted fru its  and vegetables, G eotrichu m  

m old count, 44.220-44.222.
M o ld  in  cream style corn, G eotrich u m  m old count, 44.223.

(2) The firs t action flo ta tion  m ethod fo r  ligh t f ilth  in whole 
pepperm int leaves, 44.A06-44.A08, was adopted firs t action 
fo r ligh t f ilth  in whole leaves o f  a lfa lfa , papaya, and spearm int.

Ref.: JA O A C  70, 997 (1987).

(3) The fo llow ing in terim  th in  layer chromatographic method 
fo r  detection o f coprostanol as an in d ica to r o f  m ammalian 
feces was adopted firs t action:
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Mammalian Feces

Thin Layer Chromatographic Method for Coprostanol 
First Action

(Applicability includes identification of feces in heat-processed 
m aterials.)

44.D01 P rin c ip le

Suspected fecal material is extd with hexane. Coprostanol, char
acteristic sterol o f mammalian feces, is resolved from other sterols 
in ext by TLC, and produces blue spot when heated with phos- 
phomolybdic acid.

44.D02 A p p a ra tu s

(a) Thin la y e r  p la te s .—Glass, 20 x 20 cm, precoated with 250 
p,m layer of silica gel. Prechanneled, with preadsorbent zone. 
(W hatman, Supelco, or equiv. plates.)

(b) D ip p in g  ta n k  a n d  a c c e s s o r ie s .—Glass (Kontes Cat. No. 
K416160, or equiv.).

(c) C h r o m a to g ra p h ic  ta n k  w ith  lid .—Glass (Kontes Cat. No. 
K416180, or equiv.).

(d) S p o ttin g  p ip e t s .—20 pL , glass (Drummond Scientific Co., PO 
Box 700, Broomall, PA 19008, or equiv.).

44.D03 R e a g e n ts

(a) A lc o h o lic  p h o s p h o m o ly b d ic  a c id  (P M A ).—Dissolve 50 g PMA 
(Fisher Certified ACS, or equiv.) in 500 mL alcohol, filter soln, and 
dil. to 1 L with alcohol. Store in dark. Discard if greenish tinge 
appears.

(b) D e v e lo p in g  s o lv e n t.—E ther-hep tane (55 +  45).
(c) C o p r o s ta n o l s td  so ln .—5 pg coprostanol (Supelco std)/mL 

hexane.
(d) C h o le s te ro l s t d  s o ln .—5 pg cholesterol (Supelco std)/mL 

hexane.

44.D04 P re p a ra tio n  o f  S a m p le

Weigh sample of suspected fecal m aterial to nearest 0.1 mg. If 
origin o f feces is unknown or if herbivore dung is suspected, use 
2:5  mg sample to reduce possibility of false neg. conclusions. 
Analyses may be made on much smaller test portions of samples, 
such as those from reconditioning operations of rodent-contam inated 
products, where more is known about sample.

Transfer sample to glass vial (ca 1-2 mL). Gently crush sample 
with glass rod if particle is > 3 -4  mm diam. Add hexane at ratio of 
10 pL/m g feces, but not less than 30 p L  per sample. Cap vial; let 
stand 1 h.

44.D05 P re p a ra tio n  o f  TLC  P la te s

Prep, plates 2:24 h before use to ensure evapn of alcohol. To 
prevent contam ination, w ear vinyl gloves when handling plates. Dip 
plates, top edge leading, into 5% ale. PMA until soln is 2-3 mm 
below preadsorbent-silica gel juncture. Do not let PMA diffuse into 
preadsorbent zone. Hold plate 10-15 s, then remove plate from soln 
and let it stand vertically ca 'h h, preadsorbent edge up, on paper 
toweling. Do not let dust settle on damp surface. Store plates in 
clean, dark container with gel surface free o f any contact. Store 
plates s 3  months.

44.D06 D e te rm in a tio n

Use No. 1 (soft) pencil to lightly draw solv. front line 10 cm from 
preadsorbent-silica gel line. Spot 20 p L  vols o f stds and samples 
and a t least 1 hexane reagent blank individually onto preadsorbent 
regions o f plates. After std o r sample has been applied, number 
lane with soft pencil and record lane no. and sample. If all lanes

are not required, avoid lanes nearest edges. L et hexane evap. 10 
min.

W ork in hood. Apply thin bead of silicone grease around chrom atgc 
tank top to seal lid. Pour 55 mL ether and 45 mL heptane into 100 
mL mixing cylinder. Invert cylinder 3 -4  times to mix and pour 
contents into TLC tank. Immediately cover tank and let system  
equilibrate 10 min. Place TLC plate in tank and cover tank. Develop 
to solv. front line (ca 20 min). Remove plate and air-dry in hood ca 
5 min. Place plate in 120° forced-draft oven 20 min. Remove plate 
and circle spots with soft pencil. Record Rf for coprostanol and 
cholesterol stds. Record Rf for any spots that appear in coprostanol 
and cholesterol regions. Cholesterol and coprostanol should be 
completely sepd.

Feces are indicated by presence of 2 spots: at Rrca 0.30 (cholesterol 
std) and at Rf ca 0.40 (coprostanol std). For small samples (£ 2  mg) 
all spots may be faint and effort should be made to detect indicator 
spots. For larger samples, spots will be distinct. In addn to distinct 
cholesterol spot, cockroach excreta may present trace reaction in 
coprostanol region. Therefore, coprostanol spot should be approx, 
same or even greater in intensity than cholesterol spot to conclude 
that material is mammalian or bird feces rather than insect excreta. 
Coprostanol may occur in feces of some birds; therefore, if there 
is no evidence to eliminate possibility that m aterial could be bird 
feces, pos. results should be reported as “ fecal m aterial from 
mammal or b ird .”

Colors fade in light. Photocopy m achine may be used to make 
permanent record of plate.

Ref.: JAOAC 70, 499 (1987).

(4) M ake an ed ito ria l co rrection  in  the fina l action f lo ta tion  
and m acroscopic methods fo r  fo re ign m atter in  canned corn. 
44.109. Change line  7 to  read:

. . . add to  perco la tor, 44.002(h)(5). Reserve . . .

45. FORENSIC SCIENCES

N o  additions, de le tions, o r o ther changes.

46. M IC R O B IO L O G IC A L  M E TH O D S

(1) The fo llo w in g  firs t action m ethods were adopted fina l 
action:

(a) Bacteria l and co lifo rm  counts in m ilk , d ry  rehydra tab le  
film  methods, 46.B05-46.B07.

(b) S a lm o n ella  in  foods, enzyme imm unoassay screening 
m ethod, 46.B21-46.B29.

(2) The fo llo w in g  in te rim  pectin  gel m ethod fo r  aerobic 
plate count o f foods was adopted firs t action as an a lte rna tive  
to  use o f agar-based m edium  (46.005(g)):

Aerobic Plate Count 
Pectin Gel Method 

First Action

46.D01 Principle

M ethod uses pretreated petri plates contg thin “ hardener”  layer, 
and liq. medium contg nutrients with pectin as only gelling agent. 
Liq. medium, 12-15 mL, is poured into pretreated petri plate and 
undild o r dild sample is added. Plate is rotated and rocked to mix 
sample and medium. Plates are then allowed to stand on level 
surface 30-40 min until medium solidifies. Total process is done at 
ambient temp. Plates are then incubated and counted.
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46.D02 Materials

N o te :  Before pectin base medium form ulated from individual 
ingredients is used, comparability to commercially available medium 
must be dem onstrated.

P e c tin  g e l  tu b e s  a n d  p la te s—Pectin gel is available as sterile liq. 
in individual tubes contg sufficient gel to pour 1 plate. Use tubes of 
Redigel and pretreated petri plates (RCR Scientific, Inc., 206 W 
Lincoln Ave, Goshen, IN  46526), or equiv. that meet specifications.

To prep, plate count pectin gel from individual ingredients, 
suspend 5.0 g pancreatic digest of casein, 2.5 g yeast ext, and 1.0 
g glucose, in 500 mL H20 .  Suspend 15 g low m ethoxyl pectin in 
500 mL H 20 .  H eat individual mixts until all ingredients are dissolved. 
Autoclave soins 15 min at 121°. Combine nutrient and pectin soins 
and adjust pH to 7.0 ±  0.1. To prep, pretreated petri plates, prep, 
hardener layer mixt. of 1% agar with 0.02 CaCL concn. Sterilize 
mixt. by autoclaving 15 min at 121°. Aseptically dispense 5 mL 
portions of mixt. into sterile petri plates.

46.D03 Preparation of Samples

Prep, all decimal dilns with 90 m L sterile diluent (Butterfield’s 
phosphate buffer) plus 10 mL of previous diln unless otherw ise 
specified. Shake all dilns 25 times in 30 cm arc. Pipets must accurately 
deliver required vol. Do not use to deliver <10%  of their total vol. 
For exam ple, to deliver 1 m L, do not use pipet >10 mL; to deliver 
0.1 m L, do not use pipet >1 mL.

(a) D a iry  p r o d u c ts .— M easure (or weigh) 11 mL (or g) sample 
and dil. in 99 mL Butterfield’s diluent. For solid samples, blend 2 
min at 10 000 to  12 000 rpm. Prep, addnl dilns so that total colonies/ 
plate is in 25-250 range. Incubate plates 48 ±  3 h at 32 ±  1°.

(b) N o n d a iry  p r o d u c ts .—Weigh 50 g sample into 450 mL B utter
field’s diluent and blend 2 min at 10 000 to 12 000 rpm. Prep, further 
dilns by dispensing 10 mL sample into 90 mL diluent so that total 
colonies/plate is in 30-300 range. Incubate plates 48 ±  2 h at 
35 ±  1°.

46.D04 Determination

(/) Lift lid o f pretreated petri plate and pour liq. pectin gel from 
1 tube (12-15 mL) into plate. Replace lid and swirl plate to cover 
bottom  with pectin gel. Prep, num ber of plates needed for samples 
being run (duplicate plates for each diln). Plates m u st be used within 
5 min after liq. pectin gel is poured.

(2) Add 1 m L inoculum (sample) to liq. pectin gel in petri plate. 
Touch pipet tip once to dry spot on inside wall o f plate (above level 
o f liq. pectin gel) after dispensing sample to rest point in pipet tip. 
Im m e d ia te ly  rotate and rock plate to  mix sample thoroly with pectin 
gel. Do not spill pectin gel over sides of plate. (N o te :  This step is 
primary difference in procedure betw een pectin gel and agar-based 
media. D o  n o t add inoculum (sample) to pretreated petri plate and 
pour pectin gel over it. This would lock sample in one small area 
of plate without sepn of individual colonies.)

(3) Let inoculated plates stand on level surface until pectin gel is 
solid (ca 30-40 min), and then incubate 48 ±  2 h at 35 ±  1° for 
nondairy products and 48 ±  3 h at 32 ±  1° for dairy products.

(4) Count duplicate plates in suitable range (30-300 colonies for 
nondairy products, 25-250 colonies for dairy products). If plates do 
not contain proper range of colonies, record diln counted and note 
num ber of colonies found. Average counts obtained and report as 
aerobic plate count/g o r mL.

Ref.: JAOAC 71, M arch issue (1988).

(3) The fo llo w in g  in te rim  m icrob io log ica l m ethod fo r  enu
m eration o f  E . co li in  ch illed  and frozen foods, exclusive o f 
ch illed  and frozen shellfish, was adopted firs t action:

E. c o li in Chilled and Frozen Foods 

Microbiological Method 

First Action

(Not applicable to chilled and frozen shellfish)

46.D05 P rin c ip le

Lauryl sulfate tryptose broth with added 4-methyl-umbelliferyl- 
p-n-glucuronidc (MUG) is used as medium in 3-tube MPN method. 
Tubes are incubated 24 ± 2 h at 35°. Fluorescent-pos. tubes are 
streaked onto eosin methylene blue agar (Levine) plates, which are 
incubated 24 ±  2 h at 35°. Typical colonies are picked and confirmed 
as E . co li.

46.D06 M e d ia  a n d  R e a g e n ts

See introductory par. to 46.013.
(a) P la te  co u n t a g a r .—See 46.005(g).
(b) E osin  m e th y le n e  b lu e  a g a r  (L e v in e ) .—See 46.005(d).
(c) T iy p to p k a n e  b ro th .—Dissolve by heating, with stirring,

10.0 g tryptone or trypticase in 1 L  H ,0 .  Dispense in 10 m L portions 
into test tubes and autoclave 15 min at 121°. Final pH , 6.9 ±  0.2.

(d) B u ffe re d  g lu c o s e  b ro th  ( M R - V P  m e d iu m ).—F o r Me red - 
Voges Proskauer (M R-VP) tests. Dissolve 7.0 g proteose peptone,
5.0 g glucose, and 5.0 g K2H P 0 4 in ca  800 m L H 20  w
gentle heat and occasional stirring. Filter, cool to 20°, and dil. to 1 
L . Dispense 10 m L portions into test tubes and autoclave 12-15 
min at 121°. Max. exposure to heat should be <30 min. Final pH , 
6.9 ±  0.2. BBL, Division of Bioquest, o r Difco dehydrated medium 
may be used.

(e) K o s e r ’s  c itr a te  b r o th .—See 46.005(e).
(f) B u tte r fie ld 's  b u ffe r e d  p h o s p h a te  d ilu e n t.—See 46.013(m).
(g) L a u ry l su lfa te  tr y p to s e  b ro th  w ith  M U G .—Prep, lauryl sulfate 

tryptose broth, 46.013(b), and add 50 mg 4-methyl-umbelliferyl-p- 
D-glucuronide (MUG). Dissolve with gentle heat, if necessary. 
Dispense 10 m L portions into 20 x  150 mm test tubes. Autoclave 
15 min at 121°. Final pH , 6 .8  ± 0 .1 .  Difco dehydrated medium, or 
equiv., may be used.

(h) P e p to n e  d ilu tio n  w a te r .— Dissolve 1.0 g peptone in 1 L  H 20 .  
Prep, diln blanks with this soln, dispensing enough to allow for 
losses during autoclaving. Adjust pH  to 7.0 ± 0 . 1 .  Autoclave 15 
min at 121°.

(i) L a c to s e  b r o th .—Dissolve on H 20  bath, with stirring, 3.0 g 
beef ext and 5.0 g polypeptone or peptone in 1 L  H 20 .  Add 5.0 g 
lactose. Dispense 450 mL portions into 750 m L flasks and autoclave 
15 min at 121°. Max. exposure to heat should be < 30  min. Final 
pH , 6.7 ±  0.2.

46.D07 P re p a ra tio n  o f  S a m p le

Prep, all decimal dilns with 90 m L sterile diluent, peptone diln 
H ,0  (h) o r 46.013(m) (2), plus 10 m L previous diln unless otherw ise 
specified. Shake all dilns 25 times in 30 cm arc. Pipets m ust accurately 
deliver required vol. Do not use to deliver <10%  o f their total vol. 
For example, to deliver 1 mL, do not use pipet >10 m L; to  deliver 
0.1 mL, do not use pipet >1 mL.

F ro zen  o r  c h ille d  f o o d s .— Use balance with capacity o f > 2  kg 
and sensitivity o f 0.1 g to aseptically weigh 50 g unthaw ed (if frozen) 
sample into sterile high-speed blender ja r . Add 450 m L diluent, (i) 
o r 46.013(m)(2), and blend 2 min at 10 000-12 000 rpm. (If necessary 
to  tem per frozen sample to rem ove 50 g portion, hold <18 h at 2 - 
5°.) Not >15 min should elapse from  time sample is blended until 
all dilns are made in appropriate media.

If entire sample consists o f <50 g, weigh portion equiv. to 'h 
sample and add vol. o f sterile diluent required to make 1:10  diln. 
Total vol. in blender ja r  m ust completely cover blades.
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46.D08 D eterm ination

N o te s :  (7) Test tubes used in MPN m ethod should be checked 
under UV light to be sure glass does not fluoresce. (2) To avoid 
false-pos. fluoresence, longwave UV light used in m ethod should 
not exceed 6  watts (Blak-Ray, Model UVL-56, or equiv.).

Seed 3-tube m ost probable num ber (MPN) series into lauryl 
sulfate tryptose broth contg MUG (g), using 1 m L inocula of 1:10, 
1:100, and 1:1000 dilns, with triplicate tubes at each diln. Incubate 
24 ±  2 h at 35° for fluorescence as evidenced by fluorescence of 
medium when tube is held under longwave UV light (366 nm).

Streak fluorescent-pos. tubes on eosin m ethylene blue agar plates 
(b), and incubate plates 24 ±  2 h at 35°.

Pick 2 or more well isolated typical colonies from eosin methylene 
blue agar plates and transfer to agar slants prepd from agar medium 
(a). Incubate 18-24 h at 35°. If typical colonies are not present, pick 
2 or more colonies most likely to be E . co li. Pick 2:2  from every 
plate.

Confirm E . c o li as specified in 46.016.

Ref.: JAOAC 71, May issue (1988).

(4) The following interim elevated temperature enrichment 
method for isolation o f V ib r io  c h o l e r a e  in oysters was 
adopted first action:

Vibrio cholerae in Oysters 

Elevated Temperature Enrichment Method 

First Action

46.D09 Principle

Recovery of V. c h o le r a e  is based on selection of typical colonies 
on isolation agar. Although V. c h o le r a e  grows well at 35°, many 
other species o f competing bacteria also proliferate in enrichment 
broth when incubated at 35°. Some species o f competing microflora 
mimic colonial appearance of V. c h o le r a e  on isolation medium. 
Subsequent selection of these mimicking colonies decreases prob
ability of recovering any V. c h o le r a e  colonies that may be present, 
and increases labor and materials needed for analysis. Ability of 
almost all strains of V. c h o le r a e  to grow at 42° distinguishes them 
from many other bacterial species associated with oysters and 
results in higher confirmation rate o f suspects as V . c h o le r a e .

46.D10 Culture Media and Reagents

(a) A P  b r o th .— Suspend 10.0 g peptone and 10.0 g NaCl in 1 L 
H 20  and mix thoroly. Adjust pH so that value after sterilization is
8.5 ± 0.2. Dispense portions into 500 mL flasks so that final vol. 
after autoclaving 10 min at 121° is 225 mL.

(b) T C B S  a g a r .—Suspend 5.0 g yeast extract, 10.0 g proteose 
peptone No. 3, 10.0 g N a citrate, 10.0 g N a2S20 3, 8.0 g oxgall, 20.0 
g sucrose, 10.0 g NaCl, 1.0 g ferric citrate, 0.04 g bromthymol blue, 
0.04 g thymol blue, and 15 g agar in 1 L  1LO and mix thoroly. Heat 
with frequent agitation until medium just boils, 1-2 min. Cool in 
HjO bath and pour 20 m L portions into 15 x 100 mm petri dishes. 
L et dry ca 2 h with covers partially removed; then close plates. 
Final pH , 8 .6  ±  0.2. Do not autoclave. Do not use wet plates.

(c) 7j7V, a g a r .—Suspend 10.0 g tryptone or trypticase, 10.0 g 
NaCl, and 20.0 g agar in 1 L H20  and mix thoroly. H eat with 
frequent agitation until medium boils. Dispense into 16 x 125 mm 
screw-cap tubes (if tubed medium is required). Autoclave 15 min at 
121°. Slant tubes until cool or let medium cool to 50° and pour into 
15 x 100 mm petri dishes. Let dry 2 h with plates covered. Do not 
use wet plates. Final pH , 7.2 ±  0.2.

(d) T ryp to n e  b ro th .— Suspend 10.0 g tryptone or trypticase in 1 
L H 20  and mix thoroly. Dispense 5 mL portions into 16 x 125 mm 
or 16 x 150 mm test tubes. Autoclave 15 min at 121°. Final pH, 
6.9 ±  0.2.

(e) K lig le r  iron  a g a r  (K IA ).— Suspend 3.0 g beef extract, 3.0 g 
yeast extract, 15.0 g peptone, 5.0 g proteose peptone, 10.0 g lactose,
1.0 g dextrose, 0.2 g F e S 0 4, 5.0 g NaCl, 0.3 g N a2S20 3, 12.0 g agar, 
and 0.024 g phenol red in 1 L H20 ,  mix thoroly, and heat with 
occasional agitation. Boil ca 1 min until ingredients dissolve. Fill 
13 x  100 mm screw-cap tubes 'A full and cap to maintain aerobic 
conditions during use. Autoclave 15 min at 121°. Before medium 
solidifies, place tubes in slanted position so that deep butts (ca 3 
cm) and adequate slants (ca 5 cm) are form ed on solidification. 
Final pH , 7.4 ±  0.2.

(f) H u g h -L e ifso n  g lu c o se  b ro th  (H L G B ).— Suspend 2.0 g peptone, 
0.5 g yeast extract, 30.0 g NaCl, 10.0 g dextrose, 0.015 g brom cresol 
purple, and 3.0 g agar in 1 L H 20 ,  mix thoroly, and heat with 
agitation. Boil ca 1 min until ingredients are dissolved. Final pH ,
7.4 ± 0.2. Fill 13 x 100 mm screw-cap test tubes Vs full and cap. 
Autoclave 15 min at 121°. After inoculation cover with ca 1 mL 
sterile mineral oil to test for ferm entation of dextrose.

(g) P u rp le  c a r b o h y d ra te  b ro th .—Suspend 10.0 g proteose peptone 
No. 3, 1.0 g beef extract, 5.0 g N aC L, and 0.015 g brom cresol 
purple in 1 L H 20  and heat with gentle agitation until dissolved. 
Dissolve 10.0 g inositol or 10.0 g mannitol in basal broth. Dispense
2.5 mL portions into 13 x 100 mm test tubes. Autoclave 10 min at 
121°. Final pH, 6 .8  ±  0.2.

(h) D e c a r b o x y la s e  te s t  m e d ia  (M o e lle r ) .— Suspend 5.0 g peptone,
5.0 g beef extract, 0.5 g dextrose, 0.01 g brom cresol purple, 0.005 
g creso! red, and 0.005 g pyridoxal in 1 L  H 20  and heat with gentle 
agitation until dissolved. Dissolve 10.0 g L-lysine-2HCl, 10.0 g l- 
arginine-HCl, or 10.0 g L-ornithine-2HCl in basal broth. Use 1 
portion of basal medium, w ithout adding any amino acid, as control. 
Dispense 3-4 mL portions into 13 x 100 mm screw-cap tubes. Cap 
loosely and autoclave 10 min at 121°. Screw caps on tightly for 
storage. After inoculation cover with ca 1 mL sterile mineral oil. 
Final pH, 6.0 ±  0.2.

46.D11 Diagnostic Reagents

(a) O x id a se  te s t  so ln .— Dissolve 1.0 g 7V,7V,A(',A7'-tetramethyl-p- 
phenylenediamine-2HCl in 100 mL H 20 .  Store £ 7  days in dark 
glass bottle in refrigerator. Do not autoclave.

(b) S tr in g  te s t  s o ln .—Dissolve 0.5 g Na desoxycholate in 100 mL 
H 20 .  Store tightly capped in refrigerator. Do not autoclave.

(c) V. c h o le r a e  p o ly v a le n t  (O ) a n tise r u m .—Contains agglutinins 
for Inaba and Ogawa (O) antigens (Difco, or equiv.). Rehydrate 
with 5.0 mL sterile physiological saline soln (e). Store refrigerated.

(d) V. c h o le ra e  in d iv id u a l s o m a tic  (O ) a n tis e r a .—F or Inaba and 
Ogawa (O) groups (Difco, or equiv.). Rehydrate and store as 
described in (c).

(e) S te r ile  p h y s io lo g ic a l sa lin e  so ln .—Dissolve 8.5 g NaCl in 1 L 
H 20  and autoclave 15 min at 121°.

(f) N a O H  so ln , I N .— Dissolve 42.11 g 95% reagent grade N aOH 
in sterile H 20  and dil. to 1 L.

(g) 1TCI so ln , I N .—Dil. 89 mL HCI to 1 L  with sterile H 20 .
(h) S te r ile  m in era l o il .—Autoclave 500 mL m ineral oil in 1 L 

flask for 30 min at 121°.
(i) B r o m c re so l p u rp le  so ln , 0 .2 % .—Dissolve 0.2 g brom cresol 

purple in sterile H 20  and dil. to 100 mL.

46.D12 Apparatus

(a) I n c u b a to r .—Air, 35 ±  2°.
(b) H 20  b a th .—Covered, 42 ±  0.2°.
(c) H ig h -s p e e d  b le n d e r .—2 speed, with high-speed operation at 

18 000-21 000 rpm, and 1 L glass or metal blender jars with covers. 
Use 1 ja r  for each test sample.
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(d) S te r ile  e q u ip m e n t.—(/) Flasks o r ja rs , 500 mL capacity. (2) 
Knives and spoons for opening and manipulating oysters, (i)  Petri 
dishes, 15 x 100 mm. (4) Pipets, 1.0 and 10.0 mL with 0.1 mL 
graduations. (5) Inoculating needles and loops, ca 3 mm. (6 ) Culture 
tubes, 13 x 100 mm, 16 x 125 mm, and tube racks. (7) W ooden 
applicator sticks.

(e) B a la n c e .—2000 ±  0.1 g capacity.

V. cholerae Recovery

46.D13 Preparation of Test Sample

Aseptically remove oyster m eats and liquor from ca 12 shell stock 
oysters o r 12 shucked oysters from container. Aseptically weigh ca 
200 g oyster m eat and liquor into sterile empty blender jar. Blend 
at high speed 1 min. Aseptically weigh 25 g portions into 500 mL 
flasks contg 255 mL AP broth. Cover flask with sterile A1 foil. Swirl 
mixt. 25 times clockwise and 25 times counterclockwise to suspend 
oyster homogenate. Incubate 6 - 8  h at 42 ±  0.2° in FLO bath.

46.D14 Isolation

Gently remove flasks from H ,0  bath. Streak 3 mm loopful of 
surface or pellicle growth from incubated AP broth on TCBS agar 
plate. Incubate plates 18-24 h at 35°. Typical V. c h o le ra e  colonies 
on TCBS agar appear large, smooth, yellow, and slightly flattened 
with opaque centers and translucent peripheries. Colonies o f V. 
m im icu s, which is closely related to V. c h o le ra e , appear as smooth, 
green, slightly flattened colonies.

46.D15 Treatment of Typical or Suspicious Colonies

In o cu la tio n  o f  T ,N , a g a r .—Pick with needle 2-5 suspicious 
colonies from TCBS agar plate. Streak to T ,N, agar and incubate 
18-24 h at 35°.

In itia l s c re e n in g  r e a c t io n s .—Scrape agar surface with sterile 
wooden applicator stick and touch to filter paper impregnated with 
oxidase reagent.

O x id a se  te s t .— V. c h o le ra e  cultures are oxidase pos. and should 
produce dark purple spot within 1 min.

S tr in g  t e s t .—Emulsify oxidase pos. cultures in drop of 0.5% Na 
desoxycholate by stirring with same wooden applicator stick used 
previously. Within 1 min, V. c h o le ra e  cultures form mucoid mass, 
which strings (string test) when stick is lifted 2-3 cm from slide. 
T reat oxidase and string test pos. cultures as presum ptive V. ch o le ra e  
and submit them to further examination.

In o cu la tio n  o f  K lig le r  iron  a g a r  (K I A ) a n d  try p to n e  b ro th — 
Inoculate KIA  slant with each suspect colony by streaking slant 
and stabbing butt with inoculating needle. After inoculating KIA 
with needle, do not obtain more inoculum from colony and do not 
heat needle, but directly inoculate tryptone broth. Incubate KIA 
and tryptone broth overnight at 35°. Cap tubes lightly to maintain 
aerobic conditions while incubating slants to prevent excessive H 2S 
production.

K I A .— V. c h o le r a e  cultures typically have alk. (red) slant and 
acid (yellow) butt, without FLS (blackening of agar) or gas (cracking 
or lifting of agar). Do not eliminate KIA culture as V. c h o le ra e  
solely on basis o f acid slant.

T ryp to n e  b ro th .— V. c h o le ra e  cultures typically produce growth 
in tryptone broth without added NaCl. D iscard only apparent non-
V. c h o le ra e  cultures. Test retained presum ptive pos. KIA and 
tryptone cultures to det. if they are V. c h o le ra e . Biochem. reactions 
characteristic of V. c h o le ra e  are summarized in Table 46:D1.

V. cholerae Identification

46.D16 Identification Tests

Pure 18-24 h T ,N, agar cultures are required for inoculation of 
biochem. media. Select isolated colony and transfer with needle to

Table 46:D1 Biochemical reactions of V. cholerae

T e s t  o r  
s u b s t r a te P o s i t iv e  ( +  ) N e g a t iv e  ( - )

V. cholerae 
r e a c t io n

H 2S  (K IA ) b la c k e n in g n o  b la c k e n in g -
G a s  (K IA ) lif tin g  o r  

c r a c k in g
n o  lif tin g  o r  

c r a c k in g
-

T r y p to n e v is ib le  g ro w th n o  v is ib le  g r o w th +
H L G B y e llo w p u r p le +
M a n n ito l y e llo w p u r p le +
In o s i to l y e llo w p u r p le -

D e c a r b o x y la s e  b ro th :

L y s in e p u rp le y e l lo w +
A rg in in e p u rp le y e l lo w -
O rn ith in e p u rp le y e l lo w

each biochem. medium without obtaining more inoculum or heating 
needle.

D e x tr o s e  fe r m e n ta t io n .—After inoculation, cover with ca 1 mL 
sterile mineral oil and incubate overnight at 35°. V. c h o le ra e  gives 
pos. test, shown by acid reaction (yellow). Discard all cultures that 
give neg. test.

A c id  p ro d u c tio n  f r o m  m a n n ito l a n d  in o s ito l .—Incubate at 35° and 
read daily up to  4 days. Pos. tests are shown by acid production 
(yellow). V. ch o le ra e  gives pos. mannitol and neg. inositol test. Do 
not eliminate culture as V. c h o le r a e  solely on neg. m annitol test.

D e c a r b o x y la s e  b ro th .—After inoculation cover with ca 1 mL 
sterile mineral oil and incubate at 35°. Read daily up to  4 days. Pos. 
test is shown by purple alk. reaction thruout broth (final color is 
slightly darker than original purple o f medium). Sometimes tubes 
that become yellow after 8 - 1 2  h incubation change to purple later. 
Neg. test is perm anently yellow thruout broth and is seen with 
decarboxylase control tube without added amino acid. If  medium 
appears to be discolored (neither purple nor yellow), add several 
drops o f 0.2% brom cresol dye. V. c h o le ra e  gives pos. (purple) 
reaction in lysine and ornithine and neg. (yellow) reaction in arginine.

Serological Tests for V. cholerae

R econstitute antisera with 5.0 mL sterile 0.85% saline and refrig
erate. Pretest all antisera with known test cultures to ensure 
reliability o f results with unknown cultures. Caution: Handle viable 
cultures carefully to prevent contam inating environm ent. Use pure 
18-24 h T ,N , cultures for all serological tests. Perform  serological 
test only on cultures that give biochem. reactions typical o f V. 
ch o le ra e .

46.D17 Polyvalent Somatic O Group 1 Slide or Plate Test

Use wax pencil to mark off 2 sections ca 1 x 2 cm on inside of 
glass o r plastic petri dish. Place 1 drop of 0.85% saline soin to one 
section and 1 drop of V. c h o le r a e  polyvalent somatic (O) antisera 
to other section. With sterile wooden applicator stick or inoculating 
loop or needle, emulsify culture in saline soin for one section and 
repeat for other section contg antiserum . Tilt mixt. in both sections 
back and forth 1 min and observe against dark background. Any 
degree of agglutination is pos. reaction.

Classify polyvalent somatic (O) group 1 test as:
P o s i t iv e .—Agglutination in culture-saline-serum  mixt.
N e g a t iv e .—No agglutination in culture-saline-serum  mixt.
N o n sp e c if ic .— Both mixts agglutinate.

46.D18 Determination of Individual Somatic O Group 1
Serotypes

Test only somatic O group l pos. cultures in individual O group 
1 antisera. Perform serological som atic O group 1 test on culture as
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above, by using Inaba and Ogawa antiserum  instead of V. ch o le ra e  
polyvalent somatic O group 1 antiserum.

Classify individual somatic O group 1 test as:
In a b a  p o s i t i v e .—Agglutination in culture-saline-Inaba antiserum 

mixt, and no agglutination in culture-saline or in culture-saline- 
Ogawa antiserum  mixt.

O g a w a  p o s i t iv e .—Agglutination in culture-saline-O gaw a anti
serum mixt, and no agglutination in culture-saline or in culture- 
saline-Inaba antiserum  mixt.

H ik o jim a  p o s i t iv e .—Agglutination in both culture-saline-Inaba 
antiserum  mixt, and culture-saline-O gaw a antiserum  mixt, but no 
agglutination in culture-saline mixt.

N e g a t iv e .— No agglutination in culture-saline-Inaba antiserum  
m ixt., culture-saline-O gaw a antiserum  m ixt., or in culture-saline 
mixt. This pattern indicates faulty individual somatic O group 1 
antisera or presence of non-0  group 1 antisera in polyvalent somatic 
O group 1 antiserum.

N o n s p e c if ic .—All mixts agglutinate.

Ref.: JAOAC 71, May issue (1988).

The recommendation to adopt first action the elevated temperature enrich
ment method for Vibrio cho lerae  in oysters was inadvertently omitted at the 
AOAC Business Meeting, September 17, 1987, San Francisco, CA.

47. MICROCHEMICAL METHODS

N o additions, deletions, o r o ther changes.

48. RADIOACTIVITY

N o additions, deletions, o r o ther changes.

49. VETERINARY ANALYTICAL TOXICOLOGY

N o additions, deletions, o r o ther changes.

50. STANDARD SOLUTIONS AND CERTIFIED  
REFERENCE MATERIALS

N o additions, deletions, o r o ther changes.

51. LABORATORY SAFETY

N o additions, deletions, o r o ther changes.
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INDEX

Entries are located by section number. F irs t action m ethods are designated by an asterisk, e.g., 6 .A 01*, w h ich  shows 
that the m ethod was adopted firs t action at the 1984 m eeting and became o ffic ia l on pub lica tion  in  “ Changes in  O ffic ia l 
M ethods o f  A na lys is ”  in  the M a rc h /A p ril 1985 issue o f J .  A ss o c . O ff. A n a l. C hem . as part o f the firs t o r A  supplem ent to 
the current (14th) ed ition  o f O fficia l M eth o d s o f  A n a ly s is . M ethods designated B were adopted in  1985 and published in 
1986 in the second supplement. M ethods designated C were adopted in 1986 and published in 1987 in the th ird  supplem ent. 
M ethods designated D  were adopted in 1987 and w ill be o ffic ia l 30 days a fte r pub lica tion  o f th is fou rth  supplem ent.

A ctions on present o ffic ia l methods are iden tified as in the fo llow ing  examples: f irs t action m ethod adopted fina l action,
6.296 (final 1987); rev is ion  in an o ffic ia l m ethod, 2.011 (rev. 1987). O ther actions such as repeals and deletions are s im ila rly  
shown w ith  the action and year o f  pub lica tion  o f the action in “ Changes in O ffic ia l M ethods o f  A na lys is ,”  e.g ., 30.063 
(repealed 1987).

Acephate, residues in fruits and vegetables, 29.A01* (final 1986) 
Acetaminophen, in drug tablets, 37.C01*
Acids, citric and malic in wines, 11.052 (final 1988) 

in apple juice and cranberry juice cocktail, 22.B01* 
titratable acidity of fruit products, 22.058 (rev. 1988) 
total acidity in distilled liquors, 9.135 (final 1988) 
volatile acidity of wines, 11.046 (final 1988)

Acids (volatile), in oils and fats, 28.039 (rev. 1985)
Acrylonitrile, in food, 21.A01*
Adulteration, detection in meat and poultry products, 24.C01* 

of Florida orange juice, 22.B06* (rev. 1987)
Aerobic plate count, frozen, chilled, precooked, or prepared 

foods, 46.013 (rev. 1987), 46.B01* (final 1987), 46.D01* 
Aflatoxins, B, and M, in liver, 26.101 (final 1988), 26.107 (final

1988)
BF method, 26.032 (final 1988)
CB method, 26.026 (rev. 1988; final 1988) 
confirmation of B,, 26.A01* (final 1988)
Floladay-Velasco minicolumn method, 26.020 (final 1988) 
identification by derivative formation, 26.083 (final 1988) 
identification of B,, 26.076 (surplus 1988) 
in almonds, 26.014 (final 1988) 
in coconut, copra, and copra meal, 26.044 (final 1988) 
in corn, 26.014 (final 1988), 26.020 (final 1988), 26.049 (final

1988)
in cottonseed products, 26.014 (final 1988), 26.052 (rev. 1986;

final 1988), 26.B01* (final 1988) 
in eggs, 26.070 (final 1988) 
in green coffee, 26.061 (final 1988; surplus 1988) 
in milk, 26.B02*
in mixed feeds, 26.014 (final 1988) 
in peanuts and peanut products, 26.014 (final 1988), 26.020 

(final 1988), 26.026 (final 1988), 26.032 (final 1988) 
in pistachio nuts, 26.014 (final 1988), 26.067 (final 1988) 
in soybeans, 26.069 (final 1988)
M, in dairy products, 26.090 (rev. 1987; final 1988)
M, in liver, 26.110 (surplus 1988)
Romer minicolumn method, 26.014 (final 1988) 
standards, 26.004 (rev. 1988), 26.008 (final 1988) 
toxicity of B,, 26.084 (surplus 1987)

Alachlor, in formulations, 6.A05* (final 1987), 6.D07*
Alcohol, in dexamethasone elixirs, 39.D27* 

in distilled liquors, 9.020 (rev. 1987), 9.026 (final 1985), 9.119 
(final 1985)

in wines, 11.008 (rev. 1985; rev. final 1988), 11.012 (final 1988) 
Alcoholic beverages, see Distilled liquors; Malt beverages; Wines 
Aldicarb, residues in fruits and vegetables, 29.A05* (final 1986) 
Alimentary pastes, filth in, 44.069 (final 1988)
Allergenic extracts, 38.205 (final 1985; amended 1986), 38.B01* 
Allopurinol, in drug tablets, 37.A01* (final 1987)
Almonds, aflatoxins in, 26.014 (final 1988)
Aluminum, in plants, 3.006 (final 1988)
American Spice Trade Association, ASTA-AOAC method for 

piperine in pepper preparations, 30.C01*
Amino acids, sulfur amino acids in food and feed ingredients, 

43.A08* (final 1986)
sulfur amino acids in processed foods, 43.A08 (1988*) 
tryptophan, in foods and food and feed ingredients, 43.D08* 

Amlnocarb, technical and formulations, 6.A25* (final 1987) 
Amitriptyline, in drug tablets and injectables, 36.207 (final 1986) 
Amphetamine, determination of enantiomers, 40.D01* 
a-Amylase, in malt, 10.155 (rev. 1988)
Anilazine, in formulations, 6.D13*
Annatto, filth in ground product, 44.129 (final 1988)

Antibiotics, in feeds, 42.203 (corr. 1985) 
in milk, 16.135 (rev. 1986), 16.152 (rev. 1987), 16.D01*

Aphids, in hops, 10.182 (final 1988), 44.009 (final 1988)
Apple butter, filth in, 44.086 (final 1988)
Apple juice, organic acids in, 22.B01*
Apricots, total sulfites in, 20.C01*
Arprlnocid, in feeds, 42.021 (surplus 1988) 

in premixes, 42.027 (surplus 1988)
Arsenic, in liver tissue, 49.B01* 

trace levels in food, 25.001 (final 1988)
ASBC, ASBC-AOAC digital density meter method, specific gravity 

of beer and wort, 10.D01*
ASBC-AOAC method, ethanol in beer, 10.028 (final 1988) 

extract of malting barley, 10.120 (final 1988) 
A/-nitrosodimethylamine in beer, 10.098 (final 1988) 
potassium in beer, 10.C01* 
sodium in beer, 10.C06*

Ascorbic acid, in foods, 43.076 (final 1985) 
in milk-based infant formula, 43.A28* (final 1988)

Ash, of milk-based infant formula, 43.B01* (final 1988) 
Autoradiography, detection of E. coli enterotoxins, 46.B08* (rev. 

1987; final 1987)
Babcock method, fat in cream, 16.177 (rev. 1988) 

fat in milk, 16.065 (rev. 1986), 16.B02*
Bacteria, count in milk, 46.B05* (final 1988) 

in low acid canned foods, 46.071 (rev. 1987; final 1987)
Baked goods, filth in white bread and high-fat products, 44.067 

(final 1988)
Barium, in plants, 3.006 (final 1988)
Barley, extract of malting barley, 10.120 (final 1988) 

sterigmatocystin in, 26.132 (final 1988)
Bayleton (triadimefon), in formulations, 6.A31*
Beer, ethanol in, 10.028 (final 1988)

W-nitrosodimethylamine in, 10.098 (final 1988) 
potassium in, 10.C01* 
sodium in, 10.C06* 
specific gravity, 10.D01*

Bendiocarb, in formulations, 6.B40*
Beta-lactam antibiotics, in milk, 16.135 (rev. 1986), 16.152 (rev.

1987)
BF method, 26.032 (final 1988)
BHC, in formulations, 6.221 (final 1986) 

residues in fruits and vegetables, 29.A01* (final 1986; rev. 1987) 
Bioassays, chicken embryo bioassay for toxicity of aflatoxin B,,

26.084 (surplus 1987)
mouse adrenal ceil and suckling mouse assay for E. coli entero

toxins, 46.049 (final 1987)
Boron, in fertilizers, 2.135 (final 1985) 

in plants, 3.006 (final 1988), 3.A01* (final 1988)
Bread, filth in, 44.067 (final 1988) 

total dietary fiber in, 43.A14* (rev. 1986; final 1986; rev. 1987) 
Bufencarb, residues in fruits and vegetables, 29.A05* (final 1986) 
Butachlor, in formulations, 6.B12* (final 1988) 
N-(Butoxymethyl)-2-chloro-N-(2,6-diethylphenyl)acetamide (bu

tachlor), 6.B12* (final 1988)
Butter, aflatoxin M, in, 26.090 (rev. 1987; final 1988)
Butylate, in formulations, 6.581 (final 1988)
Cacao bean and its products, Salmonella in, 46.A06* (final

1986)
Cadmium, In cookware, 25.016 (final 1986) 

in earthenware, 25.024 (rev. 1988)
trace levels in food, 25.001 (final 1988), 25.008 (rev. 1987; final

1988)
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Calcium, in deboned poultry and beef, 24.062 (final 1985; rev.
1987)

in milk-based infant formula, 43.A37* (final 1988) 
in plants, 3.006 (final 1988), 3.013 (final 1988), 3.A01* (final

1988)
Caloric content, of wines, 11.022 (final 1988)
Candy, filth in, 44.103 (final 1988)
Canned foods, ethanol in salmon, 18.B01* 

filth in citrus and pineapple juices, 44.095 (final 1988) 
filth in corn, 44.109 (final 1988; corr. 1988) 
filth in crabmeat, 44.080 (final 1988) 
filth in fish and fish products, 44.082 (final 1988) 
filth In shrimp, 44.083 (final 1988) 
mold count in cream style corn, 44.223 (final 1988) 
sodium chloride in vegetables, 30.032 (rev. 1987) 
sporeforming organisms in low-acid products, 46.A01* 
tin in, 25.A01* (final 1988) 
total solids in tomato products, 32.A01*

Capsicums, filth in ground product, 44.130 (final 1988), 44.131 
(final 1988)

Carbamate pesticides, aminocarb, 6.A25* (final 1987) 
bendiocarb, 6.B40* 
carbofuran, 6.B45* 
methiocarb, 6.546 (final 1987) 
propoxur, 6.565 (final 1987) 
residues, 29.A05* (final 1986) 
thiocarbamates, 6.581 (final 1988)

Carbaryl, residues in fruits and vegetables, 29.A05* (final 1986) 
Carbidopa, with levodopa in solid dosage forms, 36.D07* 
Carbofuran, in formulations, 6.B45* 

residues in fruits and vegetables, 29.A05* (final 1986) 
Carbohydrates, in milk-based infant formula, 43.B05* 

in wines, 11 .A05* (final 1988)
Carbon dioxide, in wines, 11.D01*
Casein, residual phosphatase In, 16.127 (rev. 1986), 16.B03*
CB method, 26.026 (rev. 1988; final 1988)
Cereal foods, deoxynivalenol in wheat, 26.B07*, 26.B13* 

ethylene dibromlde residues in grains and grain products, 
29.B01* (final 1987) 

fat acidity of grains, 14.069 (rev. 1988) 
filth in corn and rice cereals and corn chip products, 44.070 

(final 1988)
filth in infant cereals, 44.072 (final 1988) 
filth in rice flours (powders), extruded rice products, and rice 

paper, 44.055 (final 1988) 
filth In white flour, 44.052 (final 1988) 
filth In whole wheat cereals, 44.071 (final 1988) 
insect infestation of oats, 44.A01* 
mammalian feces in corn meal, 44.B01* 
phytate in dried foods, 14.B01* (final 1988) 
starch in flour, 14.031 (surplus 1987) 
sugars in presweetened cereals, 14.075 (rev. 1985) 
total dietary fiber in, 43.A14* (rev. 1986; final 1986; rev. 1987) 
zearalenone and a-zearalenol in corn, 26.A09*

Cesium, cesium-137 In foods, 48.B01* (rev. 1987)
Cheese, acrylonitrile in, 21.A01* 

aflatoxin M, In, 26.090 (rev. 1987; final 1988)
Salmonella In powders, 46.A06* (final 1986) 
sampling, 16.B01*

Chelated iron, In fertilizers, 2.157 (rev. 1986)
Chicken embryo bioassay, for toxicity of aflatoxin B,, 26.084

(surplus 1987)
Chloramphenicol, in milk, 16.D01*
Chlordimeform, in formulations, 6.A09* (final 1987)
Chloride, In milk-based infant formula, 43.B06*
4-Chloro-a-(4-chlorophenyl)-a-(trichloromethyl)benzene- 

methanol (dicofol), 6.B22*
2-Chloro-A/-(2,6-diethylphenyl)-N-(methoxymethyl)acetamide 

(alachlor), 6.A05* (final 1987), 6.D07*
2-Chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxyl-1-methyl- 

ethyl)acetamide (metolachlor), 6.A14* (final 1988)
2-Chloro-N-(1 -methylethyl)-N-phenylacetamide (propachlor), 

6.B17* (final 1988)
N'-(4-Chloro-2-methylphenyl)-N,N-dimethylmethanimidamide 

(chlordimeform), 6.A09* (final 1987)
1 -(4-Chlorophenoxy)-3,3-dimethyl-1 -(1H-1,2,4-triazoi-1 -yl)-2- 

butanone (triadimefon), 6.A31* (final 1987) 
Chlorothiazides, in drug dosage forms, 37.A11* (final 1987) 
Chlorpropamide, In drug tablets, 37.B01*
Chlorpyrifos, residues in fruits and vegetables, 29.A01* (final 

1986; rev. 1987)
Chocolate and chocolate products, filth in, 44.006 (final 1988) 

Salmonella in, 46.A06* (final 1986)

CIPAC, AOAC-CIPAC method, alachlor in formulations, 6.D07* 
AOAC-CIPAC method, anilazine in formulations, 6.D13* 

butachlor in formulations, 6.B12* (final 1988) 
chlordimeform in formulations, 6.A09* (final 1987) 
isofenphos in formulations, 6.C01* 
metolachlor In formulations, 6.A14* (final 1988) 
propachlor in formulations, 6.B17* (final 1988)

CIPAC-AOAC method, aminocarb in formulations, 6.A25* (final
1987)

cyhexatin in formulations, 6.D01* 
cypermethrin in formulations, 6.B01* 
permethrin in formulations, 6.B06* (final 1988) 
triadimefon in formulations, 6.A31* (final 1987)

Citric acid, in fruit juices, 22.B01* 
in wines, 11.052 (final 1988), 11.A06*

Cobalamin, in milk-based infant formula, 43.B11*
Cocoa, filth In, 44.006 (final 1988)
Coconut, aflatoxins in, 26.044 (final 1988) 

filth In shredded product, 44.032 (final 1988)
Codex Alimentarius, Codex Alimentarius-AOAC method for total 

soluble solids in vinegar, 30.C06*
Coffee, aflatoxins in green coffee, 26.061 (final 1988; surplus

1988)
filth In ground coffee and coffee substitutes, 44.008 (final 1988) 
ochratoxin A in green coffee, 26.119 (final 1988)

Colchicine, drug substance and dosage forms, 38.A01* (final
1987)

Conforms, count in foods, 46.030 (final 1985) 
count In milk, 46.B05* (final 1988)

Color additives, in foods, 34.D01*
Color classification, of honey, 31.A01* (final 1986)
Color units, of whisky, 9.002 (final 1985)
Cookware, cadmium and lead in, 25.016 (final 1986)
Copper, in liver, 46.A01* (final 1987) 

in milk-based infant formula, 43.A37* (final 1988) 
in plants, 3.006 (final 1988), 3.013 (final 1988), 3.A01* (final

1988)
In serum, 49.003 (final 1986)

Copra and copra meal, aflatoxins in, 26.044 (final 1988) 
Coprostanol, as indicator of mammalian feces, 44.D01*
Corn, aflatoxins in, 26.014 (final 1988), 26.020 (final 1988),

26.049 (final 1988)
filth in canned product, 44.109 (final 1988; corr. 1988) 
filth in cereal and corn chip products, 44.070 (final 1988) 
mold count In cream style product, 44.223 (final 1988) 
zearalenone and a-zearalenol in, 26.A09* (final 1988) 
zearalenone in, 26.139 (final 1988)

Corn chips, filth In, 44.102 (final 1988)
Corn meal, mammalian feces in, 44.B01*
Corn syrups, dry substance, 31.226 (rev. 1985*; rev. final 1986) 

in honey, 31.156 (rev. 1988), 31.158 (rev. 1988) 
in maple syrup, 31.185 (final 1988)

Corn syrups and sugars, saccharides in, 31.245 (corr. 1986) 
Cortisone acetate, bulk drug and dosage forms, 39.D01* 
Cosmetics, y-BHC in lindane shampoo and lotions, 6.221 (final

1986)
Cottonseed products, aflatoxins in, 26.052 (rev. 1986; final

1988), 26.B01* (final 1988) 
aflatoxins in cottonseed meal, 26.014 (final 1988)

Crabmeat, filth in canned product, 44.080 (final 1988)
Cranberry juice cocktail, organic acids in, 22.B01*
Cream, fat in, 16.177 (rev. 1988) 

filth in, 44.021 (final 1988)
Crude fat, in meat, 24.005 (rev. 1985)
Cycloate, in formulations, 6.581 (final 1988)
Cyhexatin, in formulations, 6.D01*
Cypermethrin, technical and formulations, 6.A01* (final 1987), 

6.B01*
Cysteic acid, in food and feed ingredients, 43.A08* (final 1988)

In processed foods, 43.A08 (1988*)

Dairy products, acrylonitrile In cold pack cheese, 21.A01* 
added water in milk, 16.101 (surplus 1987) 
aflatoxin M, in butter, cheese, and milk, 26.090 (rev. 1987; final

1988)
aflatoxins in milk, 26.B02*
alcohol in alcoholic-type products, 9.119 (final 1985) 
antibiotics in milk, 16.135 (rev. 1986), 16.152 (rev. 1987), 

16.D01*
cheese sampling, 16.B01*
dry rehydratable film method for bacterial and collform counts in 

milk, 46.B05*
fat in cream, 16.177 (rev. 1988)
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Dairy products (Contd)
fat in milk, 16.065 (rev. 1986), 16.074 (surplus 1987), 16.083 

(rev. 1988), 16.B02*
lactose in milk, 16.059 (final 1985), 16.083 (rev. 1988) 
nutrients in infant formula, 43.A21* (amended 1986), 43.B01* 
protein in milk, 16.083 (rev. 1988)
residual phosphatase in casein, 16.127 (rev. 1986), 16.B03* 
Salmonella in cheese powders and nonfat dry milk, 46.A06* 

(final 1986)
sediment in, 44.021 (final 1988) 
somatic cells in milk, 46.171 (rev. 1987) 
sulfur amino acids in nonfat dry milk and p-lactoglobulin, 

43.A08* (final 1986)
tin in canned evaporated milk, 25.A01* (final 1988)

Dalapon, in formulations, 6.296 (rev. 1987; final 1987)
DDT, residues in fruits and vegetables, 29.A01* (final 1986) 
Decomposition in food, ethanol in canned salmon, 18.B01* 
Definitions of Terms and Explanatory Notes, pp. xxiii and xxiv 

(14th ed.) (rev. 1987)
Deoxynivalenol, In wheat, 26.B07*, 26.B13*
Dexamethasone, drug substance and elixirs, 39.D17* 
Dexamethasone acetate, bulk drug and suspensions, 39.D09* 
Dexamethasone phosphate, in dosage forms, 39.056 (surplus

1988)
Dextran, in raw cane sugar, 31.D01*
Diastatic activity, of honey, 31.162 (rev. 1987)
Diazepam, in drug tablets, 40.A01* (final 1988)
Diazinon, in formulations, 6.425 (corr. 1985; final 1988)
4,6-Dichloro-Af-(2-chlorophenyl)-1,3,5-triazin-2-amine (anila- 

zine), 6.D13*
3-(2,2-Dichloroethenyl)-2,2-dimethylcyclopropanecarboxylic 

acid cyano(3-phenoxyphenyl)methyl ester (cypermethrin), 
6.A01* (final 1987), 6.B01*

3- (2,2-Dichloroethenyl)-2,2-dimethylcyclopropanecarboxylic
acid (3-phenoxyphenyl)methyl ester (permethrin), 6.B06*
(final 1988)

Dicofol, in formulations, 6.B22*
Dicumarol, in tablets, 37.D10*
Dieldrin, residues in fruits and vegetables, 29.A01* (final 1986; 

rev. 1987)
Diethylpropion, drug substance and tablets, 37.D01* 
Diethylstilbestrol, in feeds, 42.059 (surplus 1988)
2.3- Dihydro-2,2-dimethyl-7-benzofuranol methylcarbamate 

(carbofuran), 6.B45*, 29.A05* (final 1986)
2-(Dimethylamino)-Af-[[(methylamino)carbonyl]oxy]-2-oxo- 

ethanimidothioic acid methyl ester (oxamyi), 29.A05* (final
1986)

4- (Dimethylamino)-3-methylphenol methylcarbamate (ester)
(aminocarb), 6.A25* (final 1987)

2,2-Dimethyl-1-,3-benzodioxol-4-ol methylcarbamate (bendi- 
ocarb), 6.B40*

3,5-Dimethyl-4-(methylthio)phenol methylcarbamate (methio- 
carb), 29.A05* (final 1986)

Dimetridazole, in feeds, 42.063 (rev. 1988; final 1988)
2.4- Dinitrotoluene (DNT), as waste in waters, 33.B01* 
Disinfectants, sporicidal activity, 4.033 (rev. 1985)

tuberculocidal activity, 4.036 (rev. 1987; repealed 1988), 4.039 
(rev. 1987; repealed 1988)

use-dilution methods, 4.007 (rev. 1987; repealed 1988), 4.010 
(rev. 1987; repealed 1988), 4.011 (rev. 1987)

Distilled liquors, alcohol in, 9.020 (rev. 1987), 9.026 (final 1985),
9.119 (final 1985)

color units of whisky, 9.002 (final 1985) 
total acidity in, 9.135 (final 1988)

DNA colony hybridization method, detection of E. coli entero- 
toxins, 46.035 (final 1987), 46.B08* (rev. 1987; final 1987) 

detection of Salmonella, 46.C07*
Drugs: acidic, acetaminophen, 37.C01* 

allopurinol in tablets, 37.A01* (final 1987) 
chlorpropamide in tablets, 37.B01* 
coumarin anticoagulants in tablets, 37.D10* 
dicumarol in tablets, 37.D10*
diethylpropion HCI drug substance and tablets, 37.D01* 
methyldopa and methydopa-chlorothiazide in tablets, 37.A11* 

(final 1987)
phenprocoumon in tablets, 37.D10*
primidone in tablets, 37.A17 (interim 1985; 1986*; final 1988) 
sulfamethoxazole, 37.A07* (final 1987) 
sulfisoxazole in dosage forms, 37.166 (final 1986) 
warfarin sodium in tablets, 37.D10*

Drugs: alkaloids and related bases, colchicine drug substance 
and dosage forms, 38.A01* (final 1987) 

physostigmine in dosage forms, 38.074 (final 1987)

pilocarpine, isopilocarpine, and pilocarpic acid in drugs, 38.144 
(final 1987)

Drugs: general, amitriptyline, in tablets and injectables, 36.207 
(final 1986)

flucytosine in capsules, 36.D01* 
fluoride in tablets and solutions, 36.063 (final 1986) 
levodopa ard levodopa-carbidopa in solid dosage forms, 

36.D07*
mercury in dosage forms, 36.085 (final 1985) 
methocarbamol in dosage forms, 36.212 (final 1988) 
microchemical tests for phenothiazine drugs, 36.A07* (final

1988)
phenethylamines, 36.176 (corr. 1985) 
trimethobenzamide in dosage forms, 36.A01* (final 1988)

Drugs: illicit, amphetamine, determination of enantiomers, 
40.D01*

diazepam in tablets, 40.A01* (final 1988)
Drugs: steroids and hormones, conjugated estrogens, 39.001 

(surplus 1988)
cortisone acetate bulk drug and dosage forms, 39.D01* 
dexamethasone acetate bulk drug and suspensions, 39.D09* 
dexamethasone drug substance and elixirs, 39.D17* 
dexamethasone phosphate in dosage forms, 39.056 (surplus

1988)
hydrocortisone drug substance and tablets, 39.047 (final 1988) 
prednisolone in tablets and bulk, 39.B01*

Drugs in feeds, antibiotics, 42.203 (corr. 1985) 
arprinocid, 42.021 (surplus 1988), 42.027 (surplus 1988) 
diethylstilbestrol, 42.059 (surplus 1988) 
dimetridazole, 42.063 (rev. 1988; final 1988) 
furazolidone, 42.077 (final 1988), 42.A01* (final 1988) 
melengestrol acetate in feed supplements, 42.088 (final 1988) 
roxarsone, 42.B01* 
sulfaquinoxaline, 42.179 (final 1988) 
zoalene, 42.077 (final 1988)

Dry substance, in corn syrups, 31.226 (rev. 1985*; rev. final
1986)

Earthenware, cadmium and lead in, 25.024 (rev. 1988)
Eggs and egg products, aflatoxins in eggs, 26.070 (final 1988) 

Salmonella in, 46.B21*
Salmonella in powdered eggs, 46.A06* (final 1986)

EPTC, in formulations, 6.581 (final 1988)
Erucic acid, in oils and fats, 28.A14*
Erythromycin, in milk, 16.D01*
Escherichia coli, detection of enterotoxins, 46.B08* (rev. 1987; 

final 1987)
detection of heat-labile enterotoxins, 46.035 (final 1987) 
enterotoxin detection by mouse adrenal cell and suckling mouse 

assay, 46.049 (final 1987) 
in chilled and frozen foods, 46.D05* 
in foods, 46.030 (final 1985) 
invasiveness of mammalian cells, 46.020 (final 1987)

Estrogens, conjugated, in drugs, 39.001 (surplus 1988)
Ethanol, in beer, 10.028 (final 1988) 

in canned salmon, 18.B01*
Ether extract, of meat, 24.005 (rev. 1985)
Ethion, in formulations, 6.436 (corr. 1985)
2- [[Ethoxy[(1-methylethyl)amino]phosphinothioyl]oxy]benzoic

acid 1-methylethyl ester (isofenphos), 6.C01*
Ethylene dibromide, residues in grains and grain products, 

29.B01* (final 1987)
3- (1-Ethylpropyl)phenol methylcarbamate, mixture with 3-(1-

methylbutyl)phenyl methylcarbamate (1:3) (bufencarb), 
29.A05* (final 1986)

Evaporated milk, tin in, 25.A01* (final 1988)
Excrement, insect excreta in flour, 44.054 (final 1988) 

mammalian feces, coprostanol as indicator, 44.D01 * 
mammalian feces in corn meal, 44.B01* 
of birds and insects on foods and containers, 44.186 (rev.

1986), 44.B07*
urine stains on foods and containers, 44.163 (rev. 1987)

Extract, of malting barley, 10.120 (final 1988)
Extraneous materials: isolation, see also specific product 

aphids in hops, 10.182 (final 1988), 44.009 (final 1988) 
coprostanol as indicator of mammalian feces, 44.D01* 
excrement (bird and insect) on foods and containers, 44.186 

(rev. 1986), 44.B07*
filth, in alimentary pastes, 44.069 (final 1988) 

in apple butter, 44.086 (final 1988) 
in breading of frozen food products, 44.068 (final 1988) 
in candy, 44.103 (final 1988)
in canned citrus and pineapple juices, 44.095 (final 1988)
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in canned crabmeat, 44.080 (final 1988) 
in canned fish and fish products, 44.082 (final 1988) 
in canned shrimp, 44.083 (final 1988) 
in cocoa, chocolate, and press cake, 44.006 (final 1988) 
in corn and rice cereals and corn chip products, 44.070 (final

1988)
in corn chips, 44.102 (final 1988)
in crude and refined papain, 44.161 (final 1988)
in crude plant gums, 44.158 (final 1988)
in dehydrated potato products, 44.117 (final 1988)
in green leafy vegetables, 44.110 (final 1988)
in ground coffee and coffee substitutes, 44.008 (final 1988)
in infant cereals, 44.072 (final 1988)
in jam and jelly, 44.094 (final 1988)
in meat and meat products, 44.084 (final 1988)
in peanut butter, 44.033 (final 1988)
in pecans, 44.030 (final 1988)
in potato chips, 44.101 (final 1988)
in pureed infant food, 44.113 (final 1988)
in raisins, 44.097 (final 1988)
in rice flours (powders), extruded rice products, and rice pa

per, 44.055 (final 1988) 
in sage, 44.A07* 
in sauerkraut, 44.118 (final 1988) 
in shelled nuts, 44.028 (final 1988) 
in shredded coconut, 44.032 (final 1988) 
in sirups, molasses, and honey, 44.105 (final 1988) 
in soy flour, 44.060 (final 1988)
in spices and condiments, 44.125 (final 1988), 44.129 (final

1988), 44,130 (final 1988), 44.131 (final 1988), 44.140 (final
1988), 44.142 (final 1988), 44.145 (final 1988), 44.148 (final
1988), 44.155 (final 1988), 44.156 (final 1988) 

in starch, 44.062 (final 1988) 
in sugars, 44.106 (final 1988) 
in tea, 44.014 (final 1988) 
in tomato products, 44.119 (final 1988) 
in unground marjoram, 44.A04* 
in wheat gluten, 44.061 (final 1988) 
in white breads and high-fat products, 44.067 (final 1988) 
in white flour, 44.052 (final 1988) 
in whole leaves of alfalfa, papaya, and spearmint, 44.A06 

(1988*)
in whole spearmint leaves, 44.A06* 
in whole wheat cereals, 44.071 (final 1988)

Geotrichum mold count, in canned vegetables, fruits, and juices,
44.219 (final 1988) 
in citrus juices, 44.218 (final 1988) 
in comminuted fruits and vegetables, 44.220 (final 1988) 
in cream style corn, 44.223 (final 1988) 
in soft drinks, 44.217 (final 1988)

Howard mold count in dehydrated tomato powder, 44.211 (final
1988)
in fruit nectars, purees, and pastes, 44.201 (final 1988) 
in ground spices, 44.213 (corr. 1986) 

in canned corn 44.109 (final 1988; corr. 1988) 
insect excreta in flour, 44.054 (final 1988) 
insect infestation (internal) of wheat, 44.040 (final 1988) 
insect infestation of oats, 44.A01*
insect penetration through packaging materials, 44.162 (final

1988)
insects in frozen fruits, 44.089 (final 1988) 
isolation techniques, 44.001 (rev. 1987) 
mammalian feces in corn meal, 44.B01* 
rot fragments in comminuted tomato products, 44.224 (rev.

1985)
sediment in dairy products, 44.021 (final 1988)
Table 44:01 (rev. 1987)
urine stains on foods and containers, 44.163 (rev. 1987)

Fat, crude fat in meat, 24.005 (rev. 1985) 
crude fat in meat and poultry products, 24.A04* 
in cream, 16.177 (rev. 1988)
in milk, 16.065 (rev. 1986), 16.074 (surplus 1987), 16.083 (rev.

1988), 16.B02*
in milk-based infant formula, 43.B02*

Fat acidity, of grains, 14.069 (rev. 1988)
Fats, see Oils and fats
Fatty acids, crude, in oils and fats, 28.033 (rev. 1985; final 1985) 

melting point, 28.012 (rev. 1986)
FD&C colors, in foods, 34.D01*
Feces, mammalian, detection of coprostanol as indicator, 44.D01 * 

mammalian, in corn meal, 44.B01*

Feeds, see also Drugs in feeds 
aflatoxins in, 26.014 (final 1988) 
crude protein in animal feeds, 7.021 (rev. 1987), 7.D01* 
nitrate in forages, 49.B05* 
phosphorus in, 7.125 (rev. 1988)
sulfur amino acids in feed ingredients, 43.A08* (final 1986) 

Fenitrothion, technical and formulations, 6.A19*
Fensulfothion, in formulations, 6.B28'
Fertilizers, boron in, 2.135 (final 1985) 

iron in, 2.157 (rev. 1986) 
melamine in, 2.D01*
potassium in, 2.097 (final 1985); 2.108 (surplus 1986); 2.114 

(surplus 1986) 
sampling, 2.001 (rev. 1987) 
sulfur in, 2.182 (final 1985) 
triamino-s-triazine in, 2.D01*

Fiber, total dietary fiber in foods, 43.A14* (rev. 1986; final 1986; 
rev. 1987)

Filth, see Extraneous materials: isolation 
Fish and other marine products, ethanol in canned salmon, 

18.B01*
filth in breading of frozen products, 44.068 (final 1988)
filth in canned crabmeat, 44.080 (final 1988)
filth in canned products, 44.082 (final 1988)
filth in canned shrimp, 44.083 (final 1988)
methyl mercury in, 25.146 (final 1988), 25.D01*
minced fish flesh in mixed fillet-minced cod blocks, 18.D01*
paralytic shellfish poison in, 18.086 (rev. 1988)
parasites in fish muscle, 18.A01 (procedure 1985)
pesticide and PCB residues in, 29.029 (final 1985)
poliovirus 1 in oysters, 46.A12*
total sulfites in shrimp, 20.C01*
V. cholerae in oysters, 46.D09*

Flour, filth in, 44.052 (final 1988), 44.055 (final 1988), 44.060 
(final 1988)

insect excreta in, 44.054 (final 1988) 
starch in, 14.031 (surplus 1987)

Fluazifop-butyl, technical and formulations, 6.353 (final 1985) 
Flucytosine, in capsules, 36.D01*
Fluoride, in drug tablets and solutions, 36.063 (final 1986) 

in plants, 3.075 (final 1988)
Food, see specific analyte or commodity 
Food additives: direct, saccharin, 20.204 (corr. 1985) 

total sulfites in foods, 20.C01 *
Food additives: indirect, acrylonitrile in food, 21.A01* 

nitrosamines in baby bottle rubber nipples, 21.C01* 
nitrosamines in fried bacon, 24.054 (final 1987) 
A/-nitrosodimethylamine in beer, 10.098 (final 1988)

Food Chemicals Codex, -U.S. Pharmacopeia-AOAC method for 
mixed tocopherols concentrate, 43.D01*

Food packaging, excrement (bird and insect) on. 44.186 (rev. 
1986), 44.B07*

insect penetration, 44.162 (final 1988) 
urine stains on, 44,163 (rev. 1987)

Frozen foods, filth in breading of fish products, 44.068 (final
1988)

insects in blackberries and raspberries, 44.089 (final 1988) 
Fructose, in wines, 11.A01*
Fruits and fruit products, acidity (titratable) of fruit products, 

22.058 (rev. 1988) 
acids in juices, 22.B01*
adulteration of Florida orange juice, 22.B06* (rev. 1987)
filth in apple butter, 44.086 (final 1988)
filth in canned citrus and pineapple juices, 44.095 (final 1988)
filth in jam and jelly, 44.094 (final 1988)
filth in raisins, 44.097 (final 1988)
insects in frozen blackberries and raspberries, 44.089 (final

1988)
mold count in canned fruits and juices, 44.219 (final 1988) 
mold count in citrus juices, 44.218 (final 1988) 
mold count in comminuted products, 44.220 (final 1988) 
mold count in nectars, purees, and pastes, 44.201 (final 1988) 
pesticide multiresidue methods, 29.A01* (final 1986), 29.A05* 

(final 1986)
tin in canned pineapple juice, 25.A01* 
total sulfites in apricots, 20.C01 * 
total sulfites in orange juice, 20.C01* 
vitamin C in, 43.076 (final 1985)

Furazolidone, in feeds, 42.077 (final 1988), 42.A01* (final 1988)

Gelatin, dessert preparations, and mixes, pentachlorophenol 
residues in gelatin, 29.A14*
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Genetic probe method, detection of E. coli enterotoxins, 46.035 
(final 1987), 46.B08* (rev. 1987; final 1987) 

detection of Salmonella, 46.C07*
Geotrichum mold count, 44.217 (final 1988), 44.218 (final 1988), 

44.219 (final 1988), 44.220 (final 1988), 44.223 (final 1988) 
Gercock bottle, 16.B02*
Glucose, in wines, 11.A01*
Glycerides, in oils and fats, 28.B01*
Glycerol and glycols, in tobacco, 3.155 (final 1985)
Grains, see also Cereal foods 

fat acidity, 14.069 (rev. 1988)
insect infestation (internal) in wheat, 44.040 (final 1988) 
ochratoxins In barley, 26.111 (final 1988) 
sterigmatocystin in barley and wheat, 26.132 (final 1988) 
zearalenone and a-zearalenol in corn, 26.A09* (final 1988) 
zearalenone In corn, 26.139 (final 1988)

Grapes, carbamate insecticide residues In, 29.A05* (final 1986) 
Green beans, tin in canned products, 25.A01* (final 1988) 
Groundwater, 2,4-DNT, TNT, RDX, and HMX In, 33.B01*
Gums, filth In crude plant gums, 44.158 (final 1988)

Hazardous substances, nitrosamlnes in latex infant pacifiers, 
5.B01*

Helium leak test, bacteria in canned low acid foods, 46.071 (rev. 
1987; final 1987)

High fructose corn syrup, dry substance, 31.226 (rev. 1985*; 
rev. final 1986)

In honey, 31.156 (rev. 1988), 31.158 (rev. 1988)
HMX, as waste in waters, 33.B01*
Holaday-Velasco minicolumn method, 26.020 (final 1988) 
Honey, acrylonitrile in honey butter, 21.A01* 

color classification, 31.A01* (final 1986) 
corn syrups in, 31.156 (rev. 1988), 31.158 (rev. 1988) 
diastatic activity, 31.162 (rev. 1987) 
filth in, 44.105 (final 1988) 
sugars in, 31.128 (rev. 1987)

Hops, aphids in, 10.182 (final 1988), 44.009 (final 1988) 
Horseradish, filth in prepared product, 44.155 (final 1988)
Howard mold count, 44.201 (final 1988), 44.211 (final 1988) 
Humectants, in tobacco, 3.155 (final 1985)
Hybridization method, detection of E. coli enterotoxins, 46.035 

(final 1987), 46.B08* (rev. 1987; final 1987) 
detection of Salmonella, 46.C07*

Hydrocortisone, drug substance and tablets, 39.047 (final 1988) 
Hydrophobic grid membrane filter method, aerobic plate count 

of foods, 46.B01* (final 1987) 
coliforms and E. coli in foods, 46.030 (final 1985)
Salmonella in foods, 46.A06* (final 1986)

Immunoassays, detection of adulteration of meat and poultry 
products, 24.C01*

Salmonella in foods, 46.B21* (rev. 1987; final 1988), 46.C17* 
soy protein in meat products, 24.D01*

Inductively coupled plasma emission spectroscopy method,
elemental analysis of plants, 3.A01* (final 1988)

Infant foods, filth in cereals, 44.072 (final 1988) 
filth in pureed food, 44.113 (final 1988) 
nutrients in formula products, 43.292 (final 1986) 
proximate analysis of milk-based formula, 43.B01* (final 1988) 
vitamins and nutrients In milk-based formula, 43.A21* (amended 

1986; final 1988), 43.B01* (final 1988)
Infant products, nitrosamines in baby bottle rubber nipples,

21.C01*
nitrosamines in pacifiers, 5.B01*

Insects, in frozen blackberries and raspberries, 44.089 (final
1988)

in wheat, 44.040 (final 1988)
penetration through packaging materials, 44.162 (final 1988) 

Iodine, iodine-131 in foods, 48.B01* (rev. 1987)
Iron, in fertilizers, 2.157 (rev. 1986) 

in milk-based infant formula, 43.A37* (final 1988) 
in plants, 3.006 (final 1988), 3.013 (final 1988)

ISO, pycnometer method for apparent weight per unit volume and 
specific gravity of oils and fats, 28.A01 *

Isofenphos, technical and formulations, 6.C01 *
IUPAC, IUPAC-AOAC method for erucic acid in oils and fats,

28.A14*
IUPAC-AOAC method for triglycerides in oils and fats, 28.B01*

Kelthane (dicofol), in formulations, 6.B22*
Kjeldahl methods, automated method for crude protein in animal 

feeds, 7.021 (rev. 1987)

CuS0 4/TI02 mixed catalyst method for crude protein in animal 
feeds, 7.D01*

(i-Lactam antibiotics, in milk, 16.152 (rev. 1987)
Lactoglobulin, sulfur amino acids in, 43.A08* (final 1986)
Lactose, in m Ilk, 16.059 (final 1985), 16.083 (rev. 1988) 

purity, 31.064 (final 1988)
Latex infant pacifiers, nitrosamines In, 5.B01*
Lead, In cookware, 25.016 (final 1986)

In earthenware, 25.024 (rev. 1988)
trace levels in food, 25.001 (final 1988), 25.008 (rev. 1987; final

1988)
Lead number, of maple products, 31.191 (repealed 1988), 31.192 

(repealed 1988)
Lettuce, pesticide multiresidues, 29.A01* (final 1986; rev. 1987) 
Levodopa, ard levodopa-carbidopa in solid dosage forms, 

36.D07*
Lexone (metrlbuzln), technical and formulations, 6.553 (final

1986)
Lindane, In formulations, 6.221 (final 1986)
Liver, aflatoxh M, in, 29.110 (surplus 1988) 

aflatoxins B, and M, in, 26.101 (final 1988), 26.107 (final 1988) 
arsenic in, 49.B01* 
copper in, 49.A01* (final 1987)

Lotion, 7-BHC in, 6.221 (final 1986)

Magnesium, n milk-based infant formula, 43.A37* (final 1988)
In plants, 3.006 (final 1988), 3.013 (final 1988), 3.A01* (final

1988)
Malic acid, In fruit juices, 22.B01* 

in wines, 11.052 (final 1988)
Malt beverages, a-amylase in malt, 10.155 (rev. 1988) 

aphids in hops, 10.182 (final 1988), 44.009 (final 1988) 
ethanol In beer, 10.028 (final 1988) 
extract of malting barley, 10.120 (final 1988) 
A/-nitrosodimethylamine In beer, 10.098 (final 1988) 
potassium in beer, 10.C01* 
sodium In beer, 10.C06* 
specific gravity of beer and malt, 10.D01* 
total solids in liquid and pressed yeast, 10.222 (final 1988) 

Manganese, in milk-based infant formula, 43.A37* (final 1988) 
in plants, 3.006 (final 1988), 3.013 (final 1988), 3.A01* (final

1988)
Manufacturers and suppliers, xxiii and xxlv (14th ed.) (rev. 1987) 
Maple products, Canadian lead number, 31.191 (repealed 1988) 

corn syrup and cane sugar In maple syrup, 31.185 (final 1988) 
Winton lead number, 31.192 (repealed 1988)

Margarine, acrylonitrile in, 21.A01* 
total trans isomers in, 28.A06* (rev. 1986)

Marine toxins, paralytic shellfish poison in seafood, 16.086 (rev. 
1988)

Marjoram, filch in unground product, 44.A04*
Meat and meat products, adulteration detection, 24.C01* 

aflatoxin M, In liver, 26.110 (surplus 1988) 
aflatoxins B, and M, In liver, 26.101 (final 1988), 26.107 (final 

1988)
calcium in deboned poultry and beef, 24.062 (final 1985; rev.

1987)
crude fat in, 24.A04*
crude fat or ether extract, 24.005 (rev. 1985) 
filth in pork sausage (uncooked) and ground beef or hamburger, 

44.084 (-'Inal 1988) 
moisture ir, 24.A01*
nitrosamines in fried bacon, 24.054 (final 1987) 
organochlorlne residues in beef and swine fats, 29.037 (1985*; 

final 1986)
organochlorine residues in poultry fat, 29.037 (final 1985)
Salmonella in raw poultry, 46.A06* (final 1986)
salt in, 24.010 (rev. 1986; final 1987)
sample preparation, 24.001 (rev. 1985)
soy protein in meat products, 24.D01*
species Identification, 24.C01*
tin in canned products, 25.A01*

Melamine, in fertilizers, 2.D01*
Melengestrol acetate, in feed supplements, 42.088 (final 1988) 
Melting point, fats and fatty acids, 28.012 (rev. 1986)
Membrane filter method, aerobic plate count of foods, 46.B01’ 

(final 1987)
coliforms and E. coli in foods, 46.030 (final 1985)
Salmonella in foods, 46.A06* (final 1986)

Mercury, In drug dosage forms, 36.085 (final 1985) 
methyl mercury in fish and shellfish, 25.146 (final 1988),

25.D01*
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Metals and other elements, see also specific analyte 
arsenic, trace levels in food, 25.001 (final 1988) 
arsenic in liver tissue, 49.B01* 
as nutrients in milk-based infant formula, 43.A37* 
cadmium, trace levels in food, 25.001 (final 1988) 
cadmium and lead in cookware, 25.016 (final 1986) 
cadmium and lead in earthenware 25.024 (rev. 1988) 
cadmium and lead in food, 25.008 (rev. 1987; final 1988) 
copper in liver, 49.A01* 
copper in serum, 49.003 (final 1986) 
elemental analysis of infant formula, 43.292 (final 1986) 
fluoride in plants, 3.075 (final 1988) 
in plants, 3.006 (final 1988), 3.013 (final 1988), 3.075 (final

1988), 3.A01* (final 1988) 
lead, trace levels in food, 25.001 (final 1988) 
lead and cadmium in cookware, 25.016 (final 1986) 
lead and cadmium in earthenware, 25.024 (rev. 1988) 
lead and cadmium in food, 25.008 (rev. 1987; final 1988) 
mercury in drugs, 36.085 (final 1985) 
methyl mercury in fish and shellfish, 25.146 (final 1988),

25.D01*
multielement analysis in foods, 25.001 (final 1988) 
selenium, trace levels in food, 25.001 (final 1988) 
tin in canned foods, 25.A01* (final 1988) 
tin in food, 25.161 (surplus 1986) 
zinc, trace levels in food, 25.001 (final 1988)

Methamidophos, residues in fruits and vegetables, 29.A01* (final
1986)

Methiocarb, residues in fruits and vegetables, 29.A05* (final
1986)

technical and formulations, 6.546 (final 1987)
Methionine, in food and feed ingredients, 43.A08* (final 1988) 

in processed foods, 43.A08 (1988*)
Methocarbamol, in dosage forms, 36.212 (final 1988)
Methomyl, residues in fruits and vegetables, 29.A05* (final 1986) 
A/-[[(Methylamino)carbonyl]oxy]ethanimidothioic acid methyl 

ester (methomyl), 29.A05* (final 1986)
6-Methyl-1,3-dithiolo[4,5,-b]quinoxalin-2-one (oxythioquinox), 

6.B34*
Methyldopa, and methyldopa with chlorothiazide in drug tablets, 

37.A11* (final 1987)
Methyl mercury, in fish and shellfish, 26.146 (final 1988), 25.D01*
2-Methyl-2-(methylthio)propanal 0-[(methylamino)carbonyi]- 

oxime (aldicarb), 29.A05* (final 1986)
Metolachlor, in formulations, 6.A14* (final 1988)
Metribuzin, technical and formulations, 6.553 (final 1986) 
Microbiological methods, aerobic plate count of frozen, chilled, 

precooked, or prepared foods, 46.013 (rev. 1987), 46.B01* 
(final 1987), 46.D01* 

antibiotics in feeds, 42.203 (corr. 1985)
bacteria in low acid canned foods, 46.071 (rev. 1987; final 1987) 
DNA colony hybridization method for detection of E. coli entero- 

toxins, 46.035 (final 1987), 46.B08* (rev. 1987; final 1987) 
DNA colony hybridization method for detection of Salmonella, 

46.C07*
dry rehydratable film method for bacterial and coliform counts in 

milk, 46.B05* (final 1988)
E. coli in chilled and frozen foods, 46.D05*
E. coli invasiveness of mammalian cells, 46.020 (final 1987) 
enzyme immunoassay of Salmonella in foods, 46.B21* (rev. 

1987; final 1988), 46.C17*
helium leak test for bacteria in canned low acid foods, 46.071 

(rev. 1987; final 1987)
hydrophobic grid membrane filter method, for aerobic plate 

count of foods, 46.B01* (final 1987) 
for coliforms and E. coli in foods, 46.030 (final 1985) 
for Salmonella in foods, 46.A06* (final 1986) 

in vivo and in vitro detection of £  coli enterotoxins, 46.049 (final
1987)

most probable number of S. aureus in food ingredients and 
nonprocessed foods, 46.062 (repealed 1987), 46.C01* 

niacin and niacinamide in milk-based infant formula, 43.A32* 
optical somatic cell counting in milk, 46.171 (rev. 1987) 
poliovirus 1 in oysters, 46.A12*
Salmonella in foods, 46.117 (rev. 1986), 46.A06* (final 1986), 

46.B21* (rev. 1987; final 1988), 46.C17*
S. aureus in food ingredients and nonprocessed foods, 46.062 

(repealed 1987), 46.C01* 
somatic cells in milk, 46.171 (rev. 1987) 
tissue culture method for invasiveness of mammalian cells by E.

coli, 46.020 (final 1987)
V. cholerae in oysters, 46.D09*

vitamin B6 in milk-based infant formula, 43.A24* (amended 
1986; final 1988)

Microchemical tests, phenothiazine drugs, 36.A07* (final 1988) 
Microwave oven methods, crude fat in meat and poultry prod

ucts, 24.A04*
moisture in meat and poultry products, 24.A01* 
total solids in canned tomato products, 32.A01*

Milk, added water in, 16.101 (surplus 1987) 
aflatoxin M, in, 26.090 (rev. 1987; final 1988) 
aflatoxins in fluid product, 26.B02*
antibiotics in, 16.135 (rev. 1986), 16.152 (rev. 1987), 16.D01* 
dry rehydratable film method for bacterial and coliform counts in, 

46.B05*
fat in, 16.065 (rev. 1986), 16.074 (surplus 1987), 16.083 (rev. 

1988), 16.B02*
lactose in, 16.059 (final 1985), 16.083 (rev. 1988) 
protein in, 16.083 (rev. 1988) 
somatic cells in, 46.171 (rev. 1987)

Moisture, in meat and poultry products, 24.A01* 
in oils and fats, 28.003 (final 1985) 
in spices, 30.005 (repealed 1987) 
in spices and other condiments, 30.B01* (final 1988)

Molasses, filth in, 44.105 (final 1988)
Mold, in citrus juices, 44.218 (final 1988) 

in comminuted fruits and vegetables, 44.220 (final 1988) 
in cream style corn, 44.223 (final 1988) 
in dehydrated tomato powder, 44.211 (final 1988) 
in fruit nectars, purees, and pastes, 44.201 (final 1988) 
in ground spices, 44.213 (corr. 1986) 
in soft drinks, 44.217 (final 1988)
in vegetables, fruits, and juices (canned), 44.219 (final 1988) 

Molinate, in formulations, 6.581 (final 1988)
Monocrotophos, residues in fruits and vegetables, 29.A01* (final 

1986; rev. 1987)
Morestan (oxythioquinox), in formulations, 6.B34*
Most probable number (MPN), of S. aureus in food ingredients 

and nonprocessed foods, 46.062 (repealed 1987), 46.C01* 
Multiresidue methods, carbamate insecticides, 29.A05* (final

1986)
organochlorine and organophosphorus pesticides, 29.A01* (final

1986)
organochlorine pesticides in beef and swine fats, 29.037 (1985*; 

final 1986)
organochlorine pesticides in fish, 29.029 (final 1985) 
organochlorine pesticides in poultry fat, 29.037 (final 1985)
PCBs in fish, 29.029 (final 1985)

Mustard, filth in prepared product, 44.156 (final 1988)
Mycotoxins, see also Aflatoxins 

deoxynivalenol in wheat, 26.B07*, 26.B13* 
general reagents, 26.002(a) (corr. 1986) 
ochratoxin A in green coffee, 26.119 (final 1988) 
ochratoxins in barley, 26.111 (final 1988) 
sterigmatocystin in barley and wheat, 26.132 (final 1988) 
zearalenone and a-zearalenol in corn, 26.A09* (final 1988) 
zearalenone in corn, 26.139 (final 1988)

1-Naphthalenol methylcarbamate (carbaryl), 29.A05* (final
1986)

Niacin and niacinamide, in milk-based Infant formula, 43.A32* 
(final 1988)

Nitrate, in forages, 49.B05*
Nitrogen, in allergenic drug extracts, 38.205 (final 1985; amended 

1986), 38.B01*
in animal feeds, 7.021 (rev. 1987), 7.D01*

Nitrosamines, in baby bottle rubber nipples, 21.C01* 
in beer, 10.098 (final 1988) 
in fried bacon, 24.054 (final 1987)

JV-Nitrosodibutylamine, in latex infant pacifiers, 5.B01* 
N-Nitrosodimethylamine, in beer, 10.098 (final 1988) 
Nonalcoholic beverages, mold count in soft drinks, 44.217 (final

1988)
Nonfat dry milk, Salmonella in, 46.117 (rev. 1986), 46.A06* (final

1986)
sulfur amino acids in, 43.A08* (final 1986)

Novobiocin, in milk, 16.D01*
Nutmeg, filth in ground product, 44.140 (final 1988) 

filth in reconditioned product, 44.142 (final 1988)
Nuts and nut products, see also Peanuts and peanut products 

aflatoxins in almonds, 26.014 (final 1988) 
aflatoxins in pistachio nuts, 26.014 (final 1988), 26.067 (final 

1988)
filth in pecans, 44.030 (final 1988) 
filth in shelled nuts, 44.028 (final 1988)
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Ochratoxins, in barley, 26.111 (fina 1988) 
in green coffee, 26.119 (final 1988)

Oils and fats, see also Fat 
acids (volatile) in, 28.039 (rev. 1985) 
acrylonitrile in margarine, 21.A01* 
erucic acid in, 28.A14*
fatty acids (crude) in, 28.033 (rev. 1985; final 1985) 
melting point of fats and fatty acids, 28.012 (rev. 1986) 
moisture in, 28.003 (final 1985) 
specific gravity, 28.A01 *
specific gravity of oils, 28.006 (repealed 1985), 28.008 (repealed

1985)
total trans Isomers in margarines, 28.A06* (rev. 1986)
triglycerides in, 28.B01*
weight (apparent) per unit volume, 28.A01*

Omethoate, residues in fruits and vegetables, 29.A01* (final 1986; 
rev. 1987)

Optical somatic cell counting, in milk, 46.171 (rev. 1987)
Orange juice, adulteration, 22.B06* (rev. 1987) 

total sulfites in, 20.C01*
Organochlorine pesticide residues, BHC, 29.A01* (final 1986; 

rev. 1987)
DDT, 29.A01* (final 1986; rev. 1987) 
dieldrln, 29.A01* (final 1986; rev. 1987) 
in beef and swine fats, 29.037 (1985*; final 1986) 
in fish, 29.029 (final 1985) 
in poultry fat, 29.037 (final 1985) 
pentachlorophenol, 29.A14*

Organohalogen pesticides, alachlor, 6.A05* (final 1987), 6.D07* 
butachlor, 6.B12* (final 1988) 
chlordimeform, 6.A09* (final 1987) 
dalapon, 6.296 (rev. 1987; final 1987) 
dicofol, 6.B22*
fluazifop-butyl, 6.353 (final 1985) 
metolachlor, 6.A14* (final 1988) 
propachlor, 6.B17* (final 1988)

Organophosphorus pesticide residues, acephate, 29.A01* (final 
1986; rev., 1987)

chlorpyrifos, 29.A01* (final 1986; rev. 1987) 
methamidophos, 29.A01* (final 1986; rev. 1987) 
monocrotophos, 29.A01* (final 1986; rev. 1987) 
omethoate, 29.A01’ (final 1986; rev. 1987)

Organophosphorus pesticides, fenitrothion, 6.A19* 
fensulfothion, 6.B28*
Isofenphos, 6.C01*

Oxamyl, residues in fruits and vegetables, 29.A05* (final 1986) 
Oxythioquinox, in formulations, 6.B34*
Oysters, poliovirus 1 in, 46.A12*

V. cholerae in, 46.D09*

Pacifiers, nitrosamines in latex infant pacifiers, 5.B01*
Packaging materials, excrement (bird and insect) on, 44.186 

(rev. 1986), 44.B07* 
insect penetration, 44.162 (final 1988)

Papain, filth in crude and refined products, 44.161 (final 1988) 
Paprika, filth in, 44.145 (final 1988)
Paralytic shellfish poison, 18.086 (rev. 1988)
Parasites, in fish muscle, 18.A01 (procedure 1985)
PCBs, residues in fish, 29.029 (final 1985)
Peanuts and peanut products, acrylonitrile in peanut butter, 

21.A01*
aflatoxins in, 26.026 (final 1988), 26.032 (final 1988) 
aflatoxins in peanuts, 26.020 (final 1988) 
aflatoxins in peanuts, peanut butter, and peanut meal, 26.014 

(final 1988)
filth in peanut butter, 44.033 (final 1988)

Pebulate, in formulations, 6.581 (final 1988)
Pecans, filth in, 44.030 (final 1988)
Penicillin, in milk, 16.135 (rev. 1986)
Penicillin G, In milk, 16.152 (rev. 1987), 16.D01* 
Pentachlorophenol, residues in gelatin, 29.A14*
Pepper, filth in, 44.148 (final 1988) 

piperine in, 30.C01*
Salmonella in, 46.A06* (final 1986)

Peppermint, filth in whole leaves, 44.A06*
Perfenazine, microchemical test, 36.A07*
Permanganate oxidation number, of vinegars, 30.083 (rev.

1988)
Permethrin, in formulations, 6.B06* (final 1988)
Pesticide formulations, alachlor, 6.A05* (final 1987), 6.D07* 

aminocarb, 6.A25* (final 1987) 
anilazine, 6.D13* 
bendlocarb, 6.B40*

■y-BHC, 6.221 (final 1986) 
butachlor, 6.B12* (final 1988) 
butylate, 6.531 (final 1988) 
carbofuran, 6.B45* 
chlordimeform, 6.A09* (final 1987) 
cycloate, 6.581 (final 1988) 
cyhexatin, 6.D01*
cypermethrin, 6.A01* (final 1987), 6.B01* 
dalapon, 6.296 (rev. 1987; final 1987) 
dlazinon, 6.425 (corr. 1985; final 1988) 
dicofol, 6.B22*
EPTC, 6.581 (final 1988) 
ethion, 6.436 (corr. 1985) 
fenitrothion, 6.A19* 
fensulfothion, 6.B28* 
fluazifop-butyl, 6.353 (final 1985) 
fumigant mixtures, 6.159 (final 1985) 
isofenphos, 6.C01* 
methiocarb, 6.546 (final 1987) 
metolachlor, 6.A14* (final 1988) 
metrlbuzln, 6.553 (final 1986) 
molinate, 6.581 (final 1988) 
oxythioquinox, 6.B34* 
pebulate, 6.581 (final 1988) 
permethrin, 6.B06* (final 1988) 
propachlor, 6.B17* (final 1988) 
propoxur, 6.565 (final 1987) 
triadimefon, 6.A31* (final 1987) 
vernolate, 6.581 (final 1988)

Pesticide residues, acephate, 29.A01* (final 1986; rev. 1987) 
aldicarb, 29.A05* (final 1986) 
a-BHC, 29.A01* (final 1986; rev. 1987) 
bufencarb, 29.A05* (final 1986) 
carbamates, 29.A05* (final 1986) 
carbaryl, 29.A05* (final 1986) 
carbofuran, 29.A05* (final 1986) 
chlorpyrifos. 29.A01* (final 1986; rev. 1987)
DDT, 29.A01* (final 1986)
dieldrin, 29.A01* (final 1986; rev. 1987)
ethylene dibromide, 29.B01* (final 1987)
methamidophos, 29.A01* (final 1986)
methiocarb, 29.A05* (final 1986)
methomyl, 29.A05* (final 1986)
monocrotophos, 29.A01* (final 1986; rev. 1987)
multiresidue methods, 29.029 (final 1985), 29.A01* (final 1986;

rev. 1987), 29.A05* (final 1986) 
omethoate, 29.A01* (final 1986; rev. 1987) 
organochlorine pesticides, 29.029 (final 1985) 
organochlorine pesticides In beef and swine fats, 29.037 (1985*; 

final 1986)
organochlorine pesticides in poultry fat, 29.037 (final 1985) 
oxamyl, 29.A05* (final 1986) 
pentachlorophenol, 29.A14*

Phenethylamine drugs, 36.176 (corr. 1985)
Phenothiazine drugs, mlcrochemlcal test, 36.A07* (final 1988) 
Phenprocoumon, in tablets, 37.D10*
Phenylpropanolamine, in drug dosage forms, 36.176 (corr. 1985) 
Phosphatase (residual), in casein, 16.127 (rev. 1986), 16.B03* 
Phosphorothioic acid O-O-diethyl 0-[4-(methylsulfinyl)phenyl] 

ester (fensulfothion), 6.B28*
Phosphorothioic acid 0,0-dimethyl 0-(3-methyl-4-nitrophenyl) 

ester (fenitrothion), 6.A19*
Phosphorus in feeds, 7.125 (rev. 1988) 

in milk-based infant formula, 43.B12* 
in plants, 3.006 (final 1988), 3.A01* (final 1988)

Physostigmine, in drug dosage forms, 38.074 (final 1987) 
Phytate, in dried cereal foods, 14.B01* (final 1988)
Pilocarpine, isopilocarpine, and pilocarpic acid, in drugs, 

38.144 (final 1987)
Piperine, In pepper preparations, 30.C01*
Pistachio nuts, aflatoxins in, 26.014 (final 1988), 26.067 (final 

1988)
Plants, fluoride in, 3.075 (final 1988) 

metals anc other elements in, 3.006 (final 1988), 3.013 (final 
1988), 3.075 (final 1988), 3.A01* (final 1988)

Plate counts, dry rehydratable film method for bacteria and con
form counts in milk, 46.B05*

Polenske value, of oils and fats, 28.039 (rev. 1985)
Potassium in beer, 10.C01*

in fertilizers, 2.097 (final 1985), 2.108 (surplus 1986), 2.114 
(surplus 1986)

in milk-based Infant formula, 43.A37* (final 1988)
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in plants, 3.006 (final 1988), 3.013 (final 1988), 3.A01* (final 
1988)

Potato chips, filth in, 44.101 (final 1988)
Potatoes, filth in dehydrated products, 44.117 (final 1988) 

pesticide multiresidue methods, 29.A05* (final 1986) 
total dietary fiber in, 43.A14* (rev. 1986; final 1986) 
total sulfites in dehydrated product, 20.C01*

Poultry, calcium in deboned products, 24.062 (final 1985; rev.
1987)

crude fat in poultry products, 24.A04* 
moisture in poultry products, 24.A01* 
organochlorine residues in fat, 29.037 (final 1985)
Salmonella in raw meat, 46.A06* (final 1986) 
species identification for detection of adulteration, 24.C01* 

Prednisolone, in drug tablets and bulk, 39.B01*
Primidone, in drug tablets, 37.A17 (interim 1985; 1986*; final

1988)
Promethazine, microchemical test, 36.A07*
Propachlor, in formulations, 6.B17* (final 1988)
Propoxur, technical and formulations, 6.565 (final 1987)
Protein, crude protein in feeds, 7.021 (rev. 1987), 7.D01* 

in milk, 16.083 (rev. 1988)
In milk-based infant formula, 43.B03*

Protein nitrogen unit precipitation method, 38.205 (final 1985; 
amended 1986), 38.B01*

Proximate analysis, of milk-based infant formula, 43.B01* (final 
1988)

Pyridoxine, pyridoxal, and pyridoxamine, in milk-based infant 
formula, 43.A24* (amended 1986; final 1988)

Quinic acid, in fruit juices, 22.B01*
Radioactivity, iodine-131 and cesium-137 in foods, 48.B01* (rev.

1987)
Raisins, filth in, 44.097 (final 1988)
RDX, as waste in waters, 33.B01 *
Refractive index, for dry substance of corn syrups, 31.226 (rev. 

1985*; rev. final 1986)
Reichert-Meissl value, of oils and fats, 28.039 (rev. 1985) 
Riboflavin, in milk-based infant formula, 43.A23* (final 1988)
Rice, filth In cereal, 44.070 (final 1988) 

filth in rice flours (powders), extruded rice products, and rice 
paper, 55.055 (final 1988)

Roberts copper method, dextran In raw cane sugar, 31.D01* 
Romer minicolumn method, 26.014 (final 1988)
Rot, in comminuted tomato products, 44.224 (rev. 1985) 
Roxarsone, in feeds, 42.B01*
Saccharides, in corn syrups and sugars, 31.245 (corr. 1986) 
Saccharin, in foods, 20.204 (corr. 1985)
Saccharomyces uvarum, as test organism, 43.A24(k)
Sage, filth in rubbed and ground products, 44.A07*
Salmon, canned, ethanol in, 18.B01*
Salmonella, in foods, 46.117 (rev. 1986), 46.A06*, 46.B21* (rev. 

1987; final 1988), 46.C07*, 46.C17* 
in nonfat dry milk, 46.117 (rev. 1986)

Salt, in meat, 24.010 (rev. 1986; final 1987)
Sample preparation, meat and meat products, 24.001 (rev. 1985) 

milk-based infant formula, 43.A21* (final 1988)
Sampling, barrel cheese, 16.B01* 

fertilizers, 2.001 (rev. 1987)
Sauerkraut, filth in, 44.118 (final 1988)
Sediment, in dairy products, 44.021 (final 1988)

, Selenium, trace levels in food, 25.001 (final 1988)
Sencor (metribuzin), technical and formulations, 6.553 (final

1986)
Serum, copper in, 49.003 (final 1986)
Shampoo, -y-BHC in, 6.221 (final 1986)
Shrimp, filth in canned product, 44.083 (final 1988) 

total sulfites in, 20.C01*
Sodium, in beer, 10.C06* 

in milk-based infant formula, 43.A37* (final 1988)
Sodium chloride, in canned vegetables, 32.032 (rev. 1987) 

in meat, 24.010 (rev. 1986; final 1987)
Solids, in canned tomato products, 32.A01* 

in liquid and pressed yeast, 10.222 (final 1988) 
in milk-based infant formula, 43.B04* 
in vinegars, 30.063 (repealed 1987), 30.C06*

Somatic cells, in milk, 46.171 (rev. 1987)
Soybeans, aflatoxins in, 26.069 (final 1988)
Soy flour, filth in, 44.060 (final 1988)
Soy protein, In meat products, 24.D01*
Specific gravity, in beer and wort, digital density meter method, 

10.D01*

of distilled liquors, 9.020 (rev. 1987)
of oils, 28.006 (repealed 1985), 28.008 (repealed 1985)
of oils and fats, 28.A01 *

Spices and other condiments, see also specific product 
filth in, 44.125 (final 1988), 44.129 (final 1988), 44.130 (final 

1988), 44.131 (final 1988), 44.140 (final 1988), 44.142 (final 
1988), 44.145 (final 1988), 44.148 (final 1988), 44.155 (final
1988), 44.156 (final 1988) 

filth, in rubbed and ground sage, 44.A07* 
in unground marjoram, 44.A04* 
in whole peppermint leaves, 44.A06*
In whole spearmint leaves, 44.A06 (1988*) 

moisture in, 30.B01* (final 1988) 
moisture in spices, 30.005 (repealed 1987) 
mold in ground spices, 44.213 (corr. *986) 
permanganate oxidation number of vinegars, 30.083 (rev. 1988) 
piperine in pepper preparations, 30.C01*
Salmonella in pepper, 46.A06* (final 1986) 
solids in vinegar, 30.063 (repealed 1987), 30.C06* 

Sporeformers, in low-acid canned foods, 46.A01 *
Sporicidal activity, of disinfectants, 4.033 (rev. 1985) 
Staphylococcus aureus, in food ingredients and nonprocessed 

foods, 46.062 (repealed 1987), 46.C01*
Starch, filth in, 44.062 (final 1988) 

in flour, 14.031 (surplus 1987)
Sterigmatocystin, in barley and wheat, 26.132 (final 1988) 
Strawberries, pesticide multiresidue method, 29.A01* (final 1986; 

rev. 1987)
Streptomycin, in milk, 16.D01*
Strontium, in plants, 3.006 (final 1988)
Sugars and sugar products, acrylonitrile in honey butter,

21.A01*
Canadian lead number of maple products, 31.191 (repealed 

1988)
color classification of honey, 31.A01* (final 1986)
corn syrup and cane sugar in maple syrup, 31.185 (final 1988)
corn syrups in honey, 31.156 (rev. 1988), 31.158 (rev. 1988)
dextran in raw cane sugar, 31.D01*
diastatic activity of honey, 31.162 (rev. 1987)
dry substance in corn syrups, 31.226 (rev. 1985*; rev final 1986)
filth in sirups, molasses, and honey, 44.105 (final 1988)
filth in sugars, 44.106 (final 1988)
high fructose corn syrup in honey, 31.156 (rev. 1988), 31.158 

(rev. 1988)
in presweetened cereals, 14.075 (rev. 1985) 
in wines, 11.A01* 
lactose In milk, 16.059 (final 1985) 
lactose purity, 31.064 (final 1988)
saccharides in corn syrups and sugars, 31.245 (corr. 1986) 
sugars in honey, 31.128 (rev. 1987)
Winton lead number of maple products, 31.192 (repealed 1988) 

Sulfamethazine, in milk, 16.D01*
Sulfamethoxazole, in drug tablets, 37.A07* (final 1987) 
Sulfaquinoxaline, in feeds, 42.179 (final 1988)
Sulflsoxazole, in drug dosage forms, 37.166 (final 1986)
Sulfites (total), in foods, 20.C01*
Sulfur, in fertilizers, 2.182 (final 1985)
Suppliers and manufacturers, pp. xxiii and xxiv (14th ed.) (rev.

1987)

Tea, filth in, 44.014 (final 1988)
Tetracycline, in milk, 16.D01*
1,3,5,7-Tetranitro-1,3,5,7-tetraazacyclooctane (HMX), as waste 

in waters, 33.B01*
Thiamine, in milk-based infant formula, 43.B29*
Thiethylperazine, microchemical test, 36.A07*
Thiocarbamates, in formulations, 6.581 (final 1988)
Tin, trace levels in food, 25.161 (surplus 1986), 25.A01* (final

1988)
Tissue culture methods, E. coli invasiveness of mammalian 

cells, 46.020 (final 1987)
Tobacco, glycerol and glycols in, 3.155 (final 1985)
Tocopherols, mixed concentrate, 43.D01*
Tomatoes, filth in tomato products, 44.119 (final 1988) 

mold count In dehydrated powder, 44.211 (final 1988) 
pesticide multiresidues in, 29.A01* (final 1986; rev. 1987) 
rot, in comminuted products, 44.224 (rev. 1985) 
tin in canned paste, 25.A01* (final 1988) 
total solids in canned products, 32.A01*

Triadimefon, technical and formulations, 6.A31* (final 1987) 
Trlamino-s-triazine, in fertilizers, 2.D01*
Triazine pesticides, triadimefon, 6.A31* (final 1987) 
Tricyclohexylhydroxystannane (cyhexatin), 6.D01*
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Trier, for sampling fertilizers, 2.001 (rev. 1987)
Triflupromazine, microchemical test, 36.A07*
Triglycerides, in oils and fats, 28.B01*
Trimethobenzamide, in drug dosage forms, 36.A01* (final 1988) 
Trinitrotoluene (TNT), as waste in waters, 33.B01*
1,3,5-Trinitro-1,3,5-triazacyclohexane (RDX), as waste in waters, 

33.B01*
Tryptophan, in foods and food and feed ingredients, 43.D08* 
Tubercufocidal activity, of disinfectants, 4.036 (rev. 1987; re

pealed 1988), 4.039 (rev. 1987; repealed 1988)

Uric acid, as indicator of excrement on foods and containers, 
44.186 (rev. 1986), 44.B07*

Urine, on foods and containers, 44.163 (rev. 1987)
Use-dilution methods, disinfectant testing, 4.007 (rev. 1987; re

pealed 1988), 4.010 (rev. 1987; repealed 1988), 4.011 (rev.
1987)

U.S. Pharmacopeia, Food Chemicals Codex-U.S. Pharmaco- 
peia-AOAC method for mixed tocopherols concentrate, 
43.D01*

Vegetable products, processed, filth, in canned corn, 44.109 
(final 1988; corr. 1988)

filth, in dehydrated potato products, 44.117 (final 1988) 
in potato chips, 44.101 (final 1988) 
in sauerkraut, 44.118 (final 1988) 
in tomato products, 44.119 (final 1988) 

mold count, in canned products, 44.219 (final 1988) 
in comminuted products, 44.220 (final 1988) 
in cream style corn, 44.223 (final 1988) 
in dehydrated tomato powder, 44.211 (final 1988) 

sodium chloride in canned products, 32.032 (rev. 1987) 
tin in, canned products, 25.A01* 
total solids in canned tomato products, 32.A01 * 
total sulfites in dehydrated products and peas, 20.C01 * 
vitamin C in, 43.076 (final 1985)

Vegetables, aflatoxins in soybeans, 26.069 (final 1988) 
filth in green leafy vegetables, 44.110 (final 1988) 
pesticide multiresidue methods, 29.A01* (final 1986; rev. 1987), 

29.A05* (final 1986)
total dietary fiber in, 43.A14* (rev. 1986; final 1986)

Vernolate, in formulations, 6.581 (final 1988)
Veterinary analytical toxicology, arsenic in liver tissue, 49.B01* 

copper in liver, 49.A01* (final 1987) 
copper in serum, 49.003 (final 1986) 
nitrate in forages, 49.B05*

Vibrio cholerae, in oysters, 46.D09*
Vinegars, permanganate oxidation number, 30.083 (rev. 1988) 

solids in, 30.063 (repealed 1987), 30.C06*
Virus, poliovirus 1 in oysters, 46.A12*
Vitamins and other nutrients, ascorbic acid in foods, 43.076 

(final 1985)
ascorbic acid in milk-based Infant formula, 43.A28* (final 1988) 
B, in milk-based infant formula, 43.B29* (final 1988)
B6 in milk-based infant formula, 43.A24* (amended 1986; final

1988)
B12 in milk-based infant formula, 43.B11* (final 1988)
C in foods, 43.076 (final 1985)
C in milk-based infant formula, 43.A28* (final 1988)

cobalamln in milk-based infant formula, 43.B11* (final 1988)
D in AD concentrates, 43.A01*
in milk-based infant formula, 43.A21* (amended 1986; final 

1988), 43.B01* (final 1988)
minerals In milk-based Infant formula, 43.A37* (final 1988) 
mixed tocopherols concentrate, 43.D01 * 
niacin and niacinamide in milk-based infant formula, 43.A32* 

(final 1988)
nutrients in infant formula, elemental analysis, 43.292 (final

1986)
phosphorus in milk-based Infant formula, 43.B23* (final 1988) 
proximate analysis of milk-based infant formula, 43.B01* (final 

1988)
pyridoxlne, oyridoxal, and pyrldoxamlne in milk-based infant for

mula, 43.A24* (amended 1986; final 1988) 
riboflavin in milk-based infant formula, 43.A23* (final 1988) 
sulfur amino acids in food and feed ingredients, 43.A08* (final

1986)
in processed foods, 43.A08 (1988*) 

thiamine in milk-based infant formula, 43.B29* (final 1988) 
total dietary fiber in foods, 43.A14* (rev. 1986; final 1986; rev.

1987)
tryptophan n foods and food and feed Ingredients, 43.D08*

Warfarin sodium, in tablets, 37.D10*
Wastewater, 2,4-DNT, TNT, RDX, and HMX in, 33.B01*
Water, see also Moisture 

added In milk, 16.101 (surplus 1987)
2,4-DNT, TNT, RDX, and HMX in, 33.B01*

Weight per unit volume, oils and fats, 28.A01*
Wheat, deoxynivalenol in, 26.B07*, 26.B13* 

filth in whole wheat cereals, 44.071 (final 1988) 
insect infestation (internal), 44.040 (final 1988) 
sterigmatocystin In, 26.132 (final 1988)

Wheat flour, total dietary fiber in, 43.A14* (rev. 1986; final 1986; 
rev. 1987)

Wheat gluten, filth in, 44.061 (final 1988)
Whisky, color units, 9.002 (final 1985)
Wines, alcohol in, 11.008 (rev. 1985; rev. final 1988), 11.012 (final

1988)
caloric content, 11.022 (final 1988) 
carbohydrate content, 11.A05* (final 1988) 
carbon dioxide in, 11.D01* 
citric acid in, 11.A06*
citric and malic acids in, 11.052 (final 1988) 
fructose and glucose in, 11.A01* 
volatile acidity, 11.046 (final 1988)

Wort, specific gravity, 10.D01*

Yeast, total solids in liquid and pressed products, 10.222 (final 
1988)

Zearalenone, in corn, 26.139 (final 1988)
Zearalenone and «-zearalenol, in corn, 26.A09* (final 1988)
Zinc, In milk-based infant formula, 43.A37* (final 1988) 

in plants, 3.006 (final 1988), 3.013 (final 1988), 3.A01* (final 
1988)

trace levels in food, 25.001 (final 1988)
Zoalene, in feeds, 42.077 (final 1988)
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