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UNITREX
Universal Trace Residue Extractor.

SGE’s Universal Trace Residue Extractor - 
Unitrex -  gets the worst out of your samples. Unitrex 
has been developed as an efficient and economical 
clean-up system for the recovery of pesticides and 
organic residues from meat fats, butter, cheese, 
vegetable oils and a wide range of samples.

Operating and maintenance costs have been kept 
to a minimum. Unitrex can process 10 samples 
simultaneously, and only small amounts of solvent and 
gas are required. The processing is fast and reliable - 
and Unitrex has rapid warm-up and ±  1°C temperature 
stability.

Performance is excellent. Recoveries for a range of 
pesticides, both organo-chlorine and organo­
phosphorous compounds, are better than 90% for 
most samples at ppb levels, and the extract is clean 
enough for direct chromatographic injection into 
capillary columns or packed columns, even with highly 
sensitive detectors such as ECD, FDP. and NPD.
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Five times faster than Soxhlet
Soxtec® has revolutionized traditional solvent 
extractions. Extraction times are reduced from 
days to hours, or from hours to minutes, without 
loss of accuracy. This has been proven in applica­
tions such as petroleum, food and feed, textiles, 
plastics and rubber, chemicals and many others.

Soxtec cuts costs. The built-in solvent recovery 
system reduces the cost for solvent as much as 
65%.

Soxtec is safe. The systems are heated indirectly 
by circulating oil from an electronically controlled 
service unit, which can be placed at a safe distance 
from the extraction solvent.

Soxtec is flexible. A broad range of solvents can

be used which provides great flexibility. Sample 
holders of various materials and dimensions can 
hold up to 65 ml of samples containing well below 
1 % extractable matter.

Soxtec is the perfect tool for most extraction 
needs. Please call or write for product details.

atorWE MAKE ROUTINE ANALYSIS SIMPLE.
T te c a to r  I n c . ,  P .O .  B o x  4 0 5 ,  H e r n d o n ,  V i r g i n i a  2 2 0 7 0 .  P h o n e  ( 7 0 3 ) 4 3 5 3 3 0 0 .  T e l e x 9 0 3 0 3 4  

I n  t h e  U S A  d i s t r i b u t i o n  e x c l u s i v e l y  b y  F i s h e r  S c i e n t i f i c  C o m p a n y .
C IR C L E  2 4  O N  R E A D E R  S E R V IC E  C A R D



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."

—Perce McKinley, Ph.D., Former Director 
General, Food Directorate, Health &
Welfare Canada

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

—H. Michael Wehr, Ph.D., Administrator, 
Oregon Department of Agriculture

“ .. 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."

—Journal of Pharmaceutical Sciences,
Washington, DC

“ Each method is clearly explained and

S a v e  T u n e  a n d  M o n e y !

E n h a n c e  Y ou r L a b o ra to ry 's  R e p u ta tio n !

F a c ilita te  C o m p lia n c e  w ith  G o v e rn m e n t R e g u la tio n s ,

Use

accompanied by pertinent references... 
The book is well organized, well illus­
trated, and easy to use."

—Neil H. Mermelstein, Senior Associate 
Editor, Food Technology, Chicago, IL

1984approx. 1100pp., 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, send order with your name 
and address and check to: 

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

(U.S. Funds only)

I Edited by Sidney Williams
Served as Director of Division of Chemical Technology,
Chief of Pesticide Residue Branch,
Food and Drug Administration,
Washington, DC

O v e r  1 , 7 0 0  O f f i c i a l l y  A p p r o v e d ,  C o l l a b o r a t i v e l y  T e s t e d  

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

--ri.--~ . . . . . . . . . . . . . . .  i
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AOAC A n n o u n ces  
th e  P u b lica tio n  o f

BAM
6 th 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 hy the U.S. Food and Drug Administration for Federal and State regulatory and industry quality control laboratories. The manual will he updated hy 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

• Staphylococcus 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

Since Tw-/ December 198-t. -hK pages. illustrated.
appendixes 3 bole drill with hinder, includes 
Visible Can Defects posier ISBN 0-93Ss8a-29-3. 
Price — Members: S-H.83 in IS. S-T83 
oulside I S.: Nonmembers: Xt[) 30 in IS. 
532.30 oulside I S

To oblain ihis book, send order and remittance with your name and address to 
AOAC, 1111 X 9th Street. Suite 210-J. Arlington. VA 222(8) ISA (IS funds only).

A § n C
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They needed dependable HPLC 
column performance.

And got it.

Drs. Martin Starr and Elia Coppola of 
Ocean Spray Cranberries, Inc.

Waters (iBondapak"' columns are 
the most widely used, published and 
proven HPLC column packing materials 
in the world and lead the HPLC indus­
try in quality and dependability.

For example, Drs. Elia Coppola and 
Martin Starr of Ocean Spray wanted 
to alert consumers about adulteration 
and inaccurate labeling of competitive 
cranberry juices. They needed a depen­
dable HPLC method to analyze quinic 
and other organic acids that identify 
authentic juice.

With Waters applications assist­
ance, they tested and chose Waters 
qBondapak C,8 columns for their excel­
lent selectivity and reproducibility in sep­
arating organic acids.

Waters and Ocean Spray's pio­
neering work with fiBondapak columns 
has provided the entire beverage indus­
try with an HPLC method, approved 
by the Association of Official Analytical 
Chemists; to measure juice contents and 
combat cranberry juice adulteration.

Find out how Waters wide assort­
ment of packing families, chemistries 
and geometries provide the depend­
ability you need for all your HPLC anal­
yses. Call Waters at 1-800-252-HPLC, 
(In Mass. 617-478-2000) or write to 
Waters Chromatography Division, 
Millipore Corp., 34 Maple Street, Dept. 
PM, Milford, MA 01757, Attn: Chemical 
Products Group.

Waters
Division of MILLIPORE

C I R C L E  5 5  O N  R E A D E R  S E R V I C E  C A R D
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960 Screening Cosmetic Products for iV-Nitroso Compounds by 
Chemiluminescent Determination of Nitric Oxide
H a r d y  J. C h o u , R o n a ld  L . Y a te s , a n d  J o h n  A . W e n n in g e r

Drugs
964 Determination of Aspirin and Salicylic Acid by Reverse-Phase Liquid 

Chromatography
D o r o th y  R . H e id e m a n n , E d w a r d  S . S c h u le n b e rg , a n d  W il l ia m  H . S m ith  

967 Liquid Chromatographic Determination and Identification Tests for 
Dexamethasone in Bulk Drugs and Elixirs: Collaborative Study
E la in e  A . B u n ch

974 Determination of Terbutaline Sulfate in Dosage Forms by Liquid 
Chromatography with Electrochemical Detection 
W illia m  L . C h ild re ss

976 Titrimetric Determination of Nonesterified Fatty Acids in Intravenous Fat 
Emulsions
T e r ry  D . C yr , R o b e r t  C . L a w re n c e , a n d  E d w a r d  G . L o v e r in g  

979 Colorimetric Determination of Polymeric Quaternary Ammonium 
Antimicrobial Preservative in an Ophthalmic Solution 
R a lp h  M . G o o d , Jr, J o h n  C . L ia o , M . J o a n  H o o k , a n d  C a th y  L . P u n k o  

981 Synthesis, Identification, and Acute Toxicity of Some TV-Alkyl Derivatives of
3,4-Methylenedioxyamphetamine
F. T a y lo r  N o g g le , Jr, J a c k  D e R u ite r ,  S a m u e l  T . C o k e r , a n d
C . R a n d a l l  C la rk

987 Liquid Chromatographic Determination of Levodopa and Levodopa- 
Carbidopa in Solid Dosage Forms: Collaborative Study
S u s a n  T in g

Microbiological Methods
991 Rapid Fluorogenic Enumeration of E sc h e r ic h ia  c o li in Selected, Naturally 

Contaminated High Moisture Foods 
P a u l  L . P o e lm a , C ly d e  R . W ilso n , a n d  W a lla c e  H . A n d r e w s  

994 Enumeration of C lo s tr id iu m  p e r fr in g e n s  Spores in Human Feces: Comparison 
of Four Culture Media 
S ta n le y  M . H a r m o n  a n d  D o n a ld  A . K a u t te r

Extraneous Materials
997 Extraction of Light Filth from Whole Leaves of Alfalfa, Lemon Balm, Papaya, 

and Spearmint: Collaborative Study 
M a r v in  J. N a k a s h im a  a n d  L a r r y  E . G la z e  

1000 Comparison of Diethyl Ether and Ethyl Acetate as Extracting Agents for 
Recovery of A sc a r is  spp. and T r ic h u r is  spp. Eggs 
R ic h a r d  A . R u d e , J a m e s  T. P ee le r , a n d  N o r r is  G. R is ty

Pesticide and Industrial Chemical Residues
1003 Analysis of Phenols by Chemical Derivatization. V. Determination of 

Pentachlorophenol and 19 Other Chlorinated Phenols in Sediments 
H in g -B iu  L e e , Y v o n n e  D . S to k k e r ,  a n d  A lf r e d  S . Y. C h a u  

1008 Reverse-Phase Liquid Chromatographic Determination of Paraquat and 
Diquat in Agricultural Products
T o sh ih iro  N a g a y a m a ,  T o sh io  M a k i ,  K im ik o  K a n , M a m i  I id a , a n d  
T a ic h iro  N is h im a

1011 2-Chloroethyl Fatty Acid Esters as Indicators of 2-Chloroethanol in Black 
Walnuts, Seasoning Mixes, and Spices
M a r tin  P. Y u ra w e c z

1014 Behavior of 78 Pesticides and Pesticide Metabolites on Four Different Ultra- 
Bond Gas Chromatographic Columns 
J o h n  F. S u p r o c k  a n d  J. H o w a r d  V in o p a l  

1018 Extraction of Polycyclic Aromatic Hydrocarbons from Spiked Soil 
M e rv in  P . C o o v er , R o n a ld  C . S im s ,  a n d  W il l ia m  D o u c e t te  

1021 Determination of Naptalam and Its Metabolite in Foods as 1 -Naphthylamine, 
Using Liquid Chromatography with Oxidative Electrochemical Detection 
B r ia n  L . W o r o b e v  a n d  J. B r ia n  S h ie ld s
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1025 Enzyme-Linked Immunosorbent Assay of Benomyl and Thiabendazole in
Some Foods
W . H a r v e y  N e w s o m e  a n d  P e te r  G . C o llin s

Feeds
1028 Comparison of LECO FP-228 “Nitrogen Determinator” with AO AC Copper 

Catalyst Kjeldahl Method for Crude Protein
R o s e  A . S w e e n e y  a n d  P a u l  R . R e x r o a d

Drug Residues in Animal Tissues
1031 Liquid Chromatographic Determination of Sulfamoyldapsone in Swine 

Tissues
Y u u k o  S . E n d o h , R y o z o  Y a m a o k a , a n d  N o b u o  S a s a k i  

Food Composition
1033 Determination by Liquid Chromatography with Electrochemical Detection of 

Cysteamine and Cysteine, Possible Precursors of A'-Nitrosothialzolidine 
J o h n  W . P e n sa b e n e , R o b e r t  C . D o e rr , a n d  W a lte r  F id d le r  

1036 Anthocyanin Pigment, Nonvolatile Acid, and Sugar Composition of Red 
Raspberry Juice
G e o rg e  A . S p a n o s  a n d  R o n a ld  E . W r o ls ta d

Mycotoxins
1047 Optimum Conditions for Formation of Aflatoxin M,-Trifluoroacetic Acid 

Derivative
R o b e r t  D . S tu b b le f ie ld

1049 Optimization of Chick Embryotoxicity Bioassay for Testing Toxicity and 
Potential of Fungal Metabolites
D a n  B . P re lu sk y , R o b e r t  M . G. H a m il to n ,  B r ia n  C . F o ste r ,
H . L o c k s le y  T re n h o lm , a n d  B r ia n  K . T h o m p so n

Pesticide Formulations
1056 Gas Chromatographic Determination of Alachlor in Microencapsulated 

Formulations: Mini-Collaborative Study 
D a v id  F. T o m k in s

1058 Liquid Chromatographic Determination of Cholecalciferol in Rodent Baits
C o n n ie  C . G e h r ig  a n d  R o d g e r  W . S tr in g h a m

Alcoholic Beverages
1060 Titrimetric Determination of Carbon Dioxide in Wine: Collaborative Study 

A r th u r  C a p u ti ,  Jr, a n d  D u r w a r d  R . W a lk e r

Food Additives
1063 Comparison of Methods for Determination of Lactose (Nonfat Dry Milk) in 

Meat Products
P. C h r is to p h e r  E l l i s  a n d  A r th u r  G. R a n d , J r

Chemical Contaminants Monitoring
1069 Sample Accountability Quality Assurance for the “Integrated Air Cancer

Project” Research Program of the U.S. Environmental Protection Agency 
R a n d a l l  R . W a t ts  a n d  L a r r y  T. C u p i t t  

1072 Expanding and Tracking the Capabilities of Pesticide Multiresidue
Methodology Used in the Food and Drug Administration’s Pesticide 
Monitoring Programs
B e r n a d e t te  M . M c M a h o n  a n d  J e r r y  A . B u r k e  

1081 Residues of Insecticides, Fungicides, and Herbicides on Ontario-Grown 
Vegetables, 1980-1985
R ic h a r d  F ra n k , H e in z  E . B ra u n , a n d  B r ia n  D . R ip le y
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Technical Communications
1087 Determination of Malic Acid, Lactic Acid, Citric Acid, Sodium, Potassium, 

Magnesium, Calcium, and Chloride in Wine: Summary of Collaborative 
Study of the International Office of Wine (OIV)
C h a r lo tte  J u n g e

1089 Determination of Density, Alcohol Content, and Extract in Alcoholic 
Beverages: Summary of Collaborative Study 
C h a r lo tte  J u n g e
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K eep E ssentia l 
A n a ly tica l In form ation  

A t Your F in gertip s

□ Quality Assurance Principles for Analytical Laboratories
1984. 224 pp. Softbound, ISBN 0-935584-26-9. 
Members: *41.25 in U.S., 144.25 outside U.S. 
Nonmembers: *45.50 in U.S., $48.50 
outside U.S.
A handbook for initiating or improving a 
laboratory quality assurance program.

□ EPA Manual of Chemical Methods for Pesticides and Devices
1983. 1.363 pp. With spectra. Includes three 
supplements and binder. ISBN 0-935584-23-4. 
Members: $61.95 in U.S., $64.95 outside U.S. 
Nonmembers: $68.50 in U.S., $71.50 
outside U.S.
EPA and State laboratory compilation of ever 
300 currently used methods for analyzing 
pesticide formulations.

□ Macroanalytical Procedures Manual— FDA Technical Bulletin No. 5
1984. 176 pp. Three hole drill with binder. 
ISBN 0-935534-28-5.
Members: $26.25 in U.S., $27.75 outside U.S. 
Nonmembers: $29.00 in U.S., $30.50 
outside U.S.
Manual for inexpensive and speedy identifica­
tion of defects, filth, decomposition, and 
foreign matter in large quantities o f food.

O R D E R  
T H E S E  A O A C  
P U B L I C A T I O N S  
T O D A Y !

□ FDA Training Manual for Analytical Entomology in the Food Industry
1978. 184 pp. Looseleaf. ISBN 0-935584-11-0. 
Members: $26.75 in U.S., $27.75 outside U.S. 
Nonmembers: $29.50 in U.S., $30.50 
outside U.S.
With the aid o f this text, organizations can set 
up their own in-house training.

And take advantage of AOAC Membership Discounts too!

□ Newburger’s Manual of Cosmetic Analysis
1977. 150 pp. Softbound. ISBN 0-935584-09-9. 
Members: $27.20 in U.S., $28.20 outside U.S. 
Nonmembers: *30.00 in U.S., $31.00 
outside U.S.
Chromatographic and spectroscopic tech­
niques with analyses for specific cosmetics.

To order, please note quantity des.red in the box beside each title; then complete 
and mail this page (or photocopy) and payment to:AOAC1111 North 19th St., Suite 210-J Arlington, Virginia 22209 USA

Total Amount o f Order: $ __________
Please Print U S  F u n d s  ° ” />’
Send to:

Name

Organization 

Street Address 

City

State (Country) Zip

VM_________________________________________________________________________
Member N o . ( to  q u a l i f y  f o r  m e m b e r  p r ic e ,  i n c lu d e  M e tn b e r  N u m b e r  w i th  o r d e r .)
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NEW PRODUCTS

Pipet Tips
B io -R ad ’s new Type 31 p ipe t t ip  is 
designed fo r reproducib le  p ipe tting  
w ith  E ppendo rf U ltra -M ic ro  pipets, 
bo th  fixed vo lum e and d ig ita l. T h is  
t ip  offers the same advantages as o th ­
er B io -R ad pipet tips, and i t  also fea­
tures the special shank design needed 
fo r proper func tion  w ith  very low  
sample volum es. B io -R ad Labora­
tories.
C irc le  N o. 128 on reader service card.

Liquid Chromatography Sample and
Reagent Preparation Kit

T o  aid  in  the selection o f  the o p ti­
m um  sample preparation m ethod, 
B io -R ad offers a liq u id  chrom atog­
raphy sample and reagent prepara­
tion  k it  con ta in ing  filters, disposable 
colum ns, 5 ion  exchange m edia, and 
step-by-step ins tructions fo r  each ap­
p lica tion . B io -R ad Laboratories. 
C irc le  N o . 129 on reader service card.

Tabletop Cone Blender
The “ Y ”  cone blender from  Sitco 
com bines a M u ltip e x  un iversal pow ­
er m odule w ith  a double cone vessel 
fo r tab le top labo ra to ry  use. The pow ­
er m odule also accom m odates other 
processors fo r applications such as 
b lending and wet granulating. Sitco. 
C irc le  N o . 130 on reader service card.

Hybridoma/Enzyme Immunoassay
Screening Kit

Beckman Instrum ents, Inc., has in ­
troduced a new hybridom a/enzym e 
im m unoassay k it  w h ich  provides all 
reagents necessary fo r testing 4000 
supemates o r fo rty  96 well plates. The 
k it  includes a ffin ity -p u rifie d  an tibody  
labeled w ith  horseradish peroxidase, 
w h ich  has a tu rno ve r rate 10 tim es 
g rea te r tha n  c o m m o n ly  used en ­
zymes. ABTS , the substrate included 
in the Beckman k it ,  w ill no t cause 
prem ature co lo r developm ent often 
associa ted w ith  o th e r  substra tes. 
Beckman Instrum ents, Inc.
C irc le  N o . 131 on reader service card.

Column Heater
The ch ie f d is tingu ish ing feature o f  
A na ly tichem  In te rn a tion a l’ s new co l­
um n heater is blocks tha t accom ­
m odate co lum ns o f  several d iffe rent 
sizes ranging up from  '/» in . A n a ly t i­
chem In te rna tiona l, Inc.
C irc le  N o . 132 on reader service card.

Variable Wavelength UV-Vis
Detector

The SP8450, a variab le  wavelength 
U V -v is ib le  liq u id  chrom atograph ic 
detector, is designed w ith  s im p lified , 
long -life  optics fo r se n s itiv ity  and sta­
b ility .  The detector uses fiber optics 
technology and reduces stray ligh t by 
e lim in a tin g  lenses and m irro rs . Spec- 
tra-Physics A u to lab  D iv is io n .
C irc le  No. 133 on reader service card.

Ultra-Small Column
L iq u id  chrom atography colum ns w ith
1.5 Mm. nonporous M onospher sor­
bent particles enable chemists to  per­
fo rm  qu ick, sensitive LC  b iop o lym e r 
separations. The u ltra -sm a ll silica 
spheres fac ilita te  bo th  reverse-phase 
and normal-phase separations o f  large 
sample capacities w ith o u t a loss o f  
reso lu tion. E M  Science.
C irc le  No. 134 on reader service card.

Pump for Low Pressure
Solvent Delivery

B io-R ad has in troduced Econo-C ol­
um n, a 2 channel, variab le  speed 
pe ris ta ltic  pum p, w h ich  is effic ient fo r 
app lica tions such as chrom atogra­
phy, sample transfer, c ircu la tio n  sys­
tems, pH  con tro l, c lin ica l chem istry, 
and flow  cell co lo rim e try . B io-R ad 
Laboratories.
C irc le  N o . 13 5 on reader service card.

Cell for Preparative
Electrophoresis

A n  a lte rna tive  fo r p ro te in  pu rifica ­
tio n  is p rov ided  by the R o to fo r cell, 
capable o f  ach ieving greater than 10- 
fo ld  pu rifica tion  o f  a p ro te in  sample 
in  a single 4 h run, from  B io -R ad La b ­
oratories. The new cell incorporates 
a cy lind rica l focusing cham ber, d i­
v ided  in to  20 discrete com partm ents, 
tha t rotates around its  axis. D u ring  
electrofocusing, prote ins m ove to  the 
p o in t in  the pH  gradient where they 
have a zero net charge. A fte r they are 
focused, the so lu tion  in  each com ­
partm ent can be ra p id ly  and easily 
collected. B io -R ad Laboratories. 
C irc le  N o. 136 on reader service card.

Total Sulfur Analysis
A n te k  Instrum ents announces the 
a v a ila b ility  o f  Pyrofluorescent su lfu r 
systems. These instrum ents y ie ld  ac­
curate, precise analyses o f  to ta l su lfu r 
content in  solid, liq u id , and gaseous

samples. They cover an analytical 
range from  ppb to  50% and produce 
fina l results in  30 s to 10 m in . A n te k  
Instrum ents, Inc.
C irc le  N o . 137 on reader service card.

Cloning Pack and Labeling System
A  D ua l P rom ote r C lon ing  Pak, the 
SP6/T7 Pak, w h ich  includes 2 dual 
p rom oter vectors, pD P-1 and pD P - 
2 , allows subsequent transc rip tio n  by 
e ither T 7  o r SP6 R N A  polym erase 
when p roducing R N A  probes. The 
SP6/T7 polym erase labe ling system 
allows effic ient p ro du c tion  o f  high- 
s p e c if ic -a c tiv ity  R N A  probes. D u  
Pont.
C irc le  N o . 138 on reader service card.

Air and Nitrogen Generators
C hrom pack, Inc., has announced 2 
portable, self-contained gas genera­
tors fo r  labo ra to ry  use. A  new a ir  gen­
era tor can supply clear, dry, o il-free  
a ir fo r up to  6 gas chrom atographs. 
A  new n itrogen u n it tu rns a tm ospher­
ic a ir in to  clean, pure laboratory-grade 
nitrogen. C hrom pack, Inc.
C irc le  N o. 139 on reader service card.

Trace Sulfur and Chlorine Analyzer
D ohrm ann announces a new au to­
mated m ic ro cou lom e tric  su lfu r ana­
lyzer, the M C T S  130/120, w h ich  is 
easy to  use, is s im p ly  ca libra ted, and 
perform s data analysis w ith  statistics. 
D ohrm ann.
C ircle N o . 140 on reader service card.

Method Development Liquid 
Chromatography System

A  special con figura tion  o f  Beckm an’s 
S ystem  G o ld  P ersona l c h ro m a to ­
graph meets the pa rticu la r needs o f  
m e thod  de ve lopm e n t la bo ra to rie s . 
A na ly tica l m ethod sets can be created 
and stored au tom atica lly  and then re­
called to evaluate and m o d ify  them  
at any tim e. The system uses an IB M  
P C -A T  w o rksta tion  w ith  co lo r graph­
ics and custom ized Beckm an ch ro ­
m atography software, a b ina ry  sol­
v e n t d e liv e ry  m o d u le , and a 
sim ultaneous dual wavelength U V - 
v is ib le  detector m odule. Beckman 
Instrum ents, Inc.
C irc le  No. 141 on reader service card.

Autosampler for Liquid 
Chromatography

R e lia b ility  and s im p lic ity  o f  opera­
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t io n  and a free 5 y r  w arran ty  are a v a il­
able to purchasers o f  the SP8775, an 
autosam pler fo r  liq u id  chrom atog­
rap hy , fro m  S pectra -P hys ics . The 
SP8775 offers m any o f  the same fea­
tures and capab ilities o f  the SP8780. 
Spectra-Physics.
C irc le  N o . 142 on reader service card.

Single or Multiple Pump 
LC Gradient System

M ic ro m e ritic s  Ins trum e n t Corp. o f­
fers the 7600 Series fo r e ither single­
p u m p , lo w -p re ssu re  g ra d ie n ts  o r 
m u ltip le -pu m p , high-pressure runs. 
A  con tro l in terface m odule and a 
sm all hand-held u n it together con tro l 
e ith e r  one o r tw o  M ic ro m e r it ic s  
M od e l 760 liq u id  chrom atography 
pumps. The system software allows 
m u ltip le  m ethods and steps w ith  up 
to  6 external events per step. A s m any 
as 5 m ethods can be lin ked  together 
and 10 different gradient m ethods can 
be stored. M ic ro m e ritic s  Ins trum ent 
Corp.
C irc le  N o . 143 on reader service card.

New Liquid Chromatography
Cartridge Columns

A na ly tichem  In te rna tiona l, Inc., has 
in troduced Q u ick  E lu t liq u id  ch ro ­
m atography colum ns, w h ich  enable 
the analyst to ta ilo r  the chem istry  o f  
the sample preparation sorbent to the 
ana ly tica l co lum n packing. A n a ly t i­
chem In te rna tiona l.
C irc le  No. 144 on reader service card.

Freeze-Drying System 
W ith  the E7480 C yro  freeze-drying 
system, m ateria ls researchers, b io lo ­
gists, and food technologists can ob ­
ta in  im p roved  image qu a lity  when 
p e rfo rm in g  scann ing e le c tro n  m i­
croscopy. The E7480 rem oves water 
from  specimens w h ile  preserving the ir 
essential structure. I t  can be m od ified  
fo r use in  transm ission electron m i­
croscopy. B ioR ad/P o la ron  D iv is io n . 
C irc le  N o . 145 on reader service card.

Redox Chemiluminescence Detector
The new redox chem ilum inescence 
detector fo r gas chrom atography from

Sievers Research, Inc., used fo r the 
selective detection o f  oxygen-, sulfur-, 
n itrogen-, and phosphorus-conta in­
ing com pounds in  the presence o f  sat­
urated hydrocarbons, air, water, and 
o ther unreactive species, has dem ­
onstrated at least a 3 -fo ld  increase in 
sen s itiv ity  over the prev ious m odel. 
Sievers Research, Inc.
C irc le  N o . 146 on reader service card.

Chemical Spill Treatment Kit
A  choice o f  3 S p ill-X  sp ill con tro l 
agents is ava ilab le  in  e ither in d iv id ­
ual sp ill trea tm ent k its  fo r acid, caus­
tic, o r so lvent spills, o r  in  a m u lt i­
purpose k it  w ith  2 o f  each type o f  
agent. A l l  are free-flow ing, co lo r-cod ­
ed d ry  chem icals tha t w ill no t the m ­
selves p ro d u c e  to x ic  b y -p ro d u c ts  
when used as the m anufacture r d i­
rects in  chem ical spills.
C irc le  N o . 147 on reader service card.

Chromatography Detector
Linearizer

Varex Corp. has announced the ava il-

PLEA SE  N O TE  TH ESE  D E A D L IN E S !
P u t Them  on  Y o u r  1988 Calendar.

For the 102nd a o a c  Annual international Meeting, Palm Beach, 
Florida, August 29-September 1,1988.

Titles & Authors
of Symposia and Poster Presentations January 20,1988

Abstracts April 20,1988

For information contact: 
Administrative Manager, AOAC 
1111 North 19th Street, Suite 210 
Arlington, Virginia 22209 
or phone (703) 522-3032.
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a b ility  o f  a chrom atography detector 
lin e a r iz e r, M o d e l L D 2 .0 0 . D e v e l­
oped p r im a r ily  fo r evaporative type 
ligh t-sca tte ring  detectors, the L D 2 .00  
w ill also w o rk  w ith  o ther detectors 
know n to  have a non linear ou tpu t 
w ith  increasing sample concentra­
tion . Varex Corp.
C ircle N o . 148 on reader service card.

Diode Array Detector for Real
Time Multiwavelength Measurement

W ith  L iC h ro G ra ph  L -3 00 0 ’s diode 
array detector, researchers are able to 
pe rfo rm  real tim e  LC  analysis. M u l­
tiw aveleng th m easurem ent features a 
70 elem ent d iode array tha t covers 
the 200-360 nm  p o rtio n  o f  the u ltra ­
v io le t range o r the 360-520 nm  p o r­
t io n  o f  the v is ib le  ligh t spectrum  w ith
2.5 nm  accuracy. Peak p u r ity  can be 
verified  e ither by exam in ing absorp­
t io n  ratios at 2 d iffe rent wavelengths

or by com paring spectra from  d iffe r­
ent po in ts in  the chrom atographic run. 
E M  Science.
C irc le  N o . 149 on reader service card.

Nitrogen Determinations
A n te k  P yro-chem ilum inescent n itro ­
gen systems can detect and quan tita te  
the to ta l n itrogen content o f  solid, l iq ­
u id , o r gas samples. T w o  systems are 
available: M ode l 703C, designed fo r 
analyzing liqu ids , gases, and some 
solids, and M od e l 707C, w ith  m ic ro - 
p ro c e s s o r-c o n tro lle d  te m p e ra tu re  
program m ing  fo r analysis o f  gases, 
liqu ids , and so lid  samples. A n te k  In ­
strum ents, Inc.
C irc le  N o . 150 on reader service card.

Laser Light Scattering 
Mass Detector

Varex Corp. announces the second

generation o f  its laser lig h t scattering 
mass detector fo r liq u id  chrom atog- 
raphy/gel perm eation chrom atogra­
phy, the L L S D  M K  I I .  Varex Corp. 
C irc le  N o . 151 on reader service card.

Gel Permeation Chromatography
Software

GPC Plus is the name given software 
from  Spectra-Physics A u to la b  D iv i­
sion tha t is designed to  fac ilita te  the 
ca lib ra tion  and m o lecu lar w e ight d is ­
tr ib u tio n  calcula tions requ ired by gel 
perm eation chrom atography (or size 
exclusion chrom atography). The ch ip  
can be insta lled  in  the m em ory m o d ­
ule o f  the Spectra-Physics SP4270 
com puting  in tegra tor. Spectra-Phys­
ics A u to lab  D iv is io n .
C irc le  N o . 152 on reader service card.

TRAINING MANUAL
FOR ANALYTICAL ENTOMOLOGY
IN THE FOOD INDUSTRY— FDA Technical Bulletin No. 2

Chapters on:
Microscopes; Insect Morphology and Dis­
section; Identification of Whole Insects; 
Recognition and Identification of Insect 
Fragments; Vertebrate Pests; Structure and 
Identification of Animal Hairs; Molds in 
Foods; Extraction Methods; Miscellaneous 
Filth; Macroscopic Methods; Advice on Set-

ting Up an Analytical Entomology Lab and 
Ensuring Good Laboratory Performance; 
Ecology of Stored Food Pests; What Hap­
pens in a Sanitation Inspection; Advice on 
Giving Court Testimony; P L U S :  Bibliog­
raphy of Useful References; Pronouncing 
Glossary

174 pages. 1978. Prices: Members $26.75 in U.S., $27.75 outside U.S.; Nonmemoers $29.50 in U.S., $30.50 outside 
U.S. Order from Association of Official Analytical Chemists, 1111 North 19th Street, Suite 210-J, Arlington, VA 22209.

Please enclose remittance with order.
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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 9 8 8

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

Laboratory Information Management System s (LIMS) - Chairmen:
J.J. Karr and H. Morris

Phosphate, Fertilizers and Ground W ater - Chairman: F. Johnson

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
on topics such as: Pesticides Form u lation s 
and D isin fectants; Foods: R e sidue s; 
M ic rob io logy ; Fe e d s, F e rt il iz e rs  and 
Re lated  Topics; D ru g s  and Related  Topics; 
H a za rdo u s Substance s in  W a ste  and the 
E n v iro n m e n t.

Open Forum
Regulatory Roundtable: Safety - 

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

Exposition

F o r fu r th e r  in fo rm ation , contact: A d m in is tra tive  Manager, A O A C , 
1111 N . 19th S t., Ste. 210, A rlin g to n , V A  22209, o r call (703) 522-3032.

P A L M  B E A C H
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FOR YOUR IN F O R M A T IO N

M e e tin g s

N o vem b er 19 8 7 :  Eastern O n ta rio / 
Quebec A O A C  Regional Section M ee t­
ing. Contact: M ila n  Ihna t, A g ricu ltu re  
Canada, Land Resource Centre, O tta ­
wa, O n ta rio  K 1 A  0C6. telephone 613/ 
995-5011.

Ja n u a r y  1 7 - 2 0 ,  19 8 8 : Conference on 
in  v itro  O ptions to A n im a l Tests, spon­
sored by U . S. Pharm acopeial C onven­
tion , Inc., Radisson Suite Resort, M a r­
co Island. FL. Contact: A lice  E. K im b a ll, 
U . S. Pharm acopeial C onvention , Inc., 
12601 T w in b ro o k  Parkway, R ockv ille , 
M D  20852, telephone 301/881-0666.

Sp rin g, 19 8 8 : N ortheast A O A C  Re­
gional Section M eeting. Contact: G er­
ald Roach, F D A , 599 Delaware Ave, 
Buffa lo, N Y  14202, telephone 716/846- 
4494.

M arch  2 4 - 2 5 ,  19 8 8 : N a tion a l C om ­
m ittee  fo r C lin ica l Labora tory Stan­
dards A nn ua l M eeting, “ Testing Today 
and T o m o rro w ,”  Sheraton M eadow- 
lands, East R u therfo rd , NJ. Contact: 
John V. Bergen, N C C LS, 771 E La n ­
caster Ave, V illan ova , P A  19805, te le­
phone 215/525-2435.

A p ril 2 6 - 2 8 , 1 9 8 8 :  A O A C  In fa n t F o r­
m ula  Conference I I ,  Radisson Francis 
M a rio n  H o te l, Charleston, SC. Contact: 
M argaret R idge ll, A O A C , 1111 N  19th 
St, Suite 210, A rlin g to n , V A  22209, 
telephone 703/522-3032.

M a y  1 2 - 1 3 ,  19 8 8 : “ C on tro lled  Re­
lease: Science and Technology 1988,”  
V ic to ria n  College o f  Pharm acy, M e l­
bourne, A ustra lia . O rganized by Royal 
A us tra lian  Chem ica l Institu te , P olym er 
D iv is io n . Contact: R. C. O ppenheim , 
V ic to rian  College o f  Pharmacy, L td , 381 
R oyal Parade, P arkv ille , V ic to r ia  3052, 
A ustra lia , telephone +61  3 387 7222.

Ju n e  19 8 8 : Pacific N o rthw est A O A C  
R e g io na l S ection  M ee ting . C o n tac t: 
John N eilson, N e ilson  Research Corp., 
446 H igh land  D r, M ed fo rd , O R  97504, 
telephone 503/770-5678.

Ju n e  19 8 8 : Southeast A O A C  Region­
al Section M eeting. Contact: F rank A l­
len, E nv ironm en ta l P rotection Agency, 
Reg 4 ESD, Athens, G A  30613, tele­
phone 404/546-3387.

Ju n e  7 - 1 0 ,  19 8 8 : “ D is tille d  Beverage 
F lavour: Recent D eve lopm ents,”  U n i­
ve rs ity  o f  S tirling , S tirling , Scotland. 
O rganized by Sensory Panel o f  the So­
cie ty o f  Chem ical Industry  Food G roup. 
Contact: J. R. P iggott, Food Science D i­
v is ion , D epartm ent o f  Bioscience and 
B io technology, U n iv e rs ity  o f  S tra th­
clyde, 131 A lb io n  St, G lasgow G1 1SD,

Scotland, telephone 041-552 4400, ext. 
2150, telex 77472 U N S L IB  G.

Ju n e  2 0 - 2 2 ,  19 8 8 : M idw est A O A C  
Regional Section M eeting, C o lum b ia , 
M O . Contact: H ow ard  Casper, N o rth  
D akota  State U n ive rs ity , Vete rinary 
D ia g n o s tic  L a b o ra to ry , Fargo , N D  
58102, telephone 701/237-7529.

August 2 1 - 2 4 ,  19 8 8 : “ B io a v a ila b ility  
8 8 : Chem ica l and B io log ica l Aspects o f  
N u tr ie n t A v a ila b il ity ,”  U n iv e rs ity  o f  
East Ang lia , N o rw ich , U K . Sponsored 
by Federation o f  European N u tr it io n  
S oc ie ties , F e d e ra tio n  o f  E u ropean  
Chem ica l Societies—W o rk in g  Party on 
F o o d  C h e m is try , R o y a l S oc ie ty  o f  
C hem istry , and R oyal Society o f  C hem ­
is try —Food C hem istry  G roup. C on­
tact: B io a v a ila b ility  88, A R F C  Ins titu te  
o f  Food Research, N o rw ich  Labora­
to ry , Colney Lane, N o rw ich , N o rfo lk  
N R 4  7 U A , U K ,  te le ph on e  (0603 ) 
56122, telex 975453, telefax (0603) 
58939.

A ugust 2 9 -S e p te m b e r  1 , 1 9 8 8 : 102nd 
A O A C  A nnua l In te rn a tion a l M eeting 
and E xpos ition , spo tligh t on “ B io tech­
nology,”  The Breakers, Palm Beach, FL. 
Contact: M argaret R idgell, A O A C , 1111 
N  19th St, Suite 210, A rlin g to n , V A  
22209, telephone 703/522-3032.

S ep tem b er 2 1 - 2 3 ,  19 8 8 : 6th In te r­
na tiona l Sym posium  on Isotachopho- 
resis and C ap illa ry  Zone E lectropho­
resis, V ienna, A ustria . O rganized by 
Ins titu te  fo r  A n a ly tica l C hem istry  o f  
the U n iv e rs ity  o f  V ienna. Contact: E. 
K end ler, Ins titu te  fo r  A na ly tica l Chem ­
is try , U n iv e rs ity  o f  V ienna, W ahringer 
Strasse 38, A - 1090 V ienna, A ustria , 
telephone (0222) 34 46 30-47 o r 53.

Ja n u a r y  3 1-F e b r u a r y  3, 19 8 9 : 17th 
A u s tra lia n  P o ly m e r S ym p o s iu m , 
“ Polym ers in  a H ostile  E n v iro n m e n t,”  
G r if f ith  U n ive rs ity , Brisbane, A us tra ­
lia . Organized by Royal A ustra lian  
Chem ica l Institu te , Po lym er D iv is io n . 
Contact: D . J. T . H i l l ,  C hem istry  D e­
pa rtm ent, U n iv e rs ity  o f  Queensland, 
Brisbane 4067, A ustra lia .

M arch  3 0 - 3 1 ,  19 8 9 : N a tion a l C om ­
m ittee fo r C lin ica l Labora to ry  Stan­
dards A nn ua l M eeting, Sheraton Soci­
ety H i l l ,  P h iladelph ia , PA. Contact: 
John V. Bergen, N C C LS, 771 E La n ­
caster A ve, V illan ova , P A  19085, te le­
phone 215/525-2435.

A ugust 2 - 7 ,  1 9 8 9 :32nd In te rn a tion a l 
Congress o f  Pure and A p p lie d  Chem ­
is try , IU P A C , S tockholm  In te rna tiona l 
Fairs, S tockholm , Sweden. Organized 
by Swedish N a tion a l C om m ittee  fo r

C hem istry, R oyal Swedish A cadem y o f 
Sciences. Contact: IU P A C , % S tock­
ho lm  Convention Bureau, PO Box 6911,
S-102 39 S tockholm , Sweden, te le­
phone +  46 8 23 09 90, telex +1 1556, 
telefax + 46  8 34 84 41.

Sep tem ber 2 5 - 2 8 , 1 9 8 9 :103rd A O A C  
A nn ua l In te rn a tion a l M ee ting  and E x­
pos ition , The C la rion  H o te l, St. Louis, 
M O . Contact: M argaret R idgell, A O A C , 
1111 N  19th St, Suite 210, A rlin g to n , 
V A  22209, telephone 703/522-3032.

Sep tem b er 9 - 1 3 ,  19 9 0 : 104th A O A C  
A nn ua l In te rna tiona l M ee ting  and E x­
pos ition , The C la rion  H o te l. N ew  O r­
leans, L A . Contact: M argare t R idgell,
1111 N  IS th  St, Suite 210, A rlin g to n , 
V A  22209, telephone 703/522-3032.

C ourses o f  S tu d y

The Foundation  fo r A dvanced E du­
cation in  the Sciences (FAES) is com ­
pleting cooperative agreements w ith  
several colleges and un ivers ities in  the 
W ashington, DC , area to  accept d irect 
tra n s fe r c re d it  o f  e q u iv a le n t F A E S  
courses in  recognized degree programs. 
FAES students, thus, m ay enro ll fo r  a 
degree at one o f  the cooperating in s ti­
tu tions  and m ay take a large num ber o f  
the courses on the N IH  campus in the 
evening program. The cred it transfer w ill 
be d irec t and no t subject to  nego tia tion 
o r reduction by the transfe rring  school. 
Courses taken at FAES w ill count to ­
wards degree program s at the cooper­
ating institu tions. Courses w ill cost $40/ 
c red it hour. Contact: Sara Bahn, F oun­
da tion  fo r  Advanced Education in  the 
Sciences/N IH . 4311 L y n b ro o k  D r, Be- 
thesda, M D  20814, telephone 301/951- 
5180.

S h o rt C ou rse  f o r  Europe

A n  A O A C  short course, Q u a lity  A s­
surance Short Course fo r A na ly tica l 
Laboratories, w il l be he ld  at the U n i­
ve rs ity  o f  F lorence in  Florence, Ita ly , 
Decem ber 2 -4 , 1987. Contact: M arga- 
reet Lauwaars, PO Box 153, 6720 A D , 
B en ne kom , T he  N e th e r la n d s , te le ­
phone +  31-8389-18725.

R u u d  I s  In co m in g  A O A C  P resid en t

R obert C. R und was nam ed 1987— 
19 8 8 President o f  the A O A C  at the 101 st 
A O A C  A nn ua l In te rn a tion a l M eeting 
and E xposition  held in  San Francisco, 
C A , Sept. 14-17, 1987.

R obert R und has a long h is to ry  o f  
service to  A O A C . H e served as an A s­
sociate Referee from  1957 to  1971 and
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About
A O A C
Regional
Sections

B e n e f its
L o w  C o s t  O p p o r t u n i t i e s  t o :

• Meet and Talk with Fellow Scientists in a 
Relaxed Atmosphere

• Learn and Improve Leadership Skills
• Address Local or Regional Analytical 

Concerns
• Gain Exposure for Your Work and the 

Work of Your Staff
• Make Valuable Contacts
• Share Common Problems and Solutions 

with Fellow Analysts
• Become Better Acquainted with the 

Work of Your Peers

H istory
Organization of regional sections under the auspices 
of AOAC was begun in 1981. The purpose was to 
provide a mechanism whereby AOAC members and 
other laboratory analysts could get together regularly 
and at low cost to share common interests and prob­
lems, find ways to solve these problems by provid­
ing practical educational seminars and hands-on 
training workshops, and leant about and become in­
volved in the AOAC methods validation process.

Who May Join
Membership in a Regional Section is open to any in­
dividual interested in the purpose of the Regional 
Section and resident or working within its bounda­
ries. Officers of the section must be members of na­
tional AOAC.

Where They Are
There are currently seven chartered AOAC regional 
sections in the U.S. and Canada: the Pacific North­

west, Midwest, North­
east, Southeast, New- 
York-New Jersey, 
Eastern Ontario-Quebec 
and Mid-Canada -  all 
outlined on the enclosed
map. Each regional sec­
tion is organized by a lo­
cal volunteer committee 
with the assistance of 
the AOAC national of­
fice. Several additional 
sections are in various 
stages of becoming or­
gani zed .

S in c e  1 8 8 4

Join, Help Organize, and Attend an A O A C  Regional Section!
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as a General Referee from  1969 to 1984. 
O ver the years, he has been a m em ber 
o f  the C om m ittee  on Safety, the C om ­
m ittee  on Statistics, and the C om m ittee  
on In te rn a tion a l C oord ina tion . F rom  
1976 to 1986, he was on the E d ito ria l 
Board, serving as its  cha irm an from  
1981. He was elected to the Board o f 
D irec to rs  in  1983 and became Presi­
dent-E lect in  1986. A O A C  recognized 
his con tribu tions  to  the organ ization by 
nam ing h im  a F e llow  in  1975.

A  1948 graduate o f  M il l ik in  U n iv e r­
sity, Decatur, IL ,  R und w orked in  p ro ­
gressively m ore responsible positions as 
a chem ist fo r  S w ift &  Co. before going 
to  Purdue U n iv e rs ity  in  1966. He is cu r­

ren tly  Senior A d m in is tra to r in  the O f­
fice o f  the Ind iana  State C hem ist at P u r­
due. As such, he adm inisters the Ind iana 
C om m ercia l F e rtilize r Law  and the In ­
diana A g ricu ltu ra l A m m o n ia  Law  and 
p ro g ra m s th e re u n d e r. A m o n g  o th e r 
pro fessionally related activ ities , he was 
ed ito r o f  the o ffic ia l pu b lica tio n  o f  the 
Association o f  A m erican  P lant Food 
C o n tro l O ffic ia ls fro m  1970 to 1981; he 
pa rtic ipa ted  in  a qu a lity  con tro l sem i­
nar at Centro de Estudos de F e r t i l i­
zantes, Sâo Paulo, B razil, 1979; and he 
was cha irm an o f  the U.S. Techn ica l A d ­
v iso ry  G roup  o f  ISO Technica l C o m ­
m ittee 134, F ertilizers and Soil C on­
d itioners , fo r  A O A C . H is  professional 
a ffilia tions  inc lude the A m erican  In s t i­
tu te  o f  Chem ists, o f  w h ich  he is a Fel­
low , A m erican Society fo r  Q u a lity  C on­
tro l (Senior M em ber), the Am erican 
Chem ica l Society, The F e rtilise r Soci­
ety o f  London , and the A m erican  A s­
socia tion fo r  the Advancem ent o f  Sci­
ence.

O utside his w o rk ing  hours, R und is 
ac tive ly  in vo lve d  in  his church, enjoys 
go lfing and fishing, and recently ob­
ta ined his p riva te  p ilo t  certificate. He 
and his w ife, Betty, have 2 daughters 
and a grandson.

1 9 8 7 -1 9 8 8  A O A C  B o a rd  o f  D irec to rs

The fo llow ing  in d iv id u a ls  w i l l  serve 
on the 1987-1988 Board o f  D irectors 
w ith  new ly nam ed A O A C  President 
Robert C. Rund: P resident-E lect O dette
L . S h o tw e ll, S e c re ta ry /T re a s u re r 
T h o m a s  G . A le x a n d e r, D ire c to rs  
Thom as P. Laylo ff, A lb e rt W . T iede- 
m ann, and H . M ichae l W ehr, and Past- 
President F rank J. Johnson.

G en era l R eferee A w a rd  to  R o ss

The 1987 w inne r o f  the General R e f­
eree A w ard, granted by the O ffic ia l 
M ethods Board in  recogn ition  o f  o u t­
s ta n d in g  le a d e rs h ip  and  s u b s ta n tia l 
c o n trib u tio n  to  m ethod  developm ent, 
is P. F rank Ross, General Referee fo r 
V e te rina ry  A n a ly tica l T ox ico logy. In  
tha t capacity, Ross oversees m ethod  de­
ve lopm ent in  17 top ic  areas. U n de r his 
leadership, 4 o ffic ia l m ethods have been 
adopted.

F rank Ross is an ana ly tica l chem ist 
em ployed at the N a tio n a l V e te rina ry  
Services Laboratories o f  the U.S. D e­
pa rtm ent o f  A g ricu ltu re  in  Am es, IA . 
H e has been active ly  in v o lv e d  w ith  
A O A C  fo r several years, beginning w ith  
a presentation at the A n n ua l M eeting 
in  1974.

Test Protocols for the

ENVIRONMENTAL FATE AND MOVEMENT OF CHEMICALS
Proceedings o f a 1980 AOAC Symposium

Seventeen papers which describe and discuss the latest 
protocols for environmental tests and methods for interpreting the 
results through mathematical modeling.

■  Tests for Physical and Chemical Properties

■  Tests for Mobility: Soil and Water

■  Tests for Metabolism, Accumulation, Degradation

■  Studies of Field Dissipation

■  Mathematical Modeling

1981. 336 pp. Softbound. ISBN 0-935584-20-X. Prices: Members— $27.30 in U.S., 
$30.30 outside U.S.; Nonmembers— $30.00 In U.S., $33.00 outside U.S.

To obtain this book, send order with name and address and check to 
AOAC, 1111 N. 19th St., Suite 210-J, Arlington, VA 22209 USA (US funds 
only).
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A O A C  A n n o u n c e s  t h e  P u b l i c a t i o n  

o f  a n  I n d i s p e n s a b l e  S t a t i s t i c a l  

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

USE OF STATISTICS TO DEVELOP AND EVALUATE ANALYTICAL METHODS
Grant T. Wemimont, Author 
William Spendley, Editor

W i . h  the aid of this manual, the analytical investigator can, with a knowledge of only simple 
statistical procedures, use the experimental designs and techniques described to determine and evaluate 
assignable causes of variability.

The book reviews the basic operations in the process of making measurements, offers suggestions 
for planning experimental work so that appropriate statistical methodologies can be used to interpret the 
results, includes a number of experimental plans for developing and modifying analytical procedures, 
and discusses evaluation of the data.

Other features include scores of specific statistical analyses of real-life data, many useful statistical 
tables, and very complete references.

It is a natural extension of and a valuable addition to the classic Youden-Steiner, S ta t is t ic a l  M a n u a l  
o f  th e  A O A C .

Contents
1. Introduction

AOAC and Collaborative Studies 
Organization and Procedures for 

Collaborative Studies 
Selection of Methods of Study 
Types of Interlaboratcry Study 
Need for This Manual

2. The Measurement Process 
What is Measurement? 
Measurement as a Relationship

Between Properties 
Performance Characteristics of a 

Measurement Process 
Developing, Evaluating, and Using 

Analytical Processes 
AOAC Methods of Analysis

3. Intralaboratory Development of an Analytical Process 
The Need for Intralaboratory Experiments
Some Requisites for Sound Experimentation 
Statistical Methodology 
Experimental Plans

4. Interlaboratory Evaluation of an Analytical Process 
Interlaboratory Experiments
Objectives for Interlaboratory Study 
Concept of Variance Components 
Planning an Interlaboratory Study 
Experiments to Compare Laboratory 

Performance
Evaluating Interlaboratory Data and 

Formulating Precision Statements 
Reporting the Results From an 

Interlaboratory Study

Appendixes: Tables, Statistical Computations, Glossary. Index.
1985. xvi + 183 pages. Softbound. ISBN 0-935584-31-5.Price — Members: $47.55 in U.S., $50.55 outside U.S.; Nonmembers: $52.50 in U.S., $55.50 outside U.S.
To obtain book, send order with your name and address and check to:

AOAC, 1111 N. 19th Street, Suite 210-J, Arlington, Virginia 22209 USA
(U SA  fu n d s  o n ly )
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Collaborative Study o f the Year Award— 
198 7

The Official Methods Board named 
Elaine A. Bunch winner of the Collab­
orative Study of the Year Award for 
1987 for “Analysis and Identification 
of Dexamethasone in Bulk Drugs and 
Elixirs.” Bunch works for FDA in Se­
attle.
The award recognizes the collabora­

tive study judged to be best for the year 
as determined by scientific innovation 
and soundness of design, implementa­
tion, and reporting.
Aired and Williams Named to Posts in 
England
The 1987-1989 president of the As­

sociation of Public Analysts (APA) in 
England is John Barry Aired, Public 
Analyst, Greater Manchester Council. 
Alexander Williams is the new director 
of the Department of Trade and Indus­
try’s Laboratory of the Government 
Chemist, succeeding Ronald Coleman, 
who served as Government Chemist for 
5 years. During his career with Mon­
santo Co., Southern Instrument, and 
National Physical Laboratory, Wil­
liams has engaged in research programs 
on electronic instrument development, 
radioactivity, neutron dosimetry, and 
the use of isotopes in analysis.
UK National Nutrient Databank
The Royal Society of Chemistry 

(RSC) and the Ministry of Agriculture, 
Fisheries and Food (MAFF) of the 
United Kingdom are collaborating to 
produce a new UK National Nutrient 
Databank developed from T h e  C o m ­
p o s i t i o n  o f  F o o d s  begun by R. A. 
McCance and E. M. Widdowson in the 
1930s and last published as the 4th Edi­
tion in 1978. New data will be provided 
by MAFF from analyses specially com­
missioned for the databank; these data 
will be supplemented by data from oth­
er sources. Before inclusion in the pub­
lished databank, all data will be re­
viewed by an expert committee, and the 
selected nutrient values will become the 
accepted UK figures.
The database will be available on tape 

and possibly as an online service, but 
the major use will probably be in com­
bination with manipulative software on 
a microcomputer. The data will also be 
made available for use by other soft­
ware vendors for inclusion in their 
packages.
For further information, contact Ian 

Unwin, Product Manager, The Royal 
Society of Chemistry, The University,

Nottingham NG7 2RD, UK, telephone 
(0602) 507400, telex 37488.
NBS Updates
In a new joint program, the National 

Bureau of Standards (NBS) and the 
U.S. Department of Agriculture (USDA) 
will develop standard reference mate­
rials containing certified concentrations 
of nutrients—fat, starch, sugar, vita­
mins, and nutrient elements such as po­
tassium, iron, zinc, and sodium. These 
materials will be used to evaluate stud­
ies of nutrient roles in health and dis­
ease, to establish dietary nutrient re­
quirements, and to monitor foods for 
nutrients and contaminants. For more 
information, contact John Henkel, Na­
tional Bureau of Standards, Gaithers­
burg, MD, 20899, telephone 301/975- 
2762.
A new publication by NBS, T h e  A B C ’s  

o f  S ta n d a r d s - R e la te d  A c tiv i t ie s  in  th e  
U n ite d  S ta te s  (NBSIR 87-3576), pro­
vides information on the history of 
standardization, types of standards, pri­
vate standards groups in the United 
States, standards development proce­
dures, and the benefits and problems of 
standardization such as participation in 
the standards process by qualified con­
sumer representatives. For copies, send 
a self-addressed mailing label to Mau­
reen A. Breitenberg, A629 Administra­
tion Bldg, National Bureau of Stan­
dards, Gaithersburg, MD 20899, 
telephone 301/975-4031.
Mass Spectral Database for PCs 
Available from NBS
The National Bureau of Standards 

(NBS), the Environmental Protection 
Agency (EPA), and the Mass Spectrom­
etry Data Centre (MSDC) in Notting­
ham, England, jointly maintain the 
NBS/EPA/MSDC Mass Spectral Da­
tabase, heretofore available as a com­
puter-magnetic tape format and as a 
7000 page reference. NBS has recently 
announced a new PC version that is 
adapted for easy access by the bench 
scientist to large numbers of spectra. The 
search system is fast enough to allow 
the user to conduct multistep interac­
tive searches. It is designed to be stored 
on a hard disk of any AT- or XT-class 
PC, where it occupies between 8 and 15 
megabytes, depending on how many 
search options are needed by the user. 
The programs search the database either 
for spectra of specific chemicals accord­
ing to chemical name, chemical for­
mula, molecular weight, or Chemical

Abstracts Registry Number or for spec­
tra which have preselected character­
istics such as peaks at certain masses.
For information on the database or 

to obtain a license agreement, contact 
Office of Standard Reference Data, 
A3 20 Physics Bldg, National Bureau of 
Standards, Gaithersburg, MD 20899, 
telephone 301/975-2208.
ISO Standards Published
The following standards have been 

published by the International Orga­
nization for Standardization (ISO), 
Technical Committee 34—Agricultural 
Food Products. They are available, at 
the prices indicated, from the American 
National Standards Institute, Inc., 1430 
Broadway, New York, NY 10018, tele­
phone 212/354-3300.
ISO 1854-1987: Whey cheese—Deter­
mination of fat content—Gravimet­
ric method (Reference method). 
$20.00.

ISO 6651 (2nd Ed.)-1987: Animal feed­
ing stuffs—Determination of aflatox- 
in B, content. $20.00.

VDI Guidelines
Verein Deutscher Ingenieure (VDI)- 

Commission on Air Pollution Preven­
tion has published the following guide­
lines. German-English editions are 
available, at the prices indicated, from 
Beuth Verlag GmbH, PO Box 1145, 
D-1000 Berlin 30, FRG.
VDI 2267. Part 4: Chemical Analysis 
of Particulates in Ambient Air. De­
termination of Lead, Cadmium and 
Their Inorganic Compounds as Part 
of the Dust Precipitation by Atomic 
Absorption Spectrometry. DM 36,70. 

VDI 2267, Part 6: Chemical Analysis 
of Particulates in Ambient Air. Mea­
surement of the Mass Concentration 
of Cadmium by Atomic Absorption 
Spectrometry. DM 36,70.

VDI 2268, Part 1: Chemical Analysis 
of Particulate Matter.Determination 
of Ba, Be, Cd, Co, Cr, Cu, Ni, Pb, Sr, 
V, Zn in Particulate Emissions by 
Atomic Spectrometric Methods. DM
41,50.

VDI 2452, Part 3: Gaseous Air Pollu­
tion Measurement. Measurement of 
Fluoride Ion Concentration. Sorp­
tion Method with Prepared Silver 
Balls and Heated Membrane Filter. 
DM41,50.

VDI 2463, Part 9: Particulate Matter 
Measurement. Measurement of Mass 
Concentration in Ambient Air. Filter
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How ca n  w e k ee p  defective  c a n s  off 
th e  m arket?

Botulism  a n d  o th er fo rm s of food 
poisoning c a n  so m e tim e s  b e  trac ed  to 
defective  c a n s  th a t h av e  leaked  and  
th e reb y  allow ed m icro -o rgan ism s to 
e n te r  food. R ecogn iz ing  a  ca n  defect, 
doing so m eth in g  to co rrec t th e  c a u se , 
an d  rem oving th e  defective  c a n s  from 
co m m erce  will help  p reven t food 
po isoning  o u tb reak s. T h e  first s tep  is 
to e n s u re  th a t resp o n sib le  p e rso n re l 
know  how  to identify defective  
ca n s .

T he A ssociation  of Official Analytical 
C h em ists , in coopera tion  with th e

Food a n d  Drug A dm inistration, h a s  
pub lished  a  pam p h le t th a t unfolds to a  
24" x  36" ch art, su itab le  for wall 
d isplay, to help  food industry  p e rso n ­
nel learn to  identify ca n  d e fe c ts  qu ick­
ly. T he ch a rt u s e s  a  com bination  of 
p h o to g rap h s, easy-to-follow  e x p lan a ­
tions, an d  color coding  to  illustrate 
can  d e fec ts , c lassify  th em  accord ing  
to  their d e g re e  of potential hazard , 
and  show  w hat to look for in routine 
inspection  of th e  fin ished product.

T he ch a rt is a  valuab le  re fe re n ce  
re so u rc e  for food p ro c esso rs , sa lv ag e  
o p era to rs , retail food perso n n el, 
w h o lesa le rs  an d  s ta te  an d  local gov­
ern m en t san ita rian s.

For co p ie s , s e n d  o rd e r form  an d  
ch e c k  to:
A ssociation of Official Analytical 
C hem ists
1111 North 19th S tree t, S u ite  210 
Arlington, VA 22209 USA 
T elephone: (703) 522-3032

M inimum O rder:
1 p a c k a g e  of 10 c h a rts  
$40 .00  p lus $3 .00  p o s ta g e

S eco n d  p a c k a g e  
$30 .00  p lus $3 .00  p o s ta g e

E ach additional p a c k a g e  
$25 .00  p lus $3 .0 0  p o s ta g e

I enclose $__________ Minimum order: ____ First package of 10 charts @ $40.00 plus $3.00 postage $.
for the following quantity
of Can Defects charts: _____Second package of 10 charts @ $30.00 plus $3.00 postage

____ Additional packages of 10 charts @ $25.00 plus $3.00 postage

Total
N a m e  ____________________________ ________________________ _______________________________________________

C o m p a n y

A d d re s s  _________  _______________________________________________

C ity , S ta te . Z ip
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Method. LIS/P Filter Device. DM
41,50.

VDI 3863, Part 1: Measurement of
Gaseous Emission. Determination of
Acrylonitrile. Gas Chromatographic
Method. Grab Sampling. DM 36,70.

EPA Project Summaries
Some organic contaminants of water, 

the trihalomethanes (THMs), are pri­
marily the by-products of the chlori­
nation process used to disinfect water. 
Environmental Protection Agency 
(EPA) Method 510.1, “The Determi­
nation of the Maximum Total Triha- 
lomethane Potential,” was developed 
to determine the reasonable maximum 
total THMs currently present within a 
system and is applicable to the finished 
drinking water for those groundwater 
supplies that have failed the test for the 
presence of excess disinfectant. A col­
laborative study was conducted to de­
termine the acceptability and under- 
standability of the method before use 
in the regulated community. A major 
conclusion from the study was that the 
method is particularly complex and 
therefore susceptible to failure when ap­
plied by inexperienced analysts—al­
though in the hands of a qualified an­
alyst it does work. The full report, 
“USEPA Method Study, Method 510.1, 
the Determination of the Maximum 
Total Trihalomethane Potential” (Or­
der No. PB 87-170 825/AS), can be ob­
tained for $13.95 (subject to change) 
from National Technical Information 
Service, 5285 Port Royal Rd, Spring- 
field, VA 22161, telephone 703/487- 
4650. The EPA project officer, Harold 
Clements, can be contacted at: Envi­
ronmental Monitoring and Support 
Laboratory, U.S. Environmental Pro­
tection Agency, Cincinnati, OH 45268.

A project was designed to determine 
statistically the length of time a sample 
can be stored for analysis of 10 National 
Pollutant Discharge Elimination Sys­
tem (NPDES) compliance parameters 
and 2 Safe Drinking Water Act (SDWA) 
parameters. The 10 NPDES parameters 
were phenols, cyanide, mercury, am­
monia, nitrate plus nitrite, fluoride, to­
tal Kjeldahl nitrogen, total phosphorus, 
total organic carbon, and sulfide. The 2 
SDWA parameters were nitrate and

fluoride. The experimentally deter­
mined maximum holding times (MHTs) 
from this study were longer than pro­
posed MHT values published in the 
Federal Register and longer than those 
recommended by EPA for all parame­
ters except mercury and cyanide. The 
complete report, “ Development of 
Preservation Techniques and Establish­
ment of Maximum Holding Times: In­
organic Constituents of the National 
Pollutant Discharge Elimination Sys­
tem and Safe Drinking Water Act” (Or­
der No. PB 87-132 833/AS), can be ob­
tained for $18.95 (subject to change) 
from National Technical Information 
Service, 5285 Port Royal Rd, Spring- 
field, VA 22161, telephone 703/487- 
4650. The EPA project officer, Daniel
F. Bender, can be contacted at: Envi­
ronmental Monitoring and Support 
Laboratory, U.S. Environmental Pro­
tection Agency, Cincinnati, OH 45268.

Newly Adopted Methods
The following methods were ap­

proved interim official first action by 
the respective methods committees and 
by the chairman of the Official Methods 
Board and were adopted official first ac­
tion at the AO AC 101st Annual Inter­
national Meeting, Sept. 14-17, 1987, at 
San Francisco, CA: by the Methods 
Committee on Drugs and Related Top­
ics—(7) Liquid Chromatographic De­
termination of Flucytosine in Capsules, 
submitted by D. Shostak and C. Klein 
(Food and Drug Administration, New 
York Regional Laboratory, Brooklyn, 
NY), (2) Reverse Phase Liquid Chro­
matographic Determination of Dexa- 
methasone Acetate and Cortisone Ace­
tate in Bulk Drug Substance and Dosage 
Forms, submitted by L. L. Ng (Merck 
Sharp and Dohme, West Point, PA), 
and (5) Resolution and Analysis of the 
Enantiomers of Amphetamine by Liq­
uid Chromatography on a Chiral Sta­
tionary Phase, submitted by M. C. 
Alembik and I. W. Wainer (St. Jude’s 
Children’s Research Hospital, Mem­
phis, TN); by the Methods Committee 
on Foods II—(7) Determination of 
Dextran in Raw Cane Sugar by the Rob­
erts Copper Dextran Method, submit­
ted by M. A. Clarke and M. A. Godshall 
(Sugar Processing Research, Inc., New

Orleans, LA), (2) Determination of Sul­
fur Amino Acids and Tryptophan in 
Foods, submitted by M. C. Allred and
J. L. MacDonald (Ralston Purina Co., 
St. Louis, MO), (3) Rapid Identification 
of Color Additives, Using the C l8 Car­
tridge, submitted by M. L. Young (Food 
and Drug Administration, New York 
Regional Laboratory, Brooklyn, NY), 
and (4) Food Chemicals Codex Gas 
Chromatographic Method for Mixed 
Tocopherols Concentrate, submitted by
A. J. Sheppard (Food and Drug Admin­
istration, Washington, DC); by the 
Methods Committee on Microbiol- 
ogy —(7) Tem perature-Independent 
Pectin Gel Method for Aerobic Plate 
Count in Dairy and Nondairy Food 
Products, submitted by J. N. Roth (RCR 
Scientific, Inc., Goshen, IN), (2) Ele­
vated Temperature Method for Recov­
ery of Vibrio cholerae from Oysters, 
submitted by A. DePaola, M. L. Motes, 
and R. M. McPhearson (Food and Drug 
Administration, Fishery Research 
Branch, Dauphin Island, AL), and (3) 
Fluorogenic Assay for Rapid Detection 
of Escherichia coli in Chilled and Fro­
zen Foods, submitted by L. J. Moberg,
M. K. Wagner, and L. A. Kellen (Gen­
eral Mills, Inc., Minneapolis. MN); and 
by the Methods Committee on Feeds, 
Fertilizers, and Related Topics—Liq­
uid Chromatographic Determination of 
Triamino-5 -Triazine Used as Nitrogen 
Source in Urea Mixes, submitted by B. 
P. Arcement (MCI AgSystems, Inc., 
Donaldsonville, LA) and H. N. Levy III 
(A & E Testing, Inc., Baton Rouge, LA).

Copies of the methods are available 
from the AOAC office.

Interim Method
The following method has been ap­

proved interim official first action by 
the Methods Committee on Microbi­
ology and the Chairman of the Official 
Methods Board: ImmunoBand Method 
for Detection of Salmonella in Foods, 
submitted by R. S. Rowers and M. J. 
Klatt (Silliker Laboratories, Chicago 
Heights, IL). The method will be sub­
mitted for adoption official first action 
at the 102nd AOAC Annual Interna­
tional Meeting, Aug. 29-Sept. 1, 1988, 
at Palm Beach, FL. Copies of the meth­
od are available from the AOAC office.
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B O O K S  IN  B R IE F

Preparative Liquid Chromatography.
Edited by B'. A. Bidlingmeyer. Jour­
nal o f Chromatography Library 38. 
Published by Elsevier Science Pub­
lishers, PO Box 211, 1000 AE Am­
sterdam, The Netherlands, 1987. 330 
pp. Price: United States $97.50; Dfl.
200.00. ISBN 0-444-42832-1.

This book is intended to assist the 
researcher in achieving rapid solutions 
to the most challenging purification re­
quirements. Chapters 1 and 2 are main­
ly discussions of strategy using appli­
cations only to illustrate points. 
Chapters 3-8 are entirely application- 
focused.

Experimental Design: A Chemometric 
Approach. By S. N. Deming and S.
L. Morgan. Published by Elsevier Sci­
ence Publishers, PO Box 211, 1000 
AE Amsterdam, The Netherlands, 
1987. 294 pp. Price: United States 
$100.00; Dfl. 225.00. ISBN 0-444- 
42734-1.

Experimental design is approached 
from the point of view of the experi­
menter rather than that of the statisti­

cian. The book introduces the reader to 
the fundamentals of experimental de­
sign. Systems theory, response surface 
concepts, and basic statistics serve as a 
basis for the further development of 
matrix least squares and hypothesis 
testing.

USAN and the USP Dictionary of Drug 
Names, 1988 edition. Published by 
United States Pharmacopeial Con­
vention, Inc., 12601 Twinbrook 
Parkway, Rockville, MD 20852, 
1987. 708 pp. Price: $69.50, quantity 
discounts for 25 or more copies. ISBN 
0-913595-23-3.

After 2 editions in which this dic­
tionary provided 3 separate lists of 
names, this edition returns to the orig­
inal format of a single main list that 
includes all names in one alphabetic se­
quence. All international nonpropri­
etary names (INN) published by the 
World Health Organization from the 
start of the INN program in 1953 
through 1986 are included. In all, the 
1988 edition lists more than 24 000 
entries.

Advances in Chromatography, Volumes
26 and 27. Edited by J. Calvin Gid- 
dings, Eli Grushka, and Phyllis R. 
Brown. Published by Marcel Dekker, 
Inc., 270 Madison Ave, New York, 
NY, 1987. Vol. 26, 424 pp.; Vol. 27, 
384 pp. Price: United States and Can­
ada $79.75; elsewhere $95.50 (both 
volumes). ISBN Vol. 26 0-8427- 
7664-X, Vol. 27 0-8247-7770-0.

Volume 26 includes papers on topics 
ranging from liquid chromatography for 
therapeutic drug monitoring and deter­
mination of toxicity to application of 
fleuric devices to gas chromatographic 
instrumentation. Volume 27 includes 
derivatization in liquid chromatogra­
phy, characterization of unsaturated al­
iphatic compounds by gas chromatog- 
raphy/mass spectroscopy, and others.

Applications of Mass Spectrometry in 
Food Science. Edited by John Gil­
bert. Published by Elsevier Applied 
Science Publishers, Crown House, 
Linton Rd, Barking, Essex LG 11 8 JU, 
UK, 1987. 442 pp. Price: £60.00; 
$99.00. ISBN 1-85166-081-X.

You Are Invited to Nominate 
Candidates for AOAC’s 
H A R V E Y  W .  W I L E Y  

S C H O L A R S H I P  A W A R D

A  j u n i o r  a n d  s e n i o r  y e a r  s c h o l a r s h i p  o f  $ 5 0 0  p e r  y e a r  
a w a r d e d  a n n u a l l y  t o  s o p h o m o r e s  m a j o r i n g  in  s c i e n t i f i c  
a r e a s  o f  i n t e r e s t  t o  A O A C - f o o d ,  a g r i c u l t u r e ,  t h e  
e n v i r o n m e n t ,  a n d  p u b l i c  h e a l t h .

Q ualifications: A "B" o r b e tte r  average during first tw o years o f u n d erg rad u a te  study, good  
character, and evidence o f financial need. (S tudents majoring in medical or pre-m edical program s 
are n o t eligible.)

Each year, May 1 is th e  nom ination deadline fo r th e  scholarship; th e  award w inner is announced  
ab o u t six weeks later. For inform ation on how to  subm it a nom ination, please write to  A0AC at 
1111 N. 19th S treet, Suite 210, Arlington, Virginia 22209; or call (703) 522-3032.

Since 1884
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BOOKS IN BRIEF

This book should be of interest to 
food scientists in studies involving small 
molecules that can be chrom ato­
graphed, large molecules such as pro­
teins and inorganic constituents, and 
those molecules involved with the clas­
sification of foods with common char­
acteristics. The techniques discussed 
were chosen for inclusion to illustrate 
the range of compound types for which 
mass spectrometry can be applied. The 
book also includes chapters on fast atom 
bombardment.

Quality Assurance of Chemical Mea­
surements. By John K. Taylor. Pub­
lished by Lewis Publishers, Inc., PO 
Drawer 519, Chelsea, MI 48118, 
1987. 335 pp. Price: $59.95. ISBN
0-87371-097-5.

Chapters in Taylor's book proceed 
from a statement of the concept of qual­
ity assurance to discussions of princi­
ples of good measurement, principles of 
quality assurance, and evaluation of 
measurement quality.

Biological Substances. International 
Standards and Reference Reagents
1986. Published by the World Health 
Organization, Geneva, Switzerland,
1987. Available in the United States 
from WHO Publications Center USA, 
49 Sheridan Ave, Albany, NY 12210; 
buyers from other countries write 
World Health Organization, Distri­
bution and Sales Service, 1211 Ge­
neva 27, Switzerland, for informa­
tion regarding how to order. 94 pp. 
Price: United States S9.00; Sw. fr. 15. 
ISBN 92-4-154213-6. Available in 
English; French and Spanish versions 
in preparation.

Information on the availability and 
specifications of international biologi­
cal standards and reference reagents is

offered in this volume, published to help 
ensure worldwide uniformity in the des­
ignation of the potency or specificity of 
biological preparations that are used in 
the prophylaxis, therapy, or diagnosis 
of disease.

Regulating Pesticides in Foods: The De­
laney Paradox. By the Committee on 
Scientific and Regulatory Issues Un­
derlying Pesticide Use Patterns and 
Agricultural Innovation, Board on 
Agriculture, National Research 
Council. Published by National 
Academy Press, 2101 Constitution 
Ave, NW, Washington, DC 20418, 
1987. 288 pp. Paperbound. Price: 
$19.95. ISBN 0-309-03746-8.

The impact of the Delaney Clause on 
agricultural innovation and on the pub­
lic’s dietary exposure to potentially car­
cinogenic pesticide residues in foods is 
systematically evaluated. This report of 
the committee confronts hard ques­
tions: Does the zero-risk standard of the 
Delaney Clause protect the public from 
cancer-causing pesticide residues in 
food? Can a negligible-risk standard 
provide greater protection from poten­
tially cancer-causing residues than the 
zero-risk standard? How can the EPA 
reduce dietary cancer risk while pre­
serving economically valuable pesti­
cides? Will adequate alternatives be 
available if the zero-risk standard of the 
Delaney Clause is invoked on pesticides 
registered before 1978?

The Chemistry of Acid Rain: Sources 
and Atmospheric Processes. Edited 
by Russell W. Johnson and Glen E. 
Gordon. ACS Symposium Series 349. 
Published by the American Chemical 
Society, 1155 Sixteenth St, NW, 
Washington, DC 20036, 1987. 337 
pp. Price: United States and Canada 
$59.95; export $71.95. ISBN 0-8412- 
1414-X.

This 27 chapter volume describes the 
growing understanding of the sources 
and chemistry of acidic species in the 
environment. A historical perspective 
and a summary of past research are pre­
sented in the first chapter. Subsequent 
chapters are divided into sections cov­
ering receptor models, cloud chemistry 
and physics, kinetics, wet and dry de­
position, experimental methods, and 
fundamental processes.

Agricultural Research for a Better To­
morrow. Commemorating the Hatch 
Act Centennial, 1887-1987. From 
“ Research: Tomorrow’s Chal­
lenges,” a forum sponsored by the 
U.S. Department of Agriculture and 
the National Association of State 
Universities and Land-Grant Col­
leges, March 2-3, 1987. Published by 
the U. S. Department of Agriculture, 
Washington, DC, 1987. 194 pp.

The 20 papers published in this vol­
ume are based on a forum held in Wash­
ington, DC, as part of a celebration of 
the centennial of the signing of the Hatch 
Act of 1887, which created a national 
system of state agricultural experiment 
stations in conjunction with the land- 
grant universities. The papers are or­
ganized into 6  sections: Part I. Cele­
brating the Past, Looking to the Future; 
Part II. Global Agriculture: Will Amer­
ica Compete?; Part III. America’s 
Changing Consumer Habits: Where Are 
They Headed?; Part IV. Natural Re­
sources and Environmental Concerns: 
Who’s Concerned? Why?; Part V. 
America’s Rural Environment: Where 
Are We Going and Why Are We Con­
cerned? Part VI. William Henry Hatch 
Centennial Year Lecture—“Plant Hor­
mone Research: A Continuing Chal­
lenge.”
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A O A C  A N N U A L  

I N T E R N A T I O N A L  

M E E T I N G S  &  E X P O S I T I O N S

April 26-28, 1988
INFANT FORMULA CONFERENCE II

The Radisson Francis Marion Hotel 
Charleston, South Carolina

June 1988 
SOUTHEAST

REGIONAL SECTION MEETING

June 20-22, 1988 
NORTHEAST

REGIONAL SECTION MEETING
Lowell University, Lowell, MA

August 29-September 1, 1988 
102nd ANNUAL INTERNATIONAL 

MEETING & EXPOSITION
The Breakers, Palm Beach, FL 

Program: Analytical Methodology 
including spotlight on Biotechnology

June 20-22, 1988 
MIDWEST

REGIONAL SECTION MEETING
Holiday Inn West, Columbia, MO

September 25-28, 1989 
103rd ANNUAL INTERNATIONAL 

MEETING & EXPOSITION
The Clarion Hotel, St. Louis, MO

June 23-24, 1988 
PACIFIC NORTHWEST 

REGIONAL SECTION MEETING
(with banquet, speaker and exposition) 

Evergreen College, Olympia, WA

September 10-13, 1990 
104th ANNUAL INTERNATIONAL 

MEETING & EXPOSITION
The Clarion Hotel, New Orleans, LA

F o r  f u r t h e r  in f o r m a t io n ,  c o n ta c t:  The AO AC M eetings D epartm ent, 
AO AC , 1111 N . 19th S t., S te . 210, A rlington, V A  22209, or call in the  
U .S . (703) 522-3032 or outside th e  U .S . +1-703-522-3032.
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I N S T R U C T I O N S  T O  A U T H O R S

Scope of Articles and Review Process
The Journal of the AO AC 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: (7) AO AC 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; (2) 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
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 Journal 
or current edition of Council of Biology Ed­
itors Style Manual.
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, 8 ' / 2 x 11 in. 
[ 2 1  'h 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. 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.

4. Use letter quality printer for word-pro­
cessed manuscripts; manuscripts pre­
pared on dot matrix printers of less than 
letter 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):
Introduction. Include information on 

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

Method or Experimental. Consult re­
cent issue of Journal 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 Method (recommenda­
tion for use of specific method) in im­
perative voice (“Add 10 mL .. . Heat to 
boiling . . . Wash flasks”); write Experi­
mental (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.

Results/Discussion. Cite tables and fig­
ures consecutively in text with Arabic nu­
merals. Do not intersperse tables and fig­
ures in text.

Acknowledgments. Give brief thanks 
(no social or academic titles) or acknowl­
edge financial aid in this section.

References. 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 (not superscript). List 
references numerically in “References” in 
exactly (arrangement, punctuation, cap­
italization, use of ampersand, etc.) styles 
of examples shown below or see recent 
issue of Journal for less often used types 
of entries. Follow Chemical Abstracts for 
abbreviations of journal titles.

J o u r n a l  A r t i c l e  R e f e r e n c e

(1) Engstrom, G. W., Richard, J. L., & 
Cysewski, S. J. (1977) J. Agric. Food 
Chem. 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 Methods in Enzymology, 
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) Nonparametric Sta­
tistics for the Behavioral Sciences, 
McGraw-Hill Book Co.. New York, 
NY

O f f i c i a l  M e t h o d s  R e f e r e n c e

(4) Official Methods of Analysis (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 Journal 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 every 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 Journal 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 Journal 
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 pm. 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.
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I N F O R M A T I O N  F O R  S U B S C R I B E R S ,  C O N T R I B U T O R S ,  
A N D  A D V E R T I S E R S

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.

AOAC Official Methods 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. Pu alished 
papers that include such methods are distin­
guished by the words Collaborative Study in 
the title and by footnotes that indicate As­
sociation actions.

Membership 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.

European Representatives 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 31-8389-1-8725; 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- 
1817-2398.

THE JOURNAL
The Journal of the Association of Official 

Analytical Chemists (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 Journal en­
compasses the development and va.idation 
of analytical procedures pertaining to the 
physical and biological sciences related to 
foods, drugs, agriculture, and the environ­
ment. Emphasis is on research anc 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.

Methods 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 Journal have 
not been adopted by AOAC and are not 
AOAC Official Methods.

Manuscripts 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 Journal 
(may also appear in other issues) and is avail­
able on request from AOAC.

Page Charges 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.

Reprints 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.

Responsibility AOAC and the Editors as­
sume no responsibility for statements and 
opinions expressed by authors of manu­
scripts published in the Journal.

SUBSCRIPTIONS
Journal subscriptions are sold by the vol­

ume (one calendar year). Rates for 1987 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 Journal lost in transit cannot be replaced 
without charge because of uncertain mailing 
conditions.

Change of Address 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.

Microfilm Volumes on microfilm are 
available from Princeton Microfilm Corp., 
PO Box 2073, Princeton, NJ 08540.

Single Issues Information on single issues 
is available from AOAC.

COPYING
Copyright All articles published in the 

Journal are protected by copyright. Persons 
requiring copies of Journal 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. Assoc. Off. Anal. 
Chem., the year, and the copying fee per copy. 
Information on the use of the Copyright 
Clearance Center is available from the Cen­
ter.

Please Note Except for photocopies pre­
pared as described above, no part of this 
Journal may be reproduced in any form or 
stored in any microform or electronic form 
without the written permission of the As­
sociation.

ADVERTISING
Placement All space reservations and all 

advertising copy are due 1 Vi 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.

Policy 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.

New Products 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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S P E C I A L  R E P O R T

Recommendations for Preparing Test Samples for AO AC Collaborative Studies of 
Microbiological Procedures for Foods

W A LLA C E H . A N D R E W S
Food and Drug Administration, Division of Microbiology, Washington, DC 20204

Preparation of test samples for microbial collaborative studies poses problems not encountered 
in studies on chemical analytes. For Associate Referees who are considering a collaborative 
study of a microbiological procedure for food analysis, these problems have not been adequately 
addressed. Types of contamination (natural or artificial), number of test samples required, 
analyte selection, proper controls, and container selection are addressed herein. The discussion 
is a supplement to the guidelines contained in the Handbook fo r  A O  A C  Members.

Anyone who has undertaken, or attempted to undertake, an 
AOAC collaborative study of a microbiological procedure 
has quickly discovered that specific guidelines for conducting 
these studies are lacking. The guidelines published in the 
Handbook for AOAC Members (1) apply primarily to collab­
orative studies of chemical procedures, although they have 
been adapted with some success for certain microbiological 
procedures. Before undertaking a collaborative study, how­
ever, the Associate Referee must be concerned with such 
factors as selection and optimization of the procedure, rug­
gedness testing, statistical design, and scientific clearance of 
the collaborative study protocol.

Perhaps the most difficult factor confronting the Associate 
Referee is the preparation of food samples to be used in the 
collaborative study, particularly in microbiology where the 
use of living microorganisms as analytes is unique. The pres­
ence of these organisms may be somewhat more difficult to 
predict than that of chemical substances because of their 
nonuniform distribution in focds and their varying ability 
to survive in foods over time. This paper addresses some of 
the specific concerns of the Associate Referees in food mi­
crobiology and furnishes preliminary guidelines for preparing 
food samples for use in the collaborative study of a procedure 
to identify or enumerate microbiological analytes.

This p a p e r  . . . fu rn ish es prelim inary  
guidelines for preparing food  sa m p le s  for 
u se  in the collaborative s tu d y  o f  a pro­
cedure to identify or enum erate micro­
biological analytes.

Received March 16, 1987. Accepted May 10, 1987.

Food Types Required

Should the food types used in the collaborative study be 
the same as those used in the in-house validation study? The 
selection of foods for the collaborative study is determined 
by the applicability of the method. Before the collaborative 
study is conducted, an in-house validation study may be 
necessary to provide a basis for making a recommendation 
about the applicability of a particular procedure. The appli­
cability should be determined for both the analyte being 
identified or enumerated and the food type being analyzed. 
For the analyte, a decision must be made regarding the pro­
cedure’s usefulness for identifying or isolating more than one 
species, serotype, toxin-producing group, or other micro­
biological entity. For the food type, the Associate Referee 
must decide whether to recommend the procedure for iden­
tifying the analyte in one specific food, in a group or category 
of related foods, or in all foods.

Many microbiological procedures subjected to collabora­
tive study have been approved for identifying an analyte in 
all foods. This approval is both scientifically valid and prac­
tical, provided that supporting data from the in-house val­
idation study are given. The broader the range of recom­
mended applicability, the more extensive the validation study 
must be. After completing the validation study, the Associate 
Referee must decide whether to use the same or different 
foods in the collaborative study. It would be inappropriate, 
if not impossible, to suggest a single response or solution to 
a situation having so many variations. Consider the following 
3 situations:

(7) Suppose a procedure that is to be recommended for 
identifying Salmonella in all foods was subjected to an in- 
house validation study in which it was tested with 20-25 
different food types. On the basis of results of that study, the 
procedure would now be ready to be studied collaboratively. 
In this situation, 5 or 6 food types should be included in the 
collaborative study with half of the food types being the same 
as those used in the validation study.
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(2) Consider a procedure with a moderately restricted ap­
plicability, e.g., identification and enumeration of coliforms 
in eggs and egg products. It would be appropriate in this case 
to conduct an in-house validation study to demonstrate the 
efficiency of the procedure for enumerating a variety of co­
liforms (E sch erich ia  coli, E n tero b a c ter  aerogenes, and K le b ­
sie lla ) in frozen and unfrozen liquid whole egg, egg albumen, 
egg yolk, and dried egg powder. For the collaborative study, 
the enumeration of 2 coliform types in 3 or 4 kinds of eggs 
or egg products should be sufficient.
(3) Consider a procedure with a very restricted applica­

bility, e.g., enumeration of E . co li in the Eastern oyster, C ras- 
so strea  virginica. Because of the limited applicability of this 
type of procedure, the scope of the in-house validation study 
may be proportionately reduced. Both the in-house valida­
tion study and the collaborative study could be restricted to 
the enumeration of one specific analyte, E . coli, in one specific 
matrix, C. virginica.
Thus, the in-house validation study is a valuable adjunct 

to the collaborative study for confirming the applicability of 
a procedure. Its use should remain flexible, however, to cover 
the various microbiological situations that may arise.

. .  . t h e  in -h o u s e  v a lid a tio n  s t u d y  is  a  v a lu ­
a b le  a d ju n c t  to  th e  c o l la b o r a t iv e  s t u d y  fo r  
c o n firm in g  th e  a p p l ic a b il i ty  o f  a  p r o c e ­
d u re .

For both the in-house validation study and the collabo­
rative study, foods that are normally homogeneous or that 
can be inoculated to give homogeneous distribution of the 
analyte(s) should be used. Although liquids and powdered or 
dried, finely textured foods may present problems with re­
spect to a homogeneous analyte distribution, these foods are 
easier to work with than most other food types. In some 
cases, however, the use of nonhomogeneous foods may be 
unavoidable, e.g., when the procedure specifically applies to 
the identification of the analyte in a nonhomogeneous food.

Types of Contamination 
Naturally Contaminated Foods
At least some of the foods used in the in-house validation 

and collaborative studies should be naturally contaminated. 
Compared with foods that have been spiked or artificially 
contaminated, naturally contaminated foods more accurately 
reflect what exists in nature. Unfortunately, in nature, mi­
croorganisms are not uniformly dispersed throughout the 
food. Thus, the same precautions that must be taken to achieve 
uniform dispersal of the analyte in artificially contaminated 
foods must be taken with naturally contaminated foods. Mul­
tiple levels of contamination in these foods may be difficult 
to achieve, particularly if the level of contamination is low. 
If the concentration of the analyte is relatively high, and this 
is not often the case, then the naturally contaminated food 
may be diluted with the same type of food, not containing 
the analyte, to achieve one or more additional levels of con­tamination.
Artificially Contaminated Foods
Although the ideal would be to use naturally contaminated 

foods, these foods may not be available, and the Associate

Referee may have to use artificially contaminated foods. An 
advantage of artificially contaminated foods, however, is that 
a range of contamination levels can be used to establish 
method sensitivity, or the lowest level of analyte identifiable 
by the procedure. In addition, with spiked foods, the inocula 
can be adjusted to the desired final levels of contamination; 
with naturally contaminated foods, contamination levels must 
be used as they exist. Another advantage of artificially con­
taminated foods is that the expanded applicability of a pro­
cedure can be readily documented. The Associate Referee 
interested in identifying an analyte in all foods will undoubt­
edly have to spike at least some of the food types to obtain 
the necessary range of coverage.
As with naturally contaminated foods, homogeneous dis­

persal of the analyte is equally important in spiked foods. 
Low-moisture, powdered foods should ordinarily be inocu­
lated with a dry analyte. One approach is to lyophilize, or 
freeze-dry, the analyte in a substrate that will not cause seg­
regation of analyte and food material. For example, if a 
batch of nonfat dry milk is to be contaminated with E . coli, 
reconstituted nonfat dry milk may be used as the menstruum 
for lyophilizing the E . co li cells. After freeze-drying, the dried 
inoculum is added to the uncontaminated nonfat dry milk 
and mixed. Reconstituted nonfat dry milk is by far the most 
favored substrate for freeze-drying microbial cells. If a food 
other than nonfat dry milk is to be contaminated with E . 
coli, the reconstituted nonfat dry milk may still be used as 
the freeze-drying menstruum. In this case, the amount of 
freeze-dried milk containing the analyte inoculum would be 
so negligible that the integrity of the product to be contam­
inated would not be altered.
Low-moisture, nonpowdered foods, e.g., seeds, grains, 

peppercorns, kernels, and nut meats, should not be inocu­
lated with a lyophilized analyte because food material and 
analyte would segregate. Such foods should be submerged in 
an inoculum bath, drained, and dried. Air drying of foods 
contaminated with pathogenic organisms, however, requires 
special safety precautions.
Liquids and high-moisture comminuted foods such as 

ground beef or sausage patties may be directly inoculated 
with liquid inocula. Raw chicken and other poultry may be 
comminuted, inoculated, and kneaded. High-moisture foods 
such as liquid eggs and liquid egg products should be blended, 
inoculated, and reblended. Foods that tend to stratify, e.g., 
peanut butter, can be softened by warming gently and then 
can be inoculated and homogenized. Chocolate may be melt­
ed and inoculated, homogenized with an electric mixer, and 
then allowed to solidify before being distributed into test 
samples. Ice cream can be softened, inoculated, mixed, and 
refrozen. Although the physical nature of the refrozen prod­
uct will be somewhat altered, this approach seems preferable 
to direct inoculation of unsoftened ice cream. Shellfish can 
be preblended with diluent and then pooled, inoculated, and 
mixed. The concentration of analytical media for preblended 
shellfish, however, requires adjustment because of the initial 
addition of diluent.
For some foods, e.g., refrigerated cheese and pasta, there 

appears to be no alternative to simple, direct inoculation of 
the individual foods. One could contaminate one or more 
miscible ingredient(s) and then process these foods to sim­
ulate the manufacture of the final product, but that approach 
is not within the realm of most microbiological laboratories.
One final approach for artificial contamination of foods, 

aerosolization, is mentioned only to emphasize that this pro­
cedure would pose a serious safety hazard. Aerosolization of 
inocula should not be used to contaminate foods except under
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highly extenuating circumstances and with extensive safety 
precautions.
When it is necessary to use artificially contaminated foods, 

the Associate Referee must decide whether to use inocula 
containing stressed (injured) or nonstressed (uninjured) cells. 
Because many of the foods in today’s diets have been sub­
jected to some type of processing, injured cell inocula should 
be used in most situations (2-23). Foodborne analytes may 
be injured by freezing; freezing and prolonged storage; freez­
ing, storage, and thawing; freeze-drying; heating; acid treat­
ment; chlorination; ethylene oxide spraying; and gamma ra­
diation. Thus, in preparing inocula for artificially 
contaminated foods, the type and degree of stress should 
simulate conditions in nature to the greatest extent possible.
Since almost all processed, nonperishable foods are stored 

to some extent before consumption, artificially contaminated 
foods of this type should be stored or aged for an appriopriate 
period. A storage time of at least 1-2 weeks has been used 
in past collaborative studies. This period is considered rea­
sonable and practical for most situations. For perishable foods, 
however, a prolonged storage period may not be indicated. 
During storage of artificially contaminated food, the analyte 
will equilibrate or stabilize, which is helpful in determining 
its “die off’ rate, or survival, in the food over an extended 
period. It is necessary to make a reasonably accurate pre­
diction of the level(s) of analyte in the collaborative study 
test foods on the day of initiation of analyses. Inoculum levels 
that are too low can increase the possibility of a nonuniform 
distribution of the analyte or produce a high percentage of 
negative analytical results. Unrealistically high inoculum 
levels would not be appropriate because almost any proce­
dure would be able to discern the analyte. Instead, the levels 
should be realistic, demonstrating the lowest level of analyte 
identifiable by the procedure. Moreover, the levels should 
be chosen within a range having regulatory and/or human 
health significance.
In a few instances, it is permissible, even advisable, to use 

nonstressed inocula to prepare artificially contaminated foods, 
e.g., when the analyte is to be isolated from foods expected 
to be contaminated after processing, as in the procedure for 
identification of E . co li in pasteurized crabmeat.

Number of Test Samples Required 
Analytical Procedures Providing Quantitative Data
How many test samples are required for a collaborative 

study? Undoubtedly, this is the question asked most fre­
quently by individuals contemplating a collaborative study. 
For a procedure providing quantitative data, the H a n d b o o k
(1) states that, for minimum collaborative study, each of 5 
participating laboratories should examine 3 sample pairs for 
a total of 30 data points for statistical treatment. Although 
this guideline was originally intended for collaborative stud­
ies of chemical procedures, these 3 sample pairs have been 
interpreted to mean 3 levels of contamination when the 
guideline is adapted for a microbiological collaborative study. 
It should be emphasized, however, that this design is the 
absolute minimum.

H o w  m a n y  t e s t  s a m p l e s  a r e  r e q u ir e d  fo r  
a  c o l la b o r a t iv e  s t u d y ?  U n d o u b te d ly ,  th is  
is  th e  q u e s t io n  a s k e d  m o s t  f r e q u e n t l y . . .

Analytical Procedures Providing Qualitative Data

For a study of a procedure providing qualitative data, no 
written guidelines are available. Thus, it is rather difficult to 
give uniform guidelines because each collaborative study 
protocol in food microbiology is currently judged on an in­
dividual case basis. Recently, several procedures (24, 25) for 
the rapid identification of S a lm o n e lla in foods have received 
official action status. In each of those studies, at least 6 lab­
oratories compared the proposed rapid procedure with the 
official method for the isolation of S a lm o n e lla in 5 aliquots 
at each of 2 levels of contamination for a minimum of 5 
foods. This protocol will probably be used as a model for 
subsequent collaborative studies of procedures providing 
qualitative data. However, the number of different foods 
required may vary, depending on the recommended appli­
cability of the procedure and the extent of the in-house val­
idation study. A comparative collaborative study will be re­
quired when the objective is either to compare a proposed 
alternative procedure with an existing official method or to 
replace an existing official method with an alternative pro­
cedure.

Analyte Selection 
Inclusion o f Nonanalytes

To determine the specificity of the procedure and to in­
crease both the rigor of the evaluation and the naturalness 
of artificially contaminated foods, it may be desirable to 
include nonanalyte substances, e.g., competing organisms, 
interfering substances, and mimics or simulative analytes 
(not to be confused with atypical analytes). It is advanta­
geous—even necessary in some instances—to treat the food 
so that most or all of the indigenous microflora are killed 
before the food is artificially inoculated with the analyte. 
Suppose, for example, an Associate Referee is interested in 
officially validating a procedure for the identification of co­
nforms in liquid milk. Normally, this product may be ex­
pected to contain psychrophilic organisms, which, under con­
ditions of prolonged storage, would proliferate and overgrow 
any coliforms present, rendering the latter undetectable. The 
Associate Referee may consider heating the liquid milk under 
specified conditions to reduce substantially or to eliminate 
the psychrophilic population. In that situtation the Associate 
Referee may want to consider including nonanalyte organ­
isms in the treated milk in addition to the analyte to be 
identified. These nonanalytes should be nonpsychrophilic or­
ganisms which can be expected to be encountered in liquid 
milk.
Multiple Analytes
The microbiologist is often called upon to develop and 

validate a procedure to isolate various strains of E . coli, 
serotypes of S a lm o n ella , types of toxin produced by S ta p h ­
ylococcu s aureus or C lo str id iu m  bo tu lin u m , etc. In that in­
stance, the Associate Referee must demonstrate the ability 
of a procedure to recover a broad range of multiple strains, 
species, serotypes, or toxin-producing types from foods that 
have been naturally and/or artificially contaminated. This 
determination may be made from the data accumulated from 
both the in-house validation study and the collaborative study.
Analyte Pools
Suppose the Associate Referee wants to validate a proce­

dure for the isolation of S a lm o n e lla from foods. It would be 
both impractical and unreasonable to require data showing 
that the procedure can isolate the more than 1700 S a lm o n e lla
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serotypes currently recognized. In this instance, the Associate 
Referee would conduct an extensive in-house validation study 
before performing the collaborative study. The in-house val­
idation study should demonstrate the effectiveness of the 
proposed procedure for analyzing 20-25 food types naturally 
or artificially contaminated with S a lm o n ella . One approach 
would be to use foods that are contaminated with a single 
S a lm o n e lla serotype each. Another approach, ensuring at 
least the same degree of confidence as the first in recom­
mending broad-range applicability of a procedure, would be 
to use various food types, each contaminated with a pool (2- 
3 or more) of serotypes. Compared with using foods contam­
inated with a single serotype, the second approach would 
provide a wider data base with respect to the number of 
serotypes tested.
Atypical Analytes
The purpose of including atypical analytes in a collabo­

rative study is not to “trick” the analyst but rigorously to 
establish the limitations of a procedure. For example, most 
S a lm o n e lla strains isolated from all foods do not utilize lac­
tose. In some dairy foods, however, the percentage of lactose­
positive S a lm o n ella strains may be substantially higher. Thus, 
in designing the collaborative study protocol of a procedure 
for identifying S a lm o n e lla in foods, the Associate Referee 
should assess the ability of the proposed procedure to isolate 
atypical lactose-positive strains as well as typical lactose­
negative strains, particularly if the procedure is applicable 
for dairy foods. The principle would, of course, apply in any 
analogous situation.
Randomization Versus Preselection o f  Analytes
The final choice of analytes to be used in the collaborative 

study is based on microbiological, statistical, and ethical con­
siderations. If the decision were solely a microbiological one, 
the analyte selection would be based on such factors as rel­
ative species prevalence, pathogenicity, and typicality. This 
decision, however, would unavoidably bias the selection of 
isolates. If the decision were purely a statistical one, the bias 
would be minimized or eliminated; however, the choice of 
analytes would put equal emphasis on highly prevalent and 
rarely occurring strains, extremely pathogenic and mildly 
pathogenic types, and typical and highly unusual isolates. 
Finally, there is the dilemma of what to do when it is known, 
before the collaborative study is undertaken, that the pro­
cedure is not effective for isolating specific strains or is not 
applicable for the analysis of specific food types. It is incum­
bent upon the Associate Referee to make these shortcomings 
known with the appropriate precautionary statements in the 
descriptions of the official method.

T h e  final c h o ic e  o f  a n a ly te s  to  b e  u s e d  in 
th e  c o l la b o r a t iv e  s t u d y  is  b a s e d  o n  m i­
c ro b io lo g ic a l , s ta t i s t ic a l ,  a n d  e th ic a l  c o n ­
s id e r a t io n s .

Amount of Food Material Inoculated 
Test Samples Spiked by Originating Laboratory
Having decided on the numbers and types of foods and 

analytes to be used in the collaborative study, the Associate

Referee must decide how much food material is to be in­
oculated. There are 2 approaches. Either a large amount of 
food may be inoculated, mixed, and subdivided into test 
samples, or the individual test samples may be inoculated 
directly.Compared with the alternative approach, bulk inoculation 
is likely to result in a more uniform dispersal of the analyte. 
This approach has been used successfully in several recent 
collaborative studies of microbiological procedures and has 
been especially adaptable for the contamination of large 
amounts of dry, powdered foods. Suppose, for example, an 
Associate Referee needs to prepare a 2000 g bulk of soy flour 
containing E . coli. After a strain, or a pool of several strains, 
of E . co li is frozen in reconstituted nonfat dry milk, the 
lyophilized contents are pulverized to a fine powder and 
added to 50 g uninoculated nonfat dry milk in a sterile plastic 
bag. This 50 g seed inoculum is then mixed manually, sprin­
kled over the 2000 g bulk of powdered food, and thoroughly 
mixed manually for even distribution. The degree of ho­
mogeneity of analyte distribution may be determined by a 
most probable number test of the analyte in test samples 
taken from several different sites in the bulk amount of con­
taminated food.
Direct spiking of the individual test samples may be useful 

for foods that are difficult to manipulate in large bulk amounts 
(e.g., ground beef) or for inoculated foods that cannot be 
homogenized in any practical manner (e.g., perishable cheese 
and pasta). Each of the individually inoculated test samples 
should be mixed thoroughly to ensure homogeneous distri­
bution of the analyte.
Test Samples Spiked by Collaborators
Inoculation by the collaborators should be used only as a 

last resort and only under highly unusual or extenuating cir­
cumstances. Analyst bias may be reduced in such cases if 
inocula are coded.
Reserves
Each collaborative study test sample should include a small 

amount of additional material since some may be spilled 
during weighing or may be lost in a laboratory accident. 
Weighing the actual test portion from a larger test sample 
could be considered part of the analytical procedure. Finally, 
the originating laboratory should have several extra complete 
sets of test samples on hand in the event of loss or damage 
during shipment.

Controls
Positive Controls

The use of proper controls in a microbiological collabo­
rative study is frequently overlooked. Although some of these 
controls are the responsibility of the collaborating analyst, 
others are prepared by the originating laboratory.Two types of positive controls should be considered in 
designing the collaborative study protocol. The first type, the 
media or culture control, ensures that the media are per­
forming properly. It is prepared by inoculating the initial 
medium with the analyte and proceeding through the entire 
analytical protocol just as with the collaborative study test 
samples. Because the initial medium will be inoculated with 
a pure culture of the analyte, the number of cells in this 
control may be higher than that in some of the collaborative study test samples.
The second type of positive control, the sample control, 

serves the same purpose as the media or culture control. Food
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material comprising the sample control is inoculated with 
analyte by the Associate Referee. The samples are then car­
ried through the entire analytical procedure by both the col­
laborators and the originating laboratory, just as are the col­
laborative study test samples. This control may encompass 
the media or culture control and is actually preferable since 
the eifect of food material on the performance of the media 
is considered. The level of analyte in this control does not 
have to approach the sensitivity level of the procedure, but 
should be high enough to ensure that viable analyte cells are 
present on the day analyses are initiated.

T h e  u s e  o f  p r o p e r  c o n tr o ls  in a  m ic r o ­
b io lo g ic a l  c o l la b o r a t iv e  s t u d y  i s  f r e q u e n t ly  
o v e r lo o k e d .

Negative Controls

Four types of negative controls should be considered in 
designing the collaborative study protocol. The first, the neg­
ative media control, ensures that the analytical media are 
not contaminated with the analyte. The initial uninoculated 
medium is carried through the entire analytical protocol just 
as are the collaborative study test samples.
The second type of negative control, the culture control, 

demonstrates either the appearance of the nonanalyte(s) (e.g., 
competing organisms) on various media, or it shows that the 
nonanalyte(s) will not grow on media used in the test pro­
cedure. This control is prepared by inoculating the initial 
medium with the nonanalyte and carrying the medium 
through the entire procedure in the same manner as are the 
collaborative study test samples.
The third type of negative control, the sample control, 

provides evidence that test samples are not being cross-con­
taminated with the analyte and ensures the absence of en­
dogenous analyte in the food material. This control is pre­
pared by removing a test sample from a food that has been 
found negative for the analyte, placing it in the initial me­
dium, and carrying the medium through the protocol in the 
same manner as are the collaborative study test samples. The 
negative sample control may encompass the negative media 
control.
The fourth type of negative control, the environmental 

control, offers reasonable assurance that the environment is 
not a source of the analyte. With a few exceptions, this control 
is prepared by exposing the initial medium to the open air 
environment during all analytical operations on the first day 
of analyses. For example, this control may be an open flask 
of lactose broth if the procedure is for the identification of 
S a lm o n e lla in dried egg powder; an open flask of Trypticase 
soy broth for identifying S a lm o n e lla in dried active yeast; 
an uncapped tube of lauryl tryptose broth for the enumera­
tion of coliforms; or a plate of exposed Baird-Parker medium 
for the enumeration of S. aureus. Flowever, if the procedure 
is intended for the enumeration of the total aerobic micro­
flora in a food, exposing a petri dish of plate count agar to 
the open atmosphere during the entire analysis would not be 
appropriate. An adequate environmental control in this in­
stance would be to expose a petri dish of plate count agar to 
the open atmosphere for 15 min. Growth of no more than 
15 colonies on the incubated plate would ensure that the 
laboratory environment is suitable for performing a total 
plate count determination. After the initial day of analysis,

all negative environmental controls are treated in the same 
way as collaborative study test samples. The negative envi­
ronmental control may encompass the negative media con­
trol.

Test Sample Containers 
Composition o f  Container Material

Containers used for collaborative study test samples should 
be clean, dry, and sterile. They must be made of material 
that is not toxic, inhibitory, or bacteriostatic for the analyte 
and will not change the level or the nature of the analyte. 
They must be made of material that is resistant to punctures, 
tears, or rips that would lead to cross-contamination of test 
samples. Sterile containers such as leakproof metal cans or 
plastic jars, bags, or packets are always preferable to glass 
containers, which may break. If plastic bags or packets with 
twist wires fcr closure are used, special precautions should 
be taken to ensure that these wires do not puncture adjacent 
bags.
Labeling

Each collaborative study test sample should bear its own 
unique number. Analytical bias may be reduced by coding 
test samples from a series of randomized numbers rather 
than repeatedly using a “1 to 10” numbering sequence (26). 
Each coded, randomized number should be typed or written 
clearly on tape or other waterproof labeling material.
Packaging
Perishable foods should be packaged to maintain their orig­

inal condition. Refrigerated test samples should be main­
tained at 0-4.4°C, whereas frozen test samples should be kept 
frozen at — 20°C. Refrigerated test samples can be packed 
with frozen gel packs, and frozen test samples can be kept 
frozen by maintaining contact with dry ice. A temperature 
control should be included to establish the temperature of 
the test samples upon receipt by the collaborating labora­
tories. This control may be a thermometer that is included 
in the package and protected against damage during ship­
ment. The temperature control may be an additional test 
sample exactly like the others that are to be analyzed. If this 
is not practical, water collected in a container that is like the 
other sample containers will suffice as a temperature control 
for refrigerated test samples. For frozen test samples, ethylene 
glycol may be used.
A complete set of test samples is placed in an insulated 

container and shipped to each collaborating laboratory. If 
test samples are frozen, the insulated container should be 
prechilled. Immediately upon receipt at the laboratory, the 
thermometer should be read and the temperature should be 
recorded. If an additional test sample is included as a tem­
perature control, a prechilled thermometer should be used 
to read the temperature.
It is recommended that one set of test samples be packaged, 

shipped to the destination of one of the collaborating labo­
ratories (preferably the most distant), and returned to the 
originating laboratory, where the temperature control is read.
Precautions for packaging nonperishable foods are not as 

extensive as those for perishable foods. Nonetheless, care 
should be taken to minimize damage during shipment by 
insulating the containers with foam chips or other suitable 
material. Sample containers for these foods may be placed 
within a noninsulated package for shipment. Ordinarily, a 
temperature control will not be needed.
The package containing the collaborative study samples
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should be identified with hazard labels, if appropriate, and 
sent in accordance with federal regulations. Enclosed in the 
package should be complete instructions for storage of the 
test samples until analyses can be initiated. Refrigerated foods 
should be kept at 0-4.4°C, but should be analyzed as soon 
as possible, provided that all collaborators initiate analysis 
on the same day. Frozen foods should be kept frozen at 
-20°C until analyzed. Normally, nonperishable foods may 
be stored at room or ambient temperature.

Concluding Remarks
Considerable attention must be given to many factors in 

the preparation of test samples for an AOAC collaborative 
study of a microbiological procedure. This discussion reflects 
the author’s own opinion and is intended as a supplement 
to, not a replacement for, the guidelines contained in the 
H a n d b o o k (1). It is hoped that this paper will stimulate others 
working in the area to convey their ideas on the various 
aspects of conducting microbiological collaborative studies, 
e.g., ruggedness testing, statistical design, and AOAC clear­
ance procedures.

T h is  d i s c u s s io n  r e f l e c t s  th e  a u th o r ’s  o w n  
o p in io n  a n d  . . .  i t  i s  h o p e d  th a t  [ i t ]  will 
s t im u la te  o th e r s  w o r k in g  in th e  a r e a  to  
c o n v e y  th e ir  i d e a s  o n  th e  v a r io u s  a s p e c t s  
o f  c o n d u c t in g  m ic r o b io lo g ic a l  c o l la b o r a ­
t iv e  s t u d i e s . . .
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FOCUS ON  PESTICIDE REGULATORY ANALYSIS

Regulatory Perspective of Pesticide Analytical Enforcement Methodology in the United States

MARTIN F. KOVACS, Jr, and CHARLES L. TRICHILO
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A critical overview is presented of the current regulatory problems encountered by the U.S. 
Environmental Protection Agency in evaluating the adequacy of pesticide analytical enforcement 
methodologies submitted in support of proposed pesticide tolerances. One of these problems is 
the development and validation of appropriate, adequate enforcement analytical methods which 
account for all free or bound/conjugated residue components of the “total toxic residue” in the 
commodities of concern. Also included is a detailed discussion of suggested improvements in 
the development and validation of these enforcement methods, for example, integrating radio- 
labeled metabolism studies with the subsequent development and validation of proposed ana­
lytical enforcement methodologies. New procedures are proposed to facilitate the availability 
of analytical methods to enforcement agencies and other organizations during the method 
validation process. Future initiatives to use the collaborative study process in the development 
and validation of Pesticide A nalytical Manual, Volume 2, enforcement methods for contemporary 
pesticides are also discussed.

Background and Regulatory Objectives
The U.S. Environmental Protection Agency (EPA), under 

authority of the Federal Food, Drug and Cosmetic Act 
(FFDCA) Section 408 of which applies to raw agricultural 
commodities and Section 409 of which applies to processed 
food or feed, is responsible for the registration of all pesticide 
products sold or distributed in the United States. Before a 
pesticide can be registered for use on a food or feed crop, a 
tolerance or exemption from a tolerance for residues of that 
pesticide must be established. Tolerances are normally es­
tablished as a result of a petition that contains all the data 
necessary to establish the tolerance. A tolerance is the legal 
maximum residue concentration of pesticide chemical al­
lowed in food or feed. If residues exceed the tolerance or if 
residues exist where no tolerance is established, the product 
may be considered adulterated and can be seized by the U.S. 
Food and Drug Administration (FDA), the U.S. Department 
of Agriculture (USDA), or a state enforcement agency.
The amended Federal Insecticide, Fungicide, and Roden- 

ticide Act (FIFRA) (40 CFR 158.125) (1) requires that the 
registration of any pesticide include analytical methods that 
will measure or quantitate the residue resulting from the 
proposed use. Pesticide residue analytical methods are de­
veloped on the basis of results of plant and animal metab­
olism studies conducted with radiolabeled compounds. Such 
studies characterize the q u a lita tive nature of the total ter­
minal residue in the raw agricultural food or feed commod­
ities and animal commodities, and facilitate a chemical def­
inition of the “total toxic residue” in these commodities. In 
a regulatory context, total toxic residue is defined as the sum 
of the parent pesticide and its degradation products, metab­
olites (free or bound) and impurities that are considered to 
be of toxicological significance, and therefore warrant regu­
lation. Registrants must then develop pesticide residue an­
alytical method(s) that are suitable, appropriate, and ade­
quate to gather residue data and/or to enforce the proposed 
tolerance(s) of the total toxic residue in the commodities of 
concern.
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Presented at the symposium on Imponance of Collaboratively Studied An­

alytical Methods, 6th International Congress of Pesticide Chemistry (IUPAC), 
Ottawa, Ontario, Canada, Aug. 10-15, 1986.

The analytical methodology developed by the registrant 
must determine all components of the total toxic residue, 
must be specific for the analyte, and must be capable of 
determining the residues of concern at the proposed tolerance 
level. In addition, the methodology should not involve re­
agents or equipment not available to enforcement agencies 
(namely, FDA, USD A, and state enforcement agencies) and 
should not require more than 24 h/sample for analysis.
To ascertain whether the analytical methods developed by 

the registrant are adequate to enforce the proposed toler­
ances, and to assure that FDA, USDA, or state enforcement 
agencies and other interested parties can use the methods, 
EPA conducts a method trial. Method trials are required if 
the pesticide is new, if the analytical methods are new or 
unfamiliar, or if the food or feed crop is known to be difficult 
to analyze because of high oil content, high or low moisture 
content, or high sugar content. Method trials are also required 
on samples of animal origin to support initial permanent 
tolerance requests on meat, milk, poultry, and eggs.
If the method performs satisfactorily in the trial and is 

acceptable for enforcement, and once a permanent tolerance 
is established, the method is made available to interested 
parties by publication or reference in the FDA P estic id e  A n ­
a ly tic a l M a n u a l, Volume 2 (PAM II) (2). EPA also has in­
stituted procedures to make analytical methods readily avail­
able between the time of publication of a permanent tolerance 
and publication of the method in PAM II. The availability 
is announced in the F ed era l R eg is te r publication of perma­
nent tolerances, and information on methods validated in 
EPA laboratories is available from EPA, Office of Pesticide 
Programs, Program Management and Support Division, In­
formation Services Branch, 401 M St, SW, Washington, DC 
20460. Methods are also available to enforcement agencies 
before a permanent tolerance is established if a FIFRA Sec­
tion 18 emergency exemption or a temporary tolerance is in 
effect.

Current Regulatory Requirements
Current test requirements are stated in 40 CFR 158.125

(1): “A residue method for enforcement of tolerances is need­
ed whenever a numeric tolerance is proposed. Exemptions
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from the requirement of a tolerance will also usually require 
an analytical method. Analytical methods used to enforce 
residue limits for emergency exemptions, temporary toler­
ances, and permanent tolerances must be available for use by 
enforcement agencies and thus may not be claimed as con­
fidential business information. For all food uses, data on 
whether the FDA/USDA multiresidue methodology would 
detect and identify the pesticide are required.”

P estic id e  A sse ssm en t G uidelines, Subdivision O, Residue 
Chemistry (3) is a nonregulatory companion to 40 CFR 158 
and describes protocols in Sec. 171-4 (b) which may be used 
to perform food, feed, or tobacco residue testing to support 
the registration of pesticides under FFDCA and FIFRA. These 
guidelines provide information to aid the registrant in the 
development and validation of appropriate and adequate 
residue analytical methods.
The data requirements specified in Sec. 171-4 (b) address 

the general requirements for residue analytical methods and 
the factors to be considered by the registrant in performing 
an adequate method validation. Specific requirements are 
also delineated for the determination of extraction efficien­
cies for the procedures, the method or methods used to mea­
sure the total toxic residue as qualitatively identified in me­
tabolism studies, and the requirements applicable to regulatory 
methods.
For the purposes of this discussion, we will first address 

the latter requirement in detail. Overall, regulatory method(s) 
proposed by the registrant should be as simple as possible 
to minimize the cost of monitoring for pesticide residues. A 
method that may be valid for gathering residue data is not 
necessarily suitable for enforcement purposes. In general, an 
appropriate enforcement method should not require the use 
ofeither a sample blank or an internal or procedural standard, 
neither of which may be available to enforcement analysts. 
The enforcement method also should not require the use of 
either exotic equipment or reagents, should be reasonably 
rapid in execution, should be sufficiently specific to measure 
and identify the residues of interest in the presence of other 
pesticides present in the subject commodities, and should be 
sufficiently sensitive in relation to the tolerance proposal. 
Finally, the enforcement method should be available for dis­
tribution to enforcement agencies and organizations, that is, 
it cannot be claimed as “confidential business information.”
The method(s) proposed for enforcement by the registrant 

may be subjected to a method trial in EPA’s laboratories, as 
discussed earlier.

Historical Examples and Regulatory 
Enforcement Problems

During the evaluation of methodology in the registration, 
re-registration (registration standards), and special pesticide 
review programs of EPA, examples were noted of old PAM 
II analytical enforcement methods that fell into 2 analytical 
problem categories: (7) The methods did not q u a lita tive ly  
determine all components of the total toxic residue as re­
d efin ed by contemporary radiolabeled metabolism studies, 
or (2) the methods were unreliable because they only partially 
q u a n tita te d the total toxic residue in the various sample ma­
trixes for which a permanent tolerance was established. Due 
to the confidential business information contained in EPA’s 
registration files, identities of the subject pesticides used in 
the few examples cited in the following discussion could not 
be revealed; they have been referred to in a generic sense.
A specific example of the first category involved a PAM 

II method that failed to account for an entire class or group

of metabolites arising from a herbicide registered for use on 
com and soybeans. These metabolites, which originated from 
the parent pesticide and were identified by a contemporary 
radiolabeled plant metabolism study, were subsequently 
judged by EPA toxicologists as comprising a significant por­
tion of the total toxic residue in com and soybeans for which 
permanent tolerances were already established. The metab­
olites in question were converted by the usual acid hydrolysis 
procedure described in the method to a common chemical 
moiety which, in turn, was neither detected nor measured 
by the original PAM II enforcement methodology.
An example of the second category involved a PAM II 

method developed for the analysis of a herbicide, registered 
for use on wheat, barley, and soybeans, that was not thor­
oughly tested during its developmental stages by adequate 
validation/recovery studies. In a method trial, this inade­
quate testing subsequently resulted in questionable or vari­
able recoveries for all components of the total toxic residue 
on sample matrixes (raw agricultural commodities and ani­
mal commodities) for which permanent tolerances were 
eventually proposed or established. Extraction efficiencies of 
additional PAM II methods, as identified in EPA’s registra­
tion files, were also not adequately determined as evidenced 
by sample treatment and extraction procedures which did 
not facilitate the release and measurement of all bound or 
conjugated components of the total toxic residue.

EPA Initiatives to Improve Enforcement IVIethod 
Development

Publication o f  Guidelines and Related 
Regulatory Documents
Current initiatives by EPA to obtain better and more con­

sistent analytical methodology data involve publication of 
the following documents: P estic id e  A ssessm en t G uidelines, 
Subdivision O, Residue Chemistry (3), Data Reporting 
Guidelines (DRG) for “Analytical Method(s)” (4), and Stan­
dard Evaluation Procedure (SEP) for “Analytical Meth­
ods)” (5).
Each DRG is designed to aid the registrant in formatting 

or organizing data and information submitted to EPA. This 
improved organization should clarify ambiguities in inter­
pretation of specific portions or subsections of the existing 
guidelines and thereby facilitate the agency’s review process.
Each SEP is designed to ensure comprehensive and con­

sistent evaluation of major scientific topics in reviews of data 
submitted to EPA and to provide interpretive policy guid­
ance where appropriate. Each SEP will be used in conjunction 
with the appropriate P estic id e  A sse ssm en t G u idelin es sub­
section and companion DRG.
Integration o f  Radiolabeled Metabolism Studies with 
Analytical Method Development
Adequate registrant responses to the following 3 critical 

questions should largely prevent proliferation of PAM II 
enforcement methods which are not adequate for the analysis 
or which produce unreliable results.
(7) Were all the necessary compounds (parent plus metab­

olites comprising the total toxic residue) and test matrixes 
tested in the analytical method(s) validation/recovery study? 
P rio r to the development and validation of the proposed 
enforcement analytical methodologies, the registrant must 
conduct a detailed radiolabeled metabolism study that ad­
equately identifies or characterizes a ll components of the 
total toxic residue, whether free or bound/conjugated, in the
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raw agricultural or animal commodities for which a tolerance 
is sought. EPA’s DRG “Nature of the Residue: Plants” (6) 
details reporting requirements relative to the conduct of such 
a radiolabeled plant metabolism study.
(2) Were the extraction efficiencies of the analytical meth­

od̂ ) determined? This determination is important for dry 
raw agricultural commodities, processed substrates, and aged 
residue samples; it is especially important if the presence of 
bound residue is suspected. The investigator also is directed 
to the above-named DRG on plant metabolism for general 
guidance on analytical method extraction efficiency data re­
porting requirements. For a more detailed discussion of the 
regulatory significance of bound pesticide residues and the 
need for development of analytical methodology to quanti­
tatively measure these residues, the 1986 paper by Kovacs
(7) should also be consulted.

(3) Were the method(s) tested on samples that had been 
derived from the radiolabeled plant and/or animal metab­
olism studies? This is necessary to determine extraction ef­
ficiency and percentage of total residue determined by the 
method(s). The following protocol selected from EPA’s reg­
istration files is not to be considered a model procedure but 
merely one suggestion for integrating the conduct and inter­
pretation of results obtained from radiolabeled plant metab­
olism studies with the subsequent development and vali­
dation of proposed enforcement methodologies.
Samples of green com forage that had previously been 

treated with the phenyl-ring-labeled l4C octanoate ester of 
the parent herbicide at twice the recommended label rate 
were analyzed along with untreated controls and controls 
fortified with the octanoate ester of the herbicide at phenol 
levels equivalent to about 0.5, 5, and 10 times the proposed 
tolerance level on the com forage. The total radioactive res­
idue (ppm), expressed as parent phenol equivalent, in these 
forage samples was determined by oxidative combustion and 
liquid scintillation counting (LSC) and was considered to be 
the theoretical ppm in the sample before extraction and anal­
ysis. This figure, in turn, was compared with the total cor­
rected ppm found in the final quantitation to determine if 
the analytical method would accurately measure the entire 
residue present in the sample. The radiochemical extraction 
efficiency of the enforcement analytical method was moni­
tored at each step during sample hydrolysis/extraction/clean- 
up to arrive at an overall 14C extraction efficiency. These 
determinations were made by LSC analysis of aliquots of the 
samples (control, fortified controls, and l4C-treated samples) 
after each step. The percent efficiency was determined by 
dividing the disintegrations per minute (dpm) left at the end 
of the procedural step by the dpm present at the start of the 
step. A gas chromatograph equipped with a 63Ni electron- 
capture detector was used to quantitate the phenol equiva­
lents of the parent herbicide in untreated control samples, 
fortified control samples, and 14C-treated samples.
The results of this validation study indicated a good cor­

relation of the gas chromatography results with the theoret­
ical ppm values obtained by oxidative combustion and LSC, 
which, in turn, indicated that the enforcement method would 
accurately determine the parent herbicide and its phenol me­
tabolite when they are present in residue samples. In addi­
tion, the results for the 14C-treated samples, plus the recovery 
results found by fortifying control samples run through the 
procedure, showed that >93% of the 14C residue in the treated 
samples was extracted.The investigator should be cautioned, however, that before 
validation studies of this type are attempted, it is imperative

that the total terminal residue (in the raw agricultural com­
modity or other sample matrix to be analyzed) be adequately 
characterized to ascertain what components of this residue 
need to be subjected to the validation procedure. In the ex­
ample just cited, this requirement was satisfied in that the 
octanoate ester and the phenol metabolite of the parent com­
pound together comprised about 93% of the total radioactive 
measurements in the treated com forage samples.

EPA Initiatives to Improve Enforcement 
Method Validation

The remainder of this paper will address various initiatives 
by EPA to improve the quality of analytical methods being 
published in PAM II by making procedural changes in the 
method tryout (MTO) process. It is anticipated that these 
changes will increase EPA’s monitoring capabilities, prevent 
unnecessary delays in the pesticide registration process, and 
improve EPA’s overall effectiveness in this area. Also to be 
discussed are future initiatives under consideration by EPA 
for using non-EPA MTO procedures for certification of an­
alytical methods, including the possible role of collabora- 
tively studied methods.
Use o f Multiresidue Protocols
An EPA notice in the F ed era l R e g is te r (51, No. 187, p. 

34249, September 26, 1986) informed and reminded all pes­
ticide registrants of their responsibility to provide additional 
analytical data on their pesticides for the standard multires­
idue protocols in the P estic id e  A n a ly tic a l M a n u a l, Volume
I. These FDA protocols are available from the National 
Technical Information Service as an addendum to the residue 
chemistry guidelines (8). This action implemented the re­
quirements of 40 CFR 158.125 (b) (15) that EPA published 
on October 21, 1984, namely, that “for all food uses, data 
on whether FDA/USDA multiresidue methodology would 
detect and identify the pesticide are required.”
The availability of additional analytical residue data gen­

erated by these multiresidue protocols at federal, state, or 
local (municipal) levels will eventually reduce the overall cost 
of residue monitoring programs by increasing analytical ca­
pabilities and flexibility. Under current budgetary restric­
tions, accessibility of these additional analytical residue data 
will provide pesticide monitoring programs with the ability 
to screen inexpensively and efficiently for the presence of 
large groups or classes of pesticide residues. Only when mul­
tiresidue protocols do not permit adequate detection and 
quantitation of residues of concern will their re-analysis by 
specific PAM II enforcement methodology be necessary.
Use o f Methods in Peer-Reviewed Journals
EPA currently accepts some methods for publication in 

PAM II without a method tryout. These methods have been 
subjected to a peer review by editors and reviewers of sci­
entific journals (e.g., J o u rn a l o f  A gricu ltu re  a n d  F o o d  C h e m ­
istry, A n a ly tic a l C h em istry , J o u rn a l o f  th e  A sso c ia tio n  o f  O f­
f ic ia l A n a ly tica l C hem ists, and T h e A n a lyst). Methods accepted 
in this manner are assigned an alphabetical character, not a 
Roman numeral, for PAM II publication. In the introduction 
to PAM II, a caveat warns users of alphabetical character 
methods that although EPA regards those thus designated as 
workable, they have not been tested in federal laboratories; 
therefore, they may need additional validation before and 
during use. However, it should be pointed out that the vast 
majority of methods published in PAM II have undergone 
method validation prior to publication.
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Timing o f MTO Requests
Many of the newer pesticides, such as pheromones, insect 

growth regulators, or other biological pest control agents, are 
often chemically complex in nature or resemble natural prod­
ucts. These pesticides are applied to the target crop at ex­
tremely low rates; consequently, their residues must be an­
alytically validated during the MTO at extremely low 
fortification levels in often complex sample matrixes by com­
plex instrumentation operated at their limits of detection. 
Until recently, the MTO was conducted at or near the end 
of EPA’s review process. However, because of the frequent 
analytical difficulties encountered with these new pesticide 
chemicals, more lead time was required in the registration 
review process. To alleviate this problem, EPA has initiated 
MTO requests earlier in the petition review process—at the 
beginning of the first permanent tolerance request, at a point 
during various petition amendment reviews, or possibly at 
the end of the first temporary tolerance/experimental use 
permit review.
Future Use o f the Collaborative Study Process
The procedures we have just described to initiate method 

validation earlier in the registration review process allow the 
residue analyst more time to deal effectively with the ana­
lytical complexities of contemporary pesticides. Current in­
itiatives by EPA, as discussed earlier, will also increase the 
availability of analytical methods to all other interested par­
ties, including federal and state enforcement agencies, during 
method validation. Together, earlier initiation of the method 
validation process and more timely availability of analytical 
methods under investigation will enhance possibilities of us­
ing the collaborative study process in the development of 
validated and workable PAM II enforcement methods for 
contemporary pesticides.
As part of this collaborative study process, EPA would 

invite the participation of state regulatory or nonregistrant 
private laboratories, such as those of food processing com­
panies and major food trade associations, as well as the As­
sociation of Official Analytical Chemists with its well-known 
and effective network of collaborators and General and As­
sociate Referees.
The collaborative study approach contemplated will not 

extend or lengthen EPA’s overall registration review process. 
Any time saved by starting early in the petition process will 
allow an equal amount of time for more collaborative inputs 
from the users of these enforcement methods. The extended 
time frame for method validation will also ensure that many 
complex analytical methodology problems will be dealt with 
in a more timely and effective manner.

If the collaborative study approach is adopted by EPA as 
part of the regulatory process, it may, in the short term, add 
a new dimension to the agency’s current method validation 
procedure. More important, it may, in the long term, be the 
most effective approach to ensure the development of meth­
ods which are precise, accurate, and reliable enough to en­
force future tolerances.
Although the problems scientists face today in the area of 

pesticide residue methodology are indeed complex and frus­
trating, and at times may appear insurmountable, in the final 
analysis, these same scientists working together in a collab­
orative spirit, that is, cooperating in a joint intellectual effort 
or common venture, can address these problems and resolve 
them to the benefit of all concerned.
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Importance of Quality Assurance in Canadian Pesticide Analysis

HENRY B. S. CONACHER
Health and Welfare Canada, Food Research Division, Health Protection Branch, Tunney’s Pasture, Ottawa, 
Ontario K1A 0L2, Canada

T h r e e  i m p o r t a n t  e l e m e n t s  o f  t h e  p e s t i c id e  q u a l i t y  a s s u r a n c e  p r o g r a m  in  t h e  H e a l t h  P r o t e c t i o n  

B r a n c h  o f  C a n a d a  a r e  d e s c r i b e d — t h e  s a m p l i n g  p r o to c o l ,  t h e  r e p o s i to r y  o f  p e s t i c id e  s t a n d a r d s ,  
a n d  t h e  c h e c k  s a m p l e  p r o g r a m  o f  t h e  F e d e r a l  I n t e r d e p a r t m e n t a l  C o m m i t t e e  o n  P e s t i c id e s .  A l l  
p l a y  a n  i m p o r t a n t  r o l e  in  e n s u r in g  t h e  p r o d u c t io n  o f  s o u n d ,  v a l id  p e s t i c id e  r e s id u e  d a t a .  E f f o r t s  
t o  im p r o v e  e a c h  e l e m e n t  w il l  c o n t in u e  in  t h e  f u tu r e .

The Health Protection Branch (HPB), Health and Welfare 
Canada, is accountable, among a variety of other responsi­
bilities, for ensuring the safety of the Canadian food supply— 
one aspect of which is the control of pesticide residues in 
foods. HPB fulfills these responsibilities by establishing max­
imum (permitted) residue levels (MRLs) for pesticides in 
foods and by establishing programs to ensure compliance 
with these MRLs. Although several other federal and pro­
vincial agencies also play a major role in the control of pes­
ticides, the present paper will mainly address activities within 
HPB relating to pesticide residues in food.

Most of the surveillance and monitoring programs for pes­
ticide residues are conducted in Central Research Labora­
tories in Ottawa and in 5 Regional Laboratories located across 
Canada. It is, therefore, extremely important that the data 
produced by these laboratories be accurate, reliable, legally 
defensible, and adequate for the purpose.

To achieve these ends, an intensive quality assurance pro­
gram is in place for pesticide residue analyses. The main 
elements of this program for pesticides differ little from those 
for any other class of compounds under investigation ( 1 ). 
These elements include sampling, continuity of sample in­
tegrity, identification and assurance of purity of standards, 
analytical methods used and their application in the labo­
ratory, confirmation of results, proficiency testing, and sound 
documentation.

While many of these elements are common from country 
to country, some may have more relevance and may be unique 
to the Canadian pesticide situation. These would include the 
sampling protocol used in the monitoring and surveillance 
of foods for pesticide residues; the repository of pesticide 
standards; and the role of the Federal Interdepartmental 
Committee on Pesticides (FICP) Check Sample Program.

Sampling Protocols
The objective of any national pesticide sampling project 

is to determine the state of compliance of selected food com­
modities in the marketplace with regard to selected pesti­
cides. To be assured of absolute compliance with established 
MRLs, a considerable number of samples of every com­
modity, both domestic and imported, would have to be ana­
lyzed for every possible pesticide residue. Since this is not 
practical, decisions must be made as to which pesticides 
should be analyzed, which pesticides should be measured in 
each commodity, and how many samples should be analyzed 
for each commodity and pesticide selected.

In connection with the last item, a choice can be made on

Received May 7, 1987.
Presented at the symposium on Importance o f Collaboratively Studied An­

alytical Methods, 6th International Congress of Pesticide Chemistry (IUPAC), 
Ottawa, Ontario, Canada, Aug. 10-15, 1986.

the basis of statistical considerations. Assuming that the 
number of lots of any given commodity on the market is 
very large, the upper limit (95% confidence limit) of the 
possible percentage of unsatisfactory lots varies with the 
number of specimens analyzed as shown in Figure 1 (2). For 
example, if only 25 samples (lots) are analyzed and all are 
satisfactory, approximately 15% of the lots on the market 
could be unsatisfactory. If, however, 200 samples are ana­
lyzed for each commodity, and all are satisfactory, the per­
centage of unsatisfactory lots that could be on the market is 
approximately 2.5%.

In practice, within HPB, 100 samples for each commodity 
and pesticide combination are taken. If all are satisfactory, 
one can say with 95% confidence that no greater than 5% of 
the lots on the marketplace are unsatisfactory. If 2 of the 
samples are unsatisfactory, the possible percentage of unsat­
isfactory lots could be as high as 7.5%.

In addition to the question of how many total specimens 
have to be taken, the sampling within each lot must be con­
sidered, as must subsequent subsampling within the labo­
ratory. The present procedure within HPB for minimum 
sample size within a lot is as follows for fruit and vegetables:

Small fruits and vegetables 3 lb
Medium fruits and vegetables 3 lb or 10 units

(whichever is greater)
Large fruits and vegetables 3 lb or 3 units

(whichever is greater)

It is important to note that, certainly in some cases with 
heterogeneous lots (e.g., aflatoxins in peanuts [3]), the vari­
ation due to the method is often the smallest component of 
the overall variation (13%, as opposed to 67% for sampling 
and 20% for subsampling [3]). Thus, expensive and time- 
consuming efforts in methodology may in fact result in only 
a small reduction in the overall variation. Efforts may be 
more appropriately directed, in some cases, to other areas 
such as subsampling.

The entire area of sampling is one in which considerable 
error can arise and one which continues to receive much at­
tention and interest by regulatory agencies worldwide.

Repository o f Standards
Since 1956, when the first analysts from the 5 HPB Re­

gional Laboratories were trained in the analysis of foods for 
pesticide residues, the need for a supply of appropriate pes­
ticide standards has been most apparent, and the responsi­
bility for providing those standards has remained with the 
Central Research Laboratories.

The inventory of standards consists of numerous glass, 
screw-cap vials of pesticides and metabolites, which are stored 
under restricted access in a walk-in freezer. Each vial is la-
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P o s i t iv e  Sam ples Found (%)

Figure 1. Calculation of upper confidence limits (95%) for varying numbers of samples.

beled with a unique number for identification purposes, and 
an alphabetical card index system provides information on 
alternative names, source, purity, lot number, date received, 
available documents, etc.

Since the early 1980s, a more effective in-house authen­
tication system for standards has been in effect. Compounds 
are authenticated by mass spectrometry (MS) and compar­
ison with published, recognized spectra. In some cases where

A U THENTICATION REPO R T 

R A P PO R T  DE CERTIFICATIO N

a n a ly tica l a tan d a rd  : é ta lo n  analy tique

STR UC TUR E

S ource  and lo t 
O rig ine  e t  lot

M .W .
P M .

R e çu  d a te  rec e iv e d :

H PB lo t no de la  DGPS:

H PB TEST RESULTS 
RESULTA TS D'ESSAI DE LA  DGPS

M a *  a p e c tro m e try  E J ..............................................................

S p e c tro m é tr ie  de m aaae C J .............................................................

yes

S lg n .tu m  d u . .................................................................................  5 . t l . f a e u > r ,  “  S a tis fa isa n t

O
C om m en ta : non
C o m m en ta ire s :

P a c k ed  b y .................................................................................................................................................................... E m p a q u e té  par

da te

Figure 2. Authentication certificate for pesticide standards.

MS authentication is not appropriate, nuclear magnetic res­
onance is used. A typical authentication certificate is shown 
in Figure 2. Discussions are continually underway concerning 
the extent of authentication necessary, particularly regarding 
purity, and also concerning the extent of documentation re­
quired to establish, without question, the continuity of pos­
session of standards from Central Laboratories to Regional 
Laboratories.

The list of standards is circulated among HPB laboratories 
semiannually; at present, some 500 compounds are in the 
inventory. A similar in-house inventory of pesticide stan­
dards is also maintained by Agriculture Canada.

Check Sample Program
The FICP check sample program, originally devised in 

1967 and subsequently revamped in 1978 (4), was intended 
to be applicable to all pesticide residue analytical laboratories 
in Canada. It was designed to establish or verify the perfor­
mance of a laboratory by the analysis of homogeneous sam­
ples of known residue levels. In addition to playing a most 
important role in performance assessment, it also leads to 
much improved communication among laboratories regard­
ing pesticide analytical problems.

Currently, 72 laboratories participate in the program (which 
is administered by Agriculture Canada) with distribution 
among agencies as follows: federal, 34; provincial, 13; uni­
versities and hospitals, 7; and private 18. Some of the mem­
bers do not participate in the analysis of check samples be­
cause they are involved only in specialized research projects 
and consider (rightly or wrongly) that participation is not 
appropriate to their work. Nevertheless, they remain mem­
bers to keep in contact with general activity in the pesticide 
analytical community.

The present program outline is shown in Table 1. There 
are 8  subprograms, all of which have been relatively active 
in the last few years and have sampled a wide variety of 
substrate/pesticide combinations. The type of information
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Table 1. FICP check sample program outline

Subprogram Substrates
Distri­
bution* Pesticides

Soils soil 3 2,4-D
picloram
strazine

Foods tallow, strawber­
ries, potatoes

4 captan
iprodione
carbofuran
chlorophenols

Water standards, sedi­
ments, water

3 common organochlo- 
rines

phenoxy acids
Fish fish, eels, cod liver 

oil
6 DDE, mirex 

PCBs
Forest substrates, 

insecticides
fish, soil, balsam fir 

needles
3 pirimicarb

aminocarb
mexacarbate
carbaryl

Forest substrates, 
herbicides

soil 1 hexazinone

Wildlife herring gull lipids 
and homoge­
nates

3 DDE, mirex, PCBs 
heptachlor epoxide 
chlordane 
oxychlordane 
dieldrin

Feeds grains 2 triallate
malathion
carbathion
permethrin
lindane
chlorpyrifos

* Number of check sample projects conducted in last 5 years.

that can be acquired can best be illustrated using the straw- 
berry-captan/iprodione (foods) and the fish-PCBs (fish) check 
sample studies (taken from reports of the coordinators).

Strawberries—captan and iprodione.—This check sample 
study, using field-treated strawberries (at recommended 
treatment rates), was in fact conducted twice. In the first 
study, in 1983, excessively high interlaboratory variations in 
captan level were encountered that were subsequently traced 
to losses of captan occurring during transportation. The sam­
ples had been deliberately shipped unfrozen to simulate nor­
mal transportation from the field. Unfortunately, this insta­
bility and subsequent variation in level precluded assessment 
of the methodology used. However, as a result of this exercise, 
a considerable amount of research was done and much useful

Table 2. Levels of captan and iprodione found in strawberries

Lab. Captan, ppm Iprodione, ppm

1 2.3 1.3
2 1.7 0.9
3 1.6 — 3
4 30 —

5 24 1.0
6 25 0.9
7 29 1.5
8 2.2 1.1
9 4.4 —

10 0.3“ —
Av. ±  CV, % 2.5 ± 31 1.1 ± 19

■ Not analyzed.
» Not Included in statistics, outlier.

Table 3. Levels of PCBs found in fish homogenate

No. of labs Quantitation technique
Level found, 

ppm ± CV, %

8 common 2.20 ± 14
6 own 2.78 ±  27
5 own + capillary 3.23 ±  30

information was generated on captan breakdown under var­
ious storage conditions, on its instability on fruit, and on 
sampling problems.

To check the methodology in use for captan and iprodione, 
a second study, in which the samples were shipped frozen, 
was conducted in 1984. The results are shown in Table 2. 
The coefficient of variation (CV) for captan results (±31%) 
was still higher than desirable, even allowing for all the dif­
ferent methods used. However, it was similar to that obtained 
within the coordinator’s own laboratory, supporting a con­
clusion that the variation was probably due to sampling and 
captan instability and not to the methodology. The CV for 
iprodione results (iprodione is a much more stable compound 
than captan) was much more acceptable (±19%) for deter­
minations at the 1 ppm level (5).

Fish—PCBs. — There has been continuing discussion at the 
national and international level on the best approach to quan­
titate PCBs in biological samples (6 ). The fish check sample 
program has shed considerable light on analytical problems 
in this area. In a recent check sample study using fish nat­
urally contaminated with PCBs as the substrate, laboratories 
were asked to determine the PCB level by using a common 
quantitation technique (7) and by using their own quanti­
tation technique on both a conventional packed column and 
a capillary column if one was available. The results, sum­
marized in Table 3, indicate the considerable differences in 
level and in variation that can be obtained, depending on 
the method of quantitation used.

There has been a definite trend among analysts in the past 
few years to move more and more into the measurement of 
individual isomers by capillary chromatography. Curiously 
enough, the capillary results (Table 3) would not indicate this 
as the approach to take. However, these poor results in the 
fish check sample were probably due to the fact that different 
isomers were chosen for measurement and that columns with 
different stationary phases were used. More consistent results 
would likely be obtained through the measurement of spec­
ified isomers on capillary columns with similar stationary 
phases.

References

(1 )  Laboratory Quality Assurance Manual (1 9 7 7 )  F ie ld  O peration s 
D irec to ra te , H ealth  P ro tection  B ran ch , O ttaw a, O n tario , C anada

(2) N ew som e, W . H . (1 9 8 6 )  P ap er N o . 5 C - 1 5 ,6 th  In t. C ongr. P estic. 
C h em . (IU P A C ), O ttaw a, O n tario , C an ada, Aug. 1 0 -1 5

(3) W h itak er T . B ., &  D ick en s, J .  W . (1 9 7 4 )  J. Assoc. Off. Anal. 
Chem. 51, 2 1 4 - 2 1 8

(4) C och ran e, W . P ., &  W h itn ey , W . (1 9 7 9 )  in Advances in Pesticide 
Chemistry. P art 3, H . G eissb u eh ler (E d .), Pergam on P ress, L o n ­
d on, U K , pp. 6 6 4 - 6 6 7

(5) H orw itz, W ., K am p s, L . R ., &  B oy er, K . W . (1 9 8 0 )  J. Assoc. 
Off. Anal Chem. 6 3 , 1 3 4 4 -1 3 5 4

(6) C od ex C o m m ittee  on P esticid e R esid u es (1 9 8 4 )  D o cu m en t C X /  
P R  8 4 /1 0 , F ood  and A griculture O rgan ization , R o m e , Italy

(7) R eyn old s, L . M . (1 9 6 9 )  Bull. Environ. Contam. Toxicol. 4, 128— 
143



944 de RUIG ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

P R E S E R V A T I V E S

Spectrométrie and Liquid Chromatographie Determination of Natamycin in Cheese and 
Cheese Rind
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M eth od s for d eterm ining natam ycin content o f ch eese rind and ch eese 
are presented. C h eese and rind sam ples are extracted  with m ethanol 
and the fa t precip itated  by cooling th e sam ple solution in m eth anol- 
w ater at - 1 5  to - 2 0 ° C  for ca  1 h. N atam ycin  levels are m easured by 
U V  spectrom etric detection at absorbance m inim um  311  nm, m axi­
mum 3 1 7  nm, and a t exactly  3 2 9  nm , or by L C  sep aration  over 
L ich ro sorb  R P -8  colum n with detection at 3 0 3  nm . F o r m easuring 
low levels, a  concen tration  step is  provided. T h e  m ethod is applicable 
to natam ycin in ch eese rind and in th e in terior o f th e ch eese. D etection  
lim it is 0 .5  m g/kg. T h e  m ethod is su itable for controlling  a m axim um  
to leran ce o f natam ycin on th e ch eese rind, a t a level o f 1 m g/dm 2, 
and for detecting m igration o f natam ycin into th e ch eese.

Natamycin or pimaricin is a white to creamy white, almost 
tasteless, and almost odorless, crystalline powder. It is a fun­
gicidal antibiotic and antimycotic of the polyene macrolide 
group and is produced by the actinomycete Streptomyces 
natalensis. The chemical formula is C33H47NO |3 and the mo­
lecular weight is 665.74. The structural formula is shown in 
Figure 1.

Natamycin is widely used on cheese and sausages. In the 
dairy industry, it is applied in cheese coatings and is superior 
to alternative products in preventing mold formation without 
affecting the taste and appearance of the cheese.

Official clearances for the use of natamycin as a preser­
vative for cheese have been granted by 26 countries. Nata­
mycin is also of interest to international bodies such as Codex 
Alimentarius, the International Dairy Federation, and the 
European Economic Community (1-7).

Methods for determining the natamycin content of cheese, 
based on microbiological assay, spectrometry, thin-layer 
chromatography, and liquid chromatography (LC) with UV 
detection, have been published (8-13). The behavior of na­
tamycin and its determination have been thoroughly studied 
by the Netherlands State Institute for Quality Control of 
Agricultural Products (RIKILT) in cooperation with the 
Netherlands Institute for Dairy Research (NIZO) and the 
Netherlands Controlling Authority for Milk and Milk Prod­
ucts (COZ) (14, 15). Two methods of analysis, based on 
spectrometric determination ( 16) and LC detection ( 17), have 
been developed, and a series of national collaborative studies 
has been conducted to enhance the methods. These studies 
made clear that the microbiological assay method is not ap­
propriate for quantitative measurements. Spectrometric and 
LC methods are presented here which have been tested in 
an international interlaboratory study, the results of which 
are also published in this journal (18).

M ETHOD
Apparatus

(a )  Slicer.— One apparatus for cutting portions of cheese 
rind 5 mm thick x 3 cm wide (see Figure 2 for example),

and one for cutting thin slices of cheese, £  1 mm thick (see 
Figure 3).

(b) Grinder or blender.
(c) Knife.— Sharp, for cutting slices of cheese into small 

pieces.
(d) Magnetic stirrer or shaking machine.
(e) Conical flasks. — 200 and 100 mL, colored glass, with 

ground-glass stoppers.
(f) Syringes. —10 mL, disposable.
(g) Membrane microfilters.— 0.45 and 0.20 ^m pore size, 

resistant to attack by alcohol solutions.
(h) Paper filters.— Folded, 15 cm diameter (S&S, No. 595

1 / 2 ).
(i) Funnels.— About 7 cm diameter.
(j) Freezer.—Operating at -1 5  to -20°C.
(k) Disposable cartridges. —Sep-Pak C , 8 (Waters, Cat. No. 

51910) or equivalent. Activate with 3-5 mL methanol, then 
wash with 10 mL water. Use if concentration of filtered ex­
tracts is necessary.

(l) Spectrometer.— Pye Unicam, Model SP1700, or 
equivalent, suitable for registering UV spectrum between 300 
and 340 nm, equipped with cells having 1 cm optical path- 
length and recorder.

(m) LC apparatus. —Waters, Model 6000, or equivalent, 
equipped with UV detector, recorder, and/or integrator. An­
alytical column: 150 mm x 4.6 mm id, packed with 5 /um 
Lichrosorb RP-8 , or equivalent. Guard column: 100 mm x
2.1 mm id, packed with 30-40 jum Perisorb RP-8 , or equiv­
alent. The following operating conditions are recommended: 
Mobile phase, methanol-water-acetic acid (60 + 40 + 5) (v/ 
v/v); flow rate, 1 mL/min; detector, 303 nm, 0.005 AUFS; 
recorder, 10 mV; theoretical plate count, minimum 1500. 
Note: When an analytical column other than that specified 
above is used, the methanol-water ratio may have to be 
changed. The relative amount of acetic acid, however, is 
essential to keep the absorption maximum at 303 nm.

Figure 1. Structural form ula o f natam ycin.Received July I, 1985. Accepted August 25, 1986.
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Figure 2. Slicer for cutting portions of cheese rind 5 mm thick. 

Reagents

(a) Aqueous methanol.— Mix analytical grade methanol 
and water (2 + 1 ) (v/v).

(b) Natamycin standard.— With known natamycin con­
tent (Gist Brocades, Delft, The Netherlands). Note: Nata­
mycin is unstable in aqueous methanol, and so measure­
ments must be made as rapidly as possible.

(c) Standard solution.—Immediately before use, dissolve 
natamycin preparation containing 50 mg of 100% natamycin 
in 100 mL methanol. Dilute 5 mL of solution to 50 mL with 
aqueous methanol. Dilute 5 mL of diluted solution to 50 mL 
with aqueous methanol to make a final solution of 5 Mg/mL. 
Concentration of final standard solution must be close to that 
of sample solution as described below in Sample Preparation. 
Adapt final dilution if necessary.

Sample Preparation

Use whole cheese or representative segment of cheese. 
Cheese rind includes outer 5 mm layer of cheese and coating 
layer if present.

Cheese rind. — Cut cheese into sectors so that width of cheese 
rind is not more than ca 3 cm. Using slicer, remove whole 
rind to a thickness of 5 mm from all portions. From the rind, 
cut a rectangular piece 20-40 cm2 and determine its area in 
square centimeters and its mass in grams. Carefully grind 
whole rind, including weighed and measured piece, and mix 
thoroughly. Immediately weigh, to the nearest 10 mg, ca 10 
g prepared sample and transfer to 200 mL conical flask. After 
preparing each sample, clean all tools that have been in con­
tact with the cheese or cheese rind, first with hot water and 
then with methanol, and dry thoroughly, e.g., with a stream 
of compressed air.

Interior o f cheese. — After removing rind as described above, 
remove a slice < 1 mm thick encompassing whole outer sec­
tion of the cheese, using the fine slicer. Cut slices of cheese 
into 0.5 cm2 pieces and mix thoroughly. Immediately weigh, 
to the nearest 10 mg, ca 5 g prepared sample and transfer to

Figure 3. Fine slicer for cutting slices of cheese <1 mm thick.

Figure 4. Spectrométrie détection of (S) standard solution and 
(B) blank.

100 mL conical flask. After preparing each sample, clean 
tools as described above.

Extraction o f Sample Solutions
To cheese rind add 100 mL methanol; to cheese add 50 

mL methanol. Stir contents of conical flask 90 min on mag­
netic stirrer or shake 90 min in a shaking machine. To cheese 
rind solution add 50 mL water; to cheese solution add 25 
mL water. To precipitate the fat, immediately place conical 
flask into freezer at -1 5  to -20°C and let stand ca 1 h. Filter 
cold extract through folded paper filter, discarding first 5 mL 
of filtrate. (Note: Filtration must be conducted while suspen­
sion is still cold to avoid the risk of turbid filtrates.) Bring 
filtrate to room temperature. Withdraw portion of filtrate 
with syringe and pass through 0.45 membrane filter and 
then through 0 . 2 0  membrane filter.

Concentration o f Filtered Extract for Determination o f Low 
Natamycin Content

Decide whether concentration of ca 5 or 10 times is desired 
on basis of required detection limit and pipet 25 or 50 mL, 
respectively, of sample solution into beaker. Add 50 or 100 
mL water, respectively, and mix. With a syringe, inject di­
luted sample solution through activated Sep-Pak C , 8 car­
tridge at ca 25 mL/min. Rinse cartridge with 10 mL water 
and elute natamycin with 3 mL methanol.

Spectrometric Determination
Calibration. — Record spectrum of standard solution in the 

range 300-340 nm. Measure absorbance at maximum ca 317 
nm, at minimum ca 311, and at exactly 329 nm. Use aqueous 
methanol as a blank. See Figure 4 for example of spectrum 
of standard solution. Exact positions of maximum at 317 
and minimum at 311 nm may vary slightly because of ap-



946 de RUIG ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70. NO. 6, 1987)

W A V E L E N G T H  ( n m )

Figure 5. Spectrométrie detection of cheese and cheese rind 
samples. A, cheese rind, 61 mg/kg; B, cheese rind, 15 mg/kg; 
C, cheese, 1.7 mg/kg; D, cheese, 0.3 mg/kg; E, cheese, 1.7 mg/ 
kg, after concentration 5 x ; F, cheese, 0.3 mg/kg, after concen­

tration 10x.

paratus calibration. Always use actual maximum and min­
imum values.

Measurement o f sample solution.—Y or direct spectromét­
rie measurement, use at least 3 mL filtrate.

Record spectrum of sample solution in the range 300-340 
nm. Measure absorbance at maximum of ca 317 nm, at min­
imum of ca 311 nm, and at exactly 329 nm. Use aqueous 
methanol as a blank. See examples of spectra of sample so­
lutions in Figure 5. (Note: The presence of spices, particularly 
pepper, in the cheese can interfere with the results. It will be 
obvious by distortion of the absorbance curve, as shown in 
Figure 5.)

If natamycin concentration of sample is so low that de­
tection is very difficult or impossible (signal-to-noise ratio 
<3) but determination is nevertheless required, proceed ac­
cording to Concentration o f Filtered Extract. Then, add 1.5 
mL water to eluate and mix. Withdraw solution with a sy-

Figure 6. UV spectrum of sample solution containing 
natamycin.

ringe and filter through 0.45-Mm membrane filter and then 
through a 0 .2 0 -um membrane filter into a cell, and record 
sample as mentioned above. For examples of UV spectra of 
sample solutions, see Figure 6 .

Calculation.— Calculate natamycin concentration, C5, of 
sample (mg/kg) as follows:

C„ = (V/m,) x (Es/E n) x CN (7)

where CN is the natamycin concentration of the natamycin 
standard, ¿tg/mL; Es is the net absorbance of the natamycin 
standard solution at ca 317 nm; Es is the net absorbance of 
the sample solution at ca 317 nm; mt is the mass of the 
sample portion, g; and V is total volume of sample solution, 
mL. £ n can be taken from the UV spectrum of the standard 
solution, using the straight line between the absorbance at 
ca 311 and 329 nm as a base line, or can be calculated from

£ n = (£,)N -  %(£2)n -  '/3(£,m)n (2)
where (£,)N is the maximum absorbance at ca 317 nm; (E2)N 
is the minimum absorbance at ca 311 nm; and (En9)N is the 
absorbance at 329 nm. E., can be taken from the UV spectrum 
of the sample solution, using the straight line between the 
absorbance at ca 311 and 329 as a base line (Figure 6 ), or 
can be calculated from

Es = (£,)s -  %(7L)S -  'A(£329)s (3)

where (E,)s is the maximum absorbance at ca 317 nm; (E2)s 
is the minimum absorbance at ca 311 nm; and (,E329)S is the 
absorbance at 329 nm. In the case of the sample solution of 
cheese taken from below the rind, Cs is the natamycin content 
resulting from migration of the natamycin into the cheese. 
In the case of the sample solution of cheese rind, calculate

O
o
o

Figure 7. LC detection of standard solution, 0.5 m9/uiL.
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Figure 8. LC detection of sample solutions. A, cheese rind, 61 mg/kg; B, cheese rind, 15 mg/kg; C, cheese, 1.7 mg/kg; D, cheese, 
0.3 mg/kg; E, cheese, 1.7 mg/kg, after concentration 5 x ; F, cheese, 0.3 mg/kg, after concentration 10x.

amount of natamycin on surface of cheese rind, Cs' (mg/ 
dm2), out of Cs as follows:

Q  = 0.1 C. >: (m,/a) (4)

where m, is the mass of the weighed piece of cheese rind, g, 
and a is the area of the weighed piece of cheese rind, cm2. 
The constant 0.1 is used to convert kg to g and cm2 to dm2. 
If the filtered extract is concentrated, correct calculated val­
ues of Cs and C\' by dividing by 5.6 for ca 5 times concen­
tration and 1 1 . 1  for ca 1 0  times concentration.

LC Determination
Calibration.—Pipet 1, 2, 4, 6 , and 8  mL standard nata­

mycin solution, concentration 5 /¿g/mL, into a series of 50 
mL volumetric flasks and dilute to volume with aqueous 
methanol. Solutions contain 0.1, 0.2, 0.4, 0.6, and 0.8 pgl 
mL, respectively. Inject 20 yL of each solution into chro­
matograph. Measure peak area or height and plot values 
found on y-axis against injected quantities, in pg/mL, on the 
x-axis. See Figure 7 for an example of a chromatogram of a 
standard solution.

Measurement o f sample solution. — Inject 20 pL sample 
solution into chromatograph. As rapidly as possible, measure 
peak area or height having same retention time as standard 
natamycin solutions. (Note: The presence of spices, partic­
ularly pepper, in the cheese can cause an interfering peak at 
the same retention time as natamycin. Separation can be 
achieved by a gradient elution program.) If peak area or 
height for sample solution is so low that interpolation on the 
calibration graph is impossible or almost impossible but de­
termination is nevertheless required, proceed according to 
Concentration o f Filtered Extract. Then, dilute eluate to 5 
mL with methanol and inject 20 pL sample solution into 
chromatograph and continue as mentioned above. For ex­

Figure 9. Classification of UV spectrometric peaks: 1, a distinct 
peak in the spectrum, quantitative calculation without problem; 
2, a peak is present, but not quantitatively calculable; 3, a very 
weak slope is present; 4, no deviation from a blank is observed.

amples of LC chromatograms of sample solutions, see Fig­
ure 8 .

Calculation.— The concentration of natamycin in the in­
jected aliquot of the sample solution can be found by inter­
polation of the calibration graph. Calculate natamycin con­
centration, C„ of sample (mg/kg) from

c; = (V/m,) X  c,„ (5)

where Cm is the measured concentration of natamycin in the 
sample solution, pg/mL; m, is the mass of the sample portion, 
g; and V is the total volume of the solution, mL. In the case 
of the sample solution of cheese taken from below the rind, 
Cs is the natamycin content resulting from migration of na­
tamycin into the cheese, as noted above. Calculate natamycin 
in the sample solution of cheese rind in mg/dm2 rind surface 
according to equation 4, above.

If filtered extract has been concentrated, correct calculated 
values of Cs and Cs' by dividing by 5 for 5 times concentration 
and by 1 0  for 1 0  times concentration.

Results and Discussion 
Repeatability and Reproducibility

Repeatability and reproducibility of both methods ac­
cording to an interlaboratory study carried out in 1984 by 
36 laboratories on 8  samples (18) are shown in Table 1.

Limit o f Detection
The limit of detection can be defined as the amount of 

analyte giving a response that is 3 times the noise. We have

Table 1. Repeatability and reproducibility of spectrometric and 
LC methods for determining natamycin in cheese and cheese

rind
Liquid chroma-

Level* Spectrometry tography

mg/kg mg/dm2 cvr, %» CV„, % o < CVR, %

Direct determination 60 4 5.9 12.2 9.3 20.6
15 1 6.2 11.9 7.1 25.7

10x concn 1.3 0.08 16.5 35 23.4 37
0.3 0.02 42.5 60 29 39

* mg/dm2 calculated from mg/kg for cheese rind with thickness of 5 mm and 
density of 1.3.

» Relative repeatability, r„ = 2.8 x CVr; relative reproducibility, R„, = 2.8 x
cvR.
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Table 2. Signal-to-noise ratios for 1.7 mg/kg and 0.3 mg/kg 
levels of natamycin in cheese samples as determined by liquid 

chromatography

Level C (1.7 mg/kg) Level D (0.3 mg/kg)

Sample 3 Sample 6 Sample 5 Sample 7

After After After After
Lab. Direct concn Direct concn Direct concn Direct concn

1
2

—
4.5 47

— — — —

3 4 26 11 32 — 3.7 — 7.5
4 — 4 — 7 — 5 — 2.5
5 10 — — — — 5.8 — —
6 25 — 13 — 10 — 1.5 —
7 1.6 — 2.2 — — 2.1 — 4.1
8 0» — 0 6.3 — 2.7 — 3.0
9 0 — 0 — 0 — 0 —

10 4.6 30 4.6 — 1.5 11 1.5 11
11 0 7.6 0 — 0 — 0 —
12 3.6 22 5.3 10.6 0 4.3 0 1.5
13 1.8 3 2 2.1 0 1.3 0 0
14 — 8.3 — 6.7 — 1.6 — 0
15 — 4.3 — 4.4 — 1.6 — 1.4
16 6.5 47 7 50 2.7 22 3.3 20
17 17 50 17 51 4.5 24 4 24
18 4 4.6 3.3 18.8 2.7 11 1.5 14
19 0 39 0 53 0 8 0 18
20 — 80 — 12.3 — 11 — —
21 0 4.2 0 15 0 4.8 0 0

■ — = Missing.
0 0 = No signal observed.

calculated signal-to-noise (S/N) ratios from the LC chro­
matograms of 2 1  participants of the interlaboratory study
(18). The S/N ratios for level C (1.7 mg/kg) and level D (0.3 
mg/kg) are presented in Table 2. It can be concluded that

Table 3. UV spectra classifications for 1.7 mg/kg and 0.3
mg/kg levels of natamycin in cheese samples

UV spectrum classification number'

Level C (1.7 mg/kg) Level D (0.3 mg/kg)

Sample 3 Sample 6 Sample 5 Sample 7

After After After After
Lab. Direct concn Direct concn Direct concn Direct concn

1 3 1 3 1 4 2 4 2
2 __ b 1 — 1 — 2 — 1
3 3 1 3 1 4 2 4 2
4 4 2 4 2 4 3 4 3
5 3 1 2 1 4 2 4 2
6 3 1 3 1 4 3 4 2
7 4 2 4 2 4 3 4 3
8 3 1 3 1 4 1 4 1
9 3 1 3 1 4 1 4 1

10
11
12

2 1 3 1 4 2 4 2

3 1 3 2 4 3 4 3

Summary
Class 1 9 8 2 3
Class 2 2 4 5 5
Class 3 0 0 4 3
Class 4 0 0 0 0

* See Figure 9 for depictions of classes 1,2,3,  and 4 UV spectra. 
0 Missing.

even at the lowest concentration (level D), most participants 
found S/N ratios >3. However, 30% found S/N <3. The 
wide variation in S/N ratios indicates that the LC method 
may be less rugged than the spectrometric method.

With spectrometric detection, the UV spectrum is prac­
tically without noise. Therefore, UV spectra of interlabora­
tory study participants have been divided into 4 classes (Fig­
ure 9): class 1, a distinct peak in the spectrum, quantitative 
calculation without problem; class 2 , a peak is present, but 
not quantitatively calculable; class 3, a very weak slope is 
present; class 4, no deviation from a blank is observed. The 
results relative to these classifications are presented in Table
3. When classes 1 and 2 were “detectable” and classes 3 and 
4 were “not detectable,” then, after concentration, all results 
were detectable at level C (1.7 mg/kg) and 6 8 % were detect­
able at level D (0.3 mg/kg). That is the same percentage as 
found for the LC method at level D. On the basis of these 
results, the limit of detection is fixed arbitrarily at 0.5 mg/' 
kg for both methods.
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Determination of Natamycin in Cheese and Cheese Rind: Interlaboratory Collaborative Study
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Collaborators: M. Barnett; E. C. Concilie; J. Crow; Z. Cvak; J. Daenen; A. Dupont; V. Eckelmans; G. Engel; R. Fawcett; 
W. Frede; Führling; J. P. Geerts; Ch. Gertz; C. N. Grange; M. Guldborg; A. J. Harrison; B. Hoffmann; V. Husbands;
I. Ibanez Rico; M. Iwaida; T. E. lohnson; H. Kôbler; J. Leenheer; T. Linazo Iglesias; S. Littman; J. M. Nuijens;
H. Overstrom; J. A. Palgrave; S. v. d. Reek; C. Repelius; W. G. de Ruig; Schneider; M. J. Scotter; D. Scuffam;
J. H. Shelton; M. T. Stijve; R. T:ebach; E. Tsigaridas; Ch. R. Winné

A  c o l l a b o r a t iv e  t e s t  o n  t h e  d e t e r m i n a t i o n  o f  n a t a m y c i n  in  c h e e s e  a n d  
c h e e s e  r i n d  w a s  c o n d u c t e d .  P a r t i c i p a n t s  w e re  f r o m  3 7  l a b o r a t o r i e s  

i n  1 3  c o u n t r i e s .  E i g h t  s a m p l e s ,  c o n s i s t i n g  o f  4  d u p l i c a t e s ,  w e re  i n ­
v e s t i g a t e d  b y  a  s p e c t r o m e t r i c  m e th o d  a n d  a  l i q u id  c h r o m a t o g r a p h i c  

( L C )  m e th o d .  T h e  s p e c t r o m e t r i c  m e th o d  g a v e  g o o d  r e s u l t s  ( c o e f f ic ie n t  
o f  v a r i a t i o n  [C V ] =  1 2 % )  a n d  t h e  L C  m e th o d  w i th  u l t r a v io l e t  d e te c ­
t i o n  g a v e  r e a s o n a b le  r e s u l t s  (C V  =  2 5 % )  f o r  le v e ls  d o w n  to  1 5  m g /  

k g  (0 .9  m g / d m 2). F o r  v e r y  lo w  le v e ls ,  a  p r e c o n c e n t r a t i o n  s t e p  is  
n e c e s s a r y ,  b u t  e v e n  t h e n  q u a n t i t a t i o n  is  p o o r  (C V  =  3 5 - 3 7 % )  f o r  
b o th  m e th o d s  a t  1 .7  m g /k g ,  a l t h o u g h  t h e  p r e s e n c e  o f  n a t a m y c i n  c a n  

b e  d e te c te d  q u a l i t a t i v e ly .  F o r  a  le v e l  o f  0 .3  m g / k g ,  q u a n t i t a t i o n  is  
p o o r  (C V  =  3 9 % )  f o r  t h e  L C  m e th o d  a n d  im p o s s i b le  ( C V  =  6 0 % )  
f o r  t h e  s p e c t r o m e t r i c  m e th o d .

Methods for determining natamycin in cheese rind and in 
cheese are described by de Ruig et al. (1). The methods 
consist of extraction of cheese and cheese rind in methanol, 
precipitation of fat by cooling sample solution 1 h at -1 5  to 
-20°C, and measurement by spectrometry or liquid chro­
matography with UV detection. For detection of low levels 
of natamycin, a concentration step is included.

Internationally, methods of determination have been dis­
cussed by the European Economic Community (EEC) Work­
ing Group on Additives and by the Joint IDF/ISO/AOAC 
Group of Experts on Additives (E 43). Both groups felt a 
collaborative study was desirable. In the United Kingdom, 
the Food Science Division of the Ministry of Agriculture, 
Fisheries and Food also was planning a collaborative study 
on a national level. It was concluded that one collaborative 
study would be preferable, to be organized by the Netherlands 
State Institute for Quality Control of Agricultural Products 
(RIKILT). In 1983, a pilot cohaborative study was con­
ducted, with 9 laboratories in 4 countries (2). That pilot study 
resulted in minor alterations of the methods.

In the collaborative study, conducted in 1984 and reported 
here, 37 collaborators in 13 countries participated.

This study concerns the determination and detection steps 
only. Although the sampling procedure and the preparation 
of the laboratory sample can substantially contribute to the 
inaccuracy of the method, they are beyond the scope of this 
study.

Collaborative Study
Two methods of measuring the amount of natamycin were 

tested: a spectrometric method and a liquid chromatographic 
method with UV detection. The aims of the study were to 
determine the applicability of both methods, for various con­
centration levels; the reliability cf both methods, for various 
concentration levels, in terms of statistical parameters; 
whether both methods give corresponding results; whether 
false results may be obtained by interference of degradation 
products of natamycin; and the recovery of the methods.

Received July 1, 1985. Accepted October 6, 1986.

Samples
The main problem in preparing samples was that neither 

the cheese as such nor natamycin on the rind is stable. In 
the Netherlands intercomparisons, no comparable results were 
obtained when there were differences in duration and con­
ditions of storage before analysis. For a worldwide intercom­
parison, samples must be stable under normal conditions. In 
earlier investigations, it had been found that natamycin in 
cheese rind that is homogenized, lyophilized, and then packed 
in brown glass bottles under nitrogen is stable for a longer 
period. Such samples were used successfully in the pilot in­
ternational study.

For the present study, each participant received 8  samples, 
prepared in May 1984, consisting of lyophilized cheese rind 
or cheese packed in brown bottles under nitrogen. Each sam­
ple was ca 15 g, which is sufficient for one analysis. Partic­
ipants were advised to store samples in a refrigerator.

Samples were blind duplicates containing 4 natamycin levels 
and were dispatched under code numbers. Participants were 
not informed whether they received duplicates or split-level 
samples.

Samples are grouped below according to their character­
istics.

Group A.—Samples 1 and 4; cheese rind containing high 
level (above EEC limit) of natamycin; cheese production 
date, Apr. 10, 1984; treated 4 times with cheese coating 
containing 0.005% natamycin during the period May 9-16,
1984.

Group B.— Samples 2 and 8 ; cheese rind containing low 
level (ca EEC limit) of natamycin; cheese production date, 
July 15, 1982; treated 3 times with cheese coating containing 
0.0125% natamycin during the period July 15-Aug. 31,1982, 
and 2 times with 0.005% natamycin during 1983.

Group C. — Samples 3 and 6 ; cheese, inner part, ground, 
treated with natamycin and homogenized; containing nata­
mycin at level above detection limit.

Group D. — Samples 5 and 7; cheese, inner part, ground, 
treated with natamycin and homogenized; containing nata­
mycin at very low level.

From earlier investigations, it could be expected that levels 
of groups A and B could be determined directly without 
concentration of samples, that the level of group C had to 
be concentrated, and that the level of group D was at or 
below the detection limit. Although no blank samples were 
dispatched, the results for group D could have been construed 
as false positives.

Homogeneity
The natamycin contents (mg/kg) of 5 lots of each sample, 

as dispatched to the participants, were as follows: Group A—
61.7, 65.3, 60.0, 61.2, 59.3; mean, 61.4; standard deviation
(SD), 2.22; coefficient of variation (CV), 3.6%. Group B—
14.5, 15.2,14.3, 14.5, 14.5; mean, 14.6; SD, 0.35; CV, 2.4%. 
G ro u p e (5x concn)—1.5,1.8, 1.3,1.8,1.5;mean, 1.52;SD,
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Table 1. Interlaboratory results of spectrométrie determina­
tions of natamycin in unconcentrated cheese and cheese rind 

samples
Natamycin, mg/kg

Group A Group B Group C Group D

Lab.
Sample Sample 

1 4
Samóle Sample 

2 8
Sample Sample 

3 6
Sample Sample 

5 7

1 63.20 59.40 16.00 13.20 0.80 0.40 n.d.a n.d.
3 61.99 55.88 14.75 12.85 n.d. n.d. n.d. n.d.
4 61.37 56.79 14.01 13.83 1.01 1.19 n.d. n.d.
5 62.10 60.90 16.50 15.90 1.50 1.35 n.d. n.d.
6 59.40 60.20 15.90 16.00 1.17 1.17 n.d. n.d.

7 64.36 65.42 15.29 14.02 n.d. 0.85 n.d. n.d.
8 66.79 64.21 17.30 16.93 n.d. n.d. n.d. n.d.
9 63.03 69.10 17.10 19.20 n.d. n.d. n.d. n.d.

10 59.45 44.47 14.52 14.12 2.37 n.d. n.d. n.d.
11 57.08 47.46 12.82 13.83 n.d. n.d. n.d. n.d.
12 70.60 65.20 15.90 16.80 n.d. n.d. n.d. n.d.
13 63.90 56.47 18.80 17.75 1.60 1.71 1.30 0.40
14 75.90 67.10 18.70 15.50 2.90 2.60 n.d. n.d.
15 59.53 57.13 14.63 14.61 n.d. n.d. n.d. n.d.
16 62.30 61.20 13.60 13.20 0.76 n.d. n.d. n.d.
17 74.70 78.20 16.30 16.30 1.60 1.90 0.50 0.50
18 67.14 66.59 13.92 15.85 1.29 1.00 n.d. n.d.
19 63.80 63.80 12.80 15.00 1.10 0.90 n.d. n.d.
20 73.50 70.80 14.80 15.70 0.40 0.90 n.d. n.d.
21 61.90 57.40 14.90 15.30 2.90 3.00 1.70 n.d.
22 60.66 56.56 15.40 14.53 0.84 1.25 n.d. n.d.
23 54.06 51.34 10.68 12.15 2.10 2.30 8.38 0.42
24 47.50 40.50 18.10» 10 .10» n.d. n.d. n.d. n.d.
25 73.50 63.90 15.60 15.80 1.30 0.80 n.d. n.d.
26 68.25 63.42 16.85 18.26 0.63 0.63 0.39 0.38
27 75.90 70.70 17.60 16.40 n.d. 1.20 n.d. n.d.
28 64.83 62.50 14.50 14.66 1.66 1.66 n.d. n.d.
29 62.82 63.47 15.63 15.27 n.d. n.d. n.d. n.d.
30 65.81 67.67 15.68 15.06 1.23 n.d. n.d. n.d.
31 65.50 61.10 17.CO 16.20 0.70 n.d. n.d. n.d.
32 68.93 66.37 14.21 15.37 n.d. n.d. n.d. n.d.
33 65.95 59.55 14.65 16.50 2.80 2.70 n.d. n.d.
34 66.58 60.72 14.45 16.12 0.62 1.47 n.d. n.d.
35 44.00 43.17 10.67 9.50 0.22 n.d. n.d. n.d.
36 65.49 67.44 15.81 13.60 n.d. n.d. n.d. n.d.
37 67.12 65.12 15.67 15.30 n.d. n.d. n.d. n.d.

* Not detectable. 
» Outlier.

0.28; CV, 17.8%. Group D (10 x concn)—0.35, 0.43, 0.47, 
0.42, 0.41; mean, 0.42; SD, 0.04; CV, 9.5%.

Degradation Products
Degradation products (3) may interfere with natamycin 

and give rise to incorrect results. With LC determination, 
these degradation products have a shorter retention time, so 
that 2 separate peaks are obtained. The spectrometric method 
is less specific, and degradation products may seemingly en­
hance the results for natamycin. One aim of this study was 
to test whether this occurs in practice when the described 
method is applied. If so, the spectrometric results will be 
higher than LC results. This will be the case particularly for 
older cheeses where more degradation products can be ex­
pected. Therefore, group B (samples 2 and 8 ) was prepared 
from an extremely old cheese that had been treated with 
natamycin throughout 2 years. Especially for this group, re­
markable differences between the 2  methods can thus be 
expected.

Recovery Tests

For determination of recovery, participants were asked to 
analyze 2  other samples, which they prepared, as follows: 
Cut a piece of rind to a thickness of ca 5 mm from a half-

Table 2. Interlaboratory results of LC determinations of nata­
mycin in unconcentrated cheese and cheese rind samples

Natamycin, mg/kg

Group A Group B Group C Group D

Sample Sample Sample Sample Sample Sample Sample Sample
Lab. 1 4 2 8 3 6 5 7

1 58.74 53.43 14.69 12.15 1.85 n.d." n.d. n.d.
2 63.00 60.20 15.10 15.60 n.d. n.d. n.d. n.d.
3 52.58 49.83 15.66 12.63 n.d. n.d. n.d. n.d.
4 58.62 54.04 15.57 14.56 1.65 2.47 n.d. n.d.
5 62.43 61.66 16.57 13.88 1.93 2.31 0.77 0.58

7 63.76 68.04 17.10 17.66 1.77 1.93 0.48 0.46
10 54.37 31.04 13.54 13.14 n.d. n.d. n.d. n.d.
11 54.96 35.04 7.56» 14.29» n.d. n.d. n.d. n.d.
12 69.40 67.00 17.80 16.40 2.60 1.90 0.60 0.50
13 85.10» 17.09» 25.90» 12.55» 3.13 2.43 1.90 0.14

14 77.60 85.00 18.00 19.80 1.80 2.50 n.d. n.d.
16 39.80 34.20 n.d.b n.d.& n.d. n.d. n.d. n.d.
17 63.80 63.60 14.10 14.70 1.80 1.80 n.d. n.d.
18 62.56 67.42 14.38 14.38 n.d. n.d. n.d. n.d.
19 56.50 57.80 10.50 12.20 n.d. n.d. n.d. n.d.
20 64.58 50.70 13.95 13.95 2.06 2.79 n.d. n.d.
24 54.30 49.20 15.70 13.80 n.d. n.d. n.d. n.d.
25 81.70 69.60 17.20 18.50 n.d. n.d. n.d. n.d.
27 68.60 61.90 9.90 9.64 n.d. 1.00 n.d. n.d.
28 66.33 60.33 12.17 12.50 1.33 1.33 0.33 0.33
29 53.15 53.52 13.50 13.38 1.50 1.04 0.15 0.15
30 64.84 65.87 15.77 14.87 2.63 2.32 1.18 1.20
31 87.00 92.00 23.00 25.00 8.00 n.d. n.d. n.d.
32 68.70 66.64 8.11 9.25 n.d. n.d. n.d. n.d.
35 42.67 42.33 13.50» 4.73» n.d. 2.00 n.d. n.d.
36 65.10 69.00 23.00 23.60 n.d. n.d. n.d. n.d.
37 71.00 66.20 21.10 24.40 n.d. n.d. n.d. n.d.

* Not detectable. 
“ Outlier.

hard type of domestic cheese. Grind the rind and homoge­
nize. Weigh 10 g ground rind into 200 mL conical flask. 
Dissolve 100 mg natamycin reference sample (91.6% nata­
mycin) in 50 mL methanol. Dilute 1:10 with methanol. Add 
1 mL of this solution to the contents of the conical flask. The 
concentration in the sample is thus 0.916 x 20 = 18.32 mg/ 
kg. Proceed as described by De Ruig et al. (1) starting from 
Extraction o f Sample Solutions.

Results

The results reported by the participants are shown in Ta­
bles 1-4. Recoveries of the spectrometric and LC detection 
are reported in Tables 5 and 6 . In these tables, the natamycin 
levels are given only in mg/kg. The amount in mg/dm2 can 
be calculated, taking into account the surface (Y) and the 
mass (X) of the laboratory sample; in the collaborative study 
the values were given in the protocol, namely, X  = 15 g, Y = 
25 cm2, so that

C'( mg/dm2 *) = 0.1(15/25)C = 0.06C(mg/kg).

Results were sent in a provisional form to all participants to 
check the data. In some cases, where something obviously 
seemed to be wrong, the institute in question was contacted. 
It was found that some institutes had not corrected for the 
standard natamycin being 91.6%. After a questionnaire was 
sent, some participants corrected their results, and the data 
in this report have been corrected where necessary. Because 
the method was not conducted as prescribed, results from 7  

laboratories were excluded in the evaluation of this collab­
orative study. Deviations included use of other LC column, 
mobile phase, or flow rate, variations in pretreatment, and 
results of a second experiment with less sample.
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Table 3. Interlaboratory results of spectrométrie determinations of natamycin in concentrated cheese and cheese rind samples

Lab.

Group B Group C Group D

Concn
level

Sample 2, 
mg/kg

Concn
level

Sample 8, 
mg/kg

Concn
level

Sample 3, 
mg/kg

Concn
level

, Sample 6, 
mg/kg

Concn
level

Sample 5, 
mg/kg

Concn
level

Sample 7, 
mg/kg

1 —a — — — 10 1.26 10 1.18 10 0.14 10 0.18
3 — — — — 10 0.84 5 1.37 10 n.d.° 10 0.26
4 — — — — 10 0.92 10 1.10 10 0.18 10 0.27
5 — — — — 5 1.32 5 1.56 10 0.31 10 0.30
7 — — — — 10 0.87 10 0.94 10 0.21 10 0.25

10 — — — — 5 1.09 10 0.85 10 0.24 10 0.37
11 5 10.60 — — 5 1.07 10 1.21 10 0.42 10 0.05
12 — — — — 10 1.50 10 1.10 10 n.d.c 10 n.d.'
13 — — — — — — 5 1.82 5 0.52 5 0.38
14 — — — — — — — — 10 n.d.' 10 n.d.'
15 5 11.88 5 5.31 10 0.61 10 n.d. 10 n.d.' 10 n.d.'
17 — — — — 10 1.20 10 1.50 10 0.30 5 0.30
18 — — — — 5 1.58 10 1.25 5 0.16 5 0.28
19 — — — — 10 0.60 10 C.30 10 n.d.c 10 n.d.'
20 — — — — 10 1.17 10 C.66 10 0.09 10 n.d.
22 — — — — 10 1.04 10 1.15 5 0.16 10 0.15
23 — — — — 10 4.35' — — — — 10 0.64
24 — — — — 10 1.50 10 1.42 10 0.28 10 n.d.
25 — — — — 5 1.60 5 1.60 5 0.70 5 0.50
27 — — — — 10 1.26 10 1.64 10 0.38 10 0.41
28 — — — — 5 1.67 5 1.83 10 0.33 10 0.33
29 — — 5 13.39 10 1.01 10 C.88 10 n.d.c 10 n.d.c
30 — — — — 5 1.82 5 1.78 10 0.30 10 0.30
31 5 35.20 5 54.10 10 13.70' 10 6.70' 10 2.40' 10 n.d.'
32 — — — — 10 1.43 10 1.23 10 0.16 10 0.50
33 — — — — — — 10 2.00 — — — —
34 5 12.44 5 5.73 10 0.55 10 0.73 10 n.d.c 10 n.d.'
35 — — 10 6.50 — — 10 0.75 10 0.17 10 0.10
36 — — — — 5.6 1.19 5.6 1.29 5.6 n.d.' 5.6 n.d.'
37 — — — — 5.5 1.34 5.5 1.18 5.5 n.d.' 5.5 n.d.'

* Missing.
'  Not detectable. 
'  Outlier.

Table 4. Interlaboratory results of LC determinations of natamycin in concentrated cheese and cheese rind samples

Group B Group C Group D

Lab.
Concn
level

Sample 2, 
mg/kg

Concn
level

Sample 8, 
mg/kg

Concn
level

Sample 3, 
mg/kg

Concn
level

Sample 6, 
mg/kg

Concn
level

Sample 5, 
mg/kg

Concn
level

Sample 7, 
mg/kg

1 _a _ _ _ 10 1.26 10 1.15 10 0.35 10 0.26
2 — — — — 10 1.10 10 -.30 10 n.d ." 10 n.d.'
3 _ — — — 10 0.92 5 -.46 10 0.24 10 0.32
4 — — — — 10 0.92 10 -.37 10 0.22 10 0.23
5 — — — _ 5 1.00 5 -.08 10 0.31 10 0.31

7 _ _ _ _ 5 1.31 5 -.48 10 0.32 10 0.23
10 _ _ — — 5 0.79 10 0.82 10 0.27 10 0.24
11 5 7.42 — — 5 1.13 10 2.12 10 0.36 10 0.17
12 _ _ _ _ _ — 5 1.50 5 0.50 5 0.40
14 — — — — — — — — 10 0.30 10 0.50

16 10 11.60 10 11.70 — — — — — — — —
17 _ _ _ _ 10 1.10 10 1.30 10 0.40 5 0.40
18 _ _ _ — 5 1.46 5 1.77 10 0.31 10 0.38
19 _ _ _ _ 10 1.10 10 0.22 10 n.d.c 10 n.d.'
20 — — — — 10 1.26 10 0.73 10 0.29 10 0.18

24 _ _ _ __ 10 2.90 10 2.30 10 1 .00' 10 0.90'
25 __ _ _ _ 5 1.60 5 1.70 5 0.70 5 0.40
27 _ _ _ _ 10 1.21 10 1.45 10 0.36 10 0.38
28 _ _ _ _ 5 1.67 5 1.83 10 0.33 10 0.33
29 _ _ — — 10 1.35 10 0.90 10 0.15 10 n.d.'

30 _ _ _ 5 2.15 5 2.12 10 0.42 10 0.43

32 _ _ _ _ 10 0.94 10 1.28 10 0.18 10 0.43

35 _ 10 8.27 10 0.88 10 2.02 10 1.45' 10 n.d.

36 _ _ _ 5.5 2.10 5.5 2.00 5.5 0.70 5.5 0.40

37 _ — — — 5.5 2.00 5.5 2.30 5.5 0.40 5.5 0.50

* Missing.
'  Not detectable. 
'  Outlier.
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Table 5. Recovery of natamycin by spectrométrie method from 
cheese rind samples spiked by individual laboratories

Lab.
Added,
mg/kg

Sample 1 Sample 2 Recovery

Found,
mg/kg

Ree.,
%

Found,
mg/kg

Ree.,
%

Mean,
%

Diff.,
%

1 40.00 42.20 105.50 38.20 95.50 100.50 10.00

3 20.00 18.40 92.00 _ _ 92.00 _
4 20.00 15.50 77.50 16.20 81.00 79.25 3.50
5 20.00 19.50 97.50 20.30 101.50 99.50 4.00

6 18.30 13.00 71.04 — — 71.04 —
7 20.00 17.20 86.00 17.42 87.10 86.55 1.10
8 20.00 19.51 97.55 19.36 96.80 97.18 0.75
9 20.00 18.90 94.50 17.80 89.00 91.75 5.50

h 20.00 21.00 105.00 21.80 109.00 107.00 4.00
12 20.00 19.20 96.00 19.40 97.00 96.50 1.00
13 20.00 17.50 87.50 17.00 85.00 86.25 2.50
14 20.60 19.50 94.66 — — 94.66 —
15 18.32 17.67 96.45 17.83 97.33 96.89 0.87
16 18.00 12.84 71.33 13.20 73.33 72.33 2.00
17 19.45 19.80 101.80 18.70 96.14 98.97 5.66
18 19.83 17.90 90.28 18.70 94.31 92.29 4.03
19 20.00 18.70 93.50 18.00 90.00 91.75 3.50
20 19.57 19.00 97.09 19.60 100.15 98.62 3.07
21 20.00 17.10 85.50 — — 85.50 —
22 19.02 19.42 102.10 — — 102.10 —
23 20.00 19.28 96.40 17.60 88.00 92.20 8.40
24 18.30 13.00 71.04 — — 71.04 —
25 18.40 15.60 84.78 — — 84.78 —
26 20.00 12.47 62.35 13.24 66.20 64.28 3.85
27 20.00 16.40 82.00 17.60 88.00 85.00 6.00
28 21.35 20.27 94.94 19.87 93.07 94.00 1.87
29 20.07 18.52 92.28 — — 92.28 —
30 18.32 17.54 95.74 17.74 96.83 96.29 1.09
31 20.00 20.50 102.50 19.10 95.50 99.00 7.00
32 20.00 27.46 137.30 25.68 128.40 132.85 8.90
33 19.70 21.00 106.60 — — 106.60 —
35 20.12 15.66 77.85 26.00 129.26 103.56 51.40
36 18.47 18.55 100.43 — — 100.43 —
37 20.00 19.83 99.15 — — 99.15 —

a Missing.

Evaluation o f Results

The results of laboratories that applied the method cor­
rectly were statistically evaluated according to ISO 5725. 
According to this standard, Cochran’s maximum variance 
test is used to test the repeatability within laboratories, and 
Dixon’s outlier test is used to test the precision between 
laboratories. Outliers were rejected, stragglers were kept in.

Values reported as “not detectable” were considered to be 
outliers and were not included in the calculations of results. 
As was expected, levels in group A and B samples could be 
determined without concentration, group C levels could barely 
be determined, and group D levels could not be determined 
at all without preconcentration. Therefore, only the direct 
determinations for groups A and B and the determinations 
after concentration for groups C and D were evaluated and 
are reported in Table 7. The results are summarized in Ta­
ble 8 .

Applying the t test for random samples on the spectro­
métrie and the LC results shows that there is no significant 
difference in the results of both methods at all 4 levels in­
vestigated; t < 1.96 in all cases. In the spectrometric method, 
there could be a risk that degradation products contributed 
to absorbance, thus giving rise to significantly higher values. 
Especially for group B samples (made from very old cheese 
and thus probably containing a high level of degradation 
products) this should be the case. However, such interference 
did not occur here as shown by the values.

Table 6. Recovery of natamycin by LC method from cheese rind 
samples spiked by individual laboratories

Sample 1 Sample 2 Recovery

Added, Found, Ree., Found, Ree., Mean, Diff.,
Lab. mg/kg mg/kg % mg/kg % % %

1 40.00 39.41 98.53 30.42 76.05 87.29 22.48
2 50.00 51.00 102.00 45.70 91.40 96.70 10.60
3 20.00 18.30 91.50 —8 — 91.50 —
4 20.00 19.10 95.50 19.10 95.50 95.50 0.00
5 20.00 20.80 104.00 20.40 102.00 103.00 2.00

7
8 

10

20.00 18.55 92.75 18.76 93.80 93.28 1.05

20.00 19.09 95.45 19.31 96.55 96.00 1.10
11 20.00 22.00 110.00 17.55 87.75 98.88 22.25
12 20.00 20.50 102.50 20.70 103.50 103.00 1.00

13 20.00 20.87 104.35 19.31 96.55 100.45 7.80
14 20.60 23.00 111.65 — — 111.65 —
16
17
18

18.00 15.20 84.40 14.40 80.00 82.22 4.44

19.83 15.90 80.19 20.10 101.37 90.78 21.18

19 20.00 20.30 101.50 9.40 47.00 74.25 54.50
20
21
22
23
24

19.57 14.97 76.49 16.88 86.25 81.37 9.76

18.30 17.40 95.08
— —

95.08
—

25
26
27
28 
29

18.40 16.00 86.96 — — 86.96 —

20.00 14.60 73.00 12.40 62.00 67.50 11.00

20.07 17.84 88.89 _ __ 88.89 _
30 18.32 19.05 103.99 19.02 103.82 103.90 0.16
31 20.00 24.00 120.00 20.00 100.00 110.00 20.00
32 20.00 16.30 81.50 15.80 79.00 80.25 2.50
35 20.12 14.00 69.60 26.50 131.74 100.67 62.14
36 18.47 16.40 88.79 — — 88.79 —
37 20.00 18.90 94.50 — — 94.50 —

Missing.

The repeatability and reproducibility of the spectrometric 
method are better than those of the LC method for groups 
A and B. For group C they are comparable, and for group 
D, liquid chromatography is the better method.

Conclusions
The “true values,” i.e., the arithmetic means of the mean 

values of natamycin detected by the spectrometric and the 
LC methods, of the samples can be estimated to be: group 
A, 61.7 mg/kg, 3.70 mg/dm2; group B, 15.4 mg/kg, 0.92 mg/ 
dm2; group C, 1.31 mg/kg, 0.08 mg/dm2; and group D, 0.30 
mg/kg, 0.018 mg/dm2.

More collaborators were able to conduct the spectrometric 
determination than the liquid chromatographic. Moreover, 
more difficulties were reported for the LC determination. 
Apparently, the spectrometric determination is more rigid 
and straightforward and easier to perform than the LC de­
termination.

Group A levels of natamycin can be determined directly 
by both methods. However, for the spectrometric method, 
the coefficients of variation within laboratories, CVr, and 
those among laboratories, CVR, are less than half of those 
for the LC method. There is no need to apply the concen­
tration step for this level.

Group B levels can be measured directly by both methods, 
too. The CVr is about the same, but the CVR of the LC method 
is twice that of the spectrometric method. For this level, too, 
concentration is unnecessary.

About one-third of the laboratories were not able to de­
termine group C levels in unconcentrated samples: spectro­
metric, 11 out of 37; liquid chromatographic, 13 out of 32.
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Table 7. Mean values of natamycir in groups A and B uncon- 
centrated samples and in groups C and D concentrated samples 

determined by spectrométrie and LC methods

Direct After concentration

Group A Group B Group C Group D

Lab.
Spec-
trom. LC

Spec-
trom. LC

Spec-
trom. LC

Spec-
trom. LC

1 61.30 56.09 14.60 13.42 1.22 1.21 0.16 0.31
2 —  3 61.60 — 15.35 — 1.20 — —

3 58.94 51.21 13.80 14.15 1.11 1.19 0.13» 0.28
4 59.08 56.33 13.92 15.07 1.01 1.15 0.23 0.23
5 61.50 62.05 16.20 15.23 1.44 1.04 0.31 0.31
6 59.80 — 15.95 — — — — __

7 64.89 65.90 14.66 17.38 0.91 1.40 0.23 0.28
8 65.50 — 11.12 — — — — —

9 66.07 — 18.15 — — — — —

10 51.96 42.71 14.32 13.34 0.97 0.81 0.31 0.26
11 52.27 45.00 13.32 — 1.14 1.63 0.24 0.27
12 67.90 68.20 16.35 17.10 1.30 1.50e — 0.45
13 60.19 — 18.28 — 1.82' — 0.45 —

14 71.50 81.30 17.10 18.90 — — — 0.40
15 58.33 — 14.62 — 0.31» — — —

16 61.75 37.00 13.40 — — — — __

17 76.45 63.70 16.30 14.40 1.35 1.20 0.30 0.40
18 66.87 64.99 14.89 14.38 1.42 1.62 0.22 0.35
19 63.80 57.15 13.90 11.35 C.45 0.66 — —

20 72.15 57.64 15.25 13.95 C.92 1.00 0.05» 0.24
21 59.65 — 15.10 — — — — —

22 58.61 — 14.93 — 1.10 — 0.16 —

23 52.70 — 11.42 — — — 0.64» —

24 44.00 51.75 — 14.75 1.46 2.60 0.14» —

25 68.70 75.65 15.70 17.85 1.60 1.65 0.60 0.55
26 65.84 — 17.56 — — — — —

27 73.30 65.25 17.00 9.77 1.45 1.33 0.40 0.37
28 63.67 63.33 14.58 12.34 1.75 1.75 0.33 0.33
29 63.15 53.34 15.45 13.44 C.95 1.13 — 0.08»
30 66.74 65.36 15.37 15.32 1.80 2.14 0.30 —

31 63.30 89.50 16.60 24.00 — — — 0.43
32 61.65 67.67 14.79 8.68 1.33 1.11 0.33 0.31
33 62.75 — 15.58 — ro o o — — —

34 63.65 — 15.29 — 0.64 — — —

35 43.59 42.50 10.09 — 0.75e 1.45 0.14 —

36 66.47 67.05 14.71 23.30 '.24 2.05 — 0.55
37 66.12 68.60 15.49 22.75 .26 2.15 — 0.45

nV 36 26 35 23 27 23 20 20
X 62.50 60.80 15.19 15.49 .21 1.43 0.28 0.34
S„ 7.14 11.90 1.68 3.91 0.41 0.47 0.15 0.11
% 1.19 2.33 0.28 0.82 0.079 0.098 0.034 0.025

1.70 -0 .293 -0 .222 -0 .059
S; 2.62 0.86 0.125 0.042
( 0.65 -0 .3 4 -1 .7 7 -1 .4 0

* Missing.
» Duplicate not detectable. 
c Duplicate omitted.
“ n =  number of evaluated laboratories;

X = total mean value = mean of the mean values; 
s„ = standard deviation of the mean values; 
s, = standard deviation of the total mean value

= s jV n \

a = difference between spectrometric and LC methods;
= x» -

s_j = standard deviation of the difference
= S(Xsp -  xj = V(%Fsp + (S^lI 

f = t test = A/sa.

After the samples were concentrated, all participants could 
obtain measurable results. CVr is slightly better for the spec­
trometric detection, and CVR is comparable.

Most participants were unable to detect group D levels in 
unconcentrated samples (spectre metric, 28 out of 37; liquid 
chromatographic, 17 out of 29). After the samples were con­
centrated, however, 20 out of 27 laboratories detected na- 
tamycin spectrometrically, and 23 of 24 obtained results by

using liquid chromatography. The CVs for liquid chroma­
tography were better than those for spectrometry.

To judge the applicability of the methods, we can apply, 
arbitrarily, the following classifications for CVR: 1-15%, good;
16-30%, reasonable; 31-45%, poor; and >45%, not detect­
able. The breakdown of these classifications by group and 
method is shown in Table 9.

Recovery at a level of 20 mg/kg is approximately 100%.
Results by the spectrometric and LC methods are not sig­

nificantly different. No contribution of natamycin degrada­
tion products by the spectrometric method was observed.

The difficulties encountered due to interference from pa­
prika and pepper in the analysis of fresh cheeses was referred 
to the Joint IDF/ISO/AOAC Group of Experts. The occur­
rence of this phenomenon will be obvious from the complete 
spectrum, which would be altered, but it can be misinter­
preted when only the 3 relevant wavelengths are measured. 
Therefore, in case of spectrometric determination, measure­
ment of the complete spectrum is obligatory. No further 
essential alterations in the method were necessary.

The method has been adopted by the Joint IDF/ISO/AOAC 
Group of Experts on Selected Food Additives eventually to 
become an IDF/ISO Standard Method. It fulfills the require­
ments of the EEC, and the ad hoc EEC working group has 
adopted an unambiguous method for analysis of cheese rind 
and cheese based on this method.
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Table 8. Overall interlaboratory results expressed as repeatability and reproducibility

Direct After concentration

Measurement

Group A Group B Group C Group D

Spectrom. LC
Sign.
diff. Spectrom. LC

Sign.
diff.“ Spectrom. LC

Sign.
diff. Spectrom. LC

Sign.
diff.

Number of participants 36 27 NA 36 27 NA 29 23 NA 29 24 NA
Number of outliers 0 1 NA 1 4 NA 2 0 NA 9 4 NA
Outliers, % 0 4 NA 3 15 NA 7 0 NA 31 17 NA

Natamycin, mg/dm2

X0 3.75 3.65 no 0.91 0.93 no 0.071 0.085 no 0.016 0.020 no
r° 0.61 0.96 no 0.16 0.19 no 0.034 0.057 yes 0.019 0.017 no
2.8 sC 1.13 1.90 yes 0.26 0.65 yes 0.062 0.070 no 0.019 0.016 no
fl* 1.29 2.13 0.31 0.68 0.070 0.089 0.028 0.023

Natamycin, mg/kg

62.5 60.8 no 15.2 15.5 no 1.19 1.43 no 0.27 0.34 no
1* 10.4 16.0 no 2.7 3.1 no 0.56 0.95 yes 0.32 0.28 no
2.8 SL‘ 18.8 31.7 yes 4.4 10.8 yes 1.03 1.16 no 0.32 0.25 no
R‘ 21.5 35.5 5.1 11.3 1.17 1.49 0.46 0.38

Coefficients of variation

CV„ %' 5.9 9.3 NA 6.2 7.1 NA 16.5 23.4 NA 42.5 29 NA
CVL, %» 10.6 18.4 NA 10.2 24.7 NA 31 29 NA 42.6 26 NA
CV„, %" 12.2 20.6 NA 11.9 25.7 NA 35 37 NA 60 39 NA

* no = no significant difference (a < 0.01) between spectrometric and LC methods, 
yes = significant difference {a <  0.01) between spectrometric and LC methods.

0 Content, weighted mean value.
‘ Repeatability value = 2 .8  S„ where S, = repeatability (within-laboratory) standard deviation. 
d SL = between-laboratory standard deviation.
* Reproducibility value = 2 .8  SR, where Sn = reproducibility (overall among laboratories). Standard deviation, S n = \ / S r 2 + S L2. 
' Repeatability relative standard deviation as a percent.
» Between laboratories relative standard deviation as a percent.
“ Reproducibility relative standard deviation as a percent, CVn = VCVr2 + CVL2.

Table 9. Applicability of spectrometric and LC methods according to level of natamycin in cheese and cheese rind samples

Method

Group, mg/kg (mg/dmz)

A, 60 (3.8) B, 15(0.9) C, 1.7 (0.1) D, 0.3 (0.02)

Spectrometric, direct good* good not detectable not detectable
Spectrometric, after concentration — — poor not detectable
LC, direct reasonable reasonable not detectable not detectable
LC, after concentration — — poor poor

“ Good = 1-15%; reasonable = 16-30%; poor = 31-45%; not detectable = >45%.
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D E C O M P O S I T I O N

Evaluation of Precision Estimates for Fiber-Dimensional and Electrical Hygrometers for 
Water Activity Determinations

W I L L I A M  H .  S T R O U P  a n d  J A M E S  T .  P E E L E R * 1

Food and Drug Administration, Division o f Food Chemistry and Technology, Cincinnati, OH 45226 
K E N T  S M I T H

Food and Drug Administration, Division o f Field Science, Rockville, MD 20857

T h e  precision  of in stru m en ts  used  in 3 co llabora tive  stud ies conducted 
w ith in  th e  Food and  D rug  A d m in is tra tio n  over a  4 -year period  (1981, 
1982, 1984) for w ater ac tiv ity  ( a .)  d e te rm in a tio n s accord ing  to the  
official A O A C  m ethod  is evaluated . C a lib ra tio n  responses o f th e  
in stru m en ts  w ere tes ted  fo r lin e a rity  over th e  a ,  range  from  0.75 to
0 .97 . A verage abso lu te  pe rcen t d ifference betw een p red ic ted  and  a s­
signed a„ values for th e  lin ea r m odel ranged  from  0.3 to 0 .7%  for a 
fiber-d im ensional h y g rom eter (A bbeon) an d  3 e lec trica l hygrom eters 
(B eckm an, R otron ics, and  W ea th e r  M easu re). T h e  c a lib ra tio n  re­
sponses for an o th e r  e lec trica l h y g rom eter (H ygrodynam ics) were 
n o n lin ear. T h e  fiber-d im ensional hygrom eter yielded m ean  a„ values 
and  p recision  e stim ates th a t  d id no t d iffer sign ifican tly  from  those  
ob ta ined  w ith th e  e lec trica l h y grom eters  fo r (N H 4)2S 0 4 slu sh , K N 0 3 
slush , sw eetened condensed m ilk , p an cak e  syrup , and  cheese sp read . 
H ow ever, th e  m ean a „ value for a  soy sauce  w as 0.838 for th e  e lectrica l 
hygrom eters com pared w ith  0.911 for th e  fiber-d im ensional hygrom e­
te r. T h e  fiber-d im ensional hygrom eter w as affected  by a  vo latile  com- 
ponen t(s) in th e  soy sauce th a t  caused an  e rroneously  h ig h  a„ value. 
Pooled  e stim ates o f rep ro d u c ib ility  (S x) in th e  3 s tud ies w ere 0.008 
for th e  fiber-d im ensional h y g rom eter an d  0.010 for th e  e lectrica l 
hygrom eters; these  values w ere no t sign ifican tly  d ifferen t from  those 
reported  in th e  study  th a t  verified th e  cu rre n t official A O A C  m ethod .

The Food and Drug Administration (FDA) laboratories use 
the official AOAC method (1,2) tc measure the water activity 
(aw) values of foods. Accurate and repeatable a„ measure­
ments are needed by FDA to support the exemption of low- 
acid canned foods with a finished product aw of 0.85 or less 
from the requirements of the Code o f Federal Regulations
(3). These measurements are also needed to determine the 
appropriate level of humectants for canned foods that receive 
a thermal processing less than that required for commercial 
sterility.

Within the framework of this AOAC method, several in­
struments with different operating principles may be used 
for a,v measurement. These operating principles include change 
in electrical conductivity of immobilized salt solutions, change 
in electrical capacitance of polymer thin films, dew point by 
chilled-mirror technique, longitudinal change in dimensions 
of water-sorbing fiber, partial water vapor pressure by man- 
ometric system, and relative weight of moisture sorbed by 
anhydrous hydrophilic solid. A multiinstrument study (2) 
determined that aw measurements by the described method 
can be made with an accuracy and precision within ± 0 . 0 1  

with instruments using immobilized salt sensors (Beckman, 
Rotronics, and Hygrodynamics). However, a valid statistical 
analysis could not be made for other instruments with dif­
ferent operating principles listed in the method because too 
few laboratories were using them at the time (2). The objec­
tives of this study were to determine the precision estimates 
for a fiber-dimensional hygrometer which was used by an 
insufficient number of laborator.es in the original study (2 ) 
and to compare the precision estimates for this fiber-dimen­

Received September 19, 1986. Accepted March 25, 1987.
1 Division of Microbiology.

sional hygrometer with those for selected electrical hygrome­
ters from the original study.

Experimental

Five instruments were used to measure ay. the Abbeon 
hygrometer, which is based on the longitudinal change in the 
dimensions of a water-sorbing fiber; the Beckman, Hygro­
dynamics, anc Rotronic hygrometers, which are based on a 
change in electrical conductivity of immobilized salt solu­
tions; and the Weather Measure hygrometer, which is based 
on a change in the electrical capacitance of polymer thin 
films. The Hygrodynamics instruments were operated with 
narrow-range sensors, so 2  sensors were used (color-coded 
as violet and gray by the vendor) to obtain the necessary 
coverage over the aw range from 0.75 to 0.97. All other hy­
grometers evaluated in this study used a single sensor over 
this range.

Sixteen to 18 laboratories participated in each of the 3 
intra-FDA collaborative studies. All samples were analyzed 
in duplicate for aw values by using the AOAC method ( 1 ). 
In the first collaborative study, 5 salt slushes used to calibrate 
the Abbeon hygrometers were chosen and prepared by each 
participating laboratory from 9 salts {a,, > 0.742) listed in 
the official AOAC method. In the last 2 studies, the same 5 
salt slushes (NaCl, KBr, KC1, BaCT, and K,S04) were pre­
pared by each participating laboratory to calibrate all instru­
ments. Each laboratory submitted the instrument readings 
for the calibration responses and the test samples as well as 
the calculated aw values.

For test samples, 2 salt slushes (KN0 3 and [NH4]2S04) and 
2  foods (a fermented soy sauce and a pancake syrup) were 
portioned from pooled lots of reagent grade salts and prod­
ucts, respectively. In addition, 2 foods (14 oz cans of a sweet­
ened condensed milk and 8  oz jars of a cheese spread) were 
selected at random from a bulk purchase of foods with the 
same container code.

Results and Discussion 
Instrument Calibration Responses

In AOAC method 32.004-32.009, a best-fitting line or curve 
is drawn through a plot of the meter readings for 5 salt slushes 
vs their assigned aw values to determine the calibration re­
sponse. The aw values are then determined from the meter 
readings for the test samples by using the calibration re­
sponse. However, most investigators, including FDA ana­
lysts, prefer to use a mathematical model to characterize the 
calibration response for all a„ instruments whenever possible. 
This approach tends to minimize between-analyst bias as­
sociated with freehand drawing of a best-fitting line. The 
calibration responses for the aw instruments used in this study 
were analyzed for linearity by using the method of least- 
squares regression (4). The average absolute percent differ­
ences between the observed meter readings and the values 
predicted from the linear model were calculated by the meth-
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Table 1. Precision estimates for hygrometers (Abbeon) used in 
1981 collaborative study8

Statistic
kn o 3
slush

Sweetened
condensed

milk

Mean a„“ X 0.928 0.853
Repeatability' S„ 0.004 0.004
Among laboratories' s. 0.007 0.008
Reproducibility' S, 0.008 0.009
(SJX) x 100 cv0 0.4 0.4
(SJX) x 100 CVL 0.8 1.0
(SJX) x 100 cv. 0.9 1.1

* No electrical hygrometers were used in this study.
6 Data from 14 laboratories submitted in duplicate.
'  Calculated as a standard deviation.

od of Davis (5). These average absolute percent differences 
ranged from 0.3 to 0.7% for all hygrometers except the Hy- 
grodynamics instruments.

When a mathematical model is used to characterize the 
calibration points, 2  types of errors can occur: experimental 
error associated with the generation of the meter reading, 
and failure of the mathematical model to fit the calibration 
response. Since the calibration responses for each instrument 
consisted of a single meter reading for each salt slush, no 
measure of replicate error was available for the calibration. 
Consequently, the residual sum of squares calculated for each 
response could not be used to obtain estimates of lack of fit 
for the model and the experimental error. We then assumed 
that the repeatability variances (Tables 1-3) for the test sam­
ples are a reasonable estimate for the replicate error associ­
ated with the calibration responses. Thus, the residual error 
for the calibration responses can be compared to the esti­
mated value for replicate error, and a statistical test can be 
performed to indicate when a mathematical model fails to 
adequately “fit” the calibration response. The pooled esti­
mate for replicate standard deviation (SD) calculated from 
Tables 1-3 was 0.004 with 259 degrees of freedom (df)- The 
/■-ratio was computed for the calibration curves (4). As an 
example of this calculation, consider that a linear regression 
from an Abbeon instrument yielded a correlation coefficient 
of r = 0.9995. The residual mean square was 0.000005505

Table 2. Precision estimates for hygrometers used in 1982 col­
laborative study

(NH.fcSO, Soy
Statistic slush sauce

Abbeon hygrometers

Mean a„* X 0.803 0.911
Repeatability“ s„ 0.004 0.005
Among laboratories“ So 0.006 0.009
Reproducibility“ s. 0.007 0.010
(SJx) x 100 cv„ 0.5 0.6
(SJX) x 100 cv. 0.8 1.0
(SJx) x 100 cv. 0.9 1.1

Electrical hygrometers

Mean a„' X 0.810 0.838
Repeatability“ So 0.004 0.002
Among laboratories“ So 0.007 0.011
Reproducibility“ Sx 0.008 0.011
(SJX) x 100 cv0 0.5 0.3
(SJX) x 100 CVo 0.9 1.3
(SJx) x 100 cv. 1.0 1.3

* Data from 13 laboratories submitted in duplicate. 
“ Calculated as a standard deviation.
'  Data from 5 laboratories submitted in duplicate. Electrical hygrometers

used included 2 from Hygrodynamics and 1 each from Rotronics, Beck­
man, and Weather Measure.

Table 3. Precision estimates for hygrometers used in 1984 col­
laborative study

KNOj Cheese
Statistic slush Syrup spread

Abbeon hygrometers

Mean a„” X 0.930 0.849 0.946
Repeatability“ So 0.003 0.004 0.005
Among laboratories“ So 0.004 0.005 0.006
Reproducibility“ s. 0.005 0.006 0.008
(SJX) x  100 cv0 0.4 0.4 0.5
(SJX) x  100 CVo 0.4 0.6 0.7
(SJX) x  100 cv. 0.6 0.7 0.8

Electrical hygrometers

Mean a.' X 0.931 0.852 0.946
Repeatability“ So 0.002 0.002 0.003
Among laboratories“ So 0.008 0.013 0.010
Reproducibility“ s. 0.009 0.013 0.011
(SJX) x  100 cv„ 0.2 0.2 0.4
(SJX) x  100 CVo 0.9 1.5 1.1
(SJX) x 100 cv. 0.9 1.5 1.1

* Data from 16 laboratories submitted in duplicate.
“ Calculated as a standard deviation.
'  Data from 8 laboratories submitted in duplicate. Electrical hygrometers

used included 4 from Hygrodynamics, 2 Rotronics, and 2 Beckman.

with 3 df. If we assume as a worst case that the variance is
all due to lack of fit, then / ,  259 = (0.000005505/0.00001477) =
0.37. This is not significant at the a = 0.05 level. Conse-
quently, a mathematical model for a calibration response 
that yields a significant /-ratio  indicated an unsatisfactory 
(lack-of-fit) model to characterize that response. These tests 
show that the linear model adequately fits the calibration 
responses for all hygrometers used in this study except the 
Hygrodynamics instruments.

The vendor for the Hygrodynamics instruments provides 
a calibration curve that is nonlinear for each narrow-range 
sensor. We attempted to characterize these curves with sev­
eral common mathematical models; however, we were un­
able to find a simple model that yielded a nonsignificant lack 
of fit between the observed and predicted meter readings. 
Consequently, when the Hygrodynamics instruments are used, 
the <2 W of test samples still should be determined graphically 
from a “best-fitting” curve drawn through the calibration 
points.

Effect o f Potassium Nitrate Slush on Calibration Response

A disagreement exists among investigators on the appro­
priate assigned value for KNO, slush at 25°C. The 2 most 
commonly assigned values are 0.925 and 0.936 (6 ). In the 
official AOAC method, the value of 0.936 was assigned 
for KNO, slush on the basis of the recommendations of 
Greenspan (7). In the 1981 collaborative study, 9 of the 
participating laboratories used KNO, slush in generating their 
calibration responses. The participating laboratories sub­
mitted the meter readings for their calibration responses as 
well as for test samples; consequently, we were able to sim­
ulate the effect of this disagreement on the means and pre­
cision estimates in calculating the aw values for test samples.

Table 4 shows the simulated mean and precision estimates 
for KNO, slush and sweetened condensed milk when it is 
assumed that the K N 0 3 slush had an aw value of 0.936, the 
K N 0 3 slush had an aw value of 0.925, and the K N 0 3 slush 
was omitted and a 4-point calibration response was used. 
The means and precision estimates from the values for 
these 2  tests were not significantly different (a = 0.05 level) 
when calculated from the calibration responses under the 3
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Table 4. Simulated means and precision estimates of fiber-dimensional hygrometers used in 1981 collaborative study, obtained by
using different assigned a„ values for KN03 slush3

Statistic

o2*

, slush as test samples Sweetened condensed milk

Ie IIa III« I II III
Mean X 0.928 0.924 0.925 0.850 0.849 0.850
Repeatability“ So 0.003 0.003 0.003 0.003 0.003 0.003
Among laboratories“ SL 0.007 0.006 0.007 0.010 0.009 0.010
Reproducibility“ s, 0.008 0.007 0.008 0.010 0.010 0.010
(SJX) x 100 cv, 0.3 0.3 0.3 0.4 0.4 0.4
(SL/X) x 100 cv. 0.8 0.6 0.8 1.2 1.1 1.2
(SJx) x 100 cv, 0.9 0.8 0.8 1.2 1.2 1.2

" Based on results from 9 of the 16 laboratories in the 1981 collaborative study that used KN03 slush in determining their calibration responses. 
“ Calculated as a standard deviation. 
e KN03 slush assigned an aw value of 0.936.
“ KN03 slush assigned an aw value of 0.925.
'  Four-point calibration response obtained by deleting KN03 slush value.

assumed conditions. No effect was shown on the mean aw 
value for the sweetened condensed milk, whereas the mean

value for the K N 0 3 slush as a test sample was lowered by 
0.004 units. Consequently, an error associated with the as­
signed value for K N 0 3 had limited effects on the calculated

for test samples because a 5-point calibration response 
was used which diluted an error associated with any one 
calibrating slush. The results in Table 4 also indicate that an

value of 0.925 is a better estimate of the aw for K N 0 3 

slush than 0.936 when the Abbeon hygrometer is used.

Precision Estimates for Three Collaborative Studies
Tables 1, 2, and 3 show the precision estimates for the 

1981,1982, and 1984 collaborative studies, respectively. The 
components of variance were estimated independently by 
the method of Youden and Steiner (8 ) for each test sample 
after approximately 4% of the data were deleted as outliers. 
In all 3 tests, the reproducibility was better for the salt slush 
than for the food product(s).

For the Abbeon hygrometer, the pooled reproducibilities 
were 0.009, 0.009, and 0.006 for 1981, 1982, and 1984, 
respectively. For the electrical hygrometers, the pooled re­
producibilities were 0.010 and 0.011 for 1982 and 1984, 
respectively (Table 5). Although Stoloff (2) calculated the 
reproducibility for each electrical instrument separately, we 
pooled his aw data for the NaCl slush, the KC1 slush, and the 
fudge sauce on the Beckman, Hygrodynamics, Rotronic, and 
Weather Measure instruments. This pooled reproducibility 
was calculated to be 0.008. A Bartlett’s test (4) comparing 
the 5 pooled reproducibilities (as variances) from these stud­
ies with the variance adapted from Stoloff (2) showed no 
significant difference between any of the variances. Conse­
quently, the FDA laboratories demonstrated a reproducibil­
ity for aw determinations that does not differ significantly 
from that reported in the study used to develop the official 
AOAC method (2).

Of the 3 food products tested on more than one instrument, 
only the soy sauce exhibited a significant product-instrument 
interaction (the aw value depended on the instrument used 
to measure it). The mean aw value for the soy sauce was 0.911 
when the Abbeon hygrometer was used compared with 0.838 
when the electrical hygrometers were used (Table 2). The salt 
content for this soy sauce is approximately 17% (F. A. Phil­
lips, FDA, private communication); consequently, the aw val-

Table 5. Summary of reproducibility variance by instrument and
year

Instrument Year
Variance

(ff2)

Degrees
of

freedom«

Standard
deviation

(ff)

Abbeon 1981 0.0000752 36 0.009
Abbeon 1982 0.0000795 31 0.009
Abbeon 1984 0.0000415 20 0.006
Electricals 1982 0.0000972 9 0.010
Electricals 1984 0.0001168 12 0.011
Stoloff“ 1978 0.0000681 51 0.008

« Based on a linear combination of x2 variates (9).
“ Electrical hygrometer data pooled for Beckman, Hygrodynamics, Rotronic, 

and Weather Measure instruments for NaCl slush, KCI slush, and fudge 
sauce.

ue should be reduced to approximately 0.87 on the basis of 
its salt content alone (10). A volatile component(s) in this 
product may have affected the measurement for the Ab­
beon hygrometer and caused an erroneously high reading.
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C O S M E T I C S

Determination of Cinnamyl Anthranilate in Perfume, Cologne, and Toilet Water by Liquid 
Chromatography with Fluorescence Detection

FRANCOIS X. DEMERS, RONALD L. YATES, and HENRY M. DAVIS
Food and Drug Administration, Division of Colors and Cosmetics, Washington, DC 20204

A  liqu id  ch ro m atograph ic  m ethod  w ith  fluorescence detection  was 
developed for th e  de te rm in a tio n  o f c innam yl a n th ra n ila te  in  perfum es 
an d  o th er frag ran ce  com positions. T h e  m ethod  w as evaluated  by 
conducting  recovery stud ies o f  10 d ifferen t com m ercial frag ran ce  
com positions to  w hich cinnam yl a n th ra n ila te  had  been added  a t  levels 
o f 0.1, 0.5, and  1.0 m g /m L . R ecoveries ranged  from  91 to 103%  w ith  
a  m ean of 97%  and  a  s ta n d a rd  dev ia tion  o f ± 3 .3 % .

Cinnamyl anthranilate is a synthetic flavor and fragrance 
ingredient which is manufactured by condensing isatoic an­
hydride with cinnamyl alcohol (1). Its use in food was pro­
hibited in 1985 after it was found to cause cancer in labo­
ratory animals (2). To assess the hazard to human health 
from its use as a fragrance ingredient, the Food and Drug 
Administration needs to know to what extent cinnamyl an­
thranilate is present in cosmetics.

In the absence of mandatory registration of cosmetic prod­
uct compositions, the use of cinnamyl anthranilate must be 
determined by chemical analysis. The purpose of this study 
was to develop a method suitable for determining cinnamyl 
anthranilate in alcoholic and hydroalcoholic cosmetic prod­
ucts. A paper chromatographic method has been reported 
for the identification of anthranilates, including cinnamyl 
anthranilate (3). The anthranilates were visualized by their 
fluorescence under UV light and identified by R, values.

The analytical method described here uses a combination 
of liquid chromatography (LC) and fluorometry for the re­
spective separation and determination of cinnamyl anthra­
nilate in fragrance compositions.

METHOD
Apparatus

(a) Liquid chromatograph. — Waters Model 204 equipped 
with Model 6000A solvent pump and Model U 6 K universal 
injector (Waters Associates, Milford, MA 01757). Operating 
conditions: isocratic, flow rate of 1.5 mL/min.

(b) LC detector.— Waters Model 420-E fluorescence de­
tector equipped with F4T5/BL fluorescence source, 340 nm 
excitation filter, and 395 nm emission filter (Waters Asso­
ciates).

(c) LC column. — ¿¿Bondapak CI8, 10 fim irregular parti­
cles, 30 cm long x 4.2 mm id (Waters Associates).

Reagents
(a) Methanol.—LC or spectrophotometric grade.
(b) Water. — LC or spectrophotometric grade.
(c) Acetic acid.— ACS grade.
(d) Ammonium acetate.— ACS grade.
(e) LC solvent. —M ethanol-water-acetic acid (350 + 

150 + 1) containing 0.8 g ammonium acetate/100 mL.

Received October 7, 1986. Accepted April 18. 1987.

(f) Cinnamyl anthranilate. —98% purity (Pfaltz & Bauer, 
Inc., Stamford, CT 06902). Caution: animal carcinogen.

(g) Standard solutions. — Prepare stock solution of cin­
namyl anthranilate in methanol at concentration of 2.5 mg/ 
mL. Prepare working solutions with concentrations of 0.1, 
0.2, 0.5, and 1.0 mg/mL by dilution of stock solution with 
methanol.

Determination
Pump LC solvent through column for ca 15 min, using 

isocratic conditions and flow rate of 1.5 mL/min. Inject ca 
10 pL working solution (0.1 mg/mL), adjusting gain to keep 
emission intensity of cinnamyl anthranilate peak at 50-90% 
full scale. Repeat until retention volumes are reproducible. 
If cinnamyl anthranilate does not elute in 9-12 min, adjust 
water-methanol ratio to achieve elution in the required time. 
Increasing the methanol content reduces elution time. Cin­
namyl anthranilate should have an asymmetry factor of ca
1.2 at 10% peak height. If the factor exceeds 1.3, change LC 
columns. After system has been equilibrated, inject known 
volume (ca 10 pL) of each working solution into liquid chro­
matograph. Adjust attenuation to keep peaks at 50-90% full 
scale. Next, inject known volume (ca 10 ^L) of cosmetic 
fragrance. If height of cinnamyl anthranilate peak for cos­
metic fragrance exceeds range of peak heights for standard 
solutions, estimate cinnamyl anthranilate concentration by 
comparing peak heights and make appropriate dilution of 
cosmetic fragrance.

Calculation

Measure peak height of each standard solution injected 
and adjust values to a common attenuation. Construct stan­
dard curve by plotting micrograms cinnamyl anthranilate vs 
peak height. Measure cinnamyl anthranilate peak height for 
cosmetic fragrance injected and obtain weight of cinnamyl 
anthranilate from standard curve. Calculate concentration of 
cinnamyl anthranilate in cosmetic fragrance as follows:

Cinnamyl anthranilate, ug/mL = 1000 W J V,

where Wx = pg cinnamyl anthranilate from standard curve, 
and Vj = pL cosmetic fragrance injected into liquid chro­
matograph. Adjust attenuation to keep peaks at 50-90% full 
to prepare a more dilute solution, multiply above equation 
by the dilution factor. Prepare a standard curve daily.

Results and Discussion
Recovery studies were conducted by using 10 different 

commercial fragrance oils. The fragrances were prepared as 
10% solutions of the fragrance oils in 95% ethanol. Each was 
analyzed by the described method to make certain that none 
of them contained cinnamyl anthranilate. Cinnamyl anthra­
nilate was then added to 4 of the fragrances at the 0.1 mg/ 
mL level, to 3 at the 0.5 mg/mL level, and to 3 at the 1.0
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mg/mL level. A chromatogram of a typical spiked fragrance 
is shown in Figure 1. Each fragrance was analyzed in trip­
licate; peak heights were averaged, and the amount of cin- 
namyl anthranilate was obtained from the standard curve. 
Recoveries are shown in Table 1.
Recovery studies were conducted with 10 different ma­

trixes to maximize the standard deviation, i.e., to obtain a 
realistic value in terms of what would be expected when a 
series of different fragrances is analyzed.
Because of the complexity of fragrance formulations, it is 

almost certain that some compounds will coelute with cin- 
namyl anthranilate and, therefore, such compounds are 
sources of potential interference. The mean recovery (97%) 
indicates that there are, at least for some fragrances in this 
group, systematic negative errors. The negative interferences 
encountered in fluorescence analysis are due to compounds 
that cause quenching and filtration effects. Quenching can be 
identified by reanalysis of a fragrance after dilution. A relative 
increase in fluorescence emission indicates that quenching is 
responsible for at least some of the negative interference. 
Dilution does not significantly increase relative emission when 
filtration effects are the sources of negative interference. One 
fragrance from each concentration level was diluted 4-fold 
with 95% ethanol and reanalyzed to determine the nature of 
the negative interferences. Recoveries improved significantly 
for one fragrance, indicating that quenching was the primary 
interference. The other 2 fragrances showed slight improve­
ments in recoveries, indicating tha: interferences were caused 
by filtration effects.
If a given fragrance contains a compound that causes neg­

ative interference, the magnitude of the interference will be 
constant at a specified dilution. A negative interference will 
have an adverse effect on recovery that is proportionally 
greater for the lower levels of cinnamyl anthranilate. When 
a series of recovery studies is done with a fragrance of this 
type, the regression line of a plot of cinnamyl anthranilate 
found vs cinnamyl anthranilate added will have a slope that 
is greater than 1.0. A regression line with a slope of 0.942 
was obtained by plotting the recovery data from this inves­
tigation. This result indicates that the fragrances, as a group, 
used for the low-level recovery studies had negative inter­
ferences of a lower magnitude than those fragrances used for 
recovery studies at the higher levels.
One fragrance (No. 4) contained an apparent positive in­

terference, which could not, however, be verified by analysis 
of the unspiked sample.
Positive interferences are caused by compounds that co­

elute with cinnamyl anthranilate and have fluorescence emis­
sion under the conditions used in this method. Positive in­
terferences can be identified after the cinnamyl anthranilate 
is extracted into dilute HC1 from an ethyl ether solution of 
the fragrance. Analysis of the ether solution shows an emis­
sion peak near the retention time of cinnamyl anthranilate 
when a positive interference is present.
For this method, the smallest measurable quantity of cin­

namyl anthranilate was experimentally determined to be 20 
ng when the signal-to-noise ratio was 3. This quantity is 
equivalent to a cinnamyl anthranilate concentration of 2 ngJ 
mL in a fragrance. Statistical analysis of the recovery data, 
however, shows that quantitation is not reliable below 22 n%/ 
mL. Because cinnamyl anthranilate is highly fluorescent, it 
was expected that smaller quantities could be determined. 
The reason for the higher limit of reliable measurement is 
the use of a fluorescence detector with fixed excitation and 
emission filters. The excitation and emission wavelengths for 
cinnamyl anthranilate are 351 and 409 nm, respectively. The

Figure 1. LC chromatogram of typical fragrance spiked with 
cinnamyl anthranilate. A, methyl anthranilate; B, cinnamyl 

anthranilate.

best combination of available filters was 340 nm excitation 
and 395 nm emission. The bandpass characteristics of these 
filters indicate a 27% transmittance of excitation energy and 
a 22% transmittance of emission energy. To determine cin­
namyl anthranilate at concentrations lower than 22 ¿tg/mL, 
it is necessary to use a fluorescence detector equipped with 
single or dual monochrometers.
In conclusion, the proposed method is rapid, and the lower 

limit of determination is adequate for the products analyzed. 
Despite the inherent selectivity of the LC-fluorescence sys­
tem, however, it must be assumed that interferences will

Table 1. Recovery of cinnamyl anthranilate from commercial 
fragrances

Cinnamyl anthranilate, Mg/mL

Fragrance Added Found Ree., %

1 100 99 99
2 100 94 94
3 100 99 99
4 100 103 103
5 500 480 96
6 500 480 96
7 500 480 96
8 1000 950 95
9 1000 910 91

10 1000 980 98

Mean (n = 10) 97
SD ±3.3

Slope 0.942 ±  0.0143
Intercept 0.0058 ±  0.0088
Standard error of regression ±0.0023
Correlation coefficient 0.9989
Lower limi: of reliable measurement, Mg/mL 22
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occasionally occur. Because of the great complexity of fra­
grances, it is impossible to screen for all potential interfer­
ences. The possibility of interferences, however, can be min­
imized by extracting the cinnamyl anthranilate into dilute 
HC1 from an ethyl ether solution of the fragrance. The acid 
extract is then made basic and the cinnamyl anthranilate is 
extracted into ethyl ether. The ether is evaporated, the residue 
is dissolved in methanol, and the solution is analyzed by LC- 
fluorometry. We did not choose to make this extraction step 
part of the method because, in our experience, the contri­

butions of positive and negative interferences are relatively 
small.
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Screening Cosmetic Products for /V-Nitroso Compounds by Chemiluminescent Determination 
of Nitric Oxide

HARDY J. CHOU, RONALD L. YATES, and JOHN A. WENNINGER
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Cosmetic products were screened for total (V-nitroso compounds by 
chemiluminescent measurement of nitric oxide liberated by the re­
ductive cleavage of the .V-nitroso group. The cosmetic was first par­
titioned between methylene chloride and water to separate polar and 
nonpolar jV-nitroso compounds. Each extract was then examined for 
the presence of (V-nitroso compounds by adding the cleavage reagent 
and sweeping the nitric oxide formed into a chemiluminescent ana­
lyzer. Although the method is not intended to be quantitative, re­
covery studies were conducted to determine measurable levels. Re­
covery studies of polar (V-nitroso compounds were conducted by adding 
(V-nitrosodiethanolamine (NDELA) to a cream, a shampoo, and a 
lotion at 3 levels, i.e., 80, 320, and 960 ppb, and then determining 
NDELA by the method. Recoveries ranged from 48 to 83% (mean 
68%; SD = 11.9). For recoveries of nonpolar (V-nitroso compounds, 
100,200, and 500 ppb of (V-nitrosomethyltetradecylamine were added 
to the 3 cosmetic products. Recoveries ranged from 58 to 70% (mean 
63%; SD = 5.3).

Carcinogenic (V-nitrosamines are pervasive in the environ­
ment at parts-per-billion levels (1-3). (V-Nitrosamines have 
also been reported to occur in food (4) and some manufac­
tured products such as cutting fluids (5) and baby bottle 
rubber nipples (6). Fan et al. (7) reported the presence of 
(V-nitrosodiethanolamine (NDELA) in cosmetic products. A 
survey of several hundred cosmetic products by our labo­
ratory demonstrated that approximately 40% of those prod­
ucts containing the NDELA precursors diethanolamine and/ 
or triethanolamine also contained detectable levels of NDE­
LA (8). Recently, cosmetic products were found to contain 
(V-nitrosomethyldodecylamine (9), (V-nitrosomethyltetra­
decylamine (NMTDA) (9), (V-nitrosomethyloctadecylamine
(10), (V-nitrosomorpholine (11; Thermedics, Inc., Woburn, 
MA, 1985, private communication), (V-nitrosodimethylam- 
ine (11), and (V-nitrosodiisopropanolamine (11).
Cosmetics are formulated with a large number of different 

amines, amides, and their derivatives; thus, it is likely that 
other (V-nitroso derivatives of amines and amides could oc­
cur as contaminants in these products. Because of the pos­
sibility that cosmetics may contain a number of different 
(V-nitroso compounds, it would be useful to have a screening 
procedure that indicates the presence of one or more of these 
compounds before attempting to determine specific (V-nitros- amines.

Received October 29, 1986. Accepted February' 19, 1987.

Several approaches have been used as screening procedures 
to estimate total (V-nitroso compounds in different matrixes 
(12-17). The approach most frequently used involves the 
pyrolytic or chemical cleavage of the (V-nitroso group to form 
nitric oxide, which is then measured by its chemiluminescent 
reaction with ozone. This general approach has been used to 
determine extractable (V-nitroso compounds in food (13), 
biological matrixes (12), and environmental samples (14). 
Brennan and Frank (17) estimated the total water-soluble 
(V-nitroso content of cosmetic products by acid-catalyzed 
denitrosation of the (V-nitroso compounds followed by 
chemiluminescent determination of the nitric oxide formed. 
Recently, Waters et al. (18) discussed the pitfalls in deter­
mining (V-nitroso compounds as a group.
This paper describes a procedure for screening cosmetics 

for total (V-nitroso compounds. The cosmetic product is par­
titioned between methylene chloride and water to separate 
it into polar and nonpolar (V-nitroso compounds. The re­
spective cleavage reagents are then added to each extract and 
the nitric oxide formed is swept into the chemiluminescent 
analyzer. Because of the possibility of positive interferences, 
results that indicate the presence of (V-nitroso compounds 
should be verified by liquid chromatography- or gas chro­
matography-thermal energy analysis (LC-TEA or GC-TEA, 
respectively) to determine which, if any, (V-nitrosamines are present.

METHOD
N ote: Nitrosamines are potential carcinogens. Therefore, 

care should be exercised in handling these materials.
A p p a ra tu s

(a) N itr ic  o x id e  a n a ly z e r .— Thermal Energy Analyzer 
(Model 502, Thermedics, Inc., Woburn, MA 01888-1799). 
Operating conditions: catalytic furnace temperature, 550°C; 
cold trap, consisting of 12 cm id Dewar flask filled with slush 
of powdered dry ice-ethanol; carrier gas, helium, with flow 
rate adjusted to obtain pressure of 1.5 torr; oxygen flow rate 
adjusted to obtain increase of pressure from 1.5 to 2.5 torr.
(b) D eg a ssin g  a p p a ra tu s .— Similar to that used by Dre- 

scher and Frank (14). Glass impinger with 10 mm medium 
frit and 24/40 male fitting is connected to 25 mm x 17 cm test tube (80 mL).
(c) C o ld  tra p.—Glass mini-impinger (20 cm x 13mmod)
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filled with 6N NaOH to level of gas entrance tube. Cold trap 
is placed in Dewar flask containing mixture of ice and water.
(d) A b so rp tio n  trap. — 10 cm x 6 mm stainless steel tubing 

packed with anhydrous sodium carbonate. Glass wool plugs 
are placed in each end, and unit is fitted with Swagelok con­
nectors. Trap is heated at 150°C overnight before use.
(e) E lec tro n ic  in te g ra to r .— Model 3390A, Hewlett-Pack­

ard Co., Avondale, PA 19311.
(f) C h ro m a to g ra p h ic  tube. — 25 cm x 1 cm id glass with 

coarse porosity fritted glass disc and Teflon stopcock.
Reagents

(a) M e th y le n e  chloride. — Distilled-in-Glass (Burdick & 
Jackson Laboratories, Inc., Muskegon, MI 69442).
(b) N -N itro so d ie th a n o la m in e . — Gift from Battelle Co­

lumbus Laboratories, Columbus, OH. Purity and identity 
were verified by LC and GC/nass spectrometry. Prepare 
stock solution in water (0.1 mg/mL). Prepare working so­
lution by diluting stock solution (1 ¿¿g/mL).
(c) N -N itro so m e th y lte tra d e c y la m in e .—GiiX from Ameri­

can Health Foundation, Valhalla, NY. Stock (0.1 mg/mL) 
and working (1 ¿¿g/mL) solutions were prepared in chloro­
form.
(d) Ion  e x ch a n g e  re s in .— Dowex 1-X8,50-100 mesh (Bio- 

Rad Laboratories, Richmond, CA 94804).
(e) R ed u ctive  c lea va g e  re a g e n t.— Dilute 1.7 mL 48% hy- 

drobromic acid (J. T. Baker Chemical Co., Phillipsburg, NJ 
08865) to 25 mL with glacial acetic acid. Add 2 mL acetic 
anhydride.

( f ) S o d iu m  io d id e  so lu tion . — Dissolve 2.5 g sodium iodide 
(ACS reagent grade, J. T. Baker Chemical Co.) in water and 
dilute to 25 mL. Prepare daily and store at 4°C. When added 
to system containing acetic and sulfuric acids during analysis 
of aqueous extract, this solution constitutes cleavage reagent 
for polar compounds.
(g) A m m o n iu m  su lfa m a te  so lu tion . — Prepare 0.25M so­

lution of ammonium sulfamate (Mallinckrodt Inc., St. Louis, 
MO 63134) in 1.5N HC1.

(h) A ce tic  acid, a ce tic  an h ydride , su lfuric acid, a n d  h yd ro ­
ch loric acid. — ACS reagent grade (J. T. Baker Chemical Co.).
Preparation o f  Sample
Disperse 1 g cosmetic product in 10 mL warm water. Add 

0.2 mL ammonium sulfamate solution and extract in sepa­
ratory funnel with three 20 mL portions of methylene chlo­
ride. Separate aqueous (upper) layer from methylene chloride 
(lower) layer. Dry methylene chloride extract over 25 g an­
hydrous sodium sulfate for minimum of 2 h and then filter 
through short bed (10 g) of anhydrous sodium sulfate. Wash 
sodium sulfate with three 15 mL portions of methylene chlo­
ride and add washings to filtrate.
If quantitative estimate of A-nitroso compounds is desired, 

measure extract volume or adjust to known volume by di­
lution or partial evaporation. Store methylene chloride ex­
tract in stoppered flask over sodium sulfate.
Adjust acidity of aqueous extract to pH 3.5 or less by 

dropwise addition of 6N HC1. Measure final volume of 
aqueous extract. If analysis cannot begin immediately, store 
in dark, preferably under refrigeration.
Analysis o f Aqueous Extract
Connect, in series, carrier gas, degassing apparatus, cold 

trap, and absorption trap to liquid chromatograph-thermal 
energy analyzer inlet, using ‘A in. od Teflon tubing. (A dia­
gram of this arrangement appears in ref. 16.) Place thermal

energy analyzer in operation, using conditions given for nitric 
oxide analyzer, A p p a ra tu s (a). Turn stopcocks to bypass po­
sition, remove test tube, and add 5 mL NDELA working 
solution, 13 mL glacial acetic acid, and 3.5 mL H2SO„. Mix, 
add 1 mL of 10% sodium iodide solution and immediately 
place tube or. degassing apparatus. Turn stopcocks to allow 
carrier gas to pass through reaction mixture. Continue purge 
until no further evolution of nitric oxide is observed on in­
tegrator readout. Return stopcocks to bypass position. Ana­
lyze 5 mL cosmetic aqueous extract by same procedure. Make 
quantitative estimate of nitrosamines in cosmetic product 
by relating integration values of test sample and standard.
If broad, low peak is observed on the recorder, the cosmetic 

product may contain nitrate; remove as follows. Slurry 5 mL 
ion exchange resin with 2N HC1 and transfer to chromato­
graphic tube. Wash with two 25 mL portions of 2N HC1 and 
two 25 mL portions of water. Add aqueous extract to column 
and elute with 25 mL water at rate of 2 mL/min. Discard 
first 3 mL eluate; collect next 20 mL and reserve for analysis.
A n a ly s is  o f  M e th y len e  C h lo rid e  E x tra c t

Remove cold trap and absorption trap from system. Place 
20 mL methylene chloride extract and 0.2 mL reductive 
cleavage reagent (e) in test tube. Proceed as above. For quan­
titation use 20 mL NMTDA working solution.

Results and Discussion
Original investigations involved the development of a sin­

gle solvent method to screen cosmetics for total A-nitroso 
compounds. Several polar and semipolar solvents such as 
isobutyl alcohol were examined. In that study, the cleavage 
reagent for the analysis of aqueous extracts described in this 
method (10% sodium iodide solution) was used for denitro- 
sation and NMTDA was used for recovery studies. The 
NMTDA was not sufficiently soluble in 40% propyl alcohol, 
and recoveries were low and nonreproducible. Isobutyl al­
cohol and A,A-dimethylformamide resulted in a high detec­
tor background, possibly due to impurities in the solvents. 
These results led to development of the 2-solvent approach.
The reductive cleavage of A-nitroso compounds and nitrite 

in aqueous solutions proceeds rapidly and gives rise to well- 
defined peaks on the integrator printout. Nitrite, therefore, 
is a direct interference. The reduction of nitrate proceeds 
relatively slowly, however, and peaks are broad and poorly 
defined (19). Because of their slow reduction rate to nitrites, 
nitrates do not cause serious interference until they are pres­
ent at levels of 10 ppm or more. Nitrite, however, interferes 
at all but the lowest levels and must be removed from the 
sample before determination of A-nitroso content. Although 
the ion exchange column used to remove nitrate also removes 
nitrite fairly efficiently, low levels of both nitrate and nitrite 
still remain in the eluate. Cox (19) reported levels of 10-50 
ppb nitrite and nitrate in the eluate. Nitrate does not interfere 
at these levels, but 50 ppb nitrite could be an interference in 
determining low levels of nitrosamines. Also, the ion ex­
change resin may be ineffective for nitrite removal if the 
cosmetic product contains relatively large amounts of strong 
anions that would compete effectively for cationic sites.
Removal of nitrite by chemical reduction is a simpler and 

more effective approach than ion exchange. The effectiveness 
of ammonium sulfamate was evaluated by adding it to a 
cosmetic product along with nitrite at levels ranging from 
0.01 to 10 /ug/g and then proceeding with analysis. The ab­
sence of response when the denitrosating reagent (10% so­
dium iodide solution) was added to the acidified aqueous
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Table 1. Recovery of N-nitrosodiethanolamine (NDELA) from a 
lotion, a shampoo, and a cream

Cosmetic
product

NDELA

Added, 
ng/g (ppb)

Found, 
ng/g (ppb) Av. rec., %

Lotion 80 56, 58, 54 70
320 250, 243, 237 76
960 720, 691,700 73

Shampoo 80 66, 64, 65 81
320 218, 205, 202 65
960 768, 816, 797 83

Cream 80 37, 39, 40 48
320 170, 166, 176 53
960 624, 595, 643 65

Mean (n =  9) 68
SD (n =  27) 11.5

extracts indicated that nitrite had been removed. Cosmetic 
products containing the preservatives 2-bromo-2-nitro-1,3- 
propanediol or 2-hydroxymethyl-2-nitro-1,3-propanediol 
may contain relatively high levels of nitrite because of the 
stepwise degradation of these compounds in solution (20,
21). If nitrite is not removed from these samples, gross an­
alytical errors may result.
Although the method is designed as a screening procedure 

to detect the presence of A-nitroso compounds in cosmetic 
products, it is useful to have a quantitative estimate of the 
total Ar-nitroso content. For this reason, a series of recovery 
studies was conducted. In studies of polar A-nitroso com­
pounds, levels of NDELA corresponding to 80, 320, and 960 
ppb were added to a lotion, a shampoo, and a cream in 
solution. The products were analyzed before recovery studies 
to determine if they contained A-nitroso compounds, ni­
trites, or any other compounds which might give a positive 
response. The products used were free of positive interfer­
ences. The spiked products were taken through the procedure 
and the aqueous extracts were examined for NDELA. Results 
are given in Table 1. The method has a limit of determination 
of 50 ppb (based on NDELA) in the test samples.
In recovery studies of nonpolar A-nitroso compounds, 

NMTDA was added to a lotion and a cream at levels of 100, 
200, and 500 ppb. These test samples were then analyzed by 
the method described for methylene chloride extract. Results 
are shown in Table 2. Initial studies resulted in very low or 
variable recoveries. An investigation of the problem indi­
cated that water dissolved in the methylene chloride extract 
was largely responsible for the low efficiency of the cleavage 
reagent. After prolonged drying of the methylene chloride 
extract over anhydrous sodium sulfate, recoveries improved 
to better than 60% and were more reproducible. The method 
has a limit of determination of approximately 50 ppb (based 
on NMTDA) in the test samples.
Table 2. Recovery of N-nitrosomethyltetradecylamine (NMTDA) 

from a cream and a lotion

Cosmetic
product

NMTDA

Added 
ng/g (ppb)

Found, 
ng/g (ppb) Av. rec., %

Lotion 100 58, 57, 59 58
200 120, 122, 125 61
500 346, 350, 340 69

Cream 100 58, 58, 59 58
200 124, 122, 120 61
500 350, 340, 360 70

Mean (n =  6) 63
SD (n =  18) 5.1

Table 3. Analysis of commercial cosmetic products for water- 
soluble JV-nitroso content

Cosmetic
product

NDELA, ppb, 
by LC-TEA«

Total nitric 
oxide, ppb6

Lotion ND« 110
Lotion 1240 1700
Cream 350 410
Cream ND ND
Makeup ND 370
Shampoo ND ND

* Ref. 22.
6 Calculated as NDELA for comparison. NDELA to nitric oxide factor =

0.224.
6 ND =  Not detected.

An LC-TEA method (22) was compared with the denitro- 
sation method described here by examining 6 commercial 
cosmetic products. For purposes of comparison, the LC-TEA 
method was used to determine NDELA, and the denitro- 
sation procedure for total A-nitroso compounds was applied 
only to the aqueous extract. Results, shown in Table 3, were 
roughly comparable for 4 cosmetic products. In 2 products, 
however, the denitrosation procedure indicated the presence 
of polar nitrosamines, whereas the LC-TEA method showed 
no NDELA to be present. It is possible, however, that the 
signal obtained from these test samples was due to false 
positives instead of A-nitroso compounds. Some commonly 
occurring organic nitro compounds were studied to deter­
mine their potential for interference. Aqueous solutions con­
taining 100 ppm of the cosmetic preservatives 2-bromo-2- 
nitro-1,3-propanediol and 5-bromo-5-nitro-l,3-dioxane were 
prepared and analyzed. No measurable levels of nitric oxide 
were found. Nonpolar interferences were also studied. Meth­
ylene chloride solutions containing 100 ppm of the common 
nitro fragrance compounds musk ambrette, musk ketone, 
and musk xylol were prepared and examined by the deni­
trosation method. No measurable levels of nitric oxide were 
found. These results demonstrate that false-positive re­
sponses may be observed in analyses of some cosmetic prod­
ucts. The method, therefore, is intended only for the prelim­
inary screening of these products. A positive response from 
the screening procedure should be followed by standard LC- 
TEA or GC-TEA methods for verification of specific A-ni- 
trosamines.
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DRUGS
Determination of Aspirin and Salicylic Acid by Reverse-Phase Liquid Chromatography

D O R O T H Y  R. H E ID E M A N N ,  E D W A R D  S. S C H U L E N B E R G ,  and W IL L IA M  H . S M IT H
S a n d o z  C o n su m e r  H e a lth  C a r e  G ro u p  (S a n d o z  P h a r m a c e u tic a ls  C orp .), A n a ly t ic a l  R e se a rc h  D e p a r tm e n t,  
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Buffered solid dosage forms containing aspirin, magnesium hydrox­
ide, and aluminum hydroxide are blended with acidic ethanol to 
extract the aspirin and salicylic acid rapidly. The resulting prepa­
ration  is then  immediately injected onto a 4.6 mm x 3 cm 5 pm 
reverse-phase column. A spirin and free salicylic acid are determined 
sim ultaneously. The run time is < 2  min. The total time from the 
initiation of sample extraction to completion of the separation is <5 
min.

The analysis of aspirin (I) (Figure 1) and free salicylic acid
(II), the major hydrolysis product of aspirin, as well as the 
other minor salicylates, salicylsalicylic acid (III), and ace- 
tylsalicylsalicylic acid (IV) has been performed in many dif­
ferent ways. Classical wet methods (1-3) have been largely 
replaced by more rapid and specific chromatographic sepa­
rations. However, the rapid hydrolysis of the aspirin mole­
cule to salicylic acid has been a limiting factor for typical 
reverse-phase separations. As a result, aspirin and salicylic 
acid are often determined by normal phase chromatography 
since the hydrolysis of the aspirin is significantly reduced in 
a normal phase separation in which the sample preparation, 
as well as the mobile phase, is free from water (4,5). However, 
for practical reasons, reverse-phase separations are frequent­
ly preferred by analysts. Separations by reverse phase that 
minimize or compensate for hydrolysis during the analysis 
of the product have been reported (6-9).
For satisfactory analysis of aspirin by reverse-phase chro­

matography, 2 prerequisites must be met: (1) the extraction 
from the tablet matrix must be rapid, complete, and per­
formed with a nonaqueous solvent, and (2) the run time of 
the separation must also be rapid. Normal grinding of the 
tablet prior to extraction can, in itself, contribute to the for­
mation of salicylic acid and result in falsely high results for 
this hydrolysis product. Furthermore, the presence of buff­
ering agents such as aluminum and magnesium hydroxide 
can make the aspirin and salicylic acid more difficult to re­
trieve. Consequently, without a rigorous method of extrac­
tion, the recovery of aspirin and salicylic acid can be incom­
plete. Compensation of aspirin hydrolysis during the 
chromatographic separation is possible if standard and sam­
ple preparations hydrolyze at the same rate. Unfortunately, 
excipients in the formulation can alter the hydrolysis rate of 
the aspirin. Thus, it is preferable to keep hydrolysis to a 
minimum or, if possible, a negligible level.
The method described here for analysis of buffered aspirin 

products is rapid and reliable. A household food blender is 
used for extraction. The liquid chromatographic (LC) system 
uses an inexpensive guard column.

METHOD
Apparatus and Reagents
(a) L iq u id  c h ro m a to g ra p h .— Equipped to operate as fol­

lows: flow rate, 3.0 mL/min; UV detection, 205 nm; tem­
perature, ambient; absorbance path length, 10 mm with rise

Received September 15, 1986. Accepted February 9, 1987.

time of 0.1 s (Lambda Max 481, Waters Associates, Milford, 
MA 01757).
(b) C o lu m n .— RP-8 Spheri-5 stainless steel, 3 cm x 4.6 

mm, packed with spherical particles, RP-8 packing, 5 p m  
size (Brownlee Labs, Santa Clara, CA 95050).
(c) S o lv e n ts .—L C grade methanol, 85% phosphoric acid, 

hydrochloric acid, anhydrous denatured ethanol.
(d) E x tra c tio n  so lven t.— Anhydrous alcohol containing 1% 

hydrochloric acid by volume.
(e) M o b ile  phase. — Methanol-water-8 5% phosphoric acid, 

70 + 30 + 3, v/v/v.
(f) B le n d e r .— Osterizer with mini-blend jars.
(g) A u to m a tic  dispenser. —100 mL (Repipet, Labindus- 

tries, Inc., Berkeley, CA 94710).
(h) S ta n d a r d s .— Aspirin (Dow Chemical), salicylic acid 

(Fisher Scientific), salicylsalicylic acid (Pfaltz & Bauer, Wa- 
terbury, CT 06708), and acetylsalicylsalicylic acid (Mobay 
Chemical).
(i) S a m p le s .— Commercial tablets, label claim: aspirin, 

USP 500 mg; magnesium oxide, USP 150 mg; dried alu­
minum hydroxide gel, USP 150 mg. The studies were con­
ducted on tablets exposed for various periods of time to stress 
of 25, 30, 40, and 50°C at ambient humidity as well as at 
35°C with 90% relative humidity. This method has also been 
used to assay other laboratory formulations of buffered as­
pirin products containing either 325 mg aspirin or calcium 
carbaspirin (a calcium salt of aspirin) equivalent to 325 mg 
aspirin. The standard preparations were adjusted according­
ly-
Standard Preparation
(a) A sp ir in .— Weigh 500 mg standard into 100 mL vol­

umetric flask. Dilute to volume with extraction solvent. Di­
lute 5 mL to 100 mL with anhydrous alcohol (0.25 mg/mL). 
Use within 60 min.
(b) S a lic y lic  acid. —Weigh 500 mg standard into 100/nL 

volumetric flask. Dilute to volume with anhydrous alcohol. 
Dilute 1 mL to 100 mL with extraction solvent. Dilute 5 mL 
to 100 mL with anhydrous alcohol for a 1% salicylic acid 
standard (0.0025 mg/mL).
Sample Preparation

Transfer 5 tablets to 8 oz blender jar. Add 100 mL ex­
traction solvent and blend at high speed for 90 s. Filter a 
portion of blended sample through glass fiber paper (What­
man, GF/A) and dilute 1 mL to 100 mL with anhydrous 
alcohol. Immediately inject 10 p L into chromatograph and 
compare to chromatograms for standard preparations of as­pirin and salicylic acid.

Results and Discussion
Because of the rapid analysis time (<2 min), hydrolysis of 

the aspirin is nominal during chromatographic separation. 
Consequently, the difference in the hydrolysis rate of the 
standard and sample due to other excipients present in the 
tablet is reduced to a negligible amount. Since the analysis
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Figure 1. Structures of aspirin and degradation products. (I) 
aspirin, (II) salicylic acid, (III) salicylsalicylic acid, (IV) acetyl- 

salicylsalicylic acid.

time is similar to the extraction time, the analyst can extract 
the sample, inject it immediately, and prepare the next sam­
ple during the 2 min needed to perform the chromatographic separation.
The salicylic acid peak demonstrated excellent linearity in 

a range that represented a 1 to 20% hydrolysis of aspirin to 
salicylic acid. The coefficient of correlation was 1.000 with 
a y-intercept of -0.002. Because of the high degree of lin­
earity, it was not necessary to match the salicylic acid stan­
dard with the sample. A recovery of 1.95% salicylic acid 
(mean of 2 injections) was obtained for a 2% salicylic acid 
standard addition to the sample blank. The standard devia­
tion (SD) for salicylic acid in 10 replicate determinations of 
a fresh sample having a trace level of 0.4% salicylic acid was 
0.012 (Table 1). The relative standard deviation improves 
as the salicylic acid level increases.
The injection is slightly overloaded with aspirin to obtain 

a peak of measurable size for trace levels of salicylic acid. 
Consequently, the linearity for aspirin requires that the stan­
dard be matched within 5% of the sample for accurate results. 
On 10 replicate determinations performed by 3 chemists on 
a fresh sample of the commercial tablet, the recovery aver­
aged 100.1% of theoretical aspirin with an SD of 1.3% (Table
1). A recovery of 99.4% of theoretical (mean of 2 injections) 
was obtained for the standard addition of aspirin to the sam­
ple blank. The analysis of highly stressed tablets showed a 
good mass balance for aspirin and salicylic acid (Table 2). 
No blank interference was observed. The hydrolysis rate was 
0.014%/min for the standard preparation. System suitability 
limits selected for the analysis of both aspirin and salicylic 
acid are: coefficient of variation < 1.8%, tailing factor <2.0, 
and resolution >2.0. For the normalized aspirin data in Ta­
ble 2, the coefficient of variation is 0.44%.
The 4.6 mm x 3 cm column is sold as a guard column. 

However, the efficiency of the column is sufficient to perform 
the separation (Figure 2). The cost of this column is nominal 
compared to the cost of a typical analytical column. The 
short column length minimizes total elution time.
The separation was not only stability-indicating for aspirin 

in the presence of salicylic acid but also for the additional 
minor salicylates, (III) and (IV) (Figure 3). Trace amounts 
of those compounds may be present in aspirin products, 
particularly if magnesium or calcium stearates have been 
used in the formulation as lubricants (6). However, because 
levels of these salicylates were not more than 0.1% of the­
oretical even in abnormally high stressed samples, the down-

2
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Figure 2. Chromatogram of aspirin and salicylic acid in a buff­
ered product. (1) excipients, (2) aspirin, (3) salicylic acid.

field elution did not cause significant interferences with later 
injections.
In addition to being suitable for buffered aspirin and buff­

ered carbaspirin, the extraction and separation are also suit­
able for aspirin products containing antihistamines and de­
congestants. Phenylpropanolamine, chlorpheniramine, 
pheniramine, and pyrilamine do not interfere with the chro­
matographic separation of aspirin or salicylic acid.
The unique design of the blender jar used in this method 

allows for the rapid sample handling required in the analysis. 
The single opening with the blender jar reduces the time 
required to seal the container. The blades remove easily for 
cleaning. By having a number of blender jars and blades, it 
is practical to prepare a large number of samples serially. 
The blender blades become dull over time and as a result, 
recovery can be reduced. Therefore, it is important to replace 
or sharpen the blades when they become dull or worn.
The analysis is semiautomated by the use of an automatic 

dispenser for delivery of extracting solvent, an automatic 
injector, and computerized data handling.

Table 1. Replicate data obtained by chemists I, II, and III

Replicate Chemist
Aspirin,

% theoretical

Free salicylic acid, 
%/theoretical 

aspirin content

1 I 99.8 0.40
2 I 102.1 0.37
3 I 99.9 0.40
4 I 100.4 0.40
5 I 100.6 0.39
6 I 100.4 0.41
7 II 101.9 0.41
8 II 99.6 0.39
9 III 97.9 0.39

10 III 98.6 0.39

Mean 100.1 0.40
SD 1.3 0.012



966 HEIDEMANN ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

Minutes

Figure 3. Chromatogram of buffered aspirin product spiked with 
minor salicylates. (1) excipients, (2) aspirin, (3) salicylic acid, (4) 

acetylsalicylsalicylic acid, (5) salicylsalicylic acid.

Conclusions
This analysis provides a rapid, accurate, and economical 

method for determining aspirin and salicylic acid in buffered 
tablets. The design of the blending equipment provides a unit 
which is completely sealed and can easily be cleaned for 
serially prepared samples. The extraction solvent can be safe­
ly handled by the analyst without special precautions. The 
sample preparation can be synchronized with the chromat­
ographic separation for convenient serial analysis. The anal­
ysis can be semiautomated by the use of a dispenser for 
delivery of extracting solvent, an automatic injector, and 
computerized data handling.
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Liquid Chromatographic Determination and Identification Tests for Dexamethasone in Bulk 
Drugs and Elixirs: Collaborative Study
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R. H. Albert (S ta t is tic a l C o n su lta n t)

A normal phase liquid chrom atographic m ethod for the determ ination 
of dexam ethasone in bulk drugs and elixirs was collaboratively stud­
ied by 6 laboratories. T he method uses a silica column, water-mod­
ified acetic acid-m ethanol-m ethylene chloride mobile phase, corti­
sone internal standard, and photometric detection a t 254 nm. 
Collaborators were supplied blind duplicate samples of 3 bulk drugs, 
2 commercial elixirs, and 1 authentic elixir. Dexam ethasone elixir 
dosage level is 0.5 m g/5 mL. M ean recovery of dexam ethasone from 
the authentic elixir form ulated to contain 0.471 m g/5 mL was 94.5%. 
(Authentic elixirs were found to stabilize about 6% below the theo­
retical concentration.) M ean recovery for the bulk drugs was between
97.1 and 100.1%. M ean coefficients of variation for bulk drug and 
elixir sam ples were less than 0.8% and 3.6%, respectively. Identifi­
cation tests for dexam ethasone by thin-layer chrom atography, in­
frared spectroscopy, and relative LC retention times, as well as the 
gas chrom atographic determ ination of alcohol in the elixirs were also 
collaboratively studied. M ean recovery of alcohol from the synthetic 
elixir was 98.6%. The mean coefficient of variation for alcohol for 
all samples analyzed was less than  1.4%. The LC m ethod for dexa­
methasone in drug substance and elixirs, the identification tests, and 
the GC method for alcohol in dexam ethasone elixirs have been adopt­
ed official first action.

Dexamethasone is an adrenocorticosteroid which is com­
mercially available in tablets, elixirs, aerosols, and ophthal­
mic suspensions. The United States Pharmacopeia compen­
dial assay of the drug substance is a reverse phase liquid 
chromatographic (LC) method (1-3) which has undergone 
frequent revision. For example, both the mobile phase com­
position and the length of the column used for this assay 
were changed in the 20th revision and its supplements. The 
revised USP XX method for the drug substance, using a 
column packed with octylsilane (C8), is retained in the 21st 
revision. The liquid-liquid extraction procedure followed by 
the blue tetrazolium colorimetric reaction for the elixir in 
USP XX was also replaced by LC analysis in the 21st revi­
sion. This method specifies a column packed with octadecyl- 
silane (C,8) and a methanol-water mobile phase rather than 
the acetonitrile-water mobile phase that is used for the drug 
substance. It has been observed in this laboratory that the 
compendial liquid chromatographic methods do not resolve 
dexamethasone from its configurational isomer, betametha­
sone, and do not exhibit the selectivity for closely related 
steroids which is found in normal phase LC analysis (4, 5) 
as depicted in Figure 1. In addition, as the percentage of 
acetonitrile is increased, the spectral profile and absorptivity 
of dexamethasone undergo changes around the 254 nm wave­
length, which is used for quantitation.
The USP identification tests for the drug substance are (a) 

UV absorptivity, (b) an IR spectral profile (KBr disc), and
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This report o f the Associate Referee was presented at the 98th AOAC Annual 
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(c) thin-layer chromatography (TLC). However, these tests 
have some deficiencies. The UV absorptivity test is not spe­
cific because it depends on the Ring A chromophore common 
to corticosteroids; the IR test does not specify the same re­
crystallization solvent for sample and standard, which will 
present a problem if polymorphism is present; and the TLC 
system will not resolve the alpha and beta configurational 
isomers. The elixir TLC identification test is subject to in­
terference from excipients added as preservatives. In addi­
tion, in the USP assay for the alcohol content of the elixir, 
the internal standard, acetonitrile, is usually incompletely 
resolved from the ethanol peak (6).
Degradation of dexamethasone occurs most frequently in 

Ring A and/or the Ring D side chain (Figure 2). Degradation 
of Ring A is light-catalyzed; the decomposition routes for 
the Ring D side chain are more varied and common. Basic-, 
acidic-, and metal-catalyzed degradation products of the C17 
side chain have been identified. The predominant Ring D 
decomposition products are the C20-etio acid, C17-ketone, and 
the C21-glyoxal (7). The normal phase LC method resolves 
dexamethasone from its decomposition products as do the 
TLC identification tests.
Prior work in this laboratory (8) was incorporated by Wal­

ters and Dunbar (5, 9) in the development of a normal phase 
LC method. Walter’s method for hydrocortisone drug sub­
stance and tablets was collaboratively studied and adopted 
by AOAC (10). The method developed by this author is 
similar to that of Walters. The main differences are the use 
of cortisone as the internal standard and the change from 
ethylene chloride to methylene chloride as the base solvent 
for the mobile phase. This modified LC method (5), a mod­
ified alcohol assay (3), a modified infrared (3), and 2 TLC 
identification tests, as well as comparison of relative LC re­
tention times, have been subjected to intra- and interlabo­
ratory collaborative studies. The results of these studies are 
the subject cf this report.

Collaborative Study
Six collaborators participated in the study. The author’s 

results are listed as collaborator 7 in the tables. Each of the 
6 collaborators received 12 samples, labeled 1-12, as 6 blind 
duplicate pairs. Samples 1-6 were bulk drug substances, and
7-12 were elixirs. All samples were to be analyzed for dexa­
methasone. Infrared, LC, and TLC identification tests were 
required for 3 drug substance samples. All elixir samples were 
to be analyzed for alcohol, and a TLC identification test was 
required for 3 elixir samples.
Sample pair 7/11 represented an authentic elixir formu­

lated at 94% of the commercial level with benzoic acid as 
the preservative. Sample pairs 8/12 and 9/10 were com­
mercial elixirs. Methyl and propyl parabens were used as 
preservatives by the formulator of sample pair 9/10. Drug 
substance sample pairs were 1/5,2/6, and 3/4. TLC, infrared, 
and relative LC retention times were required as identifica-
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Figure 1. Liquid chromatogram of 7 related corticosteroids. Re­
tention times in min. Flow rate =1 .6 mL/min. Key: (A) Cortisone 
acetate; (B) hydrocortisone acetate; (C) cortisone; (D) predni­
sone; (E) dexamethasone; (F) betamethasone; (G) prednisolone.

t io n  tests fo r  samples 1, 2, and 4. Samples 8, 9, and 11 
requ ired a T L C  id en tifica tio n  test.

Each co llabo ra to r also received an in s tru c tio n  sheet, copy 
o f  the m ethod, repo rt fo rm , v ia l o f  in te rna l standard, v ia l o f  
betamethasone, v ia ls  con ta in ing  drug substance samples, and 
sm all bottles o f  e lix ir . F o r the analysis o f  the e lix ir , each 
co llabo ra to r was instructed to  consider the samples to  be 
fo rm u la ted  as 0.5 mg dexam ethasone/5 m L.

Dexamethasone in Drug Substance and Elixirs 

Quantitative and Identification Methods 

First Action

Principle
D exam ethasone content in drug substance and elixir is detd  by 

norm al phase LC using quaternary m obile phase with controlled 
H 20  content, UV detection a t 254 nm , and cortisone as internal std. 
Identity is confirm ed in bulk drug substance and elixir by TLC  and 
in drug substance by IR  spectroscopy and relative LC re tention tim e 
ratios. Alcohol content in elixir is detd  by GC on porous polym er 
colum n using internal std  and flame ionization detector.

Liquid Chromatographic Method

Apparatus
(a) L iq u id  c h ro m a to g r a p h .— M odel 8100 (Spectra-Physics, 3333 

N  First St, San Jose, CA 95134-1995) equipped with M odel 100-10 
photom etric detector (H itachi/NSA, 460 E M iddlefield Rd, M oun­
tain View, CA 94043), 15-30 p L  injection valve (Valeo Instrum ents 
Co., Inc., P.O. Box 55603, H ouston, TX  77255), and M odel CR1A 
integrator (Shim adzu Scientific Instrum ents, Inc., 7102 Riverw ood 
Rd, Colum bia, M D 21046). Equiv. LC system, U V  detector, au to­
sam pler, and strip chart recorder m ay be used. LC pum ping system 
in which bubbles develop in m obile phase is unsuitable. 1 jug dex­
am ethasone should produce 50% full scale response with appropriate 
detector and recorder o r integration settings a t 254 nm . M obile phase 
flow rate 1.2 m L /m in  a t am bient tem p.

S I D E  C H A IN

(b) C h ro m a to g ra p h ic  c o lu m n .— Stainless steel, 25 cm  x 4.6 m m  
id, packed with 5 p m  Zorbax-Sil (E.I. du  Pont de N em ours and Co.), 
or equiv. m eeting appropriate  LC system suitability requirem ents. 
3 cm x 4.6 m m  id stainless steel guard colum n packed w ith 10 p m  
silica particles may be used. I f  necessary, dry silica colum n by eluting 
with 20 mL. C H 2Cl2-H O A c-2,2-dim ethoxypropane (90 +  2 +  2 
v/v/v).

Reagents

(a) S o lv e n ts .— G lacial HOAc (J. T. Baker o r equiv.), UV  grade 
M eOH and C H 2C12 (Burdick and Jackson Laboratories, Inc., or 
equiv.), and distd-in-glass H 20 .

(b) M e th a n o l s o ln .— Pipet 5.0 m L H 20  in to  100 m L vol. flask 
and dil. to vol. w ith M eOH.

(c) M o b ile p h a s e .— Pipet 1 .0m L glacia lH O A cand45 .0m L M eO H  
soln into 1 L vol. flask, and dil. to vol. w ith C H 2C12. Degas mixt. 
A djust M eOH content to obtain retention tim es of approx. 6 and 9 
m in  for cortisone and dexam ethasone, resp. Cortisone retention tim e 
should be used for m obile phase com position adjustm ents; increased 
M eOH content decreases retention time.

(d) S o d iu m  b ic a rb o n a te  so ln . — 1M. Dissolve 8.4 g N a H C 0 3 in 
100 m L H 20 .

(e) In te r n a l s td  s o ln .— Dissolve 30 mg cortisone (Sigma Chemical 
Co., or equiv.) in 4.0 m L M eOH and dil. to  100.0 m L with C H 2C12.

(f) D e x a m e th a s o n e  s td  so ln . —4.0 m g/100 mL. Transfer ca 25 mg 
accurately weighed USP Ref. Std D exam ethasone (previously dried 
30 m in at 105°) to 25 m L vol. flask, and dissolve in  and dil. to vol. 
with M eOH. Transfer 2.0 m L aliquot o f  this soln to 50 m L  vol. flask 
contg 6.0 m L internal std soln, and dil. to vol. w ith C H 2C12. D o not 
filter th ru  m em brane filter.

Sample Preparation
(a) D ru g  su b s ta n c e .— Prep, as directed for D e x a m e th a s o n e  s td  

so ln , using 25 mg dexam ethasone. Do no t filter th ru  m em brane filter.
(b) E l ix i r .— T ransfer accurately m easured 10 m L portion  o f 

Dexam ethasone Elixir, contg 1 mg dexam ethasone, to 125 m L sep­
aratory funnel, add 5 m L 1M N aH C O , soln, and ext with four 20 
m L portions o f  CH2C12. Collect exts in 250 m L separatory funnel 
contg 5 m L H 20 .  Back-wash com bined exts and filter th ru  cotton 
wet with C H 2C12 into suitable beaker. R inse H 20  back-wash and 
125 m L separatory funnel consecutively with 10 m L C H 2C12. F ilter 
this rinse into beaker. Evap. filtrate on steam bath  under je t o f  air 
to approx. 10 m L and quant, transfer with C H 2C12 to 25 m L vol. 
flask contg 1.0 m L M eOH and 3.0 m L internal std  soln. Dil. to vol. 
w ith C H 2C12. D o  not filter th ru  m em brane filter.

Determination
Equilibrate colum n with m obile phase a t 1.2 m L/m in. M onitor 

response a t 254 nm . M ake 3 replicate injections o f  dexam ethasone 
std soln. Using either peak area or peak h t m easurem ents for each 
injection, calc, coefficient o f  variation (CV) o f  peak response ratios 
o f dexam ethasone to internal std. In suitable system, CV should be 
£2 .5%  and resolution factor, R s, for dexam ethasone peak and in ­
ternal std peak should be > 3 . M ake duplicate injections o f  std and 
sample solns and det. response ratio for each. Relative retention 
ratios o f  dexam ethasone to  internal std should agree w ithin ±2.0% .
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Calculations
Calc, content o f dexam ethasone as follows:

Drug substance:

Dexam ethasone, mg =  625 x C  x ( R R / R R 1)

Elixirs:

Dexam ethasone, m g/5 mL = 1 2 .5  x C  x ( R R / R R ' )

where C  =  final concn o f  std soln (mg/mL), and R R  and R R '  =  av. 
response ratio for peak h t or area o f analyte to that o f internal std 
for sample and std solns, resp.

Thin Layer Chromatographic Identification

Apparatus, Reagents, and Test Solutions
(a) T hin  la y e r  p la te s .— Glass, 20 x 20 cm, coated with 250 /^m 

layer o f  silica gel G  with fluorescence indicator (Analtech Cat. No. 
02011 [Analtech Inc., 75 Blue Hen Dr, PO Box 7557, Newark, DE 
19711], o r equiv.).

(b) D e v e lo p in g  so ln s. — ( l )D r u g  s u b s ta n c e .— CHCl3-d iethylam ine 
(2 + 1). (2) E lix ir .— C H CIj-acetone-glacial HOAc (80 +  40 + 1).

(c) T L C  s td  te s t s o ln s .— (1 ) D ru g  su b s ta n c e .—Prep. 1 m g/m L soln 
o f USP Ref. Std D exam ethasone ir. C H 2Cl2-M eO H  (1 +  1). (2) 
E lix ir .— Evap. 10 m L o f D e x a m e th a s o n e  s td  so ln  (f) just to dryness 
on steam  bath. Dissolve residue in 1 m L C H 2Cl2-M eO H  (1 +  1). 
Prep, individual 400 Mg solns o f  dexam ethasone (Sigma Chemical 
Co., or equiv.) and cortisone in C H 2Cl2-M eO H  (1 +  1) to  serve as 
chrom atgc identification stds.

(d) T L C  s a m p le  te s t s o ln s .—(1) D r u g  su b sta n ce . — Prep, as d i­
rected for T L C  s td  te s t  so ln . ( 2 ) E l ix i r .— Evap. 10 m L o f  elixir sample 
prepn (b) ju s t to dryness on steam  bath. Dissolve residue in 1 m L 
C H ,C l2-M eO H  (1 +  1).

Chromatography

Equilibrate suitable chromatgc tank with appropriate  developing 
solv. Spot 5 mL o f  each test soln ca. 2.5 cm from bottom  o f  coated 
plate. Let spots dry and develop chrom atogram  until solv. front has 
m oved 10 cm from  origin. R em ove plate, m ark solv. front, air-dry 
plate, and locate spots under shortwave U V  light. For drug substance, 
R f o f  m ajor spot in sam ple test soln corresponds to that for std  test 
soln. For elixir, relative R f o f  dexam ethasone to cortisone for TLC 
sample test soln corresponds to that for TLC std test soln.

Infrared Spectroscopic Identification

D ru g  su b s ta n c e .— Prep. KBr dispersions from previously dried 
sam ple and std m aterial. Scan spectra between 2.5 and 15.0 Mm. 
Com pare sample and std spectra. I f  difference appears, dissolve por­
tions o f  both sam ple and std in C H 3CN, evap. solns to  dryness, and 
repeat test on residues. Sample and std prepns exhibit m axim a at 
same wavelength.

Identification by Relative Retention Times
D ru g  s u b s ta n c e .— C om pare re tention ratios o f  m ain peak to in ­

ternal std peak obtained for dexam ethasone std soln and for assay 
sample prepn as directed in LC assay. R atios that do not differ by 
>2.0%  confirm  identity.

Alcohol in Elixir 

Gas Chromatographic Method

Apparatus and Reagents

(a) G a s c h ro m a to g r a p h .— M odel 5830A, with flame ionization 
detector and electronic integrator (Hewlett-Packard), or equiv. O p­
erating conditions: colum n tem p. 165° and N gas flow adjusted so 
that 2-propanol elutes in 3-5 min.

(b) C h r o m a to g ra p h ic  co lu m n . — Glass, 6 ft x 4 m m  id, packed 
with 80-100 mesh copolym er o f  ethylvinylbenzene and divinylben- 
zene that has nom inal surface area o f 500-600 sq m /g and av. pore

I f  relative retention ratios differ by > 2.0%, then dry silica column
as described in Apparatus (b).

diam . o f  0.0075 Mm. This m aterial has been washed with org. solvs 
and acids and then preconditioned in bulk in O-free atm . Super-Q 
(Alltech Associates Cat. No. 2735 [Applied Science Labs, 2051 W au­
kegan Rd, Deerfield, IL 60015]) has been found to be suitable.

(c) In te r n a l s td  s o ln .— Dil. 5.0 m L 2-propanol with H 20  to 250 
mL.

(d) A lc o h o l s td  s o ln .— Dil. 5.0 m L absolute alcohol with H 20  to 
250 mL. Pipet 10 m L o f this soln and 10 m L internal std soln into 
100 mL vol. flask and dil. to vol. with H 20 .

P re p a ra tio n  o f  G C  C o lu m n

W ith small plug o f silanized glass wool in end o f  colum n, apply 
vac. to exit o f  colum n and add packing in small am ts to inlet end. 
W ith aid o f gentle vibration, pack colum n firmly. C ondition colum n 
overnight a t 235° with slow N  flow. Check colum n for voids after 
conditioning. G ently vibrate colum n to rem ove voids. Check colum n 
perform ance by injecting alcohol std soln and calcg following: res­
olution >3; RSD < 1.5% for alcohol peak area relative to 2-propanol 
peak area with 6 replicate injections; and tailing factor < 2 .0  for 
alcohol.

S a m p le  P re p a ra tio n

Pipet 4 m L elixir and 10 m L internal std soln in to  100 m L vol. 
flask and dil. to vol. with H 20 .

D e te rm in a tio n  a n d  C a lc u la tio n

Inject ca 5 mL each o f  sam ple and std solns in duplicate. Calc. % 
alcohol in elixir as follows:

% alcohol (v/v) =  ( R R /R R ')  x C  x D

where R R  and R R ' =  av. response ratio  for peak area o f  analyte to 
that o f  internal std for sam ple and std, resp.; C  =  % alcohol in std 
soln; and D  =  sample diln factor.

CAS-50-02-2 (dexamethasone)

Results and Discussion
F or the drug substance and e lix ir  de term inations, the co l­

laborators used 5 d iffe rent brands o f  l iq u id  chrom atographs, 
bo th m anual in jec tion  and autosamplers (3 brands), and either 
e lectron ic in tegra tors (3 brands) o r s tr ip  cha rt recorders. C al­
cula tions were based on m anua l m easurem ent o f  he ight (3 
collaborators), in tegra to r areas (2 co llabora tors), and in te ­
gra to r heights (2 collaborators). N o  differences a ttribu tab le  
to  m ode o f  ca lcu la tion  were noted. F o r the e lix ir  a lcohol 
analysis, the co llabora tors used 5 brands o f  gas chrom ato ­
graphs and e ither e lectron ic in tegra tors (4 brands) o r s trip  
chart recorders. C a lcu la tions were based on m anua l area cal­
cu la tion  (1 co llabora to r), in teg ra to r areas (4 collaborators), 
and m anual he ight measurem ent (1 co llabora to r). The a l­
cohol m ethod requires tha t area, no t peak height, measure­
ments be used fo r ca lcu la tion . One co llabo ra to r d id  n o t com ­
plete the alcohol analyses because the co lum n packed fo r  the 
study d id  no t meet the system s u ita b ility  requirem ents. Be­
cause o f  docum ented problem s w ith  a lcoho l analyses w ith  
Poropak Q co lum ns (6), co llabora to rs were ins tructed  to  te r­
m inate  the alcohol analysis i f  the system s u ita b ility  test re­
qu irem ents were no t met. T w o  co llabora to rs chose to  com ­
plete the alcohol analyses even though th e ir  reported replicate 
standard in jec tions and ta ilin g  requirem ents, respectively, 
d id  no t meet the study pro toco l. These data were inc luded 
in  the statistica l trea tm ent because the reported values were 
close to  the study lim its .

The study data, Tables 1-3, were s ta tis tica lly  evaluated fo r 
w ith in - and between-laboratory variance. N o  data po in ts were 
discarded fo r  the e lix ir  dexamethasone analyses. A n  in d i­
v id u a l resu lt fro m  co llabo ra to r 4 fo r  sample 1 was e lim ina ted  
as a D ix o n  (11) o u tlie r fo r  the dexamethasone b u lk  drug 
substance analyses. In d iv id u a l results fro m  co llabo ra to r 2 fo r
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Table 1. Collaborative results of dexamethasone bulk drug sub­
stance assay (% by weight on dried basis)

Sample blind duplicate pairs

Coll. 1/5* 2/6 3/4

1 97.3 97.0 100.8 100.4 99.6 100.0
2 97.0 96.3 100.1 100.2 98.9 99.0
3 97.3 96.2 101.2 99.9 99.1 99.7
4 94.2“ 96.4 98.8 99.1 98.6 98.6
5 97.4 98.0 99.4 101.3 100.4 100.3
6 97.7 96.9 99.7 99.6 99.3 98.8
7 97.5 97.8 100.1 100.7 99.4 99.4

Av. 97.1 100.1 99.4
s 0.5752 0.7502 0.5839
CV, % 0.59 0.75 0.59

* Standard purity as received from manufacturer. 
“ Outlier, eliminated by Dixon s test criteria (11).

samples 10 and 12 and from collaborator 4 for sample 10 
were eliminated as Dixon outliers for the elixir alcohol anal­
yses.

After the data set was normalized by dividing each data 
point by its respective sample group average, pooled results 
for each analysis were statistically evaluated by the ranking 
and analysis of variance criteria presented by Steiner (11). 
For the alcohol analyses, the average calculation for sample 
group 9/10 did not include the outlier data point, 6.99%. 
Inclusion of this data point would cause a positively biased 
average and skew the statistical analysis. The author’s results 
are reported as collaborator 7.

For the 3 bulk drug substance analyses, the coefficients of 
variation, CVs, were between 0.59 and 0.75% (Table 1). For 
42 analyses, the pooled mean analysis, the CV for repeat­
ability (CV0, within-laboratory error), and the CV for repro­
ducibility (CVX, within- and between-laboratory error) were 
99.8%, 0.81%, and 0.75%, respectively (Table 4). Laboratory 
4 was identified as an outlier by the Thompson and Willke 
ranking test (11), and those results were eliminated. For the 
remaining 36 analyses, the pooled mean, CV0, and CVX were 
100.2%, 0.36%, and 0.40%, respectively (Table 4). For the 
elixir dexamethasone analyses, the CVs were between 1.74 
and 3.55% (Table 2). The pooled mean, CVQ, and CVX were 
99.9%, 2.11%, and 1.19%, respectively (Table 4). For the 
elixir alcohol analyses, the CVs were between 0.87 and 1.34% 
(Table 3). For 36 analyses, the pooled mean, CVG, and CVX 
were 100.0%, 4.61%, and 4.13%, respectively (Table 4). Lab­

Table 2. Collaborative results of dexamethasone elixir assay
(mg/5 mL)

Sample blind duplicate pair formulations

Authentic Commercial
Coll. 7/11* 8/12“ 9/10“

1 0.456 0.451 0.465 0.469 0.491 0.504
2 0.448 0.444 0.490 0.491 0.522 0.522
3 0.444 0.437 0.519 0.512 0.509 0.517
4 0.452 0.442 0.505 0.484 0.539 0.539
5 0.442 0.442 0.486 0.485 0.510 0.513
6 0.424 0.450 0.475 0.480 0.483 0.499
7 0.448 0.445 0.458 0.482 0.508 0.512

Av. 0.445 0.486 0.513
Av., % 89.0 97.2 102.6
Ree., % 94.5
s 0.00775 0.01723 0.01594
CV, % 1.74 3.55 3.11
* Formulated to contain 0.471 mg/5 mL. 
“ Label declaration 0.5 mg/5 mL.

Table 3. Collaborative results of elixir alcohol assay (% alcohol)

Sample blind duplicate pair formulations

Authentic Commercial

Coll. 7/11 8/12“ 9/10'

1 ND* ND ND ND ND ND
2 5.01 5.01 4.98 5.40“ 5.22 6.99“
3 4.95 4.99 4.95 4.97 5.22 5.12
4 4.79 4.96 4.81 4.93 5.12 4.96“
5 4.85 4.93 4.90 4.82 5.10 5.15
6 4.96 4.94 4.89 4.92 5.16 5.14
7 4.88 4.90 4.96 4.99 5.13 5.09

Av. 4.93 4.92 5.14
Av., % 98.6 98.4 102.8
Ree., % 98.6
s 0.06612 0.06083 0.04478
CV, % 1.34 1.24 0.87

* Formulated to contain 5% by volume.
0 Label declaration 5% by volume.
“ ND = not determined. Column packed for this analysis did not meet sys­
tem suitability requirements.

“ Outlier; eliminated by Dixon's test criteria (11).

oratory 2 was identified as an outlier by the Thompson and 
Willke ranking test (11), and those results were eliminated. 
For the 30 remaining analyses, the pooled mean, CVD, and 
CVX were 99.5%, 0.82%, and 0.89%, respectively (Table 4).

The values for the system suitability tests for the dexa­
methasone drug substance and elixir assays are reported in 
Table 5. All of the collaborators successfully met the study 
system suitability test requirements by a substantial margin. 
Participants were not required to repeat these tests if the 
same chromatographic system was used for both analyses. 
The collaborators were told that prior to sample analyses 
their silica columns could be dried quickly with the meth­
ylene chloride-acetic acid-2,2-dimethoxypropane solvent 
system described by Bredeweg et al. (12). Careful control of 
the water content on the silica column is necessary for re­
producible results in normal phase liquid chromatography. 
The drug substance analysis reflects the precision and ac­
curacy of the normal phase chromatographic system. One 
collaborator had difficulty with bubble formation in the 
pumping system with the methylene chloride-based solvent

Table 4. Statistical analysis of pooled interlaboratory results

Elixir,
0.5 mg/ Alcohol,

Statistic
Drug substance, 

% by weight
5 mL 
decld

5% by volume 
decld

No. of analyses 42 36» 42 36 30*
Pooled mean“ 0.998 1.002 0.999 1.000 0.995
Pooled mean, 

as decld 99.8 100.2 0.500 5.00 4.98
So“ 0.0081 0.0036 0.0211 0.0461 0.0081
s x a 0.0075 0.0040 0.0119 0.0413 0.0089
CV0,“ % 0.81 0.36 2.11 4.61 0.82
CVX,“ % 0.75 0.40 1.19 4.13 0.89

* Data from laboratories 4 and 2 were eliminated for the drug substance and 
alcohol analyses, respectively. These laboratories were found to be out­
liers based on Thompson and Willke ranking criteria (11).

“ Pooled results were normalized through the division of each sample point 
by Its sample group average. Outliers were not eliminated from any data 
sets for the drug substance or elixir for these calculations. One outlier 
(132.3% from the average) was eliminated from the alcohol data set when 
the average was calculated for the 30-point data pool. 

e SD0 and CV0 are the repeatability (within-laboratory error) standard devia­
tion and coefficient of variation, respectively.

“ SDX and CVX are the reproducibility (within- and between-laboratory error) 
standard deviation and coefficient of variation, respectively.
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Table 5. LC conditions for collaborative study of dexamethasone

Coll. Column Calculation mode

Drug substance Elixir

R* CV," % RRT' R CV, %

1 Spherisorb S5W manual height 4.6 0.47 1.35 6.4 1.33
2 Zorbax-SII integrator area 7.0 0.18 1.44 NC° —
3 Zorbax-SII integrator height 6.1 0.48 1.41 NC —
4 Zorbax-SII manual height NC — 1.42 7.5 0.55
5 Zorbax-Sil manual height 11.2 0.013 1.55 9.0 0.43
6 Zorbax-Sil Integrator area 8.3 0.17 1.45 9.8« 1.2
7 Zorbax-Sil integrator height 5.0 0.21 1.48 NC —

Study' Silica height or area >3 <2.5 <2.0%3

* Resolution for dexamethasone and Internal standard cortisone for system suitability test. 
« Coefficient of variation for 3 replicate standard Injections for system suitability test.
= RRT = relative retention time of dexamethasone to cortisone.
“ NC = not calculated.
* Second Zorbax-SII column was used.
' Collaborative study requirements.
3 Maximum difference allowed between standard and sample relative retention times.

system. It appears that this particular manufacturer’s pumps 
tend to form air bubbles with more volatile solvents. How­
ever, another collaborator used the same manufacturer’s in­
strument and did not report any apparent difficulties. Meth­
ylene chloride also has a tendency to form bubbles in this 
manufacturer’s autosampler. This solvent system has been 
successfully used by the author with 4 different designs of 
pumping systems but not including one from this particular 
manufacturer. Normal phase systems have greater selectivity 
for related corticosteroids (4, 5) than do previously reported 
reverse phase systems (13-16).

Brower (17) and Walters (9) have reported collaborative 
study results for prednisolone and hydrocortisone with a sim­
ilar normal phase solvent system and samples prepared in 
methylene chloride. The major difference in the LC mobile 
phase is that ethylene chloride was used in place of methylene 
chloride. Because of the toxicity, flammability, lower capac­
ity for water, slightly poorer selectivity for corticosteroids, 
and solvent contamination problems associated with ethyl­
ene chloride, the author chose to use methylene chloride. 
However, the previously cited studies indicate that satisfac­
tory results could be obtained by substituting ethylene chlo­
ride if air bubbles in the system become a major problem. 
The methanol content might have to be adjusted to obtain 
the required separations.

The recovery for the authentic elixir was 94.5% of the 
theoretical 0.471 mg dexamethasone/5 mL. One month after 
preparation, the author recovered 94.8%. The author had 
prepared and analyzed 2 other authentic elixirs prior to the 
collaborative study. The USP XX (1) blue tetrazolium meth­
od (BT) and the proposed LC method were both used. For 
Authentic No. 1, the average of 7 analyses was 98.4% (CV
1.00%) by the BT method and 98.9% (CV 0.88%) by LC 
analysis. All analyses of Authentic No. 1 were within 1 week 
of preparation. For Authentic No. 2, the average of 5 analyses 
by the BT method was 99.0% (CV 1.76%); the average of 6 
LC analyses was 96.5% (CV 0.77%). The USP assay was 
within a few days of preparation; the LC analyses were 1 
month later. The author’s original LC analyses of the com­
mercial elixirs used for this study were 7.2% higher than the 
analyses prior to issuing the study. Thirty-one months had 
elapsed between these analyses. Equivalent results are ob­
tained when the blue tetrazolium and LC analyses are done 
at the same time. Decomposition of the steroid is detected 
by LC analysis a month after formulation. That decompo­
sition continues slowly is evidenced by the change in the 
assay of the 2 commercial products. According to Das Gupta

(18), hydrocortisone, a related corticosteroid, appears to be 
unstable in both water and polyethylene glycol ointment base. 
He also noted that, when mixed with water, either alcohol 
or glycerin had a stabilizing effect on the steroid. He further 
noted that decomposition occurs both in Ring A and in the 
C, 7 dihydroxyacetone side chain and commented that the 
blue tetrazolium method is not a stability-indicating assay. 
Excipients for Authentic No. 1 included alcohol, benzoic 
acid, methyl paraben, and propyl paraben. Authentic No. 2 
did not include the preservatives, but alcohol, glycerin, and 
propylene glycol were present. The collaborative study au­
thentic sample incorporated alcohol, benzoic acid, and glyc­
erin. Both commercial elixirs contained alcohol and glycerin, 
but one used benzoic acid, and the other used methyl and 
propyl paraben as preservatives.

The elixir preservatives do not interfere in the LC analysis. 
Benzoic acid is removed during the extraction; methyl and 
propyl parabens elute just prior to the internal standard, 
cortisone. No interference was noted in any of the chro­
matograms submitted by the collaborators. See Figure 3 for 
a typical chromatogram when methyl and propyl parabens 
are present. For the pooled elixir results, the within-labo- 
ratory error is larger than the between-laboratory error. This 
may be attributed to the loss of small amounts of the steroid 
in the extraction step of the procedure or to incomplete pipet 
delivery of the slightly viscous product since the within- and 
between-laboratory error is quite close for the drug substance 
analyses. The average of all the analyses for each sample set 
agrees quite well with the author’s results, indicating that this 
difference is not significant.

For the alcohol analysis, the collaborative study specified 
a column packed with a copolymer of ethylvinylbenzene and 
divinylbenzene marketed as Poropak Q, and which prefer­
ably had been Soxhlet-extracted with chloroform prior to 
conditioning the column. Chloroform extraction has been 
reported as a method to reduce tailing of alcohols (7). Sub­
sequent to the issuance of the study, a commercially avail­
able, purified form of Poropak Q, Super Q, was identified. 
On the basis of an evaluation in this laboratory, it appears 
that this material does not require special treatment to meet 
the system suitability tests. For this reason, Super Q or its 
commercial equivalent is specified in this report rather than 
Poropak Q.

The alcohol method collaborated in this study was a mod­
ification of the USP XX (2) and XXI (3) Method II. The 
USP method has a close correlation to a method for ethanol, 
isopropanol, or acetone in drugs by Falcone (19), which was
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Figure 3. Collaborative study chromatogram with the least res­
olution achieved for an elixir with methyl and propyl paraben 
preservatives. Retention times in min. Flow rate = 1.2 mL/min. 

Key: (A) Propyl and methyl paraben; (B) cortisone;
(C) dexamethasone.

collaboratively studied in 1973 and adopted by AO AC (20). 
The USP method specifies a smaller mesh size and lower 
column temperature. Both methods use acetonitrile as the 
internal standard. It has been documented (7) that ethanol 
and acetonitrile frequently are not resolved on the polymer 
packing that is commercially available now. For that reason,
2-propanol was chosen as the internal standard for this study. 

In accordance with the study instructions, one collaborator

Table 6. GC conditions for collaborative study of alcohol in 
elixirs

Coll. R* CV," % T=

Chlo­
roform
extn"

Date
packed

Calculation
mode

1 ND* yes 6/82
2 3.6 0.17 1.4 yes 5/83 integrator area
3 4.0 1.8 1.2 no 11/82 integrator area
4 3.8 1.18 1.2 no 1/83 manual area
5 3.6 0.70 1.2 no 12/82 manual height
6 3.3 0.23 2.2 no 10/82 integrator area
7 4.0 0.60 1.2 yes 88/82 integrator area

Study' >3 £1.5

oc\jVI yes area

* Resolution for alcohol and Internal standard 2-propanol for system suitabil­
ity test.

6 Coefficient of variation for 6 replicate standard injections for system suit­
ability test.

° Tailing factor for alcohol for system suitability test.
“  Method recommends chloroform extraction of Poropak Q packing to im­
prove peak shape for polar compounds such as alcohol.

• ND = not determined. Column packed for this study did not meet system 
suitability requirements.

'Collaborative study requirements.

m
m
(U

A  B  C

Figure 4. Gas chromatogram for alcohol analysis. Retention 
times in min. Key: (A) Alcohol; (B) 2-propanol; (C) propylene 

glycol.

did not complete the analyses because of poor column per­
formance and the inability to meet any of the system suit­
ability tests. Two other analysts submitted data even though 
the requirements of at least one of the 3 system suitability 
tests, including the generous tailing factor of 2 for alcohol 
(Table 6), were not met. The USP method requires a tailing 
factor of not more than 1.5. Inspection of the chromatograms 
revealed that random changes in peak height due to peak 
broadening continue to be a problem that requires the use 
of peak area to obtain accurate results. One collaborator 
commented on a late eluting peak, polyethylene glycol, as a 
possible source of interference (Figure 4). All the chromato­
grams were examined for possible interference from this peak 
and none was noted.

Identification of dexamethasone was confirmed by thin-

Table 7. Conditions and results for thin layer identification tests

Drug Substance

Coll. R,* R," RR,‘

Solv.
front,
mm Plate source

1 0.27 0.34 0.79 1C0 Analtech Silica Gel GF
2 0.44-0.45 0.57 0.79 103 E. Merck F254
3 0.28 0.38 0.74 109 Supelco Redi-coat-H
4 0.32 0.40 0.80 100 Analtech Silica Gel GF
5 0.30 0.39 0.77 108 Analtech Silica Gel GF
6 0.26-0.27 0.31 0.84= 145 Analtech Silica Gel GF
7 0.27 0.34 0.79 100 Whatman LK5F Silica Gel

Elixir

Solv.
front,

Coll. FV R,° RR," mn Plate source
1 0.32 0.38 0.84 137 Analtech Silica Gel GF
2 0.45-0.46 0.56 0.81 100 E. Merck F254
3 0.27-0.28 NR' 145 Supelco Redi-coat-H
4 0.43 0.49 0.87 100 Analtech Silica Gel GF
5 0.30 0.37 0.81 150 Analtech Silica Gel GF
6 0.32 NR 119 Analtech Silica Gel GF
7 0.28 0.33 0.85 100 Baker Si250F Silica Gel

* Dexamethasone Rf.
“ Betamethasone R,.
‘ Relative R, of dexamethasone to betamethasone. Coefficient of variation is 
2.8%. Relative R, for collaborator 6 is an outlier by Dixon's test (11).

‘  Cortisone R,.
* Relative R, of dexamethasone to cortisone. Coefficient of variation is 3.1%. 
'  NR = not reported.
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layer chromatography, relative LC retention time, and IR 
spectroscopy for the drug substance and by a second TLC 
system for the elixir. For the drug substance, each collabo­
rator was also asked to spot betamethasone, the configura­
tional isomer of dexamethasone. The TLC system easily re­
solved this pair. Although the collaborators used a variety 
of commercial TLC plates and reported a wide range of Rr 
values for both TLC identification tests, the CVs for relative 
Rf values for each test are around 3% (Table 7). All collabo­
rators successfully identified dexamethasone by the TLC test. 
The range of relative LC retention times was 1.35 to 1.55. 
The largest reported difference _n relative retention time, 
0.7%, was well within the required ±2.0% (Table 5). One 
sample specified for the IR spectroscopy identification test 
had a different crystalline structure and exhibited previously 
unreported polymorphism (21). Three of 6 collaborators not 
only successfully identified the polymorphic form of dexa­
methasone from its IR spectrum but also found that the 
method resolved the spectral differences. Of the remaining 
3 collaborators, one missed the spectral difference, one sub­
mitted such poor quality spectra that the polymorphism was 
only suggested, and the third clearly did not exhibit poly­
morphism. It has been found in this laboratory that pro­
longed grinding with KBr powder changes the crystalline 
form so that the polymorphic effect is reversed. Cohen (7) 
reports that 2 crystalline forms of dexamethasone have been 
observed so that polymorphism should be expected in its IR 
spectrum.

Recommendation
It is recommended that the LC method for dexamethasone 

in bulk drug substance and elixirs, with identification by 
TLC, IR, and relative LC retention times for bulk drug sub­
stance and TLC for elixirs be adopted official first action. It 
is further recommended that the GC method for alcohol in 
elixirs be adopted official first action.
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Determination of Terbutaline Sulfate in Dosage Forms by Liquid Chromatography with 
Electrochemical Detection

WILLIAM L. CHILDRESS* 1
Food and Drug Administration, 585 Commercial St, Boston, MA 02109

A liquid chrom atographic method with electrochemical detection has 
been developed for the determ ination of terbutaline sulfate in dosage 
forms. A cyanopropyi bonded-phase column is used with a  mobile 
phase consisting of m ethanol-0.1M  monobasic potassium phosphate 
containing 0.1M  sodium heptanesulfonate and Im M  disodium ethyl- 
enediam inetetraacetate (15 +  85). T he compound of interest is de­
tected a t a  glassy carbon electrode held a t a  potential of + 0.9  V vs 
silver-silver chloride. The response is linear from 0 to 10 p g /m L  
terbutaline sulfate. The m ethod is applicable to tablet composites, 
individual tablets, dissolution determinations, and injections. Results 
and supporting data are reported for the above analyses.

The b ro nch od ila to r te rbu ta line  sulfate is fo rm u la ted  at levels 
o f  2.5 o r 5 m g in  tablets o r at 1 m g /m L  in  in jections. The 
com pendia l m ethod fo r the de te rm ina tion  o f  te rbu ta line  sul­
fate in  bo th  products is a co lo r developm ent m ethod in  w h ich  
the analyte is ox id ized  to  a colored com plex w ith  potassium  
ferricyan ide in  a lka line  so lu tion  (1). T h is  m ethod has been 
successfully used fo r au tom ated analyses (2), b u t i t  requires 
precise t im in g  in  the ad d itio n  o f  the reagents, and therefore, 
the accuracy and precis ion obta inab le fo r a m anua l analysis 
cou ld  suffer. In  ad d ition , the m ethod is ne ithe r specific no r 
s ta b ility  ind ica ting . A n  im p ro ve d  co lo rim e tric  m ethod has 
been recently developed (3), b u t the same lim ita t io n s  apply. 
F ina lly , the sen s itiv ity  o f  the m ethod is no t as good as de­
sirable in  the case o f  d isso lu tion  de term inations, where m ore 
d ilu te  analyte so lu tions are encountered.

One obvious a lte rna tive  is liq u id  chrom atography (LC). 
W illia m s  and coworkers (4) have used LC  w ith  fluorescence 
detection fo r  the de te rm ina tion  o f  te rbu ta line  sulfate and 
related com pounds. They used a reverse-phase C 18 co lum n 
and an io n -p a ir in g  reagent in  the m ob ile  phase and stated 
tha t the m ethod is applicab le to  fo rm u la tio ns  con ta in ing  te r­
bu ta line  sulfate, a lthough they present no results fo r  actual 
fo rm u la tions.

The pheno lic  structure o f  te rbu ta line  sulfate suggests tha t 
i t  m igh t be am enable to  e lectrochem ical de tection, w h ich , i f  
applicable, w o u ld  p rov ide  sen s itiv ity  com parable to  tha t ob­
ta ined w ith  fluorescence detection. L in  and coworkers used 
LC  w ith  e lectrochem ical de tection to  determ ine te rbu ta line  
and related betam im etics in  plasma (5). T h e ir m ethod also 
invo lves a reverse-phase, io n -p a ir ing  system, w ith  detection 
by ox ida tion  at a glassy carbon electrode. They report tha t 
se n s itiv ity  o f  the m ethod is in  the lo w  nanogram  range fo r 
on -co lum n in je c tio n s—adequate fo r  the m ost d ilu te  analyte 
so lu tions lik e ly  to  be encountered in  dosage fo rm  analyses.

T h is  paper reports the app lica tion  o f  LC  w ith  e lectro­
chem ica l detection to  the d e te rm ina tion  o f  te rbu ta line  sulfate 
in  dosage form s. T ab le t fo rm u la tio ns  were analyzed fo r assay 
value, content u n ifo rm ity , and d isso lu tion . In jec tions  were 
also assayed, and lin e a rity  and recovery studies were per­
form ed.

M E T H O D

Apparatus

(a) L iq u id  chrom atograph. — M ode l M 45  constant-flow  
pum p (W aters Associates, M ilfo rd , M A  01757); M od e l 7125

R e c e iv e d  O c to b e r  1, 1 9 8 6 . A c c e p te d  F e b ru a ry  18 , 1 9 8 7 .
1 P r e s e n t  a d d re s s :  F o o d  a n d  D r u g  A d m in i s t r a t i o n ,  1 0 9  H o l to n  S t, W in ­

c h e s te r .  M A  0 1 8 9 0 .

fixed-loop in jec tion  valve (Rheodyne, Inc., C ota ti, C A  94928); 
cyanopropyi bonded-phase co lum n, ¿¿-Bondapak C N , 30 
cm x 3.9 m m  (W aters); M ode l LC -4B  am perom etric  detec­
to r  (B ioana ly tica l Systems, W est Lafayette, IN  47906) w ith  
glassy carbon w o rk ing  electrode, s ilv e r-s ilv e r ch lo ride  re f­
erence electrode, and stainless steel a u x ilia ry  electrode; and 
M od e l 4270 recording in tegra to r (Spectra-Physics, San Jose, 
C A  95134). Operate at am b ien t tem perature.

(b) D isso lu tio n  a p p a r a tu s .— {H anson Research C o rp ., 
N o rth ridge , C A  91324). Equipped w ith  ro ta tin g  baskets and 
held at 37.0 ±  0.5°C by c ircu la ting  water ba th  (G C A /P re - 
c is ion Scientific, Chicago, I L  60647).

(c) M em bran efilters. -N y lo n -6 6 ,  porosity  0.45 p m  (R a in in  
Ins trum e n t Corp., W oburn , M A  01801).

(d) U ltrasonic b a th .— M od e l S C -150TH  (Sonicor, Co- 
piague, N Y  11726).

(e) F ilt e r  p a p e r .— W hatm an N o . 1 (W hatm an, Inc., C l if ­
ton , N J 07014).

Reagents
(a) T erb u ta lin e su lfate s ta n d a rd .— U .S. Pharm acopeial 

C onvention , Inc., R ockv ille , M D  20852, Cat. N o . 64350, o r 
secondary standard assayed according to  U .S. P h a rm a co p eia
(1). D ry  at 105°C fo r  3 h.

(b) T erbu ta lin e su lfate sta n d a rd  so lu tio n .— 2.5 to  5.0 p g j 
m L  in  water, depending on the analysis being perform ed. 
Accura te ly  weigh reference standard, d issolve in  water, and 
seria lly  d ilu te  to  desired concentration. F ilte r  th rough m em ­
brane f ilte r  p r io r  to  in jec tio n  in to  liq u id  chrom atograph.

(c) M o b ile  phase. — D isso lve  13.6 g m onobasic potassium  
phosphate and 2.2 g sod ium  heptanesulfonate in  ca 800 m L  
water. A d d  10 m L  0 .1M  d isod ium  ethylenediam inetetraace- 
tate (E D T A ) and d ilu te  to  1 L  w ith  water. M ix  850 m L  o f  
th is  so lu tion  w ith  150 m L  LC  grade m ethano l, f ilte r  th rough 
m em brane filte r, and degas by s tirr in g  10 m in  under vacuum .

Sample Preparation

(a) T a b lets .— Accura te ly  weigh no t less than 20 tablets 
and g rind  to  pass N o. 60 sieve. T ransfe r accurately weighed 
p o rtio n  o f  pow der equ iva lent to  5 mg te rbu ta line  sulfate to  
100 m L  vo lu m e tr ic  flask and add ca 80 m L  water. Sonicate 
15 m in , d ilu te  to vo lum e w ith  water, and f ilte r  th rough paper, 
d iscard ing firs t 20 m L  filtra te . D ilu te  5.0 m L  filtra te  to  100.0 
m L  w ith  water and filte r through m em brane filte r.

For con tent u n ifo rm ity  de te rm ina tion , place in d iv id u a l 
tab le t in  100 m L  vo lu m e tric  flask w ith  80 m L  water. Let 
tab le t com ple te ly d isintegrate p r io r  to  son ica tion (10 to  15 
m in  w ith  occasional shaking). F ilte r  as described above. D i­
lu tio n  scheme m ay be altered depending on tab le t strength.

(b) In jections. — P ipet a liq u o t o f  in jec tio n  equ iva lent to  5 
mg te rbu ta line  sulfate in to  100 m L  vo lu m e tr ic  flask and 
d ilu te  to  vo lum e w ith  water. D ilu te  5.0 m L  o f  th is  so lu tion  
to  100.0 m L  w ith  water and filte r th rough m em brane filte r.

(c) D issolution. — Proceed according to  U .S. P h a rm a c o ­
p e ia  (1). R otate baskets at 100 rpm . Use 900 m L  w ate r as 
d isso lu tion  m ed ium ; tim e  is 45 m in . (D ata reported herein 
are based on a 60 m in  d isso lu tion  tim e .) A t  the end o f  spec­
ified  tim e  period, w ith d ra w  a liq u o t fro m  each vessel and f ilte r 
through m em brane filte r.
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T I M E  C M I N )
Figure 1. Typical chromatogram of standard solution of ter- 
butaline sulfate. Detector potential +0.9 V vs Ag-AgCI, 20 nA 
full scale; other conditions are described in text. Chromatograms 

of sample solutions were identical.

Procedure
Set in s tru m en t flo w  rate to  1.0 m L /m in  and set w o rk ing  

electrode po ten tia l to  + 0 .9  V  vs A g -A g C I. A d ju s t detector 
sen s itiv ity  a n d /o r recorder a ttenuation  so th a t 20 /¿L standard 
so lu tion  gives ca half-scale deflection. In je c t five  20 f iL  p o r­
tions o f  standard so lu tion . System is suitable i f  coeffic ient o f  
v a ria tio n  (C V ) o f  peak responses o f  5 standard in jec tions  is 
n o t m ore than 2.0%.

In jec t rep licate 20 rL  a liquo ts  o f  standard and sample 
so lu tions in to  liq u id  chrom atograph and calculate average 
peak response fo r  each. Calculate am oun t o f  te rbu ta line  sul­
fate in  sample so lu tion  by the fo llo w in g  fo rm u la :

Terbu ta line  sulfate in  sample, m g =  [(R u /R s)C D ]/1 00 0

where C =  concen tra tion  o f  te rbu ta line  sulfate in  standard 
so lu tion , Rg/m L; D  =  d ilu t io n  fac tor; R u  =  average peak 
response o f  sample so lu tion ; Rs =  average peak response o f  
standard so lu tion . F o r tab le t assay on ly , m u ltip ly  above re­
su lt by  (A /W ), where A  =  average tab le t w e ight and W  =  
w eight o f  sample.

A t  the end o f  each w o rk in g  day, flush system w ith  ca 100 
m L  each o f  w ater and m ethano l, in  tha t order. F lush system 
w ith  ca 100 m L  w ate r p r io r  to  in tro d u c tio n  o f  m ob ile  phase.

C o n d itio n  electrode weekly by  opera ting a t + 1 .5  V  fo r  5 
m in , - 1 .5  V  fo r 10 m in , and at w o rk ing  po ten tia l, a ll w ith  
m ob ile  phase flow ing  th rough  system. T h is  procedure has 
been shown to  m a in ta in  detector se n s itiv ity  w h ile  greatly 
reducing the need fo r  electrode po lish ing  (6).

Results and Discussion
The p rev ious ly  pub lished m ethods fo r  the analysis o f  te r­

bu ta line  sulfate by LC  use reverse-phase, io n -p a ir ch rom a­
tography (4, 5). In it ia lly ,  an a ttem p t was made to  fo llo w  the 
procedure described by L in  and coworkers (5), w h ich  uses

Table 1. Results of LC and electrochemical detection of ter­
butaline sulfate in tablets

Sample*
Label,
mg

% of label

Assay
Content

uniformity” Dissolution” Rec., %
A 2.5 99.2 91.7-96.2 95.1-101.4 97.1
B 5 97.2 92.3-101.6 98.8-107.4 99,6
C 5 100.0 92.0-99.8 99.6-108.6 98.4

* A, Geigy lot 14210; B, Merrell-Dow lot 403126; C, Geigy lot 27600.
* Range for 10 tablets. 
c Range for 6 tablets.

an octadecylsilane bonded-phase co lum n  and a m ob ile  phase 
consisting o f  15% m ethano l in  a 0 .1M  phosphate bu ffe r con­
ta in in g  sod ium  octanesulfonate as the io n -p a ir in g  agent. A  
sm all am oun t o f  d isod ium  E D T A  was also inc luded , a com ­
m on  practice when e lectrochem ica l de tection is to  be used. 
T h a t system was duplicated , except th a t sod ium  heptane- 
sulfonate was used as the io n -p a ir in g  agent ra the r than so­
d iu m  octanesulfonate w h ich  was unava ilab le  at the tim e. 
W hen te rbu ta line  sulfate was in jected, the re ten tion  t im e  was 
excessively long. Before resorting  to  a d iffe ren t m ob ile  phase, 
we tr ied  a m ore po la r cyanopropy l bonded-phase co lum n. 
T erbu ta line  sulfate eluted at a re ten tion  tim e  o f  ap p ro x i­
m ate ly 4 m in , w ith  a f lo w  rate o f  1.0 m L /m in . T h is  system 
was used fo r  a ll analyses described here. A  typ ica l ch ro ­
m atogram  is shown in  F igure 1.

T o  determ ine i f  the system was linea r in  the range o f  in ­
terest, a series o f  so lu tions o f  te rbu ta line  sulfate a t 2 to  10 
Mg/mL was prepared, and each so lu tion  was in jected in  t r ip ­
licate. A  linear curve having a corre la tion coefficient o f 0.9998 
was obta ined using a least-squares regression. T he p lo t passed 
through the orig in , w ith in  experim enta l error.

Three com m erc ia l samples o f  te rbu ta line  sulfate tablets 
and 2 samples o f  te rbu ta line  sulfate in jec tio n  were analyzed 
using the proposed procedure. The tablets were analyzed fo r 
assay value, content u n ifo rm ity , and d isso lu tion . The in jec ­
tions were assayed only. A  recovery study was pe rfo rm ed fo r 
each tab le t assay by the m ethod o f  standard ad d ition . F o r 
the in jections, a synthetic m ix tu re  was prepared fro m  te r­
bu ta line  sulfate and sod ium  ch lo ride  in  the concentrations 
stated on the p roduc t label, and the resu lting  so lu tion  was 
adjusted to  p H  3 .0 -5 .0 . Because bo th  com m erc ia l samples 
had the same fo rm u la tio n , on ly  one synthetic  m ix tu re  was 
prepared. Results o f  tab le t assays ranged fro m  97.2 to  100.0% 
o f  label. In d iv id u a l tab le t de te rm ina tions ranged fro m  91.7 
to  101.6%, and d isso lu tion results ranged fro m  95.1 to  108.6%. 
Recoveries o f  added standard ranged fro m  97.1 to  99.6%. 
F o r the in jections, assay values were 100.9 and 101.0% o f  
label, w h ile  the synthetic fo rm u la tio n  showed a recovery o f  
98.5%. Results are sum m arized in  Tables 1 and 2.

N o  interferences were noted in  any o f  the chrom atogram s. 
A ltho ug h  i t  is possible to  pe rfo rm  the analysis using U V  
detection, m ore baseline noise was encountered in  th is  m ode
(7). Because the m ore sensitive e lectrochem ica l detector 
needed to  be used fo r the d isso lu tion  de te rm ina tion , i t  was

Table 2. Results of LC and electrochemical detection of ter­
butaline sulfate in injections

Sample* Concn, mg/mL Assay, %
D 1 100.9
E 1 101.0
Synthetic 1.024 98.5

* D, Merrell-Dow lot 404067; E, Geigy lot 75079020.
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deemed preferable to  use i t  fo r the entire  analysis. Sample 
prepara tion  consists s im p ly  o f  ex traction  and d ilu t io n  w ith  
water. Solutions o f  te rbu ta line  sulfate in  the m ob ile  phase 
showed a fa ir ly  rap id  decrease in  peak response w ith  tim e, 
whereas stra ight aqueous so lu tions showed constant peak 
responses fo r several days. F o r so lu tions in  m ob ile  phase, no 
o ther peaks were observed, in d ica ting  tha t the degradation 
product(s) is n o t e lectroactive at the chosen po ten tia l. There­
fore, the s tra ight aqueous e xtraction  and d ilu t io n  scheme was 
chosen.

R e p ro d u c ib ility  was checked by in jec ting  5 consecutive 
a liquots o f  the standard so lu tion  p r io r  to  each sample anal­
ysis. Coefficients o f  v a ria tio n  o f  the peak responses were 
always less than 2.0% and were ro u tin e ly  in  the range o f  1 .2 - 
1.5%.

Use o f  LC  w ith  e lectrochem ica l detection has thus been 
shown to  be an a lte rna tive  to  p rev ious ly  described m ethods 
fo r the de te rm ina tion  o f  te rbu ta line  sulfate in  dosage form s. 
I t  is reasonably rap id , po te n tia lly  s ta b ility  in d ica ting , repro­
ducib le, re la tive ly  uncom plica ted, and linea r over the con­

cen tra tion  range o f  interest. The use o f  e lectrochem ica l de­
tection  fo r  analyses such as d isso lu tion , w h ich  require  greater 
sens itiv ity , has been dem onstrated to  be applicab le in  th is  
case and m ay prove to  be a va luable technique fo r o ther 
drugs having electroactive fun c tiona l groups.
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Titrimetric Determination of Nonesterified Fatty Acids in Intravenous Fat Emulsions

T E R R Y  D . C Y R ,  R O B E R T  C. L A W R E N C E ,  and E D W A R D  G. L O V E R IN G
Health and Welfare Canada, Health Protection Branch, Bureau o f Drug Research, Tunney’s Pasture,
Ottawa, Ontario K1A 0L2, Canada

A titrim etric method, suitable for use a t a  lim it of 5 m Eq/L , has been 
developed for the determ ination of total nonesterified fatty acids in 
intravenous fat emulsion preparations. The method differentiates ti- 
tran t consumed by the nonesterified fatty acids from th a t consumed 
by egg yolk phospholipids, usually present as an emulsifying agent. 
The total nonesterified fatty acids in 8 products from 4 m anufacturers 
were in the range from 0.4 to 3.8 m Eq/L . The mean standard  deviation 
of the method is 0.09 m Eq/L .

A  m ethod is needed to  serve as a l im it  test fo r to ta l nones­
te rified  fa tty  acids (w h ich  inc lude  free acids and th e ir  sod ium  
salts), usually present at levels be low  5 m E q /L , in  in travenous 
fa t em ulsions. These em ulsions typ ica lly  con ta in  10 o r 20% 
soybean o r safflower o il, 1.2% egg y o lk  phospho lip ids  as an 
em u ls ify ing  agent, 2.2% g lycero l fo r  iso to n ic ity , and sod ium  
hyd rox ide  fo r p H  ad justm ent, in  water fo r  in je c tio n  (1). Phos- 
p h a tid ic  acids—weakly ac id ic  com ponents o f  egg y o lk  phos­
p h o lip id s —are a po ten tia l in terference in  any t it r im e tr ic  
m ethod. The procedure fo r to ta l nonesterified fa tty  acids 
described in  th is  paper distinguishes t it ra n t consum ed b y  the 
nonesterified fa tty  acids fro m  th a t consum ed by the phos- 
p h a tid ic  acids. T yp ica lly , the la tte r t it ra n t exceeds th a t re­
qu ired  by the fa tty  acids.

In travenous fa t em ulsions are n o t o ffic ia l in  the U .S. P h a r­
m acop eia  (2) o r the B ritish  P h a rm a co p o eia  (3), b u t soybean 
o il is o ffic ia l in  bo th  (as Soya O il in  BP). The U SP requ ire ­
m en t fo r  neu tra liza tion  o f  free fa tty  acids in  10 g soybean o il 
is  no t m ore than 2.5 m L  o f0 .0 2 0 M  sod ium  hyd rox ide, w h ich  
is equ iva lent to  0.50 m E q /L  in  10% fa t em ulsion. The BP 
l im it  fo r  acid value (m g potassium  hyd rox ide  to  neutra lize 
1 g o il)  is no t m ore than 0.6, w h ich  corresponds to  1.07

R e c e iv e d  D e c e m b e r  9 , 1 9 8 6 . A c c e p te d  A p r i l  19 , 1 9 8 7 .

m E q /L  in  10% fat em ulsion. A  proposed USP m onograph 
fo r egg yo lk  phosp ho lip id  (4) specifies tha t the free fa tty  acids 
in  1.0 g sample require  fo r  ne u tra liza tion  n o t m ore than 5.0 
m L  o f  0 .10 M  sod ium  hyd rox ide , equ iva lent to  6 m E q /L  in  
10% fa t em ulsion. There is also an A O A C  m ethod  fo r  free 
fa tty  acids in  crude and refined oils, based on t it ra t io n  (5). 
N one o f  these m ethods p ro v id e  fo r  the presence o f  phos- 
p h a tid ic  o r o ther weak organic acids.

M E T H O D

Apparatus and Reagents
(a) A u tom atic  record in g  titrator. — M e ttle r M e m o titra to r, 

equipped w ith  M e ttle r  D G  112 glass calom el electrode w ith  
ground-glass ju n c tio n  fo r  nonaqueous titra tion s .

(b) E g g  y o lk  p h o sp h o lip id  fraction s. — Sigma C hem ica l Co. 
(St. Louis, M O  63178).

(c) S te a ric  acid. —G o ld  Label (A ld r ic h  C hem ica l Co., Inc., 
M ilw aukee , W I 53201).

(d) S o d iu m  stea ra te .— B D H  Chem icals (Poole, England).
(e) P rim a ry  sta n d a rd .— Potassium  hydrogen phtha late 

(L isher Scientific).

Solutions
( f)  P o tassiu m  h ydrogen  p h th a la te  sta n d a rd  so lu tio n .— 

Transfe r 39 mg, accurately weighed and p rev ious ly  d ried  at 
120°C fo r 2 h, to  Erlenm eyer flask; d issolve in  10 m L  water, 
add 40 m L  ethanol, and m ix .

(g) S o d iu m  h y d ro x id e  so lu tio n .— S tandardize 0 .1 M  so­
d iu m  hyd rox ide  by titra t io n  to  po ten tio m e tric  end p o in t 
against potassium  hydrogen ph thalate so lu tion  (f).

(h) Su lfu ric  a c id  so lu tio n .— S tandardize 0 .0 25M  su lfu ric  
acid to  po ten tio m e tric  end p o in t against so lu tion  (g).
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VOLUME (mL)
Figure 1. First derivative of titration curve for 10% intravenous 
fat emulsion, Lot A1. Peaks 1, 2, and 3 correspond to sulfuric 
acid, free fatty acid, and phosphatidic acid end points, respec­
tively. Insert represents peak at end point 1, where Vp, Vm, and 
Va are the volumes of titrant that correspond to Ep, Em, and Ea, 
respectively, and V is the volume calculated at the equivalence

point.

(i) Spiking solution. — 7.26 mg/mL stearic acid in isopro­
pyl alcohol.

Procedure
Set automatic recording titrator equipped with glass cal­

omel electrode to record voltage change after increments of 
0.025 mL titrant. Three titrations are required for each sam­
ple to be analyzed. Make all intravenous fat emulsion trans­
fers with a “to contain” pipet and rinse pipet with a portion 
of the ethanol addition required for each sample. Prepare 
and titrate samples consecutively, as follows:

(I) Test preparation: Transfer 10.0 mL fat emulsion to 
titration vessel and add a total of 40.0 mL ethanol, including 
pipet rinsings.

(II) Spiked preparation: Transfer 10.0 mL fat emulsion,
10.0 mL spiking solution, and a total of 30.0 mL ethanol, 
including pipet rinsings, to titration vessel.

(III) Spike blank: Pipet 10.0 mL spiking solution and 40.0 
mL ethanol into titration vessel.

To each of the above, add 1.0 mL 0.025M sulfuric acid 
solution and 3 drops of 1.0% phcnolphthalein in ethanol. 
Place vessel in titrator bracket, insert electrode that has been 
rinsed for at least 3 min in ethanol, continuously purge vessel 
with flow of nitrogen, and stir rapidly for 1 min. Titrate with 
standardized sodium hydroxide (g) and record voltage changes 
to well past the end points, as shown by pink color of indi­
cator.

Calculation
The end points, in order of toial titrant added, are due to 

excess sulfuric acid, total nonesterified fatty acids, and the 
phosphatidic acid component of the egg yolk phospholipids 
(Figure 1). Equivalence points were determined by interpo­
lation according to the procedure specified by the manufac­
turer of the automatic titrator (6). An example of the inter-

Table 1. Abridged data from a typical titration of nonesterified 
fatty acids

Cumulative NaOH, mL Voltage change, mV

0.25 3.8
0.50 5.2
0.75 5.8

0.425 12.6
0.450 14.6”
0.475 13.4

0.700 15.0
0.725 16.2“
0.750 13.2

'.075 14.4
-.100 15.8“
-.125 13.2

■ First end point: excess sulfuric acid.
“ Second end point: total nonesterified fatty acids. 
“ ~hird end point: phosphatidic acids.

polation procedure is given below. Milliequivalents of 
nonesterified fatty acid per liter are given by 1000 x M(V2 -  
V,)/A where M is the concentration of the standard sodium 
hydroxide solution (mol/L), V, and V2 are the amounts of 
titrant (mL) required to reach the first and second equiva­
lence points, respectively, and A is the volume (mL) of sam­
ple taken. The concentration of nonesterified fatty acid in 
the test preparation is equal to that in the spiked preparation 
less the spike blank.

Abridged data from a typical run are presented in Table
1. For a given end point, Ep, Em, and Ea are the potential 
changes per increment of titrant just prior to, at, and just 
after the maximum (Em) voltage change, respectively. Vp 
and Vm are the total volumes of titrant added to achieve 
incremental potential changes Ep and Em, respectively (Fig­
ure 1).

For Ep a  Ea,

V = Vp + Qp x Vi, (1)

where V is the volume of titrant added to the equivalence 
point, Vi is the increment volume (0.025 mL in this work), 
and

Qp = (18Rp -  5Rp2 -  1 ORpSp2 -  3)/20(l -  RpSp2)(2)

where Rp = Ea/Ep, and Sp = Ep/Em.
If Ep is less than Ea, then Eq. 1 becomes

V = Vm -  Qa x Vi (3)

where

Qa = (18 Ra -  5 Ra2 -  10 Ra/Sa2 -  3)/20(l -  Ra/Sa2) (4)

and where Ra = Ep/Ea and Sa = Ea/Em. Thus, from the data 
in Table 1 and Eqs. 1-4, the cumulative total volume of 
titrant added to reach equivalence points 1, 2, and 3 are 
calculated to be 0.440, 0.707, and 1.084 mL, respectively, 
and the total nonesterified fatty acid is 2.67 mEq/L.

Results and Discussion
Total nonesterified fatty acids and phosphatides were de­

termined in 8 samples of intravenous fat emulsions from 4 
manufacturers. Results are presented in Table 2.

Excess sulfuric acid is added to the intravenous fat emul­
sion samples prior to titration to convert any sodium salts 
of the fatty acids to the free acid forms. The first equivalence 
point is due to excess sulfuric acid. When the amount of 
added sulfuric acid was increased (compare recovery exper-



978 CYR ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

Table 2. Nonesterified fatty acid, phosphatide, and sodium salt 
concentrations in intravenous fat emulsion products*

Product
Lot
No.

Lipid,
wt%

Fatty
acid,

mEq/L
(RSD%)

Phospha-
tldes,
mEq/L

(RSD%)

Na
salt,

mEq/L
Expir.
date

Prod.A 
Spiked*
Spike subtracted*

A1 10 2.7 (0.7) 
5.5 (2.5) 
2.6(5.1)

3.8(1.1) 
3.7 (3.9)

0.6 5/86

Prod. A 
Spiked
Spike subtracted

A2 20 3.8 (5.1) 
6.5 (2.1) 
3.4 (4.1)

3.3 (4.6) 
3.5 (3.9)

1.7 12/86

Prod. B 
Spiked
Spike subtracted

B1 10 0.4 (8.9) 
3.5 (0.7) 
0.6 (30)

3.9 (2.2) 
3.8 (0.5)

NDa 1/87

Prod. B”
Spiked
Spike subtracted

B2 20 0.4 (29) 
3.3 (2.2) 
0.4 (18)

3.7 (7.8) 
3.6 (3.9)

ND 1/87

Prod. C 
Spiked
Spike subtracted

C1 10 1.3 (1.0)
4.3 (4.4) 
1.4(14)

3.7 (0.9) 
4.8(13)

0.2 6/86

Prod. C 
Spiked
Spike subtracted

C2 20 1.1 (4.6) 
3.9 (0.9) 
1.0 (2.9)

3.6 (8.6)
3.7 (2.9)

0.2 12/86

Prod. D*
Spiked
Spike subtracted

D1 10 0.4 (21) 
3.5 (5.4) 
0.6 (30)

3.9 (3.3) 
3.4 (5.6)

0.1 9/87

Prod. D*
Spiked
Spike subtracted

D2 20 0.5 (35) 
3.3 (4.5) 
0.4 (40)

3.5 (6.7)
3.6 (2.3)

ND 4/87

* Each result is the average of 4 determinations.
B Spiked as described in the method.
e After subtraction of spike blank.
0 None detected.
• In samples containing low fatty acid levels, the first and second end points 

were not always separated. This leads to unusually high standard devia­
tions. This occurred in one of 4 determinations for products B2 and D2— 
both 20% lipid by weight.

iments A and B, Table 3), the amount of titrant required to 
reach the first equivalence point also increased.

The second equivalence point is due to the free fatty acids 
in the sample. In recovery experiment C, Table 3, the intra­
venous fat emulsion was spiked with stearic acid; only the 
amount of titrant consumed at the second equivalence point 
increased. Experiment D' recovered a spike of sodium stea­
rate. The amount of titrant to reach the sulfuric acid equiv­
alence point was reduced because a portion of the acid was 
consumed in converting sodium stearate to stearic acid, and 
the free fatty acid equivalence point was correspondingly 
increased. The levels of fatty acids present as sodium salts 
are given in Table 2.

The third equivalence point is due to the phosphatidic acid 
component of the phospholipids in the intravenous fat emul­
sion. In recovery experiments E, F. and G (Table 3) the 
emulsions were spiked with egg yolk phospholipid fractions
III-E, IX-E, and X-E, respectively (7). These are 99, 60, and 
60% phosphatidyl choline, respectively. The latter 2 lead to 
an increase in the titrant consumed at the third equivalence 
point, but type III-E, being 99% phosphatidyl choline, does

Table 3. Effect of various solutions on titrimetric end points*

Expt Solution

NaOH volume between 
equivalence points, mL

1-0 2-1 3-2

A 1 mL 0.05M H2SO, 0.473 0.346 0.34
B 2 mL 0.05M H2SO, 0.996 0.341 0.353
C 1 mL 0.05M H;SO, Stearic acid 0.458 0.678 0.315
D 1 mL 0.05M H2SO„ Sodium stearate 0.348 0.702 0.310
E Phosphatidyl choline type III-E 

(120 mg)
0.477 0.333 0.344

F Phosphatidyl choline type IX-E 
(120 mg)

0.464 0.356 0.663

G Phosphatidyl choline type X-E 0.482 0.379 0.790

* Solutions were added to 10 mL of product C2.

not. The egg yolk phospholipids used in intravenous fat emul­
sions are believed to be unfractionated (8).

Relative standard deviations, (RSD) are given in Table 2. 
The relative error is high at low free fatty acid levels, but at 
levels over 1.0 mEq/L, the RSD is generally <5%. Phos­
phatide levels are between 3.3 and 3.9 mEq/L throughout, 
with one result outside this range at 4.8 mEq/L. The RSDs 
vary considerably; all but one are less than 10%, and most 
are less than 5%. Recoveries of free fatty acids from the 
spiking experiments are indicative of the accuracy of the 
method. The concentrations of nonesterified fatty acids de­
termined directly and those determined after subtraction of 
the spike blanks are presented in Table 2. The results agree 
within 0.2 mEq/L for all samples except A2 for which the 
difference is 0.4 mEq/L. The average standard deviation of 
the spiked samples is 0.01 mEq/L compared to 0.09 mEq/L 
for the unspiked samples. The difference between the amount 
of sulfuric acid added (1.0 mL, 0.025M) and that found, as 
measured by the volume of titrant consumed to the first 
equivalence point, is indicative of fatty acids in the sodium 
salt form. The highest level found was 0.17 mEq/100 mL in 
lot No. A (Table 2).

Conclusion
The method described in this paper is suitable for the 

determination of total nonesterified fatty acids in intravenous 
fat emulsions, with an RSD of <5% at a limit of 5 mEq/L.
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Colorimetric Determination of a Polymeric Quaternary Ammonium Antimicrobial Preservative 
in an Ophthalmic Solution

R A L P H  M . G O O D , Jr , J O H N  C. L IA O , M . JO A N  H O O K , and C A T H Y  L. P U N K O
A Icon L a b o ra to r ie s , In c ., P O  B o x  6 6 0 0 , F o r t W orth , T X  7 6 1 1 5

A sim ple co lorim etric  m ethod  is p resen ted  fo r th e  d e te rm in a tio n  o f 
Polyquad® , a  polym eric  q u a te rn a ry  am m onium  a n tim ic ro b ia l p re ­
servative, in an  o p h th a lm ic  so lu tion . Po lyquad  an d  m agnesium  are  
cop rec ip ita ted  by ion p a irin g  w ith  P onceau  S , a  h igh ly  colored su l­
fonate  dye, a t  a n  acid ic  p H . T h e  sam ple  is cen trifuged  an d  th e  su- 
p e rn a te  analyzed  spec tropho tom etrica lly . T h e  concen tra tion  o f  P o ly­
quad  is de te rm ined  by th e  decrease  in  dye co n cen tra tio n . F o rm ula tion  
excip ien ts such a s  d isod ium  ed eta te , d e x tra n , an d  hydroxypropyl- 
m ethy lcellu lose d id  no t in te rfe re  w ith  th e  q u a n tita tio n . T h e  m ethod  
is specific, accu ra te , p recise , an d  stab ility -in d ica tin g  fo r th e  q u a n ti­
ta tio n  o f  10 ppm  P o lyquad .

Polyquad® or Onamer M®, a polymeric quaternary am­
monium compound chemically known as a-4-[l-tris(2-hy- 
droxyethyl)ammonium chloride-2-butenyl]poly-[ 1 -dimethyl 
ammonium chloride-2-butenyl]-aj-tris(2-hydroxyethyl)- 
ammonium chloride, is a mixture of high-molecular-weight 
polymers (5000-10000 amu) (Figure 1). Water-soluble 
polymers such as Polyquad show great potential for use as 
preservatives in the pharmaceutical industry. Polyquad has 
been shown to be as effective as the most active commercially 
available quaternary ammonium compounds when evalu­
ated as a hard-surface disinfectant and is low in toxicity (1).

The ion pairs formed between acid dyes and quaternary 
ammonium compounds can be used in the quantitation of 
both moieties (2-9). In the proposed method, Polyquad is 
specifically quantitated in an aqueous pharmaceutical for­
mulation containing disodium edetate, dextran, and hy- 
droxypropylmethylcellulose. Polyquad and magnesium are 
coprecipitated by ion-pairing with Ponceau S (3-hydroxy-4- 
[-2-sulfo-4-(4-sulfophenylazo)phenylazo]-2,7-naphthalene 
disulfonic acid, tetrasodium salt), at an acidic pH. Ponceau 
S is a highly colored sulfonate dye which has been used as a 
protein stain (10, 11). Its structure is shown in Figure 2. The 
sample is centrifuged and the supemate analyzed spectro­
photometrically. The Polyquad concentration is determined 
by the loss in dye concentration.

M ETHOD

Apparatus and Reagents
(a) Spectrophotometer.—Perkin-Elmer Model 559A dou­

ble beam (Perkin-Elmer Corp., Norwalk, CT 06856) with 1 
cm disposable plastic cuvettes (Evergreen Scientific, Los An­
geles, CA 90058).

(b) Test tubes.— 20 mm x 125 mm glass, with Teflon- 
lined caps.

(c) Centrifuge.—Beckman Model TJ-6 horizontal swing­
ing rotor centrifuge capable of 2500 rpm (Beckman Instru­
ments, Inc., Palo Alto, CA 94304).

(d) .Syringe.—For standard curve, Hamilton gas-tight 100 
juL syringe (Hamilton Co., Reno, NV 89510).

(e) Ponceau S  solution.—0.2 mg/mL aqueous (Aldrich 
Chemical Co., Milwaukee, WI 53201).

(0 Magnesium sulfate solution. — 5% magnesium sulfate 
in 1% (v/v) sulfuric acid (J. T. Eaker Chemical Co.).

(g) Saline solution.— 0.9% NaCl aqueous.

(h) Polyethylene glycol 4000 solution.— Average mol wt ~ 
4000 amu, 1.2% aqueous (Union Carbide Corp., Atlanta, 
GA 30329).

(i) Freon-Tween solution.—0.05% Tween 21 (polysorbate
21) (ICI Americas, Wilmington, DE 19897) in freon-113 (J.
T. Baker). Note: Freon-113 should be used with adequate 
ventilation, and skin contact should be avoided.

(j) Standard Polyquad solution. —0.36% w/v aqueous 
(Stepan Co., Northfield, IL 60093).

Preparation of Standard Curve
Dilute a weighed aliquot of Polyquad standard with water 

to yield a 1250 ppm solution. Add 30, 40, and 50 /¿L aliquots 
of this solution to separate 5.0 mL aliquots of saline in test 
tubes. Treat each of the these working standards as described 
under Assay. Corrected absorbances are plotted against con­
centration to obtain a straight line which demonstrates a 
significant positive y-intercept.

Preparation of Sample
Dilute sample solutions containing >10 ppm Polyquad 

with saline to 10 ppm. This method was validated for Poly­
quad concentrations from 7.5 ppm to 12.5 ppm. Place a 5.0 
mL aliquot of sample solution into a test tube and treat as 
described under Assay.

Preparation of Blanks
Place a 5.0 mL aliquot of saline into a test tube and treat 

as described under Assay.

Assay
Pipet 5.0 mL polyethylene glycol solution into each of the 

working standards, blanks, and products. Immediately cap 
test tubes and mix by shaking thoroughly 15 s. Add 2.0 mL 
Ponceau S solution to each tube and vortex immediately 15 
s. Dispense 2.0 mL of magnesium sulfate solution into each 
test tube and immediately vortex 15 s to mix thoroughly. 
Add 5.0 mL freon-Tween solution into each tube, cap tubes, 
and immediately shake 30 s. Let samples stand at room 
temperature 40 min to achieve complete reaction. Centrifuge 
test tubes 10 min at 2500 rpm. Measure absorbance of dye 
at 510 nm against water. Correct standard and sample ab­
sorbances by subtracting from blank absorbance. Determine 
sample concentrations by comparison with the standard curve.

Results and Discussion
It is likely that Polyquad molecules are anchored and 

stretched on the linear polyethylene glycol chains, thus open-

CH,

(HOCHjCĤ  N-CH,CH=CHCH,-|- H-CH,CH=CHCH,T-N ( 0 1 ,^ ^ ) ,
L |CH,
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American Chemical Society, Nov. 21, IS86, Houston, TX. Figure 1. Structure Of all t r a n s  Polyquad.
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Figure 2. Structure of Ponceau S.

mg them for ion pairing with Ponceau S and coprecipitation 
with magnesium ions. Both polyethylene glycol 4000 and 
polyethylene glycol 8000 were evaluated and found to be 
satisfactory. The volume of the polyethylene glycol solution 
also serves to reduce the viscosity of the formulation matrix 
by dilution. Freon is used to remove the turbidity from the 
aqueous phase before spectrophotometric measurement. 
Chloroform is unsuitable for this purpose because it will not 
clarify the aqueous phase. The addition of Tween to the freon 
causes the precipitate to remain at the aqueous layer-freon 
interface, thereby reducing the tendency of the particles to 
float up into the aqueous layer. However, the absence of 
Tween in the freon produces similar results. Saline is used 
in the standard and reagent blanks to produce an environ­
ment similar to that in the products.

The drug formulation vehicle (without Polyquad) was 
spiked at 3 concentrations on 3 different days to demonstrate 
the reliability and recovery of the proposed method. Recov­
eries (Table 1) were calculated using a standard curve. The 
precision of the method was verified by the analysis of 10 
product samples (Table 2) which exhibited a 1.3% relative 
standard deviation.

Table 1. Recoveries and standard curves from spiked drug 
formulations

Recoveries, %

Concn, ppm Curve 1 Curve 2 Curve 3

7.59 97, 98 100, 97 100, 99
10.1 10 1 , 101 99, 99 102, 102
12.7 98, 99 98, 98 99,98

Mean recovery, % 99 
RSD, % 1.6

Slope AU/ppm 0.0582 0.0623 0.0607
y-lntercept, AU 0.108 0.0887 0.0845
R2 0.995 0.999 0.996
RSD, % 3.61 2.97 2.84

Table 2. Polyquad product precision data

Sample No.
Blank corrected 
response, AU

Concn found," 
ppm

1 0.722 10.4
2 0.742 10.8
3 0.729 10.6
4 0.729 10.6
5 0.725 10.5
6 0.728 10.5
7 0.738 10.7
8 0.742 10.8
9 0.740 10.8

10 0.735 10.7

Mean concn, ppm 10.6 
RSD, % 1.34
* Theoretical product concentration is 11.0 ppm.

Method specificity was demonstrated by the analysis of 
forcefully degraded drug formulation vehicles and vehicle 
standards. No significant interferences were observed. Ben- 
zalkonium chloride and chlorhexidine digluconate at com­
parable product concentrations also exhibited no significant 
interference.

The data indicate that the method is precise, accurate, 
sensitive, specific, and stability indicating for the analysis of 
Polyquad in an ophthalmic solution.
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Synthesis, Identification, and Acute Toxicity of Some /V-Alkyl Derivatives of
3,4-Methylenedioxyamphetamine

F. T A Y L O R  N O G G L E , Jr
A la b a m a  D e p a r tm e n t o f  F o ren s ic  S c ien ces , W ire  R d , A u b u rn , A L  3 6 8 4 9
JA C K  D eR U IT E R , S A M U E L  T. C O K E R , and C. R A N D A L L  C L A R K * 1
A u b u rn  U n iversity , S c h o o l o f  P h a r m a c y , D e p a r tm e n t o f  P h a r m a c a l S c ien ces , A u b u rn , A L  3 6 8 4 9

A series  o f  (V-alkyl deriva tives o f  3 ,4 -m ethy lened ioxyam phetam ine  
(M D A ) w as p rep ared  in  a n  effo rt to ch arac te rize  th ese  po ten tia l d rugs 
o f abuse . T h ese  secondary  a m in es w ere syn thesized  via reductive 
a n im a tio n  o f  th e  co rrespond ing  k e tone  w ith  a lk y lam in es . T h e  u ltra ­
v iolet a b so rp tio n  sp ec tra  fo r th ese  com pounds produced a lm o st equal­
ly in tense  ab so rbance  a t  234 an d  285 nm . T h e  com pounds w ere 
se p a ra ted  by liqu id  c h ro m ato g rap h y  using  reverse p h ase  (c ,g) pro­
cedures w ith  a  te rn a ry  m obile  p h ase  m ix tu re . T oxic ity  stud ies show ed 
a ll o f th e  com pounds to  have  L D M values s im ila r  to  N -m ethy l M D A  
(M D M A ).

The pharmacological actions of 3,4-methylenedioxyamphet­
amine (MDA) allow for its classification as a hallucinogen
(1). It has other atypical effects such as a low potential to 
produce severe sensory disruption; however, MDA became 
a popular drug of abuse primarily because of its enhancing 
effect on empathy (2).

Methylation to yield the secondary amine, MDMA, pro­
duces significant changes in the pharmacological properties: 
a shorter duration of effect, a general decrease in potency, 
and elimination of the hallucinogenic properties. However, 
the empathy-enhancing properties are retained and appear 
to be more pronounced in MDMA (3). MDMA is claimed 
to have unique properties in psychotherapy, reducing the 
anxiety that normally accompanies the discussion of emo­
tionally unpleasant events (4). The recent appearance of this 
drug on the street market as “Ecstasy” indicates the popu­
larity and potential for abuse of this drug. Its popularity is 
probably due to its mild effects and its ability to facilitate 
interpersonal communication (5).

The work of Hardman et al. (6) compared the toxicity and 
behavioral aspects of MDA and MDMA to mescaline in 5 
animal species. The LD50 for MDA was significantly lower 
than that for mescaline, with the lethality of MDMA inter­
mediate between the two. The toxicity for MDA ranged from
2.68 times that of mescaline in the mouse to 17.65 in the 
monkey. Similar values for MDMA were 2.04 in the mouse 
and 5.89 in the monkey.

The recent appearance of the A'-ethyl derivative of MDA 
in clandestine drug samples has prompted this investigation. 
In this study a series of V-alkyl derivatives of MDA has been 
prepared and characterized. The ultraviolet (U Y) and nuclear 
magnetic resonance spectral properties, liquid chromato­
graphic analysis, and acute toxicity data are reported.

Experimental
General

Melting points were determined in open glass capillaries 
using a Thomas-Hoover melting point apparatus and are 
uncorrected. All 'H NMR spectra were measured in DMSO 
on a Varian T-60A spectrometer with an internal standard 
of tetramethylsilane. Infrared (IR) spectra were recorded on 
a Perkin-Elmer Model 1500 Fourier transform infrared spec­
trophotometer. The UV absorption spectra were determined 
using a Shimadzu 160 spectrophotometer. Solutions for UV

Received January 12, 1987. Accepted March 18, 1987.
1 Address correspondence to this author.

studies were prepared in 0.1N H2S04 at a concentration of 
1 x 1 0 4M.

Synthesis o f N-alkyl-MDA Analogs
Method A .—A. solution of the ketone (1.78 g, 10 mmol) in 

50 mL 70% aqueous ethylamine was stirred at reflux for 30 
min. The mixture was then cooled to room temperature, and
2.0 g NaBH„ was added portionwise over a period of 10 min. 
The mixture was then stirred at reflux for 30 min, cooled in 
an ice bath, and acidified to pH 1 with concentrated HC1. 
The resultant aqueous suspension was extracted 3 times with 
75 mL each ofCHCl3 and then was made basic (pH 14) with 
IN NaOH. The basic aqueous solution was extracted 3 times 
with 100 mL each of CHC13, and the combined CHC13 ex­
tracts were dried over MgS04. Filtration, followed by evap­
oration of the filtrate solvent, yielded the product base as a 
brown oil. Treatment of the base with ethereal HC1 gave a 
white solid which was recrystallized from ethanol-ether to 
give V-ethyl methylenedioxyamphetamine HC1 as a fine white 
granular solid (Table 1).

Method B .— Sodium cyanoborohydride (1.9 g, 30 mmol) 
was added portionwise to a solution of the ketone (1.78 g, 
10 mmol) and 5.0 mL amine in 50 mL acetonitrile. This 
mixture was stirred at room temperature and 1.0 mL glacial 
acetic acid added. After stirring for 2 h, more glacial acetic 
acid was added (1.0 mL) and the mixture was stirred an 
additional 30 min. The reaction mixture was then extracted 
twice with 100 mL each of ether, and the combined ether 
extracts were washed successively with 100 mL IN NaOH, 
100 mL saturated NaHC03 solution, and 100 mL water. The 
ether solution was then extracted twice with 100 mL each of 
3N HC1, and the combined HC1 extracts were washed with 
100 mL CHC13. The aqueous acid solution was then made 
basic (pH 12) with 2N NaOH, and this suspension was ex­
tracted 3 times with 150 mL each of CHC13. The combined 
CHC13 extracts were washed with 200 mL water and dried 
over Na2S04. Filtration, followed by evaporation of the fil­
trate, gave the product base as an oil. The base was converted 
to the corresponding HC1 or HBr salt after treatment with 
ethereal HC1 or HBr, respectively, and recrystallized from 
mixtures of ethanol and ether (Table 1).

logs of 3,4-methylenedioxyamphetamine.
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Table 1. N-Alkyl methylenedioxyamphetamine derivatives and their acute toxicities in mice

Compound
No. R

i

Synthetic
method

'°x

~ V j ^ CHr

Yield,
%

-C H -N H -R
I
CH,

mp,
°C Formula

LDm, mg/kg 
(95% confidence limits)

1 -CH2CH3 A 31 197-198 c ,2h ,7no2 hci 102 (96-108)
2 -c h 2c h 2c h3 B 42 183-186 c ,3h ,„no2-hci 102 (96-108)
3 -CH(CH3)2 B 63 174-179 c 13h19no2 hci 116(109-123)
4 -ch2c h 2c h2ch3 B 10 180-183 C,4H21N02 HBr 85 (77-93)
5 -CH2CH(CH3)2 B 9 175-178 c 14h21no2 hci 132 (124-140)
6 -CH(CH3)CH2CH3 B 46 100-110 c „ h2,n o2 hci 104 (98-110)

MDA -H 68 (50-92)»
MDMA -ch3 97 (89-106)*

* Data from Ref. 6.

Chromatographic Procedures
The liquid chromatograph consisted of a Waters Associates 

(Milford, MA 01757) Model 6000A pump, U6K injector, 
440 UV detector with dual-wavelength accessory operated 
at 254 and 280 nm, and Houston Instrument (Austin, TX 
78753) Omniscribe dual-pen recorder. The column was 30 
cm x 3.9 mm id packed with ¿¿Bondapak C18 (Waters As­
sociates), and the mobile phase consisted of pH 3.0 phosphate 
buffer-methanol-acetonitrile-triethylamine (500 + 100 + 
25 + 1). The mobile phase flow rate was 1.5 mL/min and 
the UV absorbance detector was operated at 0.2 AUFS. Sam­
ple solutions for analysis were prepared in methanol and all 
separations were done at ambient temperature.

Acute Toxicological Evaluation
Male ICR Swiss mice were used from Southern Animal 

Farms, Prattville, AL. Food and water were available to the 
animals ad libitum, and animals were housed in temperature-

and light-controlled quarters. The compounds were admin­
istered intraperitoneally as the salts in distilled water. The 
animals weighed between 30 and 40 g. The concentration of 
the solution injected was 1-2% so that the total volume never 
exceeded 0.5 mL. Three dosing levels were used with 6 an­
imals per dose. Mortality was determined after 24 h for the 
LDS0. The Lithchfield and Wilcoxon (7) method was used to 
calculate the LDS0 values with upper and lower confidence 
limits at the 0.05 level of significance.

Results and Discussion
The V-alkyl analogs of 3,4-methylenedioxyamphetamine 

(MDA) were prepared according to the synthesis procedure 
shown in Figure 1. The synthesis of these amines involves 
condensation of the carbonyl moiety of 3,4-methylenedioxy- 
phenyl-2-propanone with the appropriate amine to yield the 
imine which is reduced in situ to the corresponding secondary 
amine. The imine is reduced by using sodium cyanoboro-

F ig u re  2A. P ro to n  NMR s p e c tru m  fo r A/-alkyl 3 ,4 -m e th y le n e d io x y a m p h e ta m in e  c o m p o u n d  1. S e e  T a b le  1 fo r s t r u c tu r e  of
c o m p o u n d .
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Figure 2B. Proton NMR spectrum for A/-alkyl 3,4-methylenedioxyamphetamine compound 2. See Table 1 for structure of
compound.

hydride, a hydride source selective for imines. Thus, the im- 
ines are reduced selectively as formed, and carbonyl reduc­
tion is not a competing reaction (8). The amines were 
converted to the hydrochloride salt using HC1 in diethyl ether, 
except for compound 4 which was prepared as the HBr salt. 
The compounds prepared in this study included the C,-C4 
A'r-alkyl derivatives of MDA; Table 1 summarizes the syn­

thetic data obtained for these compounds. The proton NMR 
spectra are shown in Figures 2A-2F and are consistent with 
the assigned structures.

The UV absorption characteristics for all these compounds 
were quite similar, as expected. The 3,4-methylenedioxy- 
phenyl group is the major chromophoric unit common to all 
these compounds. Figure 3 shows an example UV spectrum

i r
500 400

“ l
200300 (Hz) 100

8
r
7 6 5 ({) 4 3 1 0

F ig u re  2C. P ro to n  NMR s p e c tru m  fo r A/-alkyl 3 ,4 -m e th y le n e d io x y a m p h e ta m in e  c o m p o u n d  3. S e e  T a b le  1 fo r s t r u c tu r e  of
c o m p o u n d .
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Figure 2D. Proton NMR spectrum for N-alkyl 3,4-methylenedioxyamphetamine compound 4. See Table 1 for structure of
compound.

for the (V-n-propyl-MDA analog. All the TV-alkyl derivatives 
of MDA showed UV spectral properties similar to those of 
MDA. The major absorption bands occurred at 285 and 234 
nm with the absorptivity slightly higher at the lower wave­
length. The observed molar absorptivities were 3.3-3.7 x 
103 L/mole-cm at 285 nm and 3.6-3.9 x 103 L/mole-cm at

234 nm. These absorptivities are considerably higher than 
the values for the amphetamines, which fall in the range of
2.0 x 102 L/mole-cm.

The liquid chromatographic separation of these MDA de­
rivatives was accomplished using reverse phase techniques 
which consisted of a C,8 stationary phase and a ternary mo-

T

F ig u re  2E . P ro to n  NMR s p e c tru m  fo r Af-alkyl 3 ,4 -m e th y le n e d io x y a m p h e ta m in e  c o m p o u n d  5. S e e  T a b le  1 fo r  s t r u c tu r e  of
c o m p o u n d .
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Figure 2F. Proton NMR spectrum for N-alkyl 3,4-methylenedioxyamphetamine compound 6. See Table 1 for structure of
compound.

bile phase. The ternary mobile phase, which produced max­
imum resolution for these amines, consisted of pH 3 phos­
phate buffer, acetonitrile, and methanol containing 
triethylamine. The triethylamine was necessary to improve 
peak shape for the basic MDA compounds.

The chromatogram in Figure 4 shows the separation of all 
of the compounds described in Table 1 with the exception 
of the sec-butyl-MDA derivative. The elution order of the 
compounds is as expected, showing higher k' values for the 
more lipophilic compounds. The elution order essentially 
parallels the size of the alkyl group attached to nitrogen. The 
synthesis of the A-sec-butyl-MDA derivative via reductive 
amination of the appropriate ketone produces 2 diastereo- 
meric products from racemic sec-butylamine. Figure 5 shows 
the presence of 2 diastereomeric forms of the sec-butyl-MDA. 
This separation was obtained using the mobile phase that 
produced the chromatogram in Figure 4. No attempts were 
made to maximize the resolution of these 2 diastereomers. 
These compounds, when added to the mixture separated in 
Figure 4, produce significant peak overlap with the isobutyl- 
MDA derivative. The chromatograms in Figures 4 and 5 
were obtained using dual-wavelength UV detection at 254 
and 280 nm. These amines are much stronger chromophores 
than the amphetamines and do not require chromophoric 
derivatization for detectability. The use of 254 and 280 nm 
for dual-wavelength detection produces large peak area ratios 
(absorbance ratios) since these wavelengths are very close to 
the absorbance minimum and maximum, respectively.

The acute toxicity (LD50) data for the A-alkyl MDA de­
rivatives were determined in male mice following intraperi­
toneal administration. The results of these studies are given 
in Table 1. These data indicate that A-alkylation of MDA 
produces a general decrease in toxicity. Hardman et al. (6) 
observed that yV-methylation of both MDA and mescaline 
produced an increase in LD50 values when compared to the 
parent compounds. The LD50 for mescaline (6), 3,4,5-tri-

methoxyphenethylamine, is 212 mg/kg in mice for intraperi­
toneal administration. Thus, MDA and all its A-alkyl deriv­
atives are considerably more toxic than mescaline. The 
increased toxicity of the MDA derivatives may be a result 
of their enhanced metabolic stability. Mescaline, a primary 
amine, is rapidly inactivated in central and peripheral tissues 
by oxidative deamination. The presence of the a-methyl moi­
ety in MDA or both an a-methyl and A-alkyl moiety in 
MDMA and analogs 1-6 would retard oxidative destruction 
of these compounds by a steric mechanism and thereby in­
crease their toxicity. The effect of ,V-methylation of am­
phetamine to yield methamphetamine (9), however, pro­
duces an increase in toxicity. The LD50 for amphetamine is 
91 (86-96) mg/kg in mice (intraperitoneal) while the value 
for methamphetamine is 57 (52-62) mg/kg. The observed 
differences in the relative toxicities of amphetamine and 
methamphetamine compared to MDA and MDMA are con­
sistent with earlier results (5) and provide additional support 
for the hypothesis that the amphetamines and MDA deriv­
atives alter neurotransmission in the central nervous system 
by somewhat different mechanisms. The MDA derivatives

F ig u re  3. U ltrav io le t a b s o rp t io n  s p e c tru m  fo r N -n -p ropy l MDA
(1 x 10  4M in 0 .1 N  H2S 0 4).
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Figure 4. R everse-p hase liquid chrom atographie separation of 
MDA and A/-alkyl MDA derivatives at 254 and 280 nm. Peaks: 1, 
MDA; 2, N-m ethyl MDA; 3, N -ethyl MDA; 4, N -isopropyl MDA; 5, 

W-n-propyl MDA; 6, N-isobutyl MDA; 7, W-n-butyl M DA.

evaluated in this study seemed to retain the peripheral sym­
pathomimetic effects of the amphetamines such as salivation 
and the dopaminergic stereotyped effects. A ll compounds 
produced increased central nervous system activity, with death 
by clonic and tonic convulsions.
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Liquid Chromatographic Determination of Levodopa and Levodopa-Carbidopa in Solid 
Dosage Forms: Collaborative Study

S U S A N  T IN G
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 ven u e , B ro o k lyn , N Y  1 1 2 3 2

Collaborators: L. Cohn; R. E. Draper; C. Easter; J. C. Illuminati; M. E. Richelieu; L. A. Rihbany; D. Shostak; R. H. Albert
{Statistical Consultant)', M. Friedberg {Statistical Consultant)

A liquid chromatographic method for the determination of levodopa 
in tablets and capsules and levodopa-carbidopa in tablets was col- 
laboratively studied by 6 laboratories. Collaborators were supplied 
with duplicate powdered composites of levodopa (1 synthetic for­
mulation, 1 commercial tablet, and 1 commercial capsule) and levo­
dopa-carbidopa (1 synthetic formulation and 2 commercial tablets), 
along with individual levodopa-carbidopa tablets for content uni­
formity determinations. The repeatability coefficient of variation (CV„) 
and reproducibility coefficient of variation (CVX) for levodopa single 
component were 0.48 and 0.87%; for levodopa in combination, 0.50 
and 0.90%; and for carbidopa, 0.77 and 1.20%, respectively. Overall, 
the recovery values for levodopa and carbidopa from synthetic for­
mulations simulating tablets were 100.4 and 99.5%, respectively .The 
pooled CVD0 and CVD, values for the individual tablet assays were
2.07 and 2.30% for levodopa, and 1.80 and 2.24% for carbidopa, 
respectively. The method has been adopted official first action for 
determination of the active ingredients in levodopa tablets and cap­
sules and in levodopa-carbidopa tablets and for content uniformity 
testing in the combination dosage form.

In a previous paper (1), we reported the development of a 
rapid and specific liquid chromatographic (LC) method for 
the determination of levodopa and levodopa-carbidopa in 
solid dosage forms as well as of the corresponding impurities 
that are specified in the U.S. Pharmacopeia (2). In this regard, 
the USP methods (2) for the detection of these impurities 
are thin layer chromatographic and cation-exchange liquid 
chromatographic procedures, which are either time-consum­
ing or insensitive. Assay results for commercial dosage forms 
obtained with the proposed method were in good agreement 
with those obtained with the compendial method (1). This 
paper presents the results of a collaborative study on the 
proposed LC method.

Collaborative Study
Blind duplicate samples of 3 powdered composites of levo­

dopa (1 synthetic formulation, 1 commercial tablet, 1 com­
mercial capsule) and 3 levodopa-carbidopa powdered com­
posites (1 synthetic formulation and 2 commercial tablets) 
were sent to each of 6 participating laboratories along with 
10 tablets of levodopa-carbidopa for content uniformity test­
ing, a copy of the method, report forms for each set of sam­
ples, and vials containing standards. Collaborators were asked 
to perform one analysis per sample, and to forward their 
results along with the worksheets and chromatograms to the 
Associate Referee.

Submitted for publication May 29, 1987.
This report o f the Associate Referee was presented at the 99 th AOAC Annual 

International Meeting, Oct. 27-31, 1985, at Washington, DC.
The recommendation of the Associate Referee was approved interim official 

first action by the General Referee, the Committee on Drugs and Related 
Topics, 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 General Referee and Committee 
reports, J. Assoc. O ff. A n a l. C hem . (1988) 71, January/February issue.

Levodopa and Levodopa-Carbidopa in Solid Dosage Forms 

Liquid Chromatographic Method 

First Action

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 i d 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 t g y  o n  C l8 c o l u m n  w i t h  3 %  

H O A c  a s  m o b i l e  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 t h 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 le s ;  a c e t a m i n 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 i d o p a  t a b l e t s .

Apparatus
(a) L iq u id  chrom atograph. — I s o c r a t i c  s y s t e m  e q u i p p e d  w i t h  

d e t e c t o r  c a p a b le  o f  m o n i t o r i n g  A  a t  2 8 0  n m ,  s u i t a b l e  s t r i p  c h a r t  
r e c o r d e r ,  a n d  in j e c t i o n  v a lv e  w i t h  2 0  p L  s a m p l e  lo o p .

(b) Chromatographic colum n.— 3 0 0  x  3 .9  m m  id ,  j tB o n d a p a k  

C ] 8, 10  Mm p a r t i c l e  s iz e  ( W a te r s  A s s o c ia te s ,  I n c ) ,  o r  e q u iv .  c o l u m n  
t h a t  m e e t s  s u i t a b i l i t y  r e q u i r e m e n t s .

(c )  M em brane filters.— 0 .4 5  ^ r a  p o r o s i t y  ( M i l l i p o r e ,  o r  e q u iv .) .

Reagents
(a) M obile  phase. — 3 %  a q .  H O A c .

(b) Methyldopa internal std soln.— 2 m g / m L .  A c c u r a t e ly  w e ig h  c a  
2 0 0  m g  U S P  M e t h y l d o p a  R e f .  S td  i n t o  1 0 0  m L  v o l .  f la s k ,  a d d  5 0  
m L  0 . I 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 i l .  t o  v o l .  w i t h  m o b i l e  
p h a s e ,  a n d  m ix .

(c )  Acetaminophen internal std soln.— 0 .5  m g / m L .  A c c u r a t e ly  
w e ig h  c a  1 2 5  m g  U S P  A c e t a m i n o p h e n  R e f .  S td  i n t o  2 5 0  m L  v o l .  
f la s k ,  a d d  7 5  m L  M e O H ,  a n d  s o n ic a t e  t o  d i s s o l v e  s td .  D i l .  t o  v o l .  
w i t h  m o b i l e  p h a s e ,  a n d  m ix .

(d) Levodopa std soln. — 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 td  4  h  a t  105°. S to r e  i n  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 te ly  w e ig h  c a  1 0 0  m g  d r i e d  s td  i n t o  5 0  m L  v o l .  f la s k . A d d  3 0  

m L  0 . I N  H C 1 , a n d  s o n ic a t e  t o  d i s s o lv e .  D i l .  t o  v o l .  w i t h  0 . I 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  pm 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 i p e t  5  m L  f i l t r a te  a n d  1 0  m L  m e t h y l d o p a  i n t e r n a l  
s t d  s o ln  i n t o  1 0 0  m L  v o l .  f la s k ,  d i l .  t o  v o l .  w i t h  m o b i l e  p h a s e ,  a n d  
m ix .

( e )  Levodopa-carbidopa std soln. — D r y  U S P  C a r b i d o p a  R e f .  S td  
t o  c o n s t  w t  a t  1 0 0 °  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  i n  t i g 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 t a i n e r .  A c c u r a t e ly  w e ig h  

c a  1 0 0  m g  d r i e d  U S P  L e v o d o p a  R e f .  S t d  (d) i n t o  5 0  m L  v o l .  f la s k .  
A d d  a c c u r a te ly  w e ig h e d  a m t  o f  d r i e 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  t o  t h a t  f o u n d  i n  c o m .  l e 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 i c a t e  t o  d i s s o lv e ,  d i l .  t o  
v o l .  w i t h  0 . I 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  Mm 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 i p e t  10  m L  f i l t r a t e  i n t o  1 0 0  m L  
v o l .  f la s k ,  a n d  a d d  v o l .  o f  a c e t a m i n o p h e n  i n t e r n a l  s t d  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 .2 5  t i m e s  c a r b i d o p a  c o n c n .  D i l .  t o  v o l .  
w i t h  m o b i l e  p h a s e ,  a n d  m ix .

Sample Preparation

(a) Levodopa tablets or capsules.— W e ig h  a n d  f in e ly  p o w d e r  > 2 0  
ta b l e t s  o r  c o m p o s i t e  c o n te 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  1 0 0  m g  l e v o d o p a  i n t o  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 t d  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) Levodopa-carbidopa tablets.— W eigh  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  1 0 0  m g  l e v o d o p a  i n t o
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Figure 1. C hrom atogram  of (1 )  levodopa (0 .64  AUFS); (2 ) 
carb idopa (0 .08  AUFS); (3 ) acetam inophen (0 .08  AU FS), internal 

standard. 50

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 i d 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 . I N  H C l  . . .”

(c )  Levodopa-carbidopa tablets for content uniformity 
determination. — D is s o lv e  l t a b l e t  i n  s u f f ic ie n t  0 . 1 N  H C l  t o  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  fim m e m b r a n e

Tab le  1. C ollaborative results for levodopa in com m ercial and 
synthetic solid dosage fo rm s9

Found, % of declared
Synthetic 

formulation,“ 
rec., %Coll.

250 mg 
tablet0

500 mg 
capsule0

1 100.8 97.5 101.3
101.3 96.2 101.4

2 100.3 97.5 99.6
100.5 97.5 101.4

3 99.2 95.9 100.9
99.2 96.0 101.4

4 99.3 95.6 99.9
98.9 95.1 100.1

5 99.8 97.3 97.7
99.9 97.0 100.5

6 100.6 97.6 101.0
101.9 97.2 101.1

A V. 100.2 96.7 100.7
SD 0.92 0.88 0.70
CV, % 0.92 0.91 0.70
Pooled CVD,„  0.48%
Pooled CVDX, 0.87%

* Samples furnished as blind duplicates.
6 Dosage level 250 mg/tablet; average tablet weight 349.7 mg.
“ Dosage level 500 mg/capsule; average capsule weight 566.0 mg. 
0 Prepared to simulate tablets containing 100 mg levodopa.

2

I_________ I________ _J
0  4  8

m i n

Figure 2. Chrom atogram  of ( 1 ) levodopa; (2 ) m ethyldopa, internal 
standard.

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 i p e t  1 0 .0  m L  f i l t r a te  i n t o  1 0 0  
m L  v o l .  f la s k ,  a d d  a c e t a m i n o p h e n  i n t e r n a l  s t d  s o ln  (1 5  m L  f o r  

l e v o d o p a - c a r b i d o p a  1 0 0 /2 5  t a b l e t s ,  5  m L  f o r  a l l  o t h e r  d o s a g e  le v e ls ) ,  
d i l .  t o  v o l .  w i th  0 . 1 N  H C l ,  a n d  m ix .

T a b le  2. C ollaborative results for levodopa (LD ) and carb idopa  
(C D ) com bined in com m ercial tab lets  and synthetic form ulation9

Found, % of declared
Synthetic formu­
lation,“ rec., %Tablet 1° Tablet 2°

Coll. LD CD LD CD LD CD

1 104.1 105.7 101.3 101.0 100.9 95.9
104.1 105.0 101.8 102.0 101.0 97.7

2 102.5 105.2 100.2 102.2 98.9 100.7
102.5 102.7 100.6 101.4 99.1 99.8

3 104.0 103.1 102.2 102.8 101.1 99.1
103.8 103.2 102.1 101.3 101.4 100.0

4 102.5 103.7 101.0 102.1 100.0 99.9
101.7 103.4 100.9 102.3 98.9 100.6

5 103.1 103.6 101.0 101.6 99.3 100.4
101.6 102.3 100.7 101.1 101.1 99.2

6 102.4 104.9 101.3 102.1 99.1 101.1
101.7 103.5 101.7 102.4 99.7 100.2

Av. 102.8 103.9 101.2 101.9 100.0 99.5
SD 0.96 1.08 0.62 0.57 0.99 1.46
CV, % 0.94 1.04 0.61 0.56 0.99 1.46
Levodopa: pooled CVD„, 0.50%

pooled CVD„, 0.90%
Carbidopa: pooled CVDol 0.77%

pooled CVDX, 1.20%

* Samples furnished as blind duplicates.
0 Dosage level 100 mg LD and 10 mg CD; average tablet weight 225.8 mg. 
c Dosage level 100 mg LD and 25 mg CD; average tablet weight 232.4 mg. 
“ Prepared to simulate tablets containing 100 mg LD and 10 mg CD.
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T a b le  3 . C ollaborative results (%  of declared  found) fo r content uniform ity assays o f levodopa (LD, 100 m g )-carb id o p a  (CD, 25 mg)
individual tab lets

Coll. 1 Coll. 2 Coll. 3 Coll. 4 Coll. 5 Coll. 6

Tablet LD CD LD CD LD CD LD CD LD CD LD CD

1 103.3 104.6 101.1 101.5 102.6 102.0 101.3 103.8 105.8 103.3 103.3 100.1
2 100.5 100.1 101.7 102.9 99.8 99.2 100.3 103.9 99.8 99.7 99.7 101.0
3 100.5 102.7 99.3 100.6 101.4 102.0 98.5 101.5 97.8 98.1 103.0 103.8
4 104.7 106.0 99.8 100.9 104.9 104.4 101.7 105.3 101.5 100.7 102.4 103.5
5 103.7 103.2 98.8 101.1 100.4 99.6 100.5 103.8 102.3 101.5 101.2 103.3
6 102.4 101.2 98.5 100.0 101.8 102.0 100.6 107.0 100.2 101.1 95.3 98.6
7 104.5 105.8 101.8 102.4 104.7 104.0 101.5 106.0 104.1 103.1 103.5 102.8
8 105.7 104.2 102.3 100.1 104.0 103.6 98.0 102.3 101.0 99.8 105.9 103.4
9 107.4 109.0 102.3 100.1 102.1 102.4 99.4 104.5 104.1 102.7 102.7 102.3

10 103.7 103.6 102.0 102.4 102.3 102.4 101.7 106.3 103.3 100.4 99.3 100.5
Av. 103.6 104.0 10C.8 101.2 102.4 102.2 100.4 104.4 102.0 101.0 101.3 101.9

LD, CVDol 2.07% 
LD, CVD„ 2.30% 
CD, CVD0, 1.80% 
CD, CVD„, 2.24%

System Suitability Test and Assay
E q u i l i b r a t e  L C  s y s t e m  w i t h  m o b i l e  p h a s e  a t  1 .5  m L / m i n .  I n j e c t  

2 0  /¿L  s t d  s o ln .  A p p r o x ,  r e t e n t i o n  t i m e s  a r e  l e v o d o p a ,  3  m in ;  

m e t h y l d o p a ,  4 .5  m in ;  c a r b i d o p a ,  5 m i n ;  a n d  a c e t a m i n o p h e n ,  9  m in .  
C a lc ,  r e s o l u t i o n  f a c to r ,  R, a s  f o l lo w s :

R =  [2 (t2 -  / , ) ] / ( W2 +  Wi)

w h e r e  t2 a n d  / ,  =  r e t e n t i o n  t i m e s  o f  t h e  2  c o m p o n e n t s ,  a n d  W2 a n d  
!L j =  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 in g  

r e l a t i v e l y  s t r a i g h t  s id e s  o f  p e a k s  t o  b a s e l in e .  R b e tw e e n  l e v o d o p a  

a n d  c a r b i d o p a  a n d  b e tw e e n  c a r b i d o p a  a n d  a c e t a m i n o p h e n  s h o u ld  
b e  > 3 . 5 .  R b e tw e e n  l e v o d o p a  a n d  m e t h y l d o p a  s h o u l d  b e  > 2 .

C h a n g e  f lo w  r a t e  t o  i m p r o v e  r e s o l u t i o n .  F o r  l e v o d o p a - c a r b i d o p a  

t a b l e t s ,  c h a n g e  d e t e c t o r  s e n s i t i v i t y  b e tw e e n  l e v o d o p a  p e a k  ( a p p r o x .  
0 .6 4  A U F S )  a n d  c a r b i d o p a  p e a k  ( a p p r o x .  0 .0 8  o r  0 .0 4  A I J F S ) .  S e t  
d e t e c t o r  s e n s i t i v i t y  t o  3 5 - 9 5 %  A U F S .  I f  n e c e s s a r y ,  a d j u s t  v o l .  o f  
i n t e r n a l  s t d  s o ln  a d d e d  t o  s a m p l e  s o ln  a n d  s td  s o ln  t o  o b t a i n  
s a t i s f a c to r y  d e t e c t o r  r e s p o n s e  f o r  s td  s o ln .  I n j e c t  s t d  s o ln  5 t im e s  

a n d  c o m p a r e  p e a k  h t s .  C a lc .  C V  a s  f e l lo w s :

100
CV’% —

(X, -  X)2 

N -  1

w h e r e  X  =  m e a n  o f  s e t  o f  n m e a s u r e m e n t s ,  a n d  X, =  a n  i n d i v i d u a l  

d e t n  o f  r a t i o  o f  p e a k  h t  o f  a n a l y t e  t o  p e a k  h t  o f  i n t e r n a l  s td .  I n  
s u i t a b l e  s y s t e m ,  C V  =  < 2 .0 % .

P r o c e e d  w i t h  s a m p l e  a n a l y s i s  b y  i n j e c t i n g  2 0  fiL e a c h  o f  s a m p l e  
s o ln  a n d  c o r r e s p o n d i n g  s t d  s o ln .

Calculation
U s i n g  p e a k  h t  r a t i o s  R a n d  R' r e l a t i v e  t o  i n t e r n a l  s t d ,  c a lc ,  m g  

d r u g / t a b l e t  o r  c a p s u le  a s  f o l lo w s :

m g / t a b l e t  o r  c a p s u le  =  (R/R ) x  C  x  (D/W) x  T

w h e r e  R a n d  R' =  p e a k  h t  r a t i o s  f o r  s a m p l e  a n d  s t d  s o ln s ,  r e s p . ;  C  =  
c o n c n  o f  s t d  s o ln ,  m g / m L ;  W = w t  o f  s a m p l e  t a k e n ,  m g ; D =  s a m p l e  
d i ln ;  a n d  T = a v .  t a b l e t  o r  c a p s u le  w t ,  m g .

C A S - 5 9 - 9 2 - 7  ( l e v o d o p a )

C A S - 3 8 8 2 1 -4 9 - 7  ( c a r b id o p a )

C A S - 2 8 8 6 0 - 9 5 - 9  ( c a r b i d o p a  a n h y d r o u s )

Results and Discussion
Figures 1 and 2 represent typical chromatograms from the 

LC analysis of levodopa and levodopa-carbidopa tablets, 
respectively. Tables 1 and 2 summarize the collaborative

results for the assay of levodopa and levodopa-carbidopa 
solid dosage forms. Statistical evaluation of these data showed 
the overall repeatability (D„) and reproducibility (Dx) 
coefficients of variation (CV) to be 0.48 and 0.87% for 
levodopa single component, 0.50 and 0.90% for levodopa in 
combination, and 0.77 and 1.20% for carbidopa in levodopa- 
carbidopa combination, respectively. The synthetic tablet 
formulation given to the collaborators was prepared by mixing 
the tablet excipients with a quantity of each drug that was 
equivalent to that found in a commercial tablet. Overall, the 
recovery values for levodopa and carbidopa from the synthetic 
formulation were 100.4 and 99.5%, respectively.

Collaborative results for the content uniformity testing of 
levodopa-carbidopa commercial tablets are presented in Table
3. The pooled CVD0 and CVDX were 2.07 and 2.30% for 
levodopa, and 1.80 and 2.24% for carbidopa, respectively.

None of the collaborators reported problems with the 
proposed method. The formula for the suitability tests was 
included in the method following a suggestion by Collaborator
1. Collaborator 2 indicated that using a detector sensitivity 
setting that w ill provide greater sensitivity than that 
recommended in the proposed method may result in a noisy 
baseline with tablet samples that contain low levels of 
carbidopa (10 mg/tablet). Although the Associate Referee did 
not detect this problem in the chromatograms submitted by 
Collaborator 2, the prospective analyst is advised of the 
possibility of achieving satisfactory detector responses while 
maintaining the same experimental settings for all tablet 
strengths i f  the volumes of filtrate used for sample preparation 
and/or standard preparation are doubled. Under these 
conditions, detector responses will still be linearly related to 
concentrations of drug injected ranging from 0.05 to 0.40 
mg/mL of levodopa, and from 0.9 to 12.8 mg/mL of 
carbidopa.

Collaborator 5 also questioned the necessity of manually 
switching detector settings when going from the levodopa 
peak to the carbidopa peak, and commented on the hindrance 
that such a step may offer to a laboratory attempting to use 
a totally automated LC system. This instrumental adjustment, 
which is required because o f the large differences in 
concentration between 2 drugs, can be both facilitated and 
rendered amenable to automation by using an electronic 
integrator. Collaborator 5 commented that the addition of 
an internal standard solution to the sample preparation will 
increase the chances for error because the sample preparation 
will become diluted. The Associate Referee decided to retain
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the use of an internal standard solution because its use at the 
recommended volume will have no significant effect on the 
concentration of the sample, and, more important, it will 
improve the precision of the method.
Recommendation

The Associate Referee recommends that the LC method 
for the assay of levodopa tablets and capsules and levodopa- 
carbidopa tablets, and for content uniformity testing of 
levodopa-carbidopa tablets be adopted official first action.
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M I C R O B I O L O G I C A L  M E T H O D S

Rapid Fluorogenic Enumeration of Escherichia coli in Selected, Naturally Contaminated High 
Moisture Foods

PAUL L. POELMA, CLYDE R. WILSON, and WALLACE H. ANDREWS
F o o d  a n d  D ru g  A d m in is tra tio n , D iv is io n  o f  M ic ro b io lo g y , W a sh in g to n , D C  2 0 2 0 4

An assay for the enzyme glucuronidase was used to determine the 
presence of Escherichia coli in selected, naturally contaminated high 
moisture foods. Raw pork sausage, ground turkey, and ground beef 
were inoculated into tubes containing the substrate 4-methyIumbel- 
liferyl beta-D-glucuronide (MUG) in lauryl tryptose (LT) medium. 
After incubation at 35°C for 24 h, the inoculated LT-MUG tubes 
were examined under longwave ultraviolet light for the presence of 
a fluorogenic glucuronidase end product. A fluorescing tube indicated 
the presumptive presence of E. coli. The 10 day most probable number 
method of the AO AC and the LT-MUG procedure gave comparable 
recoveries of E. coli.

An assay to determine the presence of Escherichia coli can 
be used to assess the sanitary quality of food. The most 
probable number (MPN) technique, which is recommended 
by AO AC for the enumeration of E. coli and other coliforms
(1), takes up to 4 days; confirmation of the organisms as E. 
coli requires an additional 6 days.

Enumeration of E. coli by fluorogenic assay for the enzyme 
glucuronidase offers a substantial reduction in analytical time. 
Kilian and Bulow (2) reported that this enzyme was produced 
by 97% of E. coli strains but by few other enteric genera. To 
test for glucuronidase, an appropriate concentration of
4-methylumbelliferyl beta-D-glucuronide (MUG) is added 
to the medium during preparation. After incubation of the 
inoculated tubes, a fluorescent end product of the MUG sub­
strate is determined by using a longwave (366 nm) ultraviolet 
(UV) light. In a previous investigation of sunflower seeds, 
crabmeat, and walnuts artificially contaminated with E. coli, 
Andrews et al. (3) established that MUG should be incor­
porated into lauryl tryptose (LT) broth rather than EC me­
dium for those particular foods and that 24 h was adequate 
for incubation of the LT-MUG troth. The objectives of this 
study were to establish the optimal concentration of MUG 
in the LT broth and to evaluate the performance of the LT- 
MUG medium for the examination of foods naturally con­
taminated with E. coli.

Experimental
Food Products

Raw pork sausage, ground turkey, and ground beef were 
purchased at grocery stores in the Washington, DC, area and 
stored 2-8°C for a maximum of 5 days before analysis.
Microbiological Analysis

The protocol used to compare the relative efficiency of 
LT-MUG broth with that of the AO AC method is shown in 
Figure 1. For each experiment, 3 replicate 50 g portions were 
withdrawn from each food and blended in a Waring com­
mercial blender for 2 min at 14 000 rpm. Serial 10-fold di­
lutions were made in Butterfield's phosphate buffer and in­
oculated into LT and LT-MUG broths. The lauryl sulfate 
broth was prepared from the dehydrated product obtained 
from Difco Laboratories, Detroit, MI. Both the AOAC and 
the LT-MUG methods were then evaluated.

For the AOAC method, all LT broth tubes producing gas 
were subcultured at 35°C to EC medium after 24 and 48 h 
incubation. Inoculated EC tubes were incubated in a water 
bath at 45.5°C; at 24 and 48 h intervals, tubes producing gas 
were streaked to Levine’s eosin methylene blue (EMB) agar. 
Colonies typical for E. coli were confirmed by indole, methyl 
red, Voges-Proskauer, and citrate utilization (IMViC) reac­
tions, lysine decarboxylase, hydrogen sulfide production, ma- 
lonate, oxidase, urease, cellobiose, gram stain, and ability to 
produce gas upon reinoculation of the pure culture into LT 
broth.

For the LT-MUG method, serial dilutions of the foods 
were inoculated into LT-MUG broth (containing either 50

Food (50 g)

24 and 
48 h

EMB

IMViC

Gram stain 

LT

Supplemental
biochemicals

Received November 6, 1986. Accepted February 14, 1987.

Figure 1. Protocol fo r com paring AOAC and fluo rogen ic  MPN
m ethods fo r E. c o li in se lected, natura lly contam inated high m ois­

ture foods.
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Table 1. Comparison of AOAC and fluorogenic MPN methods 
for the enumeration of E. coli in selected, naturally contaminated 

high moisture foods

Trial

Mean log10 E. coli MPN values/g*

AOAC

LT-MUG, tig MUG/mL

100 50

Pork sausage

1 1.099 1.238 1.452
2 0.862 0.564 1.100

Ground turkey

1 0.255 0.543 0.543
2 1.038 0.967 0.774

Ground beef

1 1.745 1.655 1.655
2 1.593 1.231 1.300

* MPN values were determined on 3 replicates for each method.

Table 2. Correlation of fluorescence and the presence of E. coll 
in selected, naturally contaminated high moisture foods

Reactions of media No. of tubes
containing MUG containing E. coli

centration, Flúores- Rec. Not rec.
ng/mL Growth Gas cence (+) ( - )

Pork sausage

O o + + + 29 3-
+ + - 0 23
+ - + 0 2*
+ - - 0 24
- - + 0 0
- - - 0 36

50 + + + 34 1 8
+ + - 1 » 19
+ - + 0 1 *
+ - - 0 21
- - + 0 0
- - - 0 38

Ground turkey

100 + - + 26 9*
+ - - 0 41
+ - + 0 0
+ - - 0 13
- - + 0 0
- - - 0 19

50 + - + 26 10*
+ - - 0 37
+ - + 0 0
+ - - 0 19
- - + 0 0
- - - 0 16

Ground beef

100 + + + 38 4*
+ + - 0 17
+ - + 0 0
+ - - 0 28
- - + 0 0
- - - 0 21

50 + + + 38 2»
+ + - 1 “ 18
+ - + 0 1*
+ - - 0 26
- - + 0 0
- - - 0 21

* False-positive reaction (E. coli not recovered from fluorescent-positive 
tubes).

° False-negative reaction (E. coli recovered from fluorescent-negative tubes).

Table 3. Summary of discrepant reactions for E. coli obtained 
with fluorogenic MPN methods

Food

LT-MUG concentration, /¿g/mL

100 50

False­
positive

False­
negative

False-
positive

False-
negative

Pork sausage 5 0 2 1
Ground turkey 9 0 10 0
Ground beef 4 0 3 1

or 100 jug MUG/mL) and incubated for 24 h at 35°C. Tubes 
were examined for fluorescence at a wavelength of 366 nm. 
All LT-MUG tubes were subcultured to EC medium, in­
cubated in a water bath at 45.5°C, and streaked to Levine’s 
EMB agar at 24 and 48 h intervals. Suspect E. coli colonies 
were confirmed as described for the AOAC method. In pre­
paring the LT-MUG broth, appropriate amounts of MUG  
were dissolved in warm water, and compensation was made 
for the amount of water used to dissolve the MUG. After 
preparation, the LT and the LT-MUG broth media were 
dispensed into tubes containing inverted fermentation vials 
and were sterilized by autoclaving.

Caution: For safety, analysts should wear glasses with UV- 
treated lenses when observing fluorescence in LT-MUG broth.
Statistical Analysis

MPN values were converted to the log base 10, and the 
mean log value was calculated for the replicates analyzed by 
each method. For each food, an analysis of variance was 
made of the log-transformed data values. Duncan’s multiple 
comparison procedure (4) was used to assess differences for 
each pair between the method mean log values at a =  0.05.

Results and Discussion
Several investigators (5-7) have been successful in using 

MUG in LT broth for the rapid enumeration of E. coli. 
Koburger and Miller (8), however, reported that incorpora­
tion of MUG into LT broth for determining the presence of
E. coli in oysters was not successful because of the interfer­
ence of an endogenous glucuronidase in the oysters them­
selves. Their assay, therefore, was modified by incorporating 
the MUG into EC broth rather than LT broth, even though 
the LT broth is preferable for completing the analysis in 24 h.

A comparison was made of 2 concentrations of MUG (50 
and 100 jug/mL) in LT broth to determine which concentra­
tion gave the more decisive reactions. The LT-MUG me­
dium containing the 2 levels of MUG was then compared 
with the AOAC method for the enumeration of E. coli in 
naturally contaminated foods (Table 1). For both trials with 
each food type, the mean log MPN values obtained with 
either concentration of LT-MUG did not differ significantly 
from those obtained with the AOAC method. Growth, gas 
production, and fluorescence in LT-MUG media with re­
covery (+) and without recovery (—) of is. coli from naturally 
contaminated foods are shown in Table 2. The different com­
binations of positive and negative reactions in the LT-MUG  
media were correlated with the number of tubes demonstrat­
ing the presence (recovered) or absence (not recovered) of E. 
coli. A false-positive fluorogenic method reaction was one in 
which the LT-MUG medium fluoresced but E. coli was not 
present or was not recovered by the confirmatory procedure. 
A false-negative fluorogenic method reaction was one in which 
the LT-MUG medium did not fluoresce but E. coli was 
recovered.
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For pork sausage, the LT-MUG test (100 ug MUG/mL) 
reactions for growth, gas production, and fluorescence, re­
spectively, were + , + , + ,  but E. coli was not recovered (false­
positive reactions) from 3 tubes. This method also gave 2 
false-positive reactions for the +, - ,  + combination. At 50 
jug MUG/mL, the MUG test gave a single false-positive re­
action for the +, +, + and the +, - ,  + combinations, and 
a false-negative reaction with the +, +, -  combination.

Ground turkey had the highest number of discrepant re­
actions (+, + , +), giving 9 false-positive reactions at 100 ĝ 
MUG/mL and 10 at 50 yug MUG/mL. For this product, no 
false-negative reactions were obtained with either concen­
tration of MUG in LT broth.

With ground beef, the LT-MUG test (100 p.g MUG/mL) 
gave false-positive reactions with the +, +, + combination 
(4 tubes), but no false-negative reactions. The analysis of this 
product with 50 pg MUG/mL gave false-positive reactions 
with the +, +, + combination (2 tubes) and the +, —, + 
combination (1 tube). The only other discrepant reaction at 
this MUG concentration was a single false-negative reaction 
occurring with the + , +, — combination. A summary is given 
of total discrepant reactions obtained with 2 levels of LT- 
MUG (Table 3). The discrepant reaction values were com­
bined for trials 1 and 2. These data demonstrate no significant 
differences in false-positive and false-negative reactions when 
MUG was used at either of 2 concentrations in LT broth. 
Because of the high cost of the MUG substrate, a concen­
tration of 50 /ig MUG/mL is recommended for analysis of 
the 3 specific food types used in this study.

Several problems are associated with the MUG test. One 
of these is autofluorescence of the glass test tube containing 
the MUG broth medium (3). To eliminate this potential 
problem, we screened all glass test tubes used in this study. 
Autofluorescence can also be caused by the presence of gluc­

uronidase, which is endogenous in certain foods, such as 
oysters and other mollusks; however, this enzyme did not 
cause a problem in our study because fluorescence was ob­
served in only 2 tubes from which E. coli was not recovered. 
Another problem is that certain enteropathogenic strains of
E. coli do not possess the enzyme glucuronidase and thus 
give a negative MUG reaction (Michael Brodsky, Ministry 
of Health, Toronto, Ontario, Canada, and Khalil Rayman, 
Health and Welfare Canada, Ottawa, Ontario, Canada, 1986, 
personal communication). Finally, because reading of the 
fluorogenic reaction is often subjective, appropriate positive 
and negative culture controls must be included for each ex­
periment or sample analysis.

A major advantage of the LT-MUG test is the reduction 
of analytical time. The LT-MUG procedure also offers a 
significant reduction in media and labor costs. Thus, the 
fluorogenic LT-MUG test is a reliable alternative to the cur­
rent AOAC method for the enumeration of E. coli in selected, 
naturally contaminated high moisture foods.
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Enumeration of Clostridium  perfringens Spores in Human Feces: Comparison of 
Four Culture Media

STANLEY M. HARMON and DONALD A. KAUTTER
Food and Drug Administration, Division of Microbiology, Washington, DC 20204

Enumeration of Clostridium perfringens spores was compared using 
4 culture media. Duplicate 1 g portions of 35 stools (25 from C. 
perfringens food poisoning outbreaks and 10 from normal stools) were 
heat treated 20 min at 75°C and tested on tryptose-sulflte-cycloserine 
(TSC) agar, trypticase-soy-blood (TSB) agar, lactose-sulfite (LS) me­
dium, and iron milk (IM) medium. Dilutions were plated directly 
onto TSB and TSC, and a 3-tube most probable number determi­
nation was made with each specimen in LS and IM incubated at 
45°C. TSB was easiest to use and nonhemolytic food poisoning strains 
were readily differentiated from the normal hemolytic biotype on this 
medium. Confirmed counts on TSC and TSB were similar for all 
specimens, but counts of 8 of 25 outbreak specimens were 2-4 log 
units lower in LS and IM than on plating media; spores in specimens 
associated with 2 of 5 outbreaks were intolerant of the elevated tem­
peratures. Results showed that elevated temperature MPN methods 
in LS and IM are inappropriate for the examination of outbreak 
stools.

A recent study (1) has confirmed the value of enumerating 
C lostridium  perfringens spores in feces of food poisoning 
patients as a means of confirming outbreaks. Although they 
are effective, traditional plating methods are laborious and 
require specialized anaerobic apparatus; therefore, a study 
was made to determine the efficacy of 2 elevated-tempera­
ture, most probable number (MPN) methods described in a 
series of papers published in both the United States and in 
France (2-7) for enumeration of C. perfringens. Results of 
the iron milk (IM) medium method of St. John et al. (7) and 
the lactose-sulfite (LS) method of Beerens et al. (4), both 
elevated-temperature, MPN methods, were compared with 
traditional plating methods using tryptose-sulfite-cycloserine
(TSC) and trypticase-soy-blood (TSB) agars. The outbreak 
specimens examined were stools obtained from persons af­
fected in 1 of 5 different food poisoning episodes; control 
specimens were from normal, healthy persons.

To minimize sampling error and to determine the repli­
cability of results, duplicate determinations were made with 
each specimen. Enumerations were made by each method, 
and the advantages and disadvantages of each method were 
evaluated, particularly the ability to differentiate food poi­
soning strains from normal intestinal flora.

Experimental
Fecal Samples

Outbreak stools were collected by personnel from various 
state health departments and shipped frozen to the micro­
biology laboratory, Food and Drug Administration (FDA), 
where they were stored frozen until examined. Normal stools 
were handled and examined in the same manner as outbreak 
stools.

Culture Media

IM medium was prepared as described by St. John et al.
(7) and used on the day of preparation. LS medium was 
prepared from the ingredients specified by Beerens et al. (4,
5). LS base was routinely stored at 4°C for as long as 7 days 
before use. Filter-sterilized components were added to the 
deaerated medium just before use. The plating media and

Received March 20, 1987. Accepted May 15, 1987.

procedures used were those previously described (8). TSB 
agar plates were purchased from Baltimore Biological Lab­
oratories, Cockeysville, MD 21030.

Test Procedures

Stool specimens weighing 1 g were suspended in 9 mL 
sterile 0.1% peptone and heated 20 min at 75°C to kill veg­
etative cells and to encourage germination of C. perfringens 
spores. Suspensions were cooled in cold tap water, diluted 
in 0.1% peptone, and tested in the 4 different culture media. 
Triplicate tests were made of 1 mL volumes in IM and LS 
broths; 1 mL volumes were also pour-plated in TSC agar. A 
0.1 mL volume of the 10-fold lower corresponding dilution 
was plated in duplicate on TSB agar, using a sterile glass rod 
spreader. The inoculated plates were incubated for 20-24 h 
at 37°C, and presumptive C. perfringens colonies were count­
ed. The presence or absence of complete hemolysis on TSB 
agar was noted. (TSB plates were sometimes stored at 5°C 
for several hours to allow development of the partial he­
molysis zones characteristic of C. perfringens.) Each 3-tube 
series in IM and LS media was incubated in a water bath at 
45 ± 0.5°C. The IM tubes were examined at 18 and 24 h for 
evidence of stormy fermentation, which is characterized by 
coagulation and fracturing of the curd into a spongy mass. 
LS broth was checked after 24 h of incubation for the for­
mation of a black precipitate (sulfite reduction) and fermen­
tation of lactose, as indicated by the presence of gas trapped 
in a Durham vial.

Presumptive positive tubes were streaked on TSB agar 
plates, and colonies were selected for confirmation tests as 
described in the official AO AC method (8). Plate counts were 
performed for plates containing between 15 and 150 colonies. 
The corresponding counts in IM and LS were calculated by 
using the MPN tables in the FDA B acteriological A nalytical 
M anual (9). Enterotoxigenicity of isolates from outbreak stools 
was determined by culturing modified AEA medium and 
then testing culture supemates for C. perfringens enterotoxin 
by the ELISA method as previously described (1).

Results and Discussion
Spore counts obtained with outbreak stools are given in 

Table 1; counts with normal stools are given in Table 2. 
These data show that TSC and TSB agars were similarly 
effective for enumerating C. perfringens spores in stools of 
food poisoning patients and in normal stools as reported by 
Harmon et al. (1), but, in some instances, the spores were 
grossly underestimated in outbreak stools on IM and LS 
media, as shown in results for specimen 2 of outbreak No. 
3, all specimens of outbreak No. 4, and specimens 2 and 5 
of outbreak No. 5 (Table 1). Spore counts of specimens enu­
merated by the other 3 methods were compared to confirmed 
counts with TSC agar, which is currently the most widely 
accepted method (10). Counts for these 8 specimens in IM 
and LS media were 2-4 log units lower than the correspond­
ing plate counts on TSC, and enterotoxigenic colonies usually 
could not be isolated from the positive culture tubes. Five 
of the 8 specimens that gave false negative results or lower 
counts in IM and LS media were associated with the same
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Table 1. Clostridium perfringens spores in stools of food poi­
soning patients counted on 4 culture media8

Spores (log,„)/g of stools6
Out­
break Stool

TSC": trial TSB" trial IM9trial LS' trial

No. No. 1 2 1 2 1 2 1 2

1 7.75 7.69 8.04 7.2' 7.66 8.04 7.97 7.38
2 8.28 8.43 7.96 7.8' 8.38 7.38 7.66 7.97
3 8.15 8.20 7.81 7.06 8.38 7.60 7.36 7.30
4 6.85 6.98 6.49 6.76 6.66 7.38 6.36 7.04

1 5 8.98 _9 8.06 8.18 8.38 9.38 7.97 7.63

1 7.36 7.50 7.54 7.36 7.66 8.04 8.04 7.60
2 8.20 8.04 8.14 7.68 8.04 9.04 7.38 7.66
3 8.02 7.88 8.04 7.75 8.38 7.97 7.66 8.17
4 6.75 7.36 7.21 8.28 7.38 6.87 6.38 6.66

2 5 6.97 6.48 7.38 6.34 6.63 7.04 6.63 7.38

1 7.00 6.34 6.91 6.28 7.04 7.66 6.38 5.17
2 6.26 7.10 6.20 6.88 3.59 4.04 4.66 3.87
3 6.99 6.34 7.04 6.99 3.38 4.66 4.04 5.96
4 5.99 5.28 _9 5.10 4.38 5.36 4.38 <3.00

3 5 5.91 5.75 4.77 5.26 6.38 5.38 4.18 6.63

1 5.90 6.15 6.20 5.33 3.32 2.38 1.18 2.38
2 5.48 5.60 4.99 5.63 1.38 2.63 1.38 3.04
3 6.51 7.38 6.50 7.04 3.97 <2.00 4.04 3.66
4 5.85 5.65 6.18 5.32 3.17 4.38 3.66 3.04

4 5 7.54 7.00 6.68 7.03 3.63 3.18 4.36 3.18

1 5.79 5.79 6.00 6.07 5.32 6.38 5.66 5.32
2 5.72 _9 5.75 5.54 3.38 3.32 3.38 3.66
3 3.88 4.60 3.99 4.04 3.66 3.38 <2.00 2.38
4 4.95 4.20 4.78 4.97 5.38 5.04 5.66 4.63

5 5 4.75 5.48 4.07 _3 3.96 3.38 2.63 2.32

* Five specimens from each of 5 outbreaks.
6 As determined in 2 separate trials.
8 TSC agar (8) without egg yolk (pour placed).
0 Trypticase-soy-sheep blood agar (surface plated).
9 Iron milk medium (7).
' Lactose sulfite medium (4).
“ No data available.

food poisoning outbreak, and the 3 remaining specimens 
were from separate outbreaks. In contrast, typical growth 
and similar counts were obtained with all 25 outbreak spec­
imens on TSC and TSB agar.

Results from replicate trials with liquid media varied more 
than those on plating media; however, this was not of prac­
tical importance because precise counts are not needed to 
indicate C. perfringens as the probable cause of food poison­
ing. Although IM and LS gave rapid presumptive results, we 
found that food poisoning strains sometimes could not be 
reliably enumerated in these media, apparently because of 
intolerance of some C. perfringens strains for elevated tem­
perature. Both IM and LS media were incapable of indicating 
the presence of enterotoxigenic C. perfringens in stools of all 
5 patients tested from outbreak No. 4, and a highly variable 
response was noted with the specimens from outbreak No. 
5, which contained a heterogeneous C. perfringens popula­
tion. Two specimens, 2 and 5, associated with outbreak No. 
5 were always negative for enterotoxigenic C. perfringens in 
IM and LS media, and the remaining 3 specimens yielded 
lower counts (Table 1). Counts with normal stools were sim­
ilar on all of the media (Table 2) except for a few specimens 
that had spore populations too low to be detectable in the 
0.02 g portion tested on TSB.

The MPN methods gave satisfactory results with some 
(77%) stools examined and thus might prove useful for 
screening stools in laboratories that lack the equipment and 
trained personnel to perform the standard tests; however, 
they are not reliable enough for regulatory work. A pre-

Table 2. Clostridium perfringens spores in stools of healthy 
adults counted on 4 culture media

Spores (log10)/g of stools"

TSC6 TSB" IM" LS9
„  , trial trial trial trial
S tool____________________________________________________
No. 1 2 1 2 1 2 1 2

1 3.62 2.85 3.40 3.50 3.66 3.97 2.97 3.78
2 3.55 3.32 3.48 2.70 3.38 3.97 3.38 3.87
3 5.64 6.63 5.52 5.78 5.87 7.04 5.04 6.38
4 2.47 3.32 <3.00' <3.00' 2.63 3.17 2.97 2.66
5 2.84 3.00 <3.00' <3.00' 2.97 3.32 2.38 2.66
6 3.32 3.44 3.00 3.52 3.66 4.38 3.38 3.66
7 3.78 2.95 3.08 <3.00' 3.38 2.97 3.04 3.17
8 3.30 3.78 3.20 3.65 3.66 4.38 4.32 3.66
9 3.91 3.56 3.77 3.78 4.04 2.95 3.38 3.97

10 2.65 2.70 3.00 <3.00' 3.97 3.38 3.17 2.87

* As determined in 2 separate trials.
6 TSC agar without egg yolk (pour plated). 
"Trypticase-soy-sheep blood agar (surface plated). 
“  Iron milk medium (7).
9 Lactose sulfite medium (4).
' None detected in 0.02 g of sample.

sumptive result with the elevated-temperature MPN meth­
ods is more reliable for stools than for foods because appar­
ently few sporeformers that might give false positive results 
are present in stools. As our results show, false negative re­
sults are much more likely. Other disadvantages of the liquid 
media MPN methods are the need to prepare culture media 
or components just before use and the need to monitor in­
cubation over a protracted period of time. The potential for 
spilling contaminated culture contents in the water bath with 
IM medium is also high. In general, the MPN methods were 
found to be more laborious and less appealing to the analyst. 
We are reluctant to accept elevated-temperature methods for 
general culturing of C. perfringens, and our experience in this 
regard has received support (A. H. W. Hauschild, Bureau of 
Microbial Hazards, Health Protection Branch, Ottawa, Can­
ada, personal communication, 1986).

The TSB agar method, on the other hand, was very simple 
and yielded the most useful information of any of the 4 
methods studied. Prepared TSB plates can be purchased for 
a modest price and can be stored up to 30 days without a 
demonstrable loss of effectiveness. Nonhemolytic colonies 
of enterotoxigenic strains were easily recognized on TSB and 
differentiated from the indigenous normal hemolytic biotype 
when it was present, and colonies of the characteristic type 
were easily selected for enterotoxin testing. Even though some 
enterotoxigenic isolates are hemolytic as noted elsewhere (1 ) 
and 1 of the 5 strains in this study was hemolytic, the TSB 
agar method is preferable to the other methods currently 
available because it provides the most information and can 
be performed with a minimum of effort and expense.
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E X T R A N E O U S  M A T E R I A L S

Extraction of Light Filth from Whole Leaves of Alfalfa, Lemon Balm, Papaya, and 
Spearmint: Collaborative Study

M A R V IN  J. N A K A S H IM A  and L A R R Y  E. G LAZE
F o o d  a n d  D ru g  A d m in is tr a tio n , D iv is io n  o f  M ic ro b io lo g y , W a sh in g to n , D C  2 0 2 0 4

Collaborators: A. Bright; C. H. Crewe; Z. Curling; M.-A. Gardiner; A. Gladstein; A. Howlett; F. J. Leahy; E. Levesque;
S. F. Schnittger; M. S. Von Stetina

Results are reported for a collaborative study to extend AOAC meth­
od 44.A06 44.A08 to extraction of light filth from whole leaves of 
alfalfa, lemon balm, papaya, and spearmint. A 5 g (spearmint) or 10 
g (alfalfa, lemon balm, papaya) test portion is defatted with isopro­
panol in a simple reflux apparatus. Rat hairs, insect fragments, and 
whole insects are isolated by wet sieving on a No. 230 sieve, a deaer­
ating boil in 40% isopropanol, and flotation with mineral oil-heptane 
(85 + 15) from Tween 80-Na4EDTA (1 + 1) and 40% isopropanol 
in a Wildman trap flask. Each product was spiked at a different level. 
For rat hairs, recoveries averaged 82.2% from alfalfa, 88.9% from 
lemon balm, 80.6% from papaya, and 79.6% from spearmint. Re­
coveries of whole or equivalent insects from these products averaged
66.1, 218.8, 69.4, and 85.4%, respectively; recoveries of insect frag­
ments from these products averaged 89.6, 94.4, 94.1, and 88.1%, 
respectively. The method has been adopted official first action for 
extraction of light filth from whole leaves of alfalfa, papaya, and 
spearmint. The extension of the method to lemon balm was not rec­
ommended because of interferences by intrinsic whole insects, which 
were the same species as the spike material.

This collaborative study was performed to extend the ap­
plication of a method for the extraction of light filth from 
whole peppermint leaves ( 1 , 2 ) to the leaves of alfalfa, lemon 
balm, spearmint, and papaya.

The method involves defatting a 5 g (spearmint) or 10 g 
(alfalfa, lemon balm, papaya) test portion with isopropanol 
in a simple reflux apparatus (3) for 10 min. Rat hairs, insect 
fragments, and whole insects are isolated by wet sieving on 
a No. 230 sieve, a deaerating boil in 40% isopropanol, flo­
tation with mineral oil-heptane (85 + 15) from Tween 80- 
Na4EDTA (1 + 1) and 40% isopropanol, and trappings in a 
Wildman trap flask.

Collaborative Study
Each product was spiked at a different level. The lemon 

balm spike consisted of 5 rat hairs (2.5-3.5 mm), 20 insect 
fragments (elytral squares of Tribolium confusum, ca 0.5 sq. 
mm), and 5 whole insects (adult Lasioderma serricorne, cig­
arette beetle). For alfalfa, the spike consisted of 10 rat hairs, 
30 insect fragments, and 10 whole insects. The spearmint 
spike consisted of 15 rat hairs, 50 insect fragments, and 15 
whole insects, and the papaya spike consisted of 2 0  rat hairs, 
20 insect fragments, and 10 whole insects. Two preweighed 
test portions of each product together with 2  vials of each 
spike level were sent to each of 9 collaborators. The test 
portions were randomly numbered from 1 to 8 ; the spike

Submitted for publication May 29, 1987.
This report of the Associate Referee, M. J. Nakashima, was presented at 

the 99th AOAC Annual International Meeting, Oct. 27-31, 1985, at Wash­
ington, DC.

The recommendation of the Associate Referee was approved interim official 
first action by the General Referee, the Ccmmittee on Microbiology, 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 General Referee and Committee reports, 
J. Assoc. Off. A na l. C hem . (1988) 71, January/February issue.

vials were numbered to correspond to the appropriate test 
portions. The collaborators were instructed to report their 
results and analysis times and to return the extraction papers 
so that their results could be checked by the Associate Ref­
eree.

METHOD
See secs 44.A06-44.A08 (2): Light Filth in Whole Pepper­

mint Leaves, Flotation Method.

Results and Discussion
This discussion emphasizes the Associate Referee’s counts, 

because collaborators sometimes failed to recognize spike 
material or to distinguish it from intrinsic filth. Two analysts 
performed portions of the analysis in the same laboratory 
and were considered together as Collaborator 2.

Background striated hairs that were within the size range 
of the spike rat hairs resulted in overcounts for lemon balm 
in Table 1, as reflected in the mean recovery of 161.1%. The 
Associate Referee was able to differentiate the spike from 
background hairs by length and color; the actual mean re­
covery was 88.9%. Student’s (-tests comparing the mean per­
centage recoveries for products or analyte levels (Table 1 ) 
showed significant differences (P < 0.05) for lemon balm 
(88.9%) and papaya (80.6%).

Mean recoveries of whole or equivalent insects (Table 2) 
were quite variable, as in the previous collaborative study 
of the method (1). Background!., serricorne occurred in lem­
on balm (251.2% mean recovery) and was confirmed by the 
Associate Referee (218.8% mean recovery). For alfalfa, pa­
paya, and spearmint, the counts of Collaborators 8  and 9 
included nonspike insects in their tallies, and Collaborator 
3 counted any major body part, such as a thorax-abdomen 
or an abdomen, as an equivalent insect. As defined in the 
collaborative study instructions, an equivalent insect must 
have at least the head. Student’s (-tests comparing the mean 
percentage recoveries for products or analyte levels (Table
2) showed significant difference (P < 0.05) for all compari­
sons with lemon balm because of the high level of intrinsic 
whole or equivalent insects. Mean recoveries from alfalfa 
(66.1%) and spearmint (85.4%) were significantly different at 
P < 0.05.

As shown in Table 3, recoveries of insect fragments were 
high. The results for Collaborators 8  and 9 were excluded as 
outliers because the counts reflected all the insect fragments 
in the samples rather than the added elytral squares. Collab­
orator 2  also attempted to count all insect fragments, but 
greatly undercounted them. The counts of Collaborator 3 
were low because insect fragments that were not exactly 
square were not counted. Four counts of Collaborator 3 were 
judged outliers. Student’s (-tests comparing the mean per­
centage recoveries in Table 3 showed significant differences
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Table 1. Collaborative results for recovery of rat hairs (blind duplicates)

Product (spike level)

Coll. Lemon balm (5) Alfalfa (10) Spearmint (15) Papaya (20)

1 14(5)* 13(6) 10(9) 11(9) 15(12) 15(13) 12 18(17)
2 7 (5) 3 2 (7) 1 (5) 11 6 (9) 15(14) 6(16)
3 11(4) 10(5) 6 (9) 5 (9) 12 9(12) 13(14) 19(18)
4 5 7(3) 8 9 9 (8) 8 (9) 17(16) 17
5 6 (4) 5 (4) 10(9) 9 12 10(9) 20 (16) 18(17)
6 8 (5) 8 (5) 9 (8) 9 (8) 17(15) 21(17) 20 (19) 20(17)
7 8 (3) 9 (5) 10(7) 8 12(11) 12(13) 18(17) 20(15)
8 10(5) 10(3) 9(8) 10(8) 13(12) 22(14) 21 (17) 13(16)
9 8 (5) 3 (5) 7(9) 9 15 11 12(15) 17

X 8.1 (4.4) 7.9 (8.2) 12.8(11.9) 16.4 (16.1)
x ,0 % 161.1 (88.9)A 78.9 (82.2) 85.2 (79.6) 82.2 (80.6)A
SD

Repeatability 1.6 (1.0) 0.9 (0.6) 2.9 (1.5) 3.7 (1.8)
Reproducibility 3.1 (1.0) 2.8 (1.1) 4.3 (2.4) 3.9 (1.8)

CV, %
Repeatability 19.8 (22.7) 11.4 (7.3) 22.6(12.6) 22.6 (11.2)
Reproducibility 38.3 (22.7) 35.4(13.4) 33.6 (20.2) 23.8(11.2)

* Associate Referee counts are in parentheses if different from those of collaborator.
6 Same capital letters in this row represent Associate Referee values which are significantly different from one another by Student’s f-test at P <0.05.

(P < 0.05) for lemon balm (94.4%) and spearmint (88.1%) 
and for papaya (94.1%) and spearmint (88.1%).

Table 4 compares the results of this collaborative study 
(the 4-botanicals study), the results of the previous collab­
orative study (1 ), and precollaborative experimental data. 
No comparisons with the previous study were made for pa­
paya because there was no comparable spike level in the 
previous study. Student’s 7-tests comparing the mean per­
centage recoveries for the same spike levels from the 4-bo- 
tanicals study and the previous study (Table 4) showed no 
significant differences for rat hairs (P > 0.05). For whole or 
equivalent insects, only the mean recoveries from lemon 
balm were significantly different (P < 0.05) because of the 
inflated counts reported in this study. For insect fragments, 
mean recoveries from lemon balm in this study were signif­
icantly different from mean recoveries from peppermint at 
the low spike level in the previous study.

In both series of 7-test comparisons, no pattern was found 
that would suggest that these significant differences in recov­
eries were due to the product or to the spike levels used.

For the alfalfa samples, heavy plant material was found

on the extraction papers returned by Collaborators 1 and 2, 
whereas the other collaborators returned extraction papers 
with noticeable but acceptable amounts of debris. Discus­
sions with individuals in both laboratories revealed no reason 
for the excessive amounts of plant matter on the extraction 
papers from the alfalfa samples.

Stems from lemon balm samples were trapped in mineral 
oil; they probably floated to the surface because of incomplete 
deaeration. The stems could have been eliminated by dis­
carding them after a thorough examination of the extraction 
papers for filth elements.

With the exception of the extraction papers returned by 
Collaborators 1 and 2 for the alfalfa samples, for which more 
than 1 filter paper should have been used, only 1 filter paper 
per sample would have been required if separate trappings 
had not been requested.

In this collaborative study, analytical time was slightly less 
than in the previous study: Extraction time averaged 2.4 h 
(range, 1.5-3. 8  h) compared to 2.8 h for the previous study; 
extraction paper examination time averaged 0.4 h (range, 
0.2-0.7 h) compared to 0.5 h for the previous study.

Table 2. Collaborative results for recovery of whole or equivalent insects (blind duplicates)

Product (spike level)

Coll. Lemon balm (5) Alfalfa (10) Spearmint (15) Papaya (10)

1 14 (12)* 7 4 4 11(10) 10 3“ (2) 1” (1)
2 19 (12) 11 (10) 6(5) 8(7) 23(13) 13(10) 9 8 (9)
3 10 (8) 14 (12) 10(8) 8 (6) 18(15) 28(16) 5 13 (8)
4 15 (14) 7 10 111 14 15(16) 10 10
5 9 (8) 10 6 9 12 9 10 9
6 10 11 10 5 17(16) 13 9 7
7 18 8 (7) 9 8 16 14 9 10
8 34" (5)° 36s (2)° 12 (2) 9(2) 42 (5)“ 21 (4)° 11 (2) 13 (2)
9 27 (19) 11 (10) 13(10) 8(3) 20(14) 10(7) 6 (9) 8 (4)

X 12.6(10.9) 8.3 (6.6) 17.0 (12.8) 9.2 (6.9)
x,* % 251.2 (218.8)A,B,C 83.3 (66.1 )A,D 113.3 (85.4)B,D 91.9 (69.4)C
SD

Repeatability 5.9 (4.3) 2.1 (2.3) 6.6 (2.3) 2.2 (1.5)
Reproducibility 5.9 (4.3) 2.6 (3.0) 8.1 (2.9) 2.2 (3.4)

CV, %
Repeatability 46.8 (39.4) 25.3 (34.8) 38.8 (18.0) 23.9 (21.7)
Reproducibility 46.8 (39.4) 31.3 (45.4) 47.6 (22.6) 23.9 (49.3)

* Associate Referee counts are in parentheses if different from those of collaborator or if either duplicate value is an outlier.
6 Outlier by Dixon test; not included in calculations.
* Same capital letters in this row represent Associate Referee values which are significantly different from one another by Student's f-test at P <0.05.
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Table 3. Collaborative results for recovery of insect fragments (blind duplicates)

Coll.

Product (spike level)

Lemon balm (20) Alfalfa (30) Spearmint (50) Papaya (20)

1
2

3
4
5
6 
7 
8» 
9»

38* (37)*-» 
20* (18) 

1*(19) 
16 (20) 
19
16 (18) 
18

461 (20) 
374 (17)*

20 (19) 
32* (19) 
7* (19) 

16 (19) 
18 
20 
19

343 (18) 
318 (18)*

27 (25) 
19 (20) 
11* (29)
29
28
28 (30)
30

251 (28) 
127 (27)

13 (12) 
24 (25) 

0* (28) 
26 (28) 
30 
27
29 (30) 

330 (28) 
105 (30)

21 (21)* 
31 (35) 
18 (44) 
40 (42) 
36 (38) 
49
46 (47) 

412 (43) 
357 (47)

26 (26)* 
82 (39) 
23 (50) 
35
50 (49) 
40
48 (50) 

358 (70)* 
206 (49)

22 (20)* 
45(18) 
3(19) 

18(19) 
20(19) 
20 
19

386(19)
239(19)

8(7)*
25(18)
4(19)

16
19
19
20

123 (20) 
160 (18)

X 18.1 (18.9) 25.8 (26.9) 38.9 (44.0) 18.4(18.8)
x ,' % 90.5 (94.4)A 86.4 (89.6) 77.8 (88.1 )A,B 92.1 (94.1 )B
SD

Repeatability 1.4 (0.9; 4.4 (3.5) 14.5(4.6) 6.6 (0.9)
Reproducibility 1.6 (0.9 5.1 (4.5) 16.5 (5.3) 10.4(1.0)

CV, %
Repeatability 7.7 (4.8. 17.0(13.0) 37.3 (10.4) 35.9 (4.8)
Reproducibility 8.8 (4.8. 19.8(16.7) 42.4(12.0) 56.5 (5.3)

* In the Dixon test for outliers, the values 38 and (37), which resulted from a spike of 40 insect fragments, were each given a proportionate value of 19 of 20. 
» Associate Referee counts are in parentheses If different from those of collaborator or if either duplicate value Is an outlier.
'Outlier by Dixon test; not Included in calculations.
"All results for this collaborator were outliers by Dixon test; not Included in calculations.
• In the Dixon test for outliers, the value (70), which resulted from a spike of 75 insect fragments, was given a proportionate value of 47 of 50.
'Same capital letters in this row represent Associate Referee values which are significantly different from one another by Student's f-test at P <0.05.

Table 4. Comparison of mean percentage recoveries®0 of rat 
hairs (RH), whole or equivalent insects (W/E), and insect frag­
ments (IF) from 4-botanicals study, previous study, and precol- 

laborative experimental data

Source of recoveries Product RH W/E' IF*

4-Botanicals study lemon balm 88.9 (5) 218.8A (5) 94.4B (20)
Previous study peppermint 83.3 (5) 85.0A (5) 79.6B (20)
Experimental data lemon balm 92.5 (20) 90.0 (10) 87.5 (20)

4-Botanicals study alfalfa 82.2(10) 66.1 (10) 89.6 (30)
Previous study peppermint 87.5(10) 80.0 (10) 88.3 (30)
Experimental data alfalfa 86.7 (20) 86.6 (10) 87.5 (20)

4-Botanicals study spearmint 79.6(15) 85.4 (15) 88.1 (50)
Previous study peppermint 82.2(15) 77.2 (15) 84.8 (50)
Experimental data spearmint 87.5 (20) 95.0 (10) 80.8 (20)

4-Botanlcals study papaya 8C.6 (20) 69.4 (10) 94.1 (20)
Experimental data papaya 8C.0 (20) 66.7 (10) 83.3 (20)

* Obtained by Associate Referee.
6 Spike levels in parentheses.
* Same capital letters In this column represent values which are significantly 

different from one another by Student's f-test at P  <0.05.

Recommendations
It is recommended that the application of the flotation 

method for the extraction of light filth be extended to the 
leafy botanicals alfalfa, spearmint, and papaya and that these 
applications of the method be adopted official first action. 
Recoveries were generally satisfactory, and the filter papers 
obtained were usually free of interfering debris. It is also 
recommended that the portion of the method title naming 
whole peppermint leaves be changed to leafy botanicals, 
with the individual botanicals listed.

Because a method to detect light filth in lemon balm is not 
greatly needed, and because interference of intrinsic filth

(whole insects) made it difficult to evaluate filth recoveries 
of the method for this analyte, it is not recommended that 
the method be adopted for lemon balm.
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Comparison of Diethyl Ether and Ethyl Acetate as Extracting Agents for Recovery of A sca ris  
spp. and T richuris spp. Eggs

R IC H A R D  A . R U D E
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Ethyl acetate and diethyl ether were compared for their ability to 
recover Ascaris spp. and Trichuris spp. eggs from seeded milorganite, 
liquid sludge, and cabbage. Concentrations of 10,100, and 1000 eggs/ 
10 g test sample were prepared for 20 replicates of each product. The 
use of diethyl ether yielded fewer eggs/10 g than did ethyl acetate 
in 5 of 6 sets of data. For Ascaris spp., recovery from cabbage was 
10 times higher with ethyl acetate at the higher concentration than 
with diethyl ether. For Trichuris spp., recovery from liquid sludge 
was slightly higher with diethyl ether for all egg concentrations. The 
other results ranged from 0 to 23% difference in recovery for the 2 
agents. Depending on the parasites in question and the products to 
be screened, the substitution of ethyl acetate for diethyl ether may 
be significant.

Eggs of the pathogenic nematode parasites Ascaris spp. and 
Trichuris spp. can survive common methods of sewage treat­
ment and contaminate food crops that are fertilized with 
sewage sludge or irrigated with sewage effluent. The Nac- 
conol-ether centrifugation method is used to determine qual­
itatively the presence of Ascaris spp. and Trichuris spp. in 
crop irrigants, fertilizers, and on foods (1). The method uses 
diethyl ether, which is flammable, explosive, and toxic. Some 
laboratories are not equipped to handle diethyl ether safely 
and are reluctant to take the risk involved in this method.

Previous studies compared 4 methods: Nacconol-ether 
centrifugation ( 1 ), zinc sulfate flotation (2 ), saline centrifu­
gation (2), and the water trough method (3). Nacconol-ether 
centrifugation gave the best recoveries and was selected for 
these parasites. However, a substitute was needed for the 
diethyl ether extraction step.

The Centers for Disease Control (CDC) screened several 
solvents for their ability to concentrate parasites. The flam­
mability, density, cost, and carcinogenicity of the solvents 
were also evaluated. Ethyl acetate was found to be the most 
satisfactory in the CDC study (4). Our experiments were 
designed to compare the diethyl ether and ethyl acetate sol­
vents.

Experimental
Apparatus

(a) Gridded tissue culture dishes. — Falcon Integrid 3030 
(Becton, Dickinson and Co., Oxnard, CA).

(b) Bolting cloth.—100 nm pores. Nitex HC3-100 (Nitex 
Corp., Bern, Switzerland).

(c) Pasteur pipets. — 229 mm, with cotton plug and rubber 
bulb.

(d) Bottle shaker.—Size 2, midpoint setting. International 
shaker.

(e) Centrifuge.-IE C  HN-SII, DAMON/IEC Division. 

Reagents
(a) Formalin solution (10%).—Add 730 mL water to 270 

mL 37% stock formaldehyde solution.

Received March 10, 1987. Accepted June 30. 1987.

(b) Nacconol 35 SL.— Sodium linear alkylate sulfonate, 
35% active (Stepan Chemical Co., Northfield, IL).

(c) Nacconol solution (0.008%). — 3.7 mL Nacconol 35 SL 
in 16 L physiological saline.

(d) Ether (ethyl) anhydrous.— Reagent grade (Mallinck- 
rodt Inc., Paris, KY).

(e) Ethyl acetate.— Analytical reagent (Mallinckrodt). 

Determination
Ninety mL 0.008% Nacconol solution was added to seeded 

test portion in milk dilution bottle and was shaken vigorously 
10 min on automatic bottle shaker. Piece of bolting cloth, 6  

in. x 6  in., was soaked in 0.008% Nacconol solution im­
mediately before use. Cloth was secured to top of 600 mL 
beaker with rubber band, and bottle’s contents were poured 
through soaked bolting cloth into 450 mL beaker. Bottle was 
rinsed 3 times with 20 mL portions of 0.008% Nacconol 
solution, and rinses were poured through bolting cloth into 
beaker. Contents of beaker were stirred with glass stirring 
rod and then poured into 100 mL conical centrifuge tubes. 
Tubes were centrifuged 4 min at 900 x g , and supemate was 
decanted. One mL 0.008% Nacconol solution was added to 
tubes, and pellicle was resuspended. With Pasteur pipet, sed­
iment was combined into 100 mL conical centrifuge tube. 
Emptied tubes were rinsed with 2 mL of 0.008% Nacconol 
solution, and rinse was added to 100 mL conical centrifuge 
tube containing sediment. Bulb was removed from Pasteur 
pipet, and pipet was rinsed through top into 100 mL conical 
centrifuge tube. Tube was centrifuged 4 min at 900 x g , and 
supemate was decanted and discarded. Eight mL of 10% 
formaldehyde solution was added, and pellicle was resus­
pended using vortex mixer. Pellicle was loosened with 4 mm 
glass rod when needed. Under chemical hood, 3 mL diethyl 
ether or ethyl acetate were added to tube. Tube was stoppered 
and shaken vigorously 30 s. Tube was centrifuged 4 min at 
900 x g .  Tube now contained supemate, organic plug, and 
pellicle. Supemate and organic plug were poured into safety 
can. One mL 0.008% Nacconol solution was added to tube 
and pellicle was resuspended. With Pasteur pipet, suspended 
contents were transferred into tissue culture dish. Tube was 
rinsed with 1 mL of 0.008% Nacconol solution and then 
rinse was poured into tissue culture dish. If background ma­
terial was too heavy, contents were diluted into more tissue 
culture dishes. To count recovered parasites, entire tissue 
culture dish was scanned with inverted microscope, and re­
sults were recorded.

Statistical Methods
The distribution of eggs was recorded for each series of 20 

replicates. A transformation of logI0 (count + 1) was used to 
normalize the data in subsequent analyses. An analysis of 
variance (5) was performed on each food product with con­
centration and extraction solvent as factors. A univariate 
analysis was performed on Ascaris spp. and Trichuris spp. 
as was a multivariate analysis using both variables (5). Dun-
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Table 1. Sum mary o f ana lys is  o f va riance  resu lts  fo r A s c a ris
and T rich u ris  using 2 ex trac tion  agents

F-ratio Degrees of 
freedom

Factor Ascaris Trichuris for F-ratio

Cabbage

Concn A 198.03’ 2090.08* 2, 114
Extraction solvent B 180.13* 2.90 1, 114
Interaction A X B 27.95“ 0.47 2, 114

Milorganite

Concn A 1319.53* 6633.60" 2, 114
Extraction solvent B 0.02 7.23* 1, 114
Interaction A X B 1.06 3.40* 2,114

Sludge

Concn A 2138.50* 7691.21* 2,114
Extraction solvent B 0.03 7.42* 1,114
Interaction A X B 0.70 0.85 2,114

• Significant at the a  =  0.05 level.

can’s test (6 ) was performed to determine if the means dif­
fered significantly. The a = 0.05 level was used for all tests.

Results
Results of the 6  statistical analyses are shown in Table 1. 

In each case, the null hypothesis was that means for concen­
trations and the 2 extraction solvents were equal. The null 
hypothesis that the interaction between the 2  factors (con­
centration and extraction agent) equals zero was also tested. 
All 6  concentration effects were significant and 3 of 6  solvent 
comparisons differed. Only 2 of the interactions were sig­
nificant at the a = 0.05 level.

Interaction occurs when results are inconsistent at different 
levels of factors. Significant interaction was observed in 2 of 
the analyses of variance (Table 1). The mean for Ascaris in 
cabbage illustrates the reason for the significant interaction 
(F2 114 = 27.95). Means at the lowest concentration are the 
same order of magnitude, whereas the geometric means for 
the highest concentration differ more than tenfold. A multi­
variate analysis of variance was also computed when the 
variables Ascaris and Trichuris were considered together.

Table 2. Geometric means of parasite eggs/10 g for Ascaris in 
cabbage, milorganite, and sludge using diethyl ether and ethyl 

acetate

Concn, egg/10 g Geometric 
mean for

Extn solv. 1000 100 10 extn agent

Cabbage

Diethyl ether 16» 4.4 2.2 5.4“
Ethyl acetate 
Geometric mean

285 28 3.7 31

for concentration 67“ 11 2.9

Milorgan te

Diethyl ether 262 26 3.4 28
Ethyl acetate 
Geometric mean

300 26 3.0 29

for concentration 280“ 26 3.2

Sludge

Diethyl ether 389 42 2.2 42
Ethyl acetate 
Geometric mean

420 41 3.7 42

for concentration 404° 42 4.4

* There were 20 replicate determinations for each mean. 
“ Means differ significantly at the a = 0.05 level.

Table 3. Geometric means of parasite eggs/10 g for Trichuris 
in cabbage, milorganite, and sludge using diethyl ether and ethyl 

acetate

Extn solv.

Concn, egg/10 g 

1000 100 10

Geometric 
mean for 

extn agent

Cabbage

Diethyl ether 601* 51 5.7 56
Ethyl acetate 665 52 6.7 62
Geometric mean

for concentration 632“ 51 6.2

Milorganite

Diethyl ether 585 53 5.8 57“
Ethyl acetate 717 53 6.2 62
Geometric mean

for concentration 648“ 53 6.0

Sludge

Diethyl ether 715 67 5.7 67“
Ethyl acetate 649 59 6.7 62
Geometric mean

for concentration 681“ 63 6.3

•There were 20 replicate determinations for each mean. 
0 Means differ significantly at the a  =  0.05 level.

The linear correlation between the 2 variables was 0.20,0.08, 
and 0.16 for cabbage, milorganite, and sludge. Results from 
multivariate analysis did not modify the univariate results.

The experiments were designed so that the concentrations 
of parasites increase tenfold. Thus, the geometric means of 
the recovered parasites differed significantly (a = 0.05 level) 
for concentrations. Tables 2 and 3 present the geometric 
means for concentrations and extraction solvents. The sig­
nificant overall means for each concentration and extraction 
solvent are marked. Ethyl acetate extraction solvent yielded 
mean results equal to or greater than those treated with di­
ethyl ether in 5 of 6  cases. The overall recovery by ethyl 
acetate was significantly higher for the recovery of Ascaris in 
cabbage and Trichuris in milorganite. In 1 of 6  tests (recovery 
of Trichuris in sludge) the diethyl ether mean was signifi­
cantly higher than the mean observed from ethyl acetate 
results. However, the largest differences were observed for 
Ascaris in cabbage. Ethyl acetate recovered more than 10 
times as many eggs at the high concentration as did diethyl 
ether. The other Ascaris results were 8  and 15 in recovery 
for the 2 solvents. No distortion of parasite morphology was 
observed with either extraction solvent.

Discussion
Ethyl acetate is a satisfactory and efficient extraction sol­

vent for use in the Nacconol-ether centrifugation method. 
The organic material plug present after the final centrifuga­
tion was thicker and looser with ethyl acetate, but that had 
no effect on the recovery of parasites. Overall, the recovery 
rate using ethyl acetate was equal to or greater than that with 
diethyl ether.

Ethyl acetate is also less hazardous than diethyl ether. Both 
solvents are flammable; however, ethyl acetate is less flam­
mable with a flashpoint of -4°C and a boiling point of 77°C 
as compared with -45°C and 34.5°C for diethyl ether. Ethyl 
acetate has narrower flammability limits: 1.4 to 7.6% per 
unit as compared with 1.9 to 48% per unit volume for diethyl 
ether. Both solvents are noncarcinogenic.

Based on the parasites and products tested in this study, 
it is concluded that ethyl acetate may be substituted for di­
ethyl ether for the recovery of parasites.
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P E S T I C I D E  A N D  I N D U S T R I A L  C H E M I C A L  R E S I D U E S

Analysis of Phenols by Chemical Derivatization. V. Determination of Pentachlorophenol and 
19 Other Chlorinated Phenols in Sediments

HING-BIU LEE, YVONNE D. STOKKER, and ALFRED S. Y. CHAU
E n v iro n m e n t C a n a d a , N a tio n a l  W a te r  R e sea rch  In s titu te , C a n a d a  C e n tre  f o r  I n la n d  W a ters ,
8 6 7  L a k e sh o re  R d , B u rlin g to n , O n ta r io  L 7 R  4 A 6 , C a n a d a

A method for quantitative and isomer-specific analysis for pentachlo­
rophenol and 19 other chlorophenols in sediment was developed. 
After acidification to pH <1, sediment samples were Soxhlet-ex- 
tracted with acetone-hexane (59 + 41, v/v) for 20 h. Phenols in the 
organic extract were back-extracted into 2% K H C 03 and were then 
acetylated with acetic anhydride and extracted with petroleum ether. 
After evaporation to a small volume, the acetates were cleaned up on 
a 5% deactivated silica gel column. Extracts were then analyzed on 
a 12 m OV-1 column interfaced to an electron-capture detector and 
on a 30 m SPB-5 column interfaced to a mass selective detector. The 
procedure has been validated with sediment samples fortified at 100, 
10, and 1 ng/g levels of chlorophenols. Recoveries of dichloro- and 
the higher chlorophenols were generally between 80 and 95% at all 
3 levels of fortification, whereas recoveries of monochlorophenols 
were between 65 and 85%. The 2 chloromethylphenols were less than 
50% recovered, and recovery of phenol itself was erratic by this 
procedure. Using a 50 g sample size, the estimated detection limit 
was ca 0.2 ng/g.

Pentachlorophenol (PCP) has long been used as a wood pre­
servative, and other chlorophenols are often used as precur­
sors in the production of many phenoxyalkanoic herbicides 
and biocides. According to one report, PCP comprises over 
60% of the 3200 tonnes of chlorophenols used annually in 
Canada (1). Residues of these phenols are reported in the 
environment and especially in industrial wastewaters and 
sludges. Because of the acute toxicity of PCP and other chlo­
rophenols, routine methods for the monitoring of these 
chemicals in water and sediments are required. Analysis for 
chlorophenols in sediment samples is particularly important 
because phenols are retained in large quantities by municipal 
solid wastes, landfill leachates, and sediments (2-4). Several 
papers have been published on the extraction and analysis 
for PCP and a few other phenols in sediments (5-9). In pre­
vious publications, we have reported methods for isomer- 
specific analysis for chlorophenols in water by the formation 
of acetate ( 1 0 ), chloroacetate ( 1 1 ), and pentafluorobenzyl 
(PFB) ether (12) derivatives. Presumably because of its sim­
plicity and ruggedness, the acetate procedure is a popular 
approach; it has been used by many workers (13-17). How­
ever, application of the acetate procedure to environmental 
samples is limited to phenols with 2  or more chlorine atoms 
if an electron-capture detector (ECD) is used for analysis, 
because the ECD sensitivity to rr.onochloro- and nonchlori- 
nated phenol acetates is poor. Recently, analysis for chlo- 
rophenol acetates by gas chromatography/mass spectrometry 
(GC/MS) has been reported (17-20). Since strong character­
istic ions were observed for these acetates under electron 
impact (El) conditions, GC/MS, operating in selected ion 
monitoring (SIM) mode, is potentially a highly specific and 
sensitive technique for phenol determination. The recent ad­
vent of the mass selective detector (MSD) interfaced with a 
capillary column GC has also provided fully automated ac­
quisition of GC/MS data, but at lower cost. In this paper, 
we describe a method for the routine analysis for PCP and

Received October 12, 1986. Accepted November 14, 1986.

19 chlorophenols in sediment samples by formation of ace­
tate derivatives followed by quantitation with GC-ECD and 
GC-MSD.

Experimental 
Apparatus and Reagents

(a) Gas chromatograph. —Hewlett-Packard Model 5880A 
equipped with 63Ni electron-capture detector, Model 7671A 
autosampler, level 4 terminal, and split-splitless capillary 
column injection port. GC column: 12 m x 0.2 mm id fused 
silica capillary column coated with cross-linked dimethyl 
silicone gum and surface-deactivated by siloxane (Hewlett- 
Packard part No. 19091-60312). Operating conditions: in­
jection port, 200°C; detector, 300°C; column initial temper­
ature, 70°C, hold 0.5 min, increase 107min to 120°, hold 5 
min at 120°, increase 27min to 160°; splitless valve on for 
0.5 min; carrier gas, helium at 1 0  psi; detector makeup gas, 
argon-methane (95 + 5) at 25 mL/min.

(b) Gas chromatograph. —Hewlett-Packard Model 5880A 
equipped with 5970B mass selective detector, Series 200 
computer, 9133XV disc drive, a split/splitless injection port, 
level 2 terminal, and Model 7671A autosampler. Capillary 
column: 30 m x 0.25 mm id SPB-5 fused silica (Supelco, 
Ltd) directly interfaced to the electron-impact ion source for 
maximum sensitivity. Operating conditions: electron energy, 
70 eV; injection port, 250°C; interface temperature, 280°C; 
column initial temperature, 70°C, hold 0.5 min, increase 307 
min to 1 2 0 °, then increase 2.5°/min to 180°, hold 1 0  min at 
180°C; splitless valve on for 0.5 min; carrier gas, helium at 
4 psi; split vent flow, 50 mL/min.

(c) Chlorophenol standards. — Available from Aldrich 
Chemical Co. or Supelco, Inc. (Phenol Kit 27). 2,3,4,6-Tetra- 
chlorophenol (Eastman Organic Chemicals). Prepare all stock 
solutions in toluene at 5 mg/mL. Prepare mixture of phenols 
in acetone at 50 p g /m L  for spiking purposes. Store all so­
lutions in the dark at 4°C.

(d) Acetic anhydride. — Distill AnalaR grade (BDH Chem­
icals) reagent 3 times and collect 138-140°C fraction for acet­
ylation reactions.

Fortification of Sediment Samples
Spike 50 g sediment with 100 pL phenol mixture in acetone 

at appropriate concentrations. Mix well with spatula and 
equilibrate 30 min before extraction.

Extraction
Place sediment sample on top of 5 cm Celite 545 in 45 

mm id glass thimble with coarse frit. Acidify samples to pH 
< 1 with H 2S0 4 (1 + 1, v/v). Put thimble in Soxhlet extractor 
and extract sample 20 h with 350 mL acetone-hexane (59 + 
41, v/v) at rate of 6 - 8  cycles/h. After extraction, add 50 mL 
2% aqueous KHC03 to organic extract and evaporate solvent 
to ca 100 mL. Add 50 mL hexane to mixture to facilitate 
phase separation and drain aqueous layer into 250 mL vol­
umetric flask. Extract organic layer 2 min with 40 mL of 2% 
KHCO3 and drain aqueous fraction to above-mentioned 250
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Figure 1. EI-GC-MSD total ion current trace of 21 phenol acetates as recorded on 30 m SPB-5 column. Refer to numbers in Table
2 for peak identification.

mL volumetric flask. Repeat extraction twice with 30 mL 
base each time. After final extraction, discard organic layer. 
To prepare calibration standard, spike known amounts of 
phenols directly to 150 mL of 2% KHC03 and proceed to 
derivatization and cleanup procedure described below.

Derivatization and Cleanup
To the 150 mL 2% KHC03 solution containing phenols, 

add 3 mL acetic anhydride and 25 mL petroleum ether (30- 
60°C). Stir sample slowly until evolution of C 0 2 subsides and 
then stir vigorously for 30 min. Separate layers in separatory 
funnel and drain water sample back into original container. 
Collect organic layer in 250 mL round-bottom flask. Repeat 
extractive acetylation twice with 3 mL acetic anhydride and 
25 mL petroleum ether each time. Dry organic extract with 
anhydrous sodium sulfate. Add 2 mL isooctane and evap­
orate solvent to ca 3 mL using a 3-stage Snyder column.

Prepare mini cleanup column by plugging long Pasteur 
pipet (23 x 0.5 cm id) with piece of silanized glass wool. Fill 
column with 5 cm of 5% deactivated silica gel. Tap column 
gently and add 5 mm anhydrous Na2S04 at top. Rinse column 
with 5 mL hexane and discard washings. With Pasteur pipet, 
quantitatively transfer acetylated products to silica gel col­
umn. Elute column with 5 mL hexane and discard. Continue 
elution with 10 mL toluene. Collect this fraction and dilute

Table 1. Retention time windows and characteristic ions used 
for selected ion monitoring of chlorophenol acetates by GC-MSD

Ion
group Corresponding phenols

Retention time 
window, min

Characteristic ions 
m/z

1 Phenol 4.20-6.00 43,94,136
2 Chloro- 6.00- 8.00 43, 128, 170
3 Dichloro- and 8.00- 12.00 43,142,162,

chloromethyl- 184, 204
4 Trichloro- 12.00-18.00 43, 198, 240
5 Tetrachloro- 18.00-23.00 43, 232, 274
6 PCP 23.00-27.00 43, 266, 308

to final volume of 10.0 mL. Inject 2 nL extract, in splitless 
mode, and analyze by GC-ECD (10) and by GC-MSD.

GC-MSD Analysis of Phenol Acetates
(a) Total ion scanning.— Obtain abundance data of the 

major fragments for chlorophenol acetates by scanning from 
m/z 40 to 320 at a rate of 1.5 scans/s and a scan threshold 
of 10.

(b) Selected ion monitoring. — For quantitative purposes, 
monitor 3 characteristic ions for each group of phenols as 
shown in Table 1 and set dwell time to 100 ms for each ion. 
To maximize sensitivity, divide ions into 6 groups or reten-

Table 2. Characteristic ions, relative abundances, and relative 
response factors* of 21 chlorophenol acetates

No. Parent phenol

Characteristic ions, m/z 
(rel. abundance)

Rel. response 
factors

CH3CO* (M-42)+ M+ MSD» ECO

1 Phenol 43 (28) 94 (100) 136 (10) 4.0 < 0.01
2 2-Chloro 43 (59) 128 (100) 170 (12) 6.5 0.03
3 3-Chloro 43 (80) 128 (100) 170 (16) 7.0 0.03
4 4-Chloro 43 (43) 128 (100) 170 (11) 5.4 0.02
5 2-Chloro-5-methyl 43 (56) 142 (100) 184(15) 2.2 0.01
6 2,6-Dichloro 43(100) 162 (66) 204(14) 8.3 0.74
7 4-Chloro-3-methyl 43 (49) 142 (100) 184 (13) 3.0 0.03
8 2,4-Dichloro 43(100) 162 (99) 204 (11) 6.0 0.83
9 3,5-Dichloro 43(100) 162 (51) 204 (14) 8.2 0.98

10 2,3-Dichloro 43 (100) 162 (52) 204(15) 7.0 0.87
11 3,4-Dichloro 43 (93) 162 (100) 204(14) 6.4 0.76
12 2,4,6-Trichloro 43(100) 198 (50) 240 (7) 8.4 3.2
13 2,3,6-Trichloro 43(100) 198(36) 240 (8) 9.9 3.0
14 2,3,5-Trichloro 43 (100) 198(40) 240(10) 7.3 3.2
15 2,4,5-Trichloro 43(100) 198(59) 240 (7) 5.7 2.7
16 2,3,4-Trichloro 43(100) 198 (58) 240 (7) 5.7 4.1
17 3,4,5-Trichloro 43(100) 198 (61) 240(12) 5.0 3.2
18 2,3,5,6-Tetrachloro 43(100) 232 (39) 274 (12) 10.0 4.5
19 2,3,4,6-Tetrachloro 43(100) 232 (54) 274 (8) 7.0 5.0
20 2,3,4,5-Tetrachloro 43(100) 232 (59) 274 (9) 6.2 7.0
21 PCP 43(100) 266 (51) 308 (10) 10.0 10.0

* PCP acetate = 10.0.
6 Based on ion m/z = 43.
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Figure 2. EI-GC-MSD selected ion monitoring of acetate derivatives. Top, phenol, monochlorophenols, dichlorophenols, and chlo-
romethylphenols; bottom, trichlorophenols, tetrachlorophenols, and PCP.

tion time windows. Integrate the (M-42)+ ion. If required, 
use phenanthrene-ifio as an internal standard to calibrate MSD 
response factors.

Results and Discussion
In a previous paper, we successfully demonstrated that 15 

di-, tri-, tetra-, and pentachlorophenols in water samples can 
be conveniently analyzed in their acetate forms after an in 
situ acetylation reaction (10). With a combination of a high 
resolution capillary column and an electron-capture detector, 
isomer-specific analysis of the above 15 chlorophenols was 
feasible, and quantitative recoveries were obtained from sur­
face water containing as low as C.01 ng of phenols/L. Phenol, 
monochlorophenols, and chlorcmethylphenols are also ace-

tylated by the same or similar procedures. However, because 
the electron-capture sensitivities of these acetates are a few 
hundred to over 1000 times lower than that of PCP acetate 
(Table 2), these derivatives are normally undetectable by an 
electron-capture detector at levels commonly found in en­
vironmental samples. A mass selective detector or other mass 
spectrometric detectors do not have a discriminating sensi­
tivity effect against the nonchlorinated and monochlorinated 
phenols. For example, the relative response factors of the 21 
phenols determined by the mass selective detector on the 
CH3CO+ ion (m/z = 43) are all within a factor of 5 and within 
a factor of 2 with the exception of 3 phenols (Table 2). There­
fore, use of mass selective detection will allow the analysis 
of nonchlorinated and monochlorinated phenols at levels
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Figure 3. GC-ECD chromatogram of acetylated extract from a sediment sample fortified to 10 ng/g for each phenol.

similar to phenols of higher chlorination. A reconstructed 
total ion current chromatogram of the 21 phenol acetates is 
shown in Figure 1.

The mass spectrum of each chlorophenol acetate obtained 
under El conditions included the following 3 characteristic 
masses: (1) the molecular ion (M+), (2) the parent phenol 
moiety (M-42), and (3) the CH3CO+ fragment. The m/z val­
ues of characteristic masses for the 21 phenol acetate deriv­
atives and their relative abundances are listed in Table 2. 
For acetates of chlorophenols, the molecular ions were low 
in abundance, and in all cases, they were less than 20% of 
their respective base peaks. In cases of phenol, the 3 mono- 
chlorophenols and 2 chloromethylphenols, the M-42 ions 
were the most abundant ions. For other phenols of higher 
chlorination, the most abundant ion was the GT3CO+ frag­
ment.

For quantitative GC-MSD analysis for these acetate de­
rivatives, selected ion monitoring (SIM) of the above-men­
tioned characteristic ions was used. Representative single ion 
chromatograms of phenol acetates at each level of chlori­
nation are depicted in Figure 2, top and bottom. The presence 
of a phenol in question was confirmed if all 3 characteristic 
ions were present at the expected retention time and at a 
ratio of not more than ±20% deviation from the expected 
relative abundance. Once the presence of a phenol had been 
confirmed, the (M-42)+ ion was used for quantitation to op­
timize sensitivity. Since the retention time windows of chlo­
rophenol acetate do not overlap, the entire chromatogram 
can be subdivided into 6 ion groups, one for each level of 
chlorination corresponding to phenol through to PCP. In this 
case, further enhancement in sensitivity can be achieved by 
monitoring only 3 ions for those phenols expected in this 
window. Retention times for the acetates of the 2 chloro­
methylphenols fell into the retention time window of dich- 
lorophenol acetates. Therefore, characteristic masses of these 
2 groups of phenols were both monitored within this window.

Chlorophenols in sediments are generally extracted by the

following 3 approaches: (a) with an aqueous buffer solution 
or a base at high pH (5, 21); (b) solvent extraction after the 
sediment is acidified to a low pH (6-9); or (c) steam distil­
lation of sediments acidified to pH <1 (22, 23). All ap­
proaches provide satisfactory recoveries of PCP and a few 
other chlorophenols. In this work, sediment samples were 
acidified to pH < 1 with H2S04 ( 1 + 1 ) and were then Soxhlet- 
extracted with a mixture of acetone-hexane (59 + 41). This 
technique was used because the same method produced 
quantitative recoveries of various classes of compounds, such 
as PCBs (24), chlorobenzenes (25), and chlorinated insecti­
cides, herbicides, and polyaromatic hydrocarbons (unpub­
lished data). By using the same extraction technique, a mul­
ticlass, multiresidue method can be developed in the future.

Back extraction of chlorophenols into a base was a critical 
step in this method. Preliminary experiments indicated that 
over 90% recovery of all chlorophenols in a hexane solution 
could be achieved by 3 successive back extractions with 40 + 
30 + 30 mL of 2% KHC03. Before an efficient back extrac­
tion of phenols could be performed on sediment extracts, the 
acetone and acids in the organic layer had to be removed. 
Acetone was evaporated in the presence of 50 mL 2% KHC03 
using a 3-stage Snyder column with a heating mantle. The 
base was added as a keeper for the phenols during solvent 
evaporation and was also used to neutralize the free acids 
present in the sample extract.

To enhance phase separation during back extraction, the 
organic extract was evaporated to about 100 mL, then 50 
mL of hexane was added to the concentrated extract.

Column cleanup was performed with a 5% deactivated 
silica gel column. Polar sediment coextractives that were not 
removed in the KHC03 partitioning step were removed by 
silica gel since they tended to stay on the column. Acetates 
of all chlorophenols were eluted in one fraction by 10 mL 
toluene. If the analyses of monochlorophenols are not re­
quired, a less-polar toluene-hexane eluant (1 + 1) can be 
used (10). If further evaporation of solvent is required, the
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Figure 4. GC-MSD chromatogram of the same sample shown in Figure 3. Note that acetates of phenol, monochlorophenols, and
chloromethylphenols are easily identified by this detector.

toluene should be replaced by acetone-hexane (5 + 95) in 
the column cleanup step.

In the present work, recovery data for chlorophenols were 
obtained at 100, 10, and 1 ng/g levels. Sediment samples 
used in the fortification experiments were prepared from a 
bulk composite sediment sample by mixing sandy, loamy, 
and clay-based sediments in a 2:1:2 ratio. After fortification, 
the sediment samples were equilibrated 30 min before acid­
ification and Soxhlet extraction. Sediment extracts were then 
acetylated, cleaned up, and analyzed by GC-ECD and GC- 
MSD. At 100 and 10 ng/g levels, the extracts were sufficiently 
clean for reliable GC-ECD analysis of the di-, tri-, tetra-, and

Table 3. Mean percent recovery of chlorophenols and standard 
deviations for fortified sediment samples

Fortification level, ng/g

100 10 1« 
Phenol (n = 5) (n =  6) (n = 6)

2-Chloro- 73 + 6* 74 ± 7» 74 ± 7
3-Chloro- 76 ± 4“ 79 ± 4* 86 ± 3
4-Chloro- 68 ± 6* 77 ± 5* 65 ± 8
2-Chloro-5-methyl- 47 ± 3* 41 ± 4* 51 ± 6
2,6-Dichloro- 84 ± 5 92 ± 9 76 ± 10
4-Chloro-3-methyl- 42 ± 3* 38 ± 4“ 50 ± 7
2,4-Dichloro- 80 ± 5 82 ± 6 88 ± 6
3,5-Dichloro- 78 ± 4 77 ± 11 83 ± 3
2,3-Dichloro- 89 ± 5 94 ± 8 87 ± 4
3,4-Dichloro- 76 ± 4 77 ± 12 85 ± 5
2,4,6-Trichloro- 87 ± 4 87 ± 3 88 ± 5
2,3,6-Trlchloro- 90 ± 2 94 ± 3 83 ± 5
2,3,5-Trlchloro- 96 ± 2 93 ± 4 91 ± 3
2,4,5-Trichloro- 91 ± 2 95 ± 4 87 ± 2
2,3,4-Trichloro- 95 ± 2 94 ± 5 93 ± 2
3,4,5-Trlchloro- 83 ± 4 86 ± 6 91 ± 7
2,3,5,6-Tetrachloro- 93 ± 5 90 ± 2 90 ± 4
2,3,4,6-Tetrachloro- 91 ± 3 93 ± 3 94 ± 8
2,3,4,5-Tetrachloro- 94 ± 2 95 ± 5 95 ± 5
PCP 85 ± 5 92 ± 5 96 ± 4

■ Results obtained by MSD; other results obtained by ECD.

pentachlorophenols. At the 1 ng/g fortification level, this 
cleanup procedure did not produce extracts clean enough for 
ECD quantitation of the dichlorophenol derivatives, al­
though useful results could still be obtained for the higher 
chlorophenols. In such cases, as well as for the analysis of 
monochlorophenols, a mass selective detector operating in 
the SIM mode was used to provide quantitative results.

As shown in Table 3, recoveries of tri-, tetra-, and pen­
tachlorophenols at all levels of validation were between 85 
and 95%, whereas dichlorophenols were between 75 and 90% 
recovered. Recoveries of monochlorophenols were slightly 
lower at 65 to 85%. On the other hand, the 2 chlorome­
thylphenols were only 40-50% recovered, and the recovery 
of phenol itself was erratic by this procedure. The method 
detection limit (26) for the 20 chlorophenols by MSD in this 
study was estimated as 0.2 ng/g based on a 50 g sample and 
a final volume of 1 mL. Acetylated extracts from sediment 
samples fortified to 10 ng/g for each phenol as analyzed by 
ECD and MSD are shown in Figures 3 and 4, respectively.

The effect of storage time on the recovery of chlorophenols 
was briefly studied. A set of sediment samples was fortified 
to 10 ng/g per phenol and stored at 4°C in the dark for 4 and 
8 days before extraction and analysis. No significant change 
was observed in the recoveries of any of the chlorophenols 
after 4 or 8 days of cold storage as compared to the control 
samples which were spiked and extracted immediately.
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Reverse-Phase Liquid Chromatographic Determination of Paraquat and Diquat 
in Agricultural Products

T O S H IH IR O  N A G A Y A M A , T O SH IO  M A K I, K IM IK O  K A N , M A M I IID A , 
and T A IC H IR O  N IS H IM A
T h e  T o k y o  M e tr o p o lita n  R e sea rch  L a b o r a to r y  o f  P u b lic  H e a lth , D iv is io n  o f  F o o d  H y g ien e , 
2 4 -1  H y a k u n in -c h o  3 -c h o m e , S h in ju k u -k u , T o k yo , 1 6 0  J a p a n

A simple, rapid, highly sensitive liquid chromatographic method is 
described for the quantitative determination of paraquat and diquat 
residues in agricultural products. Paraquat and diquat are extracted 
with hot dilute hydrochloric acid and are cleaned up on an Amberlite 
CG-50 column, followed by reverse-phase liquid chromatography on 
an NH2 column, with ultraviolet detection at 257 nm (paraquat) and 
310 nm (diquat). The minimum detectable concentration of both para­
quat and diquat was 0.5 ng per injection, which corresponds to a 
lower detection limit of approximately 0.02 pg/g in the original sam­
ples. Recoveries of paraquat and diquat added to various samples 
were greater than 79%, and averaged 91 and 90%, respectively, at 
the 0.1 and 1.0 pg/g spiking levels.

Paraquat (1,1'-dimethyl-4,4'-bipyridylium dichloride) and 
diquat (1,1-ethylene-2,2'-bipyridylium dibromide) are ef­
fective contact desiccants and are widely used in preharvest 
desiccation of various crops, for postemergent nonselective 
weed control, and for aquatic weed control. Determinations 
of paraquat or diquat in water (1), blood (2-4), urine (4-6), 
biological fluids (7), and soft drinks (8) have been published, 
but it is difficult to detect small amounts of paraquat in 
agricultural products by these methods. Analysis of paraquat 
and diquat in agricultural products (9-16) has been reported. 
These methods include spectrophotometry (8-11), thin-layer 
chromatography (12), gas chromatography (4,13), and liquid 
chromatography (LQ (2, 5, 6,14-16). Other methods include 
polarography (17) and gas chromatography mass spectrom­
etry (18, 19). Almost all of these methods require extensive 
sample treatment, and are time-consuming.

The purpose of the present investigation was to develop a 
simple analytical method that allows rapid analysis of low 
levels of paraquat and diquat residues in agricultural prod­
ucts.

Received December 22, 1986. Accepted March 10, 1987.

M ETHOD

Apparatus and Reagents
(a) Blender.—(Torio Science Co., Ltd, Tokyo, Japan).
(b) Ultra-high speed homogenizes —Nihonseiki Model bio­

mixer (Nihonseiki, Ltd, Tokyo, Japan).
(c) Liquid chromatograph. — Shimadzu Model LC-5A 

(Shimadzu, Ltd, Kyoto, Japan) with Rheodyne sample in­
jector Model 7125 equipped with Model UVIDEC-100-III 
variable-wavelength ultraviolet (UV) detector (Japan Spec­
troscopic Co., Ltd, Tokyo, Japan). Chromatographic con­
ditions: temperature, 20°C; flow rate, 1.0 mL/min; wave­
lengths, 257 and 310 nm; injection volume, 50 pL with 50 
pL loop.

(d) Data processor.— Shimadzu Model C-R2A(X) with
2-channel module, Model INP-R2A, for integration and cal­
culation.

(e) Chromatographic column.— Glass, 30 cm x 1.0 cm id.
(f) LC column. — Hibar LiChrosorb NH2 (Cica-MERCK; 

Cat. No. 50376, Kanto Chemical Co., Inc., Tokyo, Japan), 
stainless steel, 25 cm x 4.0 mm id, particle size, 5 pm.

Reagents
(a) Glass fiberfilter paper.—T oyo filter paper GA100 (T oyo 

Roshi Co., Ltd, Tokyo, Japan).
(b) Resin for column chromatography. — Amberlite CG-50 

type 1 (Rohm and Haas Co., Philadelphia, PA). Condition 
resin as follows: Wash with water and IN HC1, and then 
wash with water until pH is raised to 6.0. Discard water, and 
wash resin with 0.1M acetate buffer (pH 5.6). Store resin in 
0.1M acetate buffer.

(c) Acetate buffer. —Dissolve 3.28 g reagent grade sodium 
acetate (anhydrous) in 400 mL water (0.1M sodium acetate
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Figure 1. Elution profiles of paraquat and diquat from Amberlite
CG-50 column. Eluant, 0.1N HCI-methanol. • ------• .  paraquat;

O----- O, diquat.

solution). Add 50 mL 0 .1M acetic acid and adjust to pH 5.6 
with 0.1M sodium acetate solution and 0.1M acetic acid.

(d) Paraquat and diquat reference standard solutions.— 
Paraquat dichloride.— Anhydrous, analytical grade, 99.2% 
(Wako Pure Chemical Industries, Ltd, Osaka, Japan). De­
hydrate 24 h in sulfuric acid desiccator under reduced pres­
sure (below 30 mm Hg). Accurately weigh 50 mg dried 
paraquat dichloride, dissolve in methanol in 50 mL volu­
metric flask, and dilute to volume with methanol. Diquat 
dibromide. — Analytical standard, 1000 ng/mL methanol 
(NANOGENS, Inc., Watsonville, CA). Accurately transfer
1.0 mL of each standard solution to 10 mL volumetric flask 
and dilute to volume with methanol. Store all solutions in 
stoppered containers in a refrigerator, but use them at room 
temperature. Dissolve 1.07 g ammonium chloride in ace- 
tonitrile-methanol-water (2 + 1 + l)in  100 mL volumetric 
flask. Accurately transfer 1.0 mL mixed standard solution to 
100 mL volumetric flask and dilute to volume with am­
monium chloride/acetonitrile-methanol-water solution. This 
mixed solution contains 1 mg/mL of each compound.

(e) LC mobile phase.— Dissolve 2.92 g sodium chloride 
in 150 mL water, add 100 mL methanol and 750 mL ace­
tonitrile, and adjust pH of resulting solution to 3.0 with 8N 
phosphoric acid solution.

A

Time (min)

B

_ JlJ

0 5 10
Time (min)

Figure 2. LC chromatograms of mixture of 1.0 «¿g/mL of para­
quat dichloride (1) and diquat dibromide (2). A, detection at 257 

nm; B, detection at 310 nm.

sure on warm bath. Dissolve residue in 2 mL acetonitrile- 
methanol-water (2 + 1 -(- 1). Inject 50 mL portions of sample 
extract solution directly into liquid chromatograph and quan­
titate by data processor.

Recovery Experiments
Prepare 10 g samples of ground rice, wheat, and com by 

adding 1 or 10 pg paraquat and diquat in 0.5 mL methanol. 
Seal containers with glass stoppers, mix contents by shaking 
for 1 min, and let stand for 1 day at approximately 20°C 
unstoppered to let solvent evaporate. For samples of cut 
potato, peach, and cabbage, transfer appropriate amounts of 
paraquat and diquat in methanol into containers, let solvent 
evaporate almost to dryness, and add samples. Seal con­
tainers with glass stoppers, mix contents by shaking for 1 
min, and let stand in refrigerator for 1 day. Determine para­
quat and diquat by LC analysis as described above.

Extraction
Weigh 10 g sample, finely ground (mesh size less than ca 

2 mm), into 100 mL volumetric flask, add ca 30 mL water, 
and homogenize using bio-mixer (a). Rinse shaft with ad­
ditional small portions of water, add 25 mL 6N HC1, and 
dilute to volume with water. Heat for 30 min on steam bath 
and filter through glass fiber paper. Transfer 10 mL filtrate 
to 100 mL beaker, adjust pH to 5-6 with ammonia water, 
and add 50 mL 0.1M acetate buffer.

Column Chromatography
Prepare Amberlite CG-50 column as follows: Insert glass 

wool in bottom of chromatographic column (e) and add slur­
ry of Amberlite CG-50 resin in 0.1M acetate buffer so that 
height of settled column is ca 5 cm. Add 50 mL water and 
then add sample solution to column. Rinse beaker with ad­
ditional small portions of water and transfer rinses to column. 
Wash column with 10 mL water and 10 mL methanol at 3- 
4 mL/min. Drain and discard water and methanol from col­
umn. Elute paraquat and diquat with 50 mL 0.1N HCI- 
methanol at ca 3 mL/min, collecting eluate in 50 mL pear- 
shape flask. Evaporate eluate to dryness under reduced pres-

Results and Discussion
Paraquat and diquat have a strong affinity for components 

in plant tissues, and even though they are water-soluble, they 
cannot be easily extracted once they have been sprayed onto 
and incorporated into the plant. Paraquat and diquat can be 
extracted almost completely by homogenizing the sample 
with the bio-mixer (a) and then heating the homogenized 
sample in acidic solution on a steam bath. However, a further 
cleanup step is necessary to detect low levels of paraquat and 
diquat by liquid chromatography. A chromatographic pro­
cedure using an Amberlite CG-50 column was used to purify 
and concentrate residues extracted from agricultural prod­
ucts. The cation-exchange resin in this column removes most 
coextracted materials from agricultural products.

Elution profiles from the Amberlite CG-50 column are 
presented in Figure 1. Both paraquat and diquat are eluted 
with 40 mL 0.1N HCI-methanol.

The LC analytical column is conditioned by passing the 
mobile phase through it for about 2 h before use. LC sepa­
ration of paraquat and diquat standards is shown in Figure
2. Retention times are typically 6.5 and 7.8 min for paraquat 
and diquat, respectively.
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Figure 3. LC chromatograms of paraquat (1) and diquat (2) in 
rice. A, detection at 257 nm; B, detection at 310 nm. Dotted line, 

none added; solid line, 1.0 uglg added.

Figure 4. LC chromatograms of paraquat (1) and diquat (2) in 
peach. A, detection at 257 nm; B, detection at 310 nm. Dotted 

line, none added; solid line, 1.0 tiglg added.

Paraquat and diquat were added to rice and peach, and 
the samples were cleaned up on an Amberlite CG-50 column. 
Chromatograms of the purified samples (Figures 3 and 4) 
show that the naturally occurring background materials in 
the sample are well separated from paraquat and diquat, so 
that they cause minimal interference in the analyses. Other 
cleaned up samples gave similar chromatograms.

Linearity of the UV detector response for paraquat and 
diquat was verified by injecting 50 uL of eluant solutions in 
which the amount of paraquat dichloride and diquat di­
bromide varied from 1 to 50 ng per injection. Results were 
plotted as peak area vs amount of paraquat or diquat injected. 
The relationship was linear over the concentration range ex­
amined (r = 0.9998 and 0.9999). The lower limit of detection 
was approximately 0.5 ng (signal-to-noise ratio = 2) for both 
paraquat and diquat at 257 and 310 nm, at a range setting 
of 0.04 absorbance unit full scale. This corresponds to a low­
er detection limit of approximately 0.02 ftg/g in the original 
samples. This limit of detection is very low, about 1/100— 
1/5 the lower detection limit of previous published methods 
(2, 5, 6, 14-16).

Results for recovery of paraquat and diquat added to rice, 
wheat, com, potato, peach, and cabbage at concentrations of 
0.1 or 1.0 Mg/g are presented in Table 1. Recovery of paraquat 
from spiked samples ranged from 80 to 103% and averaged

Table 1. Recovery by the proposed procedure of paraquat di­
chloride and diquat dibromide added to agricultural products8

Sample

Paraquat dichloride 
added, g/g

Diquat dibromide 
added, ng/g

0.1 1.0 0.1 1.0

Rice 98 ± 3.5 103 ± 6.1 98 ± 5.0 92 ± 3.4
Wheat 84 ± 5.7 95 ± 3.0 90 ± 6.8 87 ± 4.1
Corn 90 ± 10.6 95 ± 6.4 90 ± 5.0 96 ± 7.5
Potato 89 ± 3.9 89 ± 8.0 93 ± 3.3 93 ± 7.8
Peach 93 ± 9.9 91 ± 7.6 90 ± 6.7 87 ± 5.5
Cabbage 84 ± 5.1 80 ± 3.4 81 ±11.9 79 ± 4.1

Av. rec., % 90 ± 6.5 92 ± 9.5 90 ± 6.6 89 ± 7.6

* Average ± standard deviation of 3 determinations.

91%; recovery of diquat ranged from 79 to 98% and averaged 
90%. Peaks are sharp at an injection volume of 1 or 50 /iL, 
which shows high sensitivity for paraquat and diquat. The 
proposed method was applied to 25 samples of commercial 
agricultural products obtained from retail stores; paraquat 
and diquat were not detected.

This method is a simple, accurate, rapid, quantitative pro­
cedure for determining paraquat and diquat in agricultural 
products. In particular, this proposed method gives a very 
low limit of detection, approximately 0.5 ng per injection, 
which corresponds to approximately 0.02 ug/g of paraquat 
or diquat in agricultural products. The method has a potential 
for application to the analysis of bipyridylium herbicide res­
idues in various foodstuffs.
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2-Chloroethyl Fatty Acid Esters as Indicators of 2-Chloroethanol in Black Walnuts, 
Seasoning Mixes, and Spices

M A RTIN  P. YURAW ECZ
F o o d  a n d  D ru g  A d m in is tr a tio n , D iv is io n  o f  F o o d  C h e m is tr y  a n d  T ech n o lo g y , W a sh in g to n , D C  2 0 2 0 4

R esidu es of 2-ch loroethyl fatty  acid esters (C E E s )  and 2-chloro- 
ethan ol (E C H ), by-products o f ethy lene oxid e fum igation, were de­
term ined in b lack  w alnuts, seasoning m ixes, and sp ices. E x tra c ts  
contain ing E C H  and C E E  w ere cleaned up by previously described 
procedures, and residue levels were qu antitatively  determ ined using 
a  gas chrom atograph equipped w ith a halogen-selective e lectro ly tic 
conductivity d etector. A ll food products th a t contained  C E E  residues 
also  contained  E C H . E C H  residues ranged from  < 0 .2  to 8 8 0  ppm 
and were < 0 .2 - 7  tim es the C E E  levels found.

Since 2-chloroethyl fatty acid esters (CEEs) were first re­
ported in foods (1,2), they have been among the highest level 
organic residues found in the U.S. Food and Drug Admin­
istration’s Total Diet Studies. In the most recently published 
Total Diet Study reports (3, 4), for 1978-1982, estimates of 
the total dietary intake (¿ig/kg body weight/day) of 2-chlo­
roethyl linoleate (CEE18;2) ranged from 0.79 to 0.228 for adults 
and from 0.145 to 0.448 for toddlers.

CEEs and 2-chloroethanol (ethylene chlorohydrin or ECH) 
are by-products of ethylene oxide fumigation (2, 5). Fur­
thermore, CEEs are converted in model digestive systems to 
ECH, and ECH is the focus of toxicological concern asso­
ciated with CEE residues in foods (6). Levels of ECH found 
in spices (7-10) are similar to those of CEEs. The above facts 
emphasize the need to assess human exposure to these by­
products in foods. Estimates of dietary intake are available 
for CEEs, which are recovered from a wide variety of foods 
by methods normally employed for determining organo- 
chlorine and organophosphate pesticides (11); however, di­
etary intake data are not available for ECH because no meth­
ods have been reported for determining it in composite foods, 
e.g., hot dogs, chili, etc.

This study is the first to investigate the relationship of 
residues of ECH and CEEs in spices, nuts, and seasoning 
mixes to determine the extent to which CEE residues are 
indicative of the presence of ECH. The ultimate goal of this 
research is to evaluate whether a relationship exists between 
ECH and CEE levels which could be used to estimate the 
human dietary exposure to both ECH and ECH bound to 
fatty acids (CEEs). ECH residues were determined in 46 sam­
ples of black walnuts, seasonings, and spices, and 21 of the 
samples were analyzed for CEEs. All of the food products 
used in this study were purchased from local grocery stores.

Experimental
Reagents

(a) General reagents.— See sec. 29.002 (11). Solvents and 
reagents were tested for interferences using the gas chro­
matographic (GC) parameters described below.

R e c e iv e d  M a y  6 , 1 9 8 7 . A c c e p te d  J u ly  3 , 1 9 8 7 .

(b) 2-Chloroethanol (ECH). — Aldrich Chemical Co., Inc., 
Milwaukee, WI 53233, No. 18,574-4.

(c) l-Chloro-2-propanol.— Aldrich, No. 17,552-8.
(d) 2-Chloroethyl esters. — Synthesized in manner similar 

to that previously described (2): Add 0.1-1.0 g fatty acid to
5-10 mL ECH. Add 1 drop of HC1 and place solution on 
steam bath for 15 min. Transfer solution to 1 L separatory 
funnel with 100 mL pentane and 200 mL water. Shake 1 
min, then discard aqueous layer. Wash pentane solution with 
three 200 mL portions of water, dry by passing through 50 
g Na2S04, then chromatograph on Florisil with 200 mL 15% 
ethyl ether (EE) in pentane. Evaporate solution on steam bath 
to remove pentane. Purities of CEEs were >95% in all cases 
as determined by gas chromatography using flame ionization 
detector.

Apparatus
(a) General apparatus.—See sec. 29.005 (11).
(b) Gas chromatograph.—Varian 3700 equipped with 

Tracor 560/700A Hall electrolytic conductivity detector op­
erated in halogen-selective mode and following columns: (/) 
6 ft (1.8 m) x 2 mm id 20% Carbowax 20M on 80-100 mesh 
Supelcoport; (2) 6 ft (1.8 m) x 2 mm id 5% SE-30 on 80- 
100 mesh Supelcoport. Operating conditions: solvent flow 
rate (mL/min)— «-propanol, 0.35, hydrogen reactant gas, 70, 
nitrogen carrier gas, 30; temperatures (°C)—injection port, 
250, reactor base, 250, nickel reactor tube, 1000, column 1, 
130, column 2, 150 raised 57min to 250; solvent vent, 1.75 
min. Signal was recorded with Hewlett-Packard 3388A in­
tegrating terminal with attenuator set to give lh full scale 
deflection (FSD) for ca 5 ng ECH, which elutes in 5 min using 
column 1. Attenuator was set to give Vi FSD for ca 15 ng
2-chloroethyloleate (CEEIS;1), which eluted in 17 min using 
column 2.

(c) Gas chromatograph.— Varian 3700 equipped with 
flame ionization detector and column 2 as described above. 
Operating conditions: as described above with detector tem­
perature, 300°C; flame gases—hydrogen, 30 mL/min, and air, 
300 mL/min. Attenuator was set to give FSD for ca 1 ug 
CEE.

(d) Gas chromatograph. — Hewlett-Packard 5880 series 
equipped with Finnigan MAT 700 ion trap detector and 25 
m x 0.20 mm id 0.25 film thickness, 5% phenyl-95% 
methyl silicone-wall-coated open tubular capillary column. 
Operating conditions: temperatures (°C)—column, 60 for 1 
min, raised to 200 at 307min, then raised 57min to 250, 
injector, 250, manifold, 230, transfer line, 250; helium flow 
set to 28 cm/s linear velocity; multiplier 1950 V. Full scan 
acquisition from 50 to 500 m/z was acquired at 1 scan/s, 
using IBM PC XT with software supplied with ion trap de­
tector.
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Figure 1. Chromatograms of ECH, using GC parameters in Ap­
paratus (b), column 1: A, 5.58 ng ECH; B, 0.00965 mg equivalent 

injection of paprika extract containing 361 ppm ECH.

(e) Gas chromatograph/mass spectrometer/data system. — 
Finnigan MAT 4023 quadrupole gas chromatograph/mass 
spectrometer interfaced to INCOS 2300 data system equipped 
with 50 m x 0.25 mm Carbowax 20M silica-wall-coated 
open tubular capillary column. Operating conditions: tem­
peratures (°C)—injection port, 150, separator transfer line, 
180, column, 40 for 1 min, then increased to 200 and held 
constant, source, 220; helium carrier gas to 40 cm/s linear 
velocity. Spectrometer was operated in chemical ionization 
mode using methane reagent gas at 0.1 torr. Full positive ion 
scans from m/z 60 to 560 were acquired at rate of 1 s/scan.

Extraction and Cleanup
For ECH determination, test portions weighing from 2 to 

10 g were extracted 4 h with 30 mL acetone-water (5 + 1)
(7). The extract was filtered through sharkskin and, where 
appropriate, diluted with acetone before GC analysis. Spices 
and seasoning mixes were cleaned up for CEE determination 
using the AOAC method for organochlorine and organo- 
phosphate pesticides in dry products, sec. 29.011(d) (11). Test 
portions were extracted with acetonitrile-water, partitioned 
into petroleum ether (PE), and chromatographed on Florisil. 
CEEs eluted in both the 6 and 15% EE/PE eluates, sec. 29.015
(11).

Black walnuts were extracted and cleaned up for CEE de­
termination as follows: Ten g black walnuts was added to 
100 mL glass-stopper graduated cylinder, 100 mL EE was 
added, and cylinder was shaken 10 s. Shaking was repeated 
for 10 s 12 h later, solution was filtered through 50 g Na2S04 
into 400 mL beaker, and EE was evaporated on steam bath. 
Walnut oil was dissolved in 100 mL PE; 15 mL aliquot of 
PE (1.5 g equivalent test portion) was cleaned up using ace- 
tonitrile-PE partitioning, sec. 29.014 (11), and was chro­
matographed on Florisil, sec. 29.015 (11).

Gas Chromatography
For CEE determination, the volumes of the Florisil eluates 

were adjusted to obtain 20-80% FSD in a 3-8 ¡xL injection

Figure 2. Chromatograms of CEEs, using GC parameters in Ap­
paratus (b), column 2: A, 1.5 ng CEE10; 3.0 ng CEE12; 3.8 ng CEE14; 
7.6 ng CEE16; 15.2 ng CEE18!1; B, 0.069 mg equivalent injection 
of 6% EE/PE Florisil eluate of ground pepper showing presence 

of 1, 48 ppm CEE18 and 2, 187 ppm CEE18,2.

for the major CEE residue present. The response was com­
pared with that obtained for a comparable amount of ref­
erence material (external standard procedure). Using column 
2 [Apparatus (b)], a 20 mg test portion equivalent injection 
could typically be used to determine ca 0.2 ppm 2-chloroethyl 
palmitate (CEE16) or CEElg., at a signal-to-noise ratio of 
10:1.

ECH residues were determined using column 1 [Apparatus
(b)]. Method sensitivity for a 1 mg equivalent injection, 3 
/¿L/30 mL for a 10 g test portion, was typically 0.4 ppm with 
a 10:1 signal-to-noise ratio.

Results and Discussion
The selectivity of the Hall detector for halogen relative to 

hydrocarbon- and oxygen-containing compounds allows for 
determination of ECH without the need to isolate the diace­
tone alcohol (4-hydroxy-4-methyl-2-pentanone) which is 
present in the acetone-water (5 + 1) extraction solvent. Fig­
ure 1 shows chromatograms of 5.58 ng ECH and 0.00965 
mg equivalent injection of paprika extract that contained 361 
ppm ECH. These chromatograms are typical of the quality 
obtained for residues at levels >3 ppm. No extraneous re­
sponses were recorded at retention times >10 min. The col­
umn operating temperature was held constant at 130°C 
throughout this study, and typical total analysis time was 
<20 min/sample. Although extensive recovery studies on 
the extraction procedure have been previously reported (7), 
the commodities used here were not examined. In the present 
study, ECH was recovered from paprika (spike 3.6 ppm) at
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Table 1. ECH and CEEs* found (ppm) in commercial products1’

Product ECH CEE
Ratio

ECH/CEE

Allspice 810 280 2.9
Allspice 830e 250e 3.5
Black pepper, ground 0.2 _d —
Black pepper, ground 0.5 ND« —
Black pepper, ground 45 — —
Black pepper, whole 43 — —
Black walnuts 1.9 6.7 0.29
Black walnuts 2.2 11 0.20
Black walnuts 2.3 10 0.23
Black walnuts 4.8 22 0.22
Chili powder 18 — —
Chill powder 25 — —
Chili powder, hot Mex. style 1.4 — —
Chili powder, inst. chill mix 0.8 — —
Chili powder, inst. chili mix 1.5 — —
Chili seasoning mix 45 _ _ —
Cocoa ND — —
Cocoa ND — —
Mint flakes, dehydrated 0.6 — —
Mushroom slices, freeze dried ND — —
Mushroom slices, freeze dried 0.4 — —
Nacho cheese mix ND — —
Nacho cheese mix 14 — —
Nutmeg, ground 18 7.7 2.3
Nutmeg, ground 16 — —
Nutmeg, ground 30 — —
Nutmeg, ground 37 — —
Onion, powder ND — —
Onion, powder ND — —
Paprika ND ND —
Paprika 0.1 ND —
Paprika 0.8 — —
Paprika 360 660 0.55
Paprika 513« 1034e 0.50
Parsley flakes 0.4 — —
Red pepper, crushed 475 67 7.1
Red pepper, crushed 490e 97e 5.1
Red pepper, ground 3.6 2 1.8
Red pepper, ground 192 140 1.4
Red pepper, ground 356 268 1.3
Seafood seasoning 33 140 1.4
Taco seasoning mix 115e 48e 2.4
Taco seasoning mix 117 28 4.2
Vegetable flakes 0.35 — —
Vegetable flakes 0.6 — —
White pepper 0.78 ND —

• Sum of C,4-C 16 CEEs.
b Raw values, not uniformly rounded off to indicate proper number of signifi­

cant figures.
c Qualitatively confirmed by GC/MS: ECH using Apparatus (e), CEEs using 

Apparatus (d).
" No analysis.
• ND = not detected for ECH (<0.1—<0.6 ppm), for CEEs (<0.2-<2 ppm).

93 and 97% and from walnuts (spike 1.8 ppm) at 80 and 
84%. It was considered that these commodities were repre­
sentative of those studied here and that comprehensive re­
covery experiments were unnecessary.

The chromatograms in Figure 2 show 1.5 ng 2-chloroethyl 
caprate (CEEi0), 3.0 ng 2-chloroethyl laurate (CEE12), 3.8 ng
2-chloroethyl myristate (CEE14), 7.6 ng CEE16, 15.2 ng CEE18.„ 
and 0.069 mg test portion equivalent injection of a 6% EE/ 
PE Florisil eluate of ground pepper. In nutmeg, CEEI4 was 
the major residue. In all other products, CEE18.2 was the major

residue. In all products, CEE18:1, which has the same response 
as CEE18:2 on the Hall detector, was used to quantitate resi­
dues eluting after CEE,6. CEE recoveries ranged from 73 to 
112% in black walnuts and from 71 to 122% in paprika.

Food product selection was based primarily on previously 
reported findings (2, 7-10). Residue findings for the 46 prod­
ucts are presented in Table 1. The wide range of ECH levels 
found, 0.14-880 ppm, is similar to previously published val­
ues (7-10) as are the CEE levels, 2-1034 ppm (2). As indi­
cated in Table 1, some results were qualitatively confirmed 
by mass spectrometry (MS). In addition, l-chloro-2-propa- 
nol (average 15 ppm) was confirmed by GC/MS in 3 of the 
4 black walnuts. No relationships were observed with residue 
levels vs various products or brands.

Ratios of ECH/CEE (total of C14-C ,8) ranged from 0.2 to
7.1 for those products that contained measurable levels of 
both residues. The ratios are probably determined by the 
fatty acid content of the products examined (2). ECH/CEE 
ratios were within a narrow range for particular products, 
e.g., ground red pepper 1.3-1.8 and black walnuts 0.20-0.29.

Conclusions
In all 17 test portions that contained CEE residues, ECH 

was also found. This demonstrates that CEE residues are 
indicators of the presence of ECH in the products examined. 
Furthermore, the relatively narrow range of ratios of ECH/ 
CEEs for particular products suggests that by studying the 
food ingredients fumigated with ethylene oxide not examined 
in this work it may be possible to obtain an estimate of the 
total dietary human exposure to free and bound ECH (CEEs) 
using the existing Total Diet intake values for CEE residues 
(3, 4).
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Behavior of 78 Pesticides and Pesticide Metabolites on Four Different Ultra-Bond Gas 
Chromatographic Columns

JOHN F. SUPROCK and J. HOWARD VINOPAL
U .S . A r m y  E n v ir o n m e n ta l H y g ie n e  A g en cy , A b e rd e e n  P ro v in g  G rou n d , M D  2 1 0 1 0

The gas chromatographic (GC) elution order and relative retention 
time data (compared to aldrin) are presented for 78 pesticides and 
pesticide metabolites on 4 different types of commercially available 
2 mm id Ultra-Bond columns including Ultra-Bond 20M (20M), 
Ultra-Bond 20SE (20SE), Ultra-Bond 20M coated with 1% OV-210 
(OV-210), and Ultra-Bond 20M coated with 0.5% OV-210 + 0.65% 
OV-17 (mixed phase). Relative retention time data (compared to 
parathion) are also represented for 19 organophosphorus insecticides 
on the 4 Ultra-Bond columns evaluated. Corresponding 4 mm id 
Ultra-Bond columns were evaluated at the same time as the 2 mm 
id columns, and results and comparisons for these larger-diameter 
columns are discussed. These data indicate that, with aldrin as a 
reference peak, a complement of the mixed-phase column and either 
the 20M, the 20SE, or the OV-210 column represents a useful chro­
matographic tool for dual-column analysis of pesticide residues. The 
2 mm id columns were more useful in chromatographing later-eluting 
pesticides whereas the corresponding 4 mm id columns were more 
useful in chromatographing earlier-eluting pesticides.

Ultra-Bond® 20M column packing, introduced commer­
cially in 1976 by RFR (now ULTRA Scientific), was the first 
in a family of gas chromatographic (GC) packings based on 
a method developed by Aue et al. (1). The product of this 
method was a packing having an ultrathin film of surface- 
bonded Carbowax 20M on highly deactivated Chromosorb
W. Carbowax 20M can be used by itself or lightly coated 
(e.g., 1-5%) with common liquid phases.

Lorah and Hemphill (2) used this surface-modified support 
with an alkali flame detector to chromatograph intact several 
carbamate pesticides. Later, Hall and Harris (3), using elec­
trolytic conductivity detection, determined relative retention 
indices for 24 carbamate pesticides on 6 different commer­
cially available Ultra-Bond 20M and coated Ultra-Bond 20M 
surface-modified supports.

Our laboratory has been using the Ultra-Bond 20M col­
umn packings since 1978 for specific types of pesticide res­
idue analyses, for confirmatory column determinations, and 
for certain difficult separations. The success achieved with 
the use of these packings has led us to further investigations 
on the GC behavior of numerous pesticides of different classes.

The chromatographic elution order and relative retention 
times of 78 pesticides and pesticide metabolites from 9 pes­
ticide classes on 4 different Ultra-Bond GC columns using 
electron-capture detection are presented. The chromato­
graphic data generated in the present study of Ultra-Bond 
columns should prove useful to laboratories involved in pes­
ticide residue analyses. To our knowledge, information on 
the chromatographic behavior of many of the pesticides stud­
ied in this paper on Ultra-Bond columns has not been pre­
viously published.
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authors and are not to be construed as reflecting the views of the Department 
of the Army or the Department of Defense.

Experimental 
Apparatus and Reagents

(a) Gas chromatograph. —Tracor Model 560 equipped with 
dual linearized 63Ni electron-capture detectors. Operating 
conditions: argon-methane (95 + 5 v/v) carrier gas flowing 
at 25-30 ml/min (2 mm id column) or 55-60 mL/min (4 
mm id column); temperatures, °C—detector, 325°, column,
190-205 (depending on column type used), inlet, 160 (an 
early Tracor 560 model with recessed septum retainer was 
used, necessitating a reduced inlet temperature to prevent 
rapid septum deterioration); detector saturation current, 6.0 x
10-9 Á.

(b) Analytical balance.—Electronic, Mettler Model AE163.
(c) Ultra-Bond GC columns.—Ultra-Bond 20M (20M), 

Ultra-Bond 20SE (20SE), Ultra-Bond 20M coated with 1% 
OV-210 (OV-210), and Ultra-Bond 20M coated with 0.5% 
OV-210 + 0.65% OV-17 (mixed phase) (ULTRA Scientific, 
Hope, RI 02831). Empty silanized glass columns—6 ft x 2 
mm id or 6 ft x 4 mm id (Supelco, Inc., Bellefonte, PA 
16823-0048)—were rinsed with acetone and petroleum ether, 
dried under nitrogen, and packed with appropriate Ultra- 
Bond packing, using house vacuum and hand-held vibrator. 
Silanized glass wool (Supelco) was used to plug column ends.

All Ultra-Bond columns were heat-conditioned 1 week at 
230°C, using ultrahigh purity nitrogen as carrier with flow 
rates of 20-30 mL/mm for 2 mm id columns and 50-60 mL/ 
min for 4 mm id columns. Columns were not connected to 
the detector during conditioning.

(d) Solvents.— Isooctane, toluene, methanol, acetone, pe­
troleum ether, and ethyl acetate, distilled in glass (EM Sci­
ence, Cherry Hill, NJ 08034, and Anachemia, Montreal, 
Quebec, Canada).

(e) Analytical standards.—Methyl esters of 2,4-D, 2,4,5- 
T, 2,4-DB, and silvex were obtained from PolyScience Corp. 
(Niles, IL 60648); all other standards were obtained from 
EPA Pesticides and Industrial Chemicals Repository (Re­
search Triangle Park, NC 27711). Using appropriate solvent, 
primary standard solutions of 100-200 pg/mL concentration 
were prepared for each compound. Primary standard solu­
tions were diluted with isooctane (and in some instances 
toluene) to achieve working range level (generally 25-75% 
full-scale deflection under GC operating conditions used). 
All analytical standards were prepared fresh before chro­
matography. All primary and secondary dilutions of analyt­
ical standards were stored in freezer at - 1 5°C.

Chromatographic Procedures
In this study, solutions of individual compounds were 

chromatographed on each of the Ultra-Bond columns. In­
jection volumes of 6-8 pL were used. Standards of aldrin (or 
parathion) were not present in each injected solution, but 
were chromatographed at the beginning of each day and then 
rechromatographed after every fourth or fifth injection 
throughout the day. Relative retention time data were de­
rived in most part from single chromatographic determi­
nations at the working concentration level.
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Table 1. Pesticides and pesticide metabolites (by pesticide 
class) subjected to GC on Ultra-Bond columns

Benzenhexachloride (BHC) insecticides: 
a-BHC 
)?-BHC
6- BHC 
Lindane

DDT insecticides:
o. p'-DDE
p, p'-DDE 
0,p'-DDD 
p.p'-DDD 
O.p'-DDT 
AP'-DDT

Cyclodiene insecticides:
Aldrin
frans-Chlordane
c/s-Chlordane
a-Chlordene
7- Chlordene 
Chlordene 
Compound C 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin
Endrin aldehyde 
Heptachlor 
Heptachlor epoxide 
Oxychordane 
frans-Nonachlor

Organophoshorus insecticides:
Carbophenothion
Chlorfenvinphos
Chlorpyrifos
Cyanophos
Diazinon
Diazinon oxygen analog
Dichlofenthion
Dimethoate
Ethion
Fenitrothion
Isofenphos
Malathion
Malathion oxygen analog
Methyl parathion
Monocrotophos
Parathion
Phencapton
Ronnel
Zytron

Miscellaneous insecticides:
Methoxychlor
Mirex

Chlorophenoxy and benzoic acid herbicides:
2.4- D, methyl ester
2.4- DB, methyl ester
Dimethyl-2,3,5,6-tetrachloroterephthalate (DCPA)
Dicamba, methyl ester 
Dichlorprop, methyl ester 
Fenac, methyl ester
Methylchlorophenoxyacetic acid (MCPA), methyl ester 
Silvex, methyl ester
2,4,5-T, methyl ester

Triazine herbicides:
Atrazine
Propazine
Simazine

Miscellaneous herbicides:
Alachlor
Benefin
Bromacil
Chloroallyl diethyldithiocarbamate (CDEC)

Table 1. Continued

Dichlobenil
Nitrofen
Oxadiazon
Picloram, methyl ester
Pronamide
Propanil
Trifluralin

Miscellaneous fungicides:
Captan
Chloroneb
Chlorothalonil
Ethazol
Hexachlorobenzene 
Pentachloronitrobenzene (PCNB) 
T riadimefon * 19

Results and Discussion
The pesticides and pesticide metabolites chromatographed 

in this study are listed (by pesticide class) in Table 1. Table 
2 presents the chromatographic behavior and relative reten­
tion times (compared to aldrin) for the 78 pesticides and 
pesticide metabolites on the 4 different Ultra-Bond 2 mm id 
column types. Table 3 presents the chromatographic behav­
ior and relative retention times (compared to parathion) for
19 organophosphorus insecticides on the same 4 Ultra-Bond 
2 mm id columns.

The 78 pesticides and pesticide metabolites listed in Table
1 represent 9 diverse classes of pesticides. Standards for these 
compounds were obtained and prepared over a period of 
several years. As a result, not all of the compounds listed in 
Table 1 were available at the time a particular Ultra-Bond 
column type was being evaluated. The Ultra-Bond columns 
were evaluated in the following order: 20M, 20SE, OV-210, 
and mixed-phase. Of the compounds listed in Table 1,61 
were chromatographed on all 4 columns. The remaining 17 
compounds were chromatographed only on the OV-210 and 
mixed-phase columns except for CDEC and PCNB which 
were chromatographed only on the mixed-phase column.

The absolute retention times for aldrin (measured from 
the beginning of the solvent peak) under the chromatographic 
operating conditions described above were 1.10 min for both 
the 20M and 20SE columns, 1.46 min for the OV-210 col­
umn, and 2.28 min for the mixed-phase column. The relative 
retention time (RRT) data (compared to aldrin) for the pes­
ticides and pesticide metabolites listed in Table 2 were gen­
erated at slightly differing oven temperatures for the 4 col­
umns. The oven temperature used for each of the 2 mm id 
columns represented the highest temperature at which the 
earliest eluting compound evaluated was separated from the 
solvent front on the corresponding 4 mm id columns. The
2 different sized columns were evaluated at the same time, 
and the results of these evaluations are discussed later in this 
section. In spite of slightly differing oven temperatures, sev­
eral general statements regarding the RRT data of Table 2 
can be made. The 20M and 20SE columns showed very 
similar RRTs for most of the compounds evaluated. The 
RRTs for most of the compounds evaluated on the OV-210 
column were similar to the RRTs on the 20M and 20SE 
columns. However, overall, the RRTs for the 20M and 20SE 
columns were closer to each other than they were to the RRTs 
for the OV-210 column. The RRTs for most of the com­
pounds on the mixed-phase column were dissimilar to the 
RRTs obtained using the other 3 columns. In general, the 
RRT values for the mixed-phase column were numerically 
lower than those for the 3 other Ultra-Bond columns.
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Table 2. Chromatographic behavior and relative retention times 
(compared to aldrin) for 78 pesticides and pesticide metabolites 
on 4 different Ultra-Bond columns, using electron-capture 

detection
Type of Ultra-Bond column“

Pesticide"
20M

(205°C)
20SE

(190°C)

1 %
OV-210 
(195°C)

0.5%
OV-210-

0.65%
OV-17
(200°C)

Ethazol _C _ 0.24 0.20
Dichlobenll coelutes coelutes 0.30 0.23

with solvent with solvent
Benefin — — 0.38 0.28
Trlfluralin — — 0.38 0.29
Chloroneb — — 0.38 0.30
Dicamba, methyl ester coelutes coelutes 0.41 0.32

with solvent with solvent
MCPA, methyl ester — — 0.54 0.40
Dichlorprop, methyl ester — — 0.54 0.40
Hexachlorobenzene 0.41 0.41 0.41 0.44
Fenac, methyl ester — — 0.57 0.47
CDEC — — — 0.55
2,4-D, methyl ester 0.81 0.80 0.84 0.55
o-BHC 0.79 0.76 0.76 0.59
Diazinon 0.81 0.96 0.73 0.59
Chlordene 0.70 0.68 0.68 0.59
Sllvex, methyl ester 0.81 0.84 0.81 0.62
PCNB — — — 0.63
Diazinon oxygen analog 1.00 1.15 0.92 0.66
Compound C 0.74 0.76 0.76 0.71
Heptachlor 0.93 0.93 0.92 0.85
2,4,5-T, methyl ester 1.30 1.32 1.35 0.87
Lindane 1.15 1.08 1.16 0.88
a-Chlordene 0.96 1.00 0.97 0.90
Dlchlofenthion 1.15 1.23 1.14 0.90
Propazine 1.56 1.65 1.62 0.92
Aldrin“ 1.00 1.00 1.00 1.00
2,4-DB, methyl ester — — 1.46 1.00
Alachlor 1.37 1.42 1.43 1.07
Pronamlde — — 2.08 1.07
Atrazine 1.96 2.04 2.05 1.08
7-Chlordene 1.30 1.32 1.38 1.19
Ronnel 1.48 1.50 1.59 1.20
Simazlne 2.48 2.50 2.68 1.30
Chlorothalonil — — 1.73 1.32
/3-BHC 2.24 2.00 2.35 1.32
Cyanophos 2.19 2.12 2.46 1.35
Chlorpyrifos 1.63 1.81 1.70 1.39
Oxychlordane 1.59 1.62 1.65 1.44
Zytron 2.15 2.35 2.32 1.52
Malathion oxygen analog 2.48 2.77 2.73 1.58
DCPA 2.04 2.12 2.30 1.61
Heptachlor epoxide 1.96 1.92 2.16 1.68
3-BHC — 2.93 3.22 1.73
Dimethoate 3.11 3.08 3.49 1.75
Monocrotophos 3.52 3.81 4.05 1.76
Malathion 2.56 2.81 2.73 1.78
irans-Nonachlor 1.93 2.08 2.05 1.83
frans-Chlordane 2.28 2.23 2.35 1.88
T riadimefon — — 3.22 1.93
c/s-Chlordane 2.24 2.17 2.41 1.97
Methyl parathion 3.00 2.96 3.46 1.97
Isofenphos — — 2.86 2.02
Fenltrothlon 3.11 3.19 3.59 2.07
Parathion 3.00 3.15 3.49 2.08
Endosulfan 1 2.26 2.23 2.37 2.10
o,p’-DDE 2.48 2.50 2.73 2.10
Chlorfenvlnphos 3.15 3.62 3.49 2.32
p,p'-DDE 3.15 3.15 3.54 2.62
Dieldrln 3.11 3.04 3.38 2.66
Oxadiazon — — 3.76 2.67
Propanil 5.93 6.31 7.11 3.00
Endrin 3.26 3.12 3.55 3.14
o,p'-DDD 4.41 4.46 5.11 3.34
Captan 4.70 4.73 5.38 3.47
o,p'-DDT 4.34 4.23 4.78 3.63

Table 2. Continued

Pesticide*

Type of Ultra-Bond column“

20M
(205°C)

20SE
(190°C)

1 %
OV-210
(195°C)

0.5%
OV-210-

0.65%
OV-17
(200°C)

Picloram, methyl ester 6.89 6.96 8.24 3.77
Ethion — — 6.62 4.51
Endosulfan II 6.11 6.45 7.00 4.73
p,p'-DDD 7.07 7.27 8.49 4.90
Nitrofen 7.30 7.64 8.95 5.24
p,p'-DDT 6.81 6.96 7.97 5.31
Carbophenothion 7.26 8.12 8.43 5.62
Bromacil 12.89 14.20 15.76 6.10
Endrin aldehyde 9.26 8.85 10.53 6.30
Mlrex 7.04 7.04 8.08 7.02
Endosulfan sulfate 11.59 12.40 14.26 8.20
Phencapton 11.89 13.70 14.27 9.23
Methoxychlor 14.93 16.00 18.24 10.87

* Listed In order of relative retention time on mixed-phase column.
“ All columns were 2 mm Id x 6 ft long; column oven temperatures are giv­
en in parentheses.

“ Analytical standard for this pesticide was not available at the time this col­
umn was evaluated.

“ Absolute retention times for aldrin (measured from the beginning of the 
solvent peak) on the 20M, 20SE, OV-210, and mixed-phase columns were
1.10, 1.10, 1.46, and 2.28 min, respectively.

The absolute retention times for parathion under the chro­
matographic operating conditions used were 3.30,3.47, 5.10, 
and 4.74 min for the 20M, 20SE, OV-210, and mixed-phase 
columns, respectively. Regarding the RRTs (compared to 
parathion) for the organophosphorus insecticides listed in 
Table 3, it is apparent that the 20M and 20SE columns again 
have very similar RRTs for this group of pesticides. Also, 
the RRTs for the OV-210 column were similar to those on 
the 20M and 20SE columns for most of the organophospho­
rus compounds. In contrast to the RRT data of Table 2 
(relative to aldrin), the RRT data for the organophosphorus 
compounds listed in Table 3 (relative to parathion) on the 
mixed-phase column were similar to those of the other 3 
columns.

It appears that the data of Table 2, using aldrin as the 
reference compound, shows greater overall diversity in RRT 
values for the 4 columns evaluated than do the data of Table 
3, using parathion as the reference compound. From a prac­
tical chromatography standpoint, with aldrin as a reference 
peak, we can conclude that a complement of the mixed-phase 
column and either the 20M, the 20SE, or the OV-210 column 
represents a useful and powerful tool for the dual-column 
identification, resolution, and confirmation of pesticide res­
idues. The data presented in Table 2 represent perhaps the 
most significant contribution of this paper.

As mentioned earlier in this section, in addition to the 
evaluation of the four 2 mm id Ultra-Bond columns shown 
in Tables 2 and 3, a comparable evaluation was made with 
4 mm id columns of Ultra-Bond 20M, 20SE, OV-210, and 
mixed phase. The chromatographic behavior and RRT data 
for the 4 mm id columns are not presented in tabular form 
in this paper since these data are essentially identical to the 
corresponding 2 mm id column data. Identical elution order 
and RRTs (compared to aldrin and parathion) were obtained 
with all the compounds studied on corresponding 4 mm id 
and 2 mm id Ultra-Bond columns. Some differences, how­
ever, were noted between the 2 mm and the 4 mm id columns. 
The absolute retention times for chromatographed com-
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Table 3. Chromatographic behavior and relative retention times 
(compared to parathion) for 19 organophosphorus insecticides 
on 4 different Ultra-Bond columns, using electron-capture 

detection

Pesticide*

Type of Ultra-Bond column"

20M
(205°C)

20SE 
1190°C)

1%
OV-210 
(195°C)

0.5%
OV-210-
0.65%
OV-17
(200°C)

Diazinon 0.27 0.30 0.21 0.28
Diazinon oxygen analog 0.33 0.37 0.26 0.31
Dichlofenthion 0.38 0.39 0.33 0.43
Ronnel 0.49 0.48 0.46 0.57
Cyanophos 0.73 0.67 0.71 0.65
Chlorpyrifos 0.54 0.57 0.49 0.67
Zytron 0.72 0.74 0.67 0.73
Malathion oxygen analog 0.83 0.88 0.79 0.74
Dimethoate 1.04 0.98 1.00 0.82
Monocrotophos 1.16 1.21 1.17 0.83
Malathion 0.84 0.89 0.78 0.86
Isofenphos —c — 0.82 0.92
Methyl parathion 1.00 0.94 0.99 0.93
Fenithrothion 1.04 1.01 1.03 1.00
Parathion" 1.00 1.00 1.00 1.00
Chlorfenvinphos 1.05 1.15 1.00 1.10
Ethion B B 1.91 2.13
Carbonphenothion 2.39 2.57 2.44 2.57
Phencapton 3.96 4.35 4.13 4.46

* Listed in order of relative retention time on mixed-phase column.
" All columns were 2 mm id x  6 ft long; column oven temperatures are giv­

en in parentheses.
" Analytical standard for this pesticide was not available at the time this col­

umn was evaluated.
0 Absolute retention times for parathion (measured from the beginning of the 

solvent peak) on the 20M, 20SE, OV-210, and mixed-phase columns were 
3.30, 3.47, 5.10, and 4.74 min, respectively.

pounds on the 4 mm id columns were approximately twice 
as long as those obtained on the 2 mm id columns. This 
can be an advantage when early-eluting compounds are being 
chromatographed, but it is a disadvantage for later-eluting 
compounds. The electron-capture detector response (in terms 
of peak height) to the compounds listed in Table 1 was greater 
when these compounds were chromatographed on the 2 mm

id columns than when these same compounds were chro­
matographed on the 4 mm id columns. For most of the 
compounds, at least a 2-fold detector response difference (in 
terms of peak height) was noted between the 2 mm id and 
4 mm id columns. Overall, for the compounds listed in Table 
1, the amount of material to give approximately 50% full- 
scale deflection under the GC operating conditions used ranged 
as follows: 0.015 ng (for hexachlorobenzene) to 200 ng (for 
monocrotophos) on the 2 mm id 20M column (the most 
sensitive 2 mm id column type evaluated); and 0.050 ng (for 
hexachlorobenzene) to 1400 ng (for monocrotophos) on the 
4 mm id 20M column (the most sensitive 4 mm id column 
type evaluated). For some reason, captan could only be chro­
matographed on one of the 4 mm id columns—the mixed 
phase—whereas this compound was satisfactorily chromato­
graphed on all four 2 mm id columns. With the 4 mm id 
20SE column, and to a lesser extent with the corresponding 
2 mm id column, some undesirable peak broadening was 
observed for compounds eluting later than aldrin. In general, 
most of the differences observed in this paper between cor­
responding 2 mm id and 4 mm id Ultra-Bond columns reflect 
known, basic GC principles.

Our laboratory plans to continue evaluating and obtaining 
RRT data for Ultra-Bond columns. Relative retention data 
for additional pesticides and pesticide metabolites using elec­
tron-capture detection will be completed for the 4 types of 
Ultra-Bond columns. We plan to generate Ultra-Bond RRT 
data for the organophosphorus insecticides listed in Table 1, 
as well as for additional organophosphorus compounds, us­
ing flame photometric detection. Also planned is the collec­
tion of Ultra-Bond RRT data for a series of triazine type 
pesticides using nitrogen-phosphorus detection.
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Extraction of Polycyclic Aromatic Hydrocarbons from Spiked Soil

M E R V I N  P .  C O O V E R ,  R O N A L D  C .  S I M S , * 1 a n d  W I L L I A M  D O U C E T T E  

Utah State University, Utah Water Research Laboratory, Logan, UT 84322

A hom ogenization  m ethod  w as evaluated  fo r e x tra c tin g  polycyclic 
a ro m atic  h y drocarbons (P A H s) from  soils. F ifteen  P A H s  w ere sp iked  
an d  recovered from  2 soils a t  co n cen tra tio n s ran g in g  from  1 to  1000 
jig /g , u sing  th e  hom ogenization  m ethod  and  a  S o x h le t ex trac tio n  
m ethod . E ach  ex trac tio n  m ethod  perform ed  well in  rem oving th e  15 
P A H s  from  bo th  so ils over a  b ro ad  range  of co n cen tra tio n s . In  gen­
e ra l, S o x h le t e x trac tio n  yielded s lig h tly  b u t sign ifican tly  (P  <  0 .05) 
h ig h e r recoveries th a n  d id th e  hom ogenization  m ethod . T h e  hom og­
en iza tion  m ethod , however, w as easy  to use, an d  th e  ex trac tio n  step  
tu rn aro u n d  tim e w as less th a n  15 m in /sam p le . T h e  m ethod  should  
be su itab le  for o th e r  a p p lica tio n s re q u irin g  th e  ex trac tio n  o f hydro- 
phobic o rgan ic  com pounds from  soils.

Several techniques have been developed for the extraction 
of hydrophobic organic compounds from soils and sedi­
ments. The most widely used techniques include Soxhlet 
extraction (1-6), shake flask methods (7, 8), sonication (9), 
and homogenization methods (6, 10-13). Three important 
criteria in the selection of an extraction technique for quan­
titative analysis of environmental samples are recovery ef­
ficiency, processing time, and ease of use.

Factors affecting recovery efficiency include the physical 
and chemical nature of the sample matrix and the structure 
and concentration of the analyte. Correlations between soil 
organic matter content and sorption of nonpolar organic 
compounds from aqueous solution have been observed (14), 
which suggests that the organic matter fraction of a soil or 
sediment may influence extraction efficiency. Sorption is also 
influenced by the physical and chemical characteristics of the 
sorbate, indicating that recovery efficiencies must be deter­
mined for each analyte (14, 15). Extraction efficiencies have 
been observed to vary with analyte concentration (6) sug­
gesting the need to investigate recovery efficiencies over the 
entire range of concentrations expected. Finally, processing 
time per sample must be considered, especially when the 
number of samples to be analyzed is large.

As part of a comprehensive laboratory research effort to 
investigate the biological degradation of polycyclic aromatic 
hydrocarbons (PAHs) present in vadose zone soils at haz­
ardous waste sites (16), a study was undertaken to determine 
the efficiency of a homogenization technique for extraction 
of these compounds from soil. The 15 PAH compounds 
examined in this study were selected because of their presence 
in organic wastes associated with vadose zone soils (16) and 
because they are regulated as hazardous constituents by the
U.S. Environmental Protection Agency (EPA). The degra­
dation experiments involved the use of small soil micro­
cosms to monitor the loss of PAHs over time in 2 soils. Each 
microcosm represented a discrete sample, and PAH concen­
trations in the incubating soil were periodically determined 
by solvent extraction of the entire contents of individual 
microcosms and quantitation of the PAHs recovered. The 
homogenization method was selected for evaluation because 
it permitted extractions to be performed directly in the mi­
crocosm glassware, thus minimizing sample handling. In ad­
dition, significant savings on the extraction solvent were ex­
pected over costs with a conventional Soxhlet extraction 
method.

Received November 17, 1986. Accepted March 24, 1987.
1 Address correspondence to this author.

The extraction study consisted of spiking both experimen­
tal soils with a mixture of 15 PAHs at concentrations ranging 
from 1 to 1000 fig/g and extracting the compounds to de­
termine recovery efficiency. A Soxhlet extraction procedure 
approved by EPA for the chemical characterization of solid 
wastes (17) was also evaluated for comparison.

Experimental
Experimental Design

Spiked soil extraction recoveries of 15 PAHs were deter­
mined in 2 soils by using a homogenization method and a 
Soxhlet extraction method. Extraction efficiencies at PAH 
concentrations of 100, 10, and 1/ug/g were evaluated for the 
following compounds: acenaphthylene, acenaphthene, flu- 
orene, phenanthrene, anthracene, fluoranthene, pyrene, 
benz[a]anthracene, chrysene, benzo[6]fluoranthene, benzo- 
[£]fluoranthene, benzo[u]pyrene, dibenz[a,/j]anthracene, 
benzo[g,/u]perylene, and indeno[l,2,3-a/]pyrene. In addi­
tion, extraction efficiencies for the first 9 compounds were 
evaluated at a concentration of 1000 ng/g. The concentration 
ranges were selected to bracket levels typically found in the 
soils of controlled and uncontrolled hazardous waste sites 
containing PAHs. Triplicate extractions were performed at 
each experimental matrix position.

Apparatus and Reagents
(a) Standard solutions. — Solutions containing all 15 PAHs 

were prepared in LC grade dichloromethane for spiking soil 
samples. Compounds were >98% purity except for ace­
naphthylene (95%) and were obtained from Aldrich Chem­
ical Co. (Milwaukee, W I53201) andFoxboro Analabs (North 
Haven, CT 06473). PAHs of 99% purity (Foxboro Analabs) 
were used to prepare analytical standards in LC grade ace­
tonitrile for liquid chromatographic (LC) analysis.

(b) Tissumizer homogenization system. — Tekmar (Cin­
cinnati, OH 45222), consisting of Model SDT-1810 motor, 
Model SDT-182EN shaft and generator assembly, and Model 
TR-10 speed controller.

(c) Liquid chromatograph.— Shimadzu Model LC-6A, 
equipped with Model SCL-6A system controller, Model SIL- 
6A autosampler, Model C-R3A computing integrator, and 
Model SPD-6A variable wavelength UV detector.

(d) LC column.— LC-PAH, 4 mm x 15 cm ODS with 5 
um packing (Supelco, Bellefonte, PA 16823).

Spiked Soil Sample Preparation
Two soils, which differed in texture and organic matter 

content, were used as sample matrixes in the extraction study. 
The Durant clay loam contained 3% organic carbon by weight 
and was collected from a plot at an EPA Field Test Facility- 
in Ada, OK. The Kidman sandy loam contained 0.5% organic 
carbon by weight and was obtained from a Utah State Uni­
versity agricultural experiment station in Kaysville, UT. Prior 
to use in the extraction study, both soils were air dried and 
screened to <2 mm.

Spiked soil samples were prepared in 125 mL Erlenmeyer 
flasks by pipetting 3 mL standard solution containing all 15 
PAHs onto 10 g soil. After mixing the solution with soil, the 
solvent was allowed to evaporate at 20°C for 2 days prior to 
sample extraction.
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Figure 1. Chromatograms of (a) PAH standard and (b) PAH-spiked soil extract. Peak identification: 1, naphthalene; 2, acenaphthylene; 
3, acenaphthene; 4, fluorene; 5, phenanthrene; 6, anthracene; 7, fluoranthene; 8, pyrene; 9, benz[a]anthracene; 10, chrysene; 11, 
benzo[b]flouranthene; 12, benzo[k]fluoranthene; 13, benzo[a]pyrene; 14, dibenzfa,h]anthracene; 15, benzo[gA<]perylene; 16,

indenof 1,2,3-cdjpyrene.

Extraction and Analysis
All glassware was washed with soap and water, rinsed with 

deionized water, and heated in a muffle furnace at 550°C 
prior to use.

Soxhlet extraction of the soil samples was conducted fol­
lowing EPA Method 3540 (16). A 10 g soil sample was com­
bined with 10 g anhydrous Na,S04 in a solvent-cleaned cel­
lulose thimble and was Soxhlet-extracted with 300 mL 
dichloromethane for 16 h which corresponded to ca 60 sol­
vent cycles. The extract was then dried with anhydrous Na2S04 
and concentrated to between 0.5 and 1 mL in a Kudema- 
Danish apparatus. The concentration extract was diluted to 
the desired volume with acetonkrile for LC analysis.

A 10 g soil sample was homogenized in the Tissumizer 
with 70 mL dichloromethane for 45 s. The solids were al­
lowed to settle in the flask, and the supemate was transferred 
to a drying column containing anhydrous Na2S04. The solids 
were reslurried with 40 mL solvent and transferred with 
rinsing to the drying column. Dried extracts were concen­
trated as described above for the Soxhlet extracts.

Extracts were analyzed by reverse phase LC using a gra­
dient mobile phase program consisting of 2 min isocratic 
elution with 40% acetonitrile in water followed by 15 min 
linear gradient to 100% acetonitrile at a flow rate of 2 mL/ 
min. Analytes were detected at a wavelength of 254 nm.

Results and Discussion
Method blanks, spiked blanks, and unspiked soil samples 

were processed through each analytical system before spiked 
soil samples were extracted. Both systems were free of in­
terferences, and all 15 PAHs were quantitatively recovered 
when spiked blanks were processed. Chromatographic anal­
ysis of the unspiked soil extracts demonstrated that interfer­
ences contributed by natural soil components were minimal 
and that background soil PAH concentrations were below 
the detectable level of approximately 0.1 ¿¿g/g. Representa­

tive chromatograms of a PAH standard and a PAH-spiked 
soil extract, presented in Figure 1, demonstrate the degree 
of analyte resolution and freedom from interferences en­
countered during the study.

Percent recoveries of the 15 PAHs, using both the Soxhlet 
and Tissumizer extraction techniques, are summarized in 
Table 1. Efficiencies in this table represent averages of results 
from 9 or 12 extractions, depending on the concentration 
range investigated and reflect the influence of the 2 soils on 
extraction recovery independent of the effect of concentra­
tion. One-way analysis of variance was conducted on the 
factor concentration for each soil/method combination to

Table 1. Average PAH percent recoveries from sandy loam and 
clay loam soils by Soxhlet and Tissumizer extraction methods8

Tissumizer method Soxhlet method

Compound Sandy loam Clay loam Sandy loam Clay loam

Acenaphthylene' 71 ± 12 85 + 5 77 4 82 ± 8
Acenaphthene" 77 ± 2 84 ± 6 93 ± 1 92 ± 1
Fluorene' 99 ± 1 96 ± 2 107 ± 2 105 ± 1
Phenanthrene' 102 1 103 ± 3 109 ± 2 109 ± 1
Anthracene' 82 ± 1 85 ± 3 67 ± 3 71 ± 7
Fluoranthene' 94 ± 1 96 ± 6 109 ± 1 111 ± 1
Pyrene“ 98 ± 2 100 ± 8 102 ± 2 101 ± 2
Benz[a]anthracene' 97 ± 2 99 ± 1 101 ± 1 103 ± 2
Chrysene" 96 ± 1 95 ± 1 104 ± 1 105 ± 1
Benzo[d]fluoranthene“ 71 ± 1 70 ± 1 83 ± 0 83 ± 1
Benzo[k]fluoranthene“ 104 ± 2 103 ± 2 113 ± 1 113 ± 1
Benzo[a]pyrene“ 68 ± 3 70 ± 5 46 ± 1 49 ± 4
Dibenz[a,/t]anthracene“ 94 ± 4 97 ± 3 115 ± 3 118 ± 1
Benzo[g,/t,/]perylene“ 95 ± 1 98 ± 3 94 ± 1 95 ± 2
lndeno[1 ,2,3-cdjpyrene" 98 ± 1 102 ± 1 107 ± 0 108 ± 1

‘  Average ± 95% confidence Interval, rounded to nearest percent. 
6 Concentrations represented: 10, 100, and 1000 jig/g. 
'Concentrations represented: 1 , 10 , 100, and 1000 iig lg . 
“ Concentrations represented: 1 , 10, and 100 ixglg.
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Table 2. Average PAH percent recoveries at each concentration by Soxhlet and Tissumizer extraction methods9
Tissumizer method Soxhlet method

Concn, ^g/g Concn, iig lg

Compound 1 10 100 1000 1 10 100 1000

Acenaphthylene ND“ 61 ± 21 86 ±  7 86 ±  7 ND 53 ± 2 124 ± 6 61 ± 14
Acenaphthene ND 73 ± 4 83 ±  9 85 ±  4 ND 89 ± 2 96 ± 1 93 ±  2
Fluorene 99 ± 5 95 ± 4 97 ±  1 98 ±  1 105 ±  5 106 ± 2 109 ± 1 104 ± 1
Phenanthrene 113 ± 6 99 ± 3 99 ±  1 99 ±  1 112  ±  6 110 ± 3 110  ± 1 103 ±  1
Anthracene 6 1 + 5 84 ± 4 91 ± 2 97 ±  6 44 ± 10 67 ± 5 92 ± 0 74 ± 15
Fluoranthene 87 ± 13 98 ±  1 100 ± 2 96 ±  2 107 ± 2 115 ± 4 114 ± 1 106 ±  1
Pyrene 77 ± 20 104 ±  4 108 ±  2 107 ±  3 100 ± 3 104 ± 5 103 ± 0 98 ±  1
Benz[a]anthracene 98 ±  4 98 ± 2 98 ±  1 97 ±  2 100 ±  3 101 ±  2 108 ± 0 100 ±  2
Chrysene 96 ±  3 97 ± 2 92 ± 1 96 ±  1 103 ±  1 106 ± 1 107 ± 0 100 ±  1
Benzo[b]fluoranthene 87 ± 2 64 ± 1 61 ± 0 ND 90 ±  1 79 ± 1 81 ± 0 ND
Benzofluoranthene 102 ± 3 104 ± 2 104 ± 1 ND 111  ±  1 112  ±  1 116 ± 1 ND
Benzo[a]pyrene 65 ± 8 64 ± 4 77 ± 2 ND 49 ± 6 29 ± 2 65 ± 1 ND
Dibenz[a,/i]anthracene 82 ± 5 102 ± 6 103 ± 3 ND 127 ± 6 111  ±  1 112  ± 1 ND
Benzo[g,6,/]perylene 107 ± 4 91 ± 2 92 ± 1 ND 95 ±  3 88 ±  2 101 ± 1 ND
lndeno[1 ,2,3-cd]pyrene 104 ± 2 98 ± 2 98 ± 1 ND 110  ±  1 104 ± 1 109 ± 1 ND

• Average ± 95% confidence interval, rounded to the nearest percent (average of 6 recoveries, 3 from each soil). 
6 ND = not determined.

establish confidence intervals on the reported means. In gen­
eral, high extraction efficiencies with good precision were 
obtained regardless of soil type or extraction method. Re­
coveries from both soils were essentially the same for a given 
extraction method despite the fact that the organic matter 
content of the clay loam was about 6 times the value for the 
sandy loam. Furthermore, recoveries were high for PAHs of 
both low and high molecular weight.

Extraction recoveries remained high over the range of con­
centrations tested, as demonstrated in Table 2. Efficiencies 
in this table represent averages of results from 6 extractions, 
3 from each soil, and reflect the influence of concentration 
level on extraction recovery independent of the effect of soil 
type. Confidence intervals were again established using anal­
ysis of variance mean square errors.

Each extraction method performed well in removing the 
15 PAHs from both soils over a broad range of concentra­
tions. In general, Soxhlet extraction yielded slightly but sig­
nificantly (P < 0.05) higher recoveries than did the homog­
enization method. In degradation experiments conducted in 
this laboratory, the homogenization method presented here 
minimized sample handling by permitting extractions to 
be performed directly in soil microcosm glassware. In ad­
dition, the method was easy to use and the extraction step 
turnaround time was less than 15 min/sample. The method 
should be suitable for other applications requiring the ex­
traction of hydrophobic organic compounds from soils.
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Determination of Naptalam and Its Metabolite in Foods, as 1-Naphthylamine, Using Liquid 
Chromatography with Oxidative Electrochemical Detection

BRIAN L. WOROBEY and J BRIAN SHIELDS
H e a lth  a n d  W e lfa re  C a n a d a , H e a lth  P ro te c tio n  B ran ch , F o o d  R e sea rch  D iv is io n , O tta w a ,
O n ta r io  K 1 A  0 L 2 , C a n a d a

A new method is described for the determination of the herbicide 
naptalam and its metabolite 1-naphthylamine in several foods. The 
method is sensitive, selective, and extremely rapid compared with 
previously reported methods. Liquid chromatography with electro­
chemical detection (LC/ECD) is used to determine 1-naphthylamine 
produced from the metabolism or base hydrolysis of naptalam in 
asparagus, peaches, and cranberries. These foods were spiked with 
naptalam at 0.05 and 0.11 ppm and hydrolyzed with 30% NaOH 
with concomitant distillation of 1-naphthylamine. Aliquots of the 
distillate were injected onto a reverse-phase PRP-1 LC column for 
separation of 1-naphthylamine from coextractives near the solvent 
front and detection at an applied potential of +0.83 V using an 
amperometric electrochemical detector in the oxidation mode. Re­
coveries ranged from 89% ± 2% to 97% ± 8% for all foods at both 
spiking levels. Accuracy of these recoveries was confirmed by use of 
l4C-radiolabeled naptalam and radioassay by liquid scintillation spec­
trometry of the '■‘C-l-naphthylamine released.

The herbicide 2-[(l-naphthalenylamino) carbonyl] benzoic 
acid (N- 1 -naphthylphthalamic acid) (naptalam; Alanap®) or 
its sodium salt is registered for use on several fruits and 
vegetables in Canada and other countries. Naptalam breaks 
down rapidly into 1-aminonaphthalene (1-naphthylamine) 
and phthalic acid via metabolic and other degradative pro­
cesses (1, 2). 1-Naphthylamine has been reported to be cy­
totoxic and genotoxic in mammals (3, 4), and its 7V-hydroxy 
metabolite is a potent, direct-acting carcinogen and mutagen
(5). Naptalam residues in foods (plants, crops) are typically 
analyzed by hydrolyzing the naptalam to 1 -naphthylamine, 
distilling off the 1-naphthylamine, partitioning against hex­
ane, extracting with aqueous acetic acid, and forming a col­
ored derivative by coupling 1 -naphthylamine with diazotized 
sulfanilic acid (Amax 535 nm) (6-8).

A more rapid method was sought for routine analysis of 
naptalam and 1 -naphthylamine using the electrochemical de­
tector. Electrochemical detection (ECD) monitors the changes 
in current associated with the reduction or oxidation of a 
sample component. When combined with liquid chroma­
tography, it has proven to be a highly sensitive and selective 
method of instrumental analysis (9, 10). The LC/ECD anal­
ysis of 1 -naphthylamine as a standard or in laboratory wastes 
has been previously reported (11-13). The present study was 
implemented to develop a more rapid, selective, and sensi­
tive analysis for naptalam and 1-naphthylamine in several 
foods by using LC/ECD.

METHOD
Reagents

(a) Standards.— Naptalam, obtained as the sodium salt 
from U.S. Environmental Protection Agency (Washington, 
DC) at 94% stated purity; 1-naphthylamine, >99% purity 
(Aldrich Chemical Co., Milwaukee, WI 53201). Safety pre­
cautions: 1-Naphthylamine is genotoxic and is a suspected 
carcinogen and should be handled with due caution. Deter­
mine mass spectra of both compounds by direct inlet probe- 
mass spectrometry.

(b) ,4C-naptalam.— Ring-labeled, sodium salt, 54.81 gCi,

Received November 21, 1986. Accepted February 18, 1987.

11.86 mCi/mmol, radiochemical purity > 99% (UniRoyal 
Chemical Co., Naugatuk, CT 06770).

(c) Standard solutions.— Prepare in 0.1N aqueous Na- 
HC03. Prepare 1 -naphthylamine stock solution by dissolving 
weighed standard in minimum volume of acetonitrile fol­
lowed by dilution with LC mobile phase. Prepare serial di­
lutions in mobile phase for working standards.

(d) Mobile phase.—Acetonitrile-0.15M aqueous »-phos­
phoric acid (40 + 60). Filter through 0.45 millipore filter 
and degas 5 min on Branson ultrasonic bath.

(e) Zinc granules. —&0 mesh; use to maintain reducing 
conditions during hydrolysis (Fisher Scientific Co., Ottawa, 
Ontario, Canada).

(I) Antifoam A. — (Dow Coming Co., Toronto, Ontario, 
Canada).

(g) Paraffin.— (Fisher Scientific).
(h) Solvents. — Distilled-in-glass, pesticide grade (Caledon 

Chemical Co., Georgetown, Ontario, Canada).
(i) o-Phosphoric acid.— 88% H3P 0 4 (sp gr 1.75), Analar 

grade (BDH, Toronto, Ontario, Canada).

A p p a ra tu s

(a) Blender.— Waring Blendor.
(b) Hydrolysis and distillation apparatus. -A ll-glass, 

equipped with splash head and condenser with receiving flask, 
as shown in Figure 1.

(c) Heating plate.— Coming PC-351 (Fisher Scientific Co., 
Ottawa, Ontario, Canada).

(d) Magnetic stirrer. —(Fisher).
(e) LC apparatus. —100 pL loop attached to Model 7125 

Rheodyne injector (Cotati, CA 94928); injector connected to 
Model P/N 080040 Guard-Pak C18 guard column (Waters 
Associates, Milford, MA 01757), which is connected to PRP- 
1, 10 gm, 305 mm x 7 mm analytical column (Hamilton 
Co., Reno, NV 89502); Varian (Ottawa, Ontario, Canada) 
Model 4270 printer/plotter to record analog output from 
ECD. Operating conditions: column temperature, 20°C; chart 
speed, 0.5 cm/min; LC pump flow rate, 2 mL/min. Equili­
brate 30 min before applying voltage to electrode. At end of 
day, purge 1 min with water followed by 2 min with meth­
anol.

(f) Electrochemical detector.— Model LC-4B (Bioanalyt- 
ical Systems, West Lafayette, IN 47906) amperometric de­
tector with a glassy carbon working electrode. Set to oxida­
tion mode (+) and apply optimum voltage of +0.83 V at 2 
or 5 nA full-scale output current.

(g) Liquid scintillation spectrometer. — Beckman Model 
LS2800 (Beckman Instrument Co., Toronto, Ontario, Can­
ada).

S p ik in g

Mascerate 300 g of a food (fresh peaches, asparagus, or 
cranberries) at medium speed for 30 s in a blender. Weigh 
50 g of mascerated food into a beaker and spike with nap­
talam by dripping 0.5-1.0 mL aqueous spiking solution evenly 
onto surface of mascerate from a volumetric pipet and stir­
ring 30 s with a glass rod. Spiking levels are 0.05 and 0.11 
ppm. Spike foods with 14C-naptalam at the rate of 0.5-1.0 x
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Figure 1. Diagram of all-glass apparatus used for the hydrolysis 
and distillation procedure.

106 dpm  per 50 g o f  mascerate. Le t spiked foods equ ilib ra te  
30 m in  before extraction.

Extraction
Transfe r spiked food to  1 L  b o ilin g  flask w ith  300 m L  o f  

30% aqueous N a O H  solu tion . T o  th is , add 1 g z inc granules, 
1 g paraffin, and 0.5 m L  an tifoam  A . A ttach  flask to  splash 
head and condenser w ith  a rece iving flask as shown in  F igure
1. H eat w ith  a heating plate, starting  w ith  a high rheostat

setting fo r  d is tilla tio n  and then reducing the heat to  m a in ta in  
d is tilla tio n  at a rate o f  ca 3 m L /m in . Leave m agnetic s tirre r 
on high th roughou t d is tilla tio n . I f  foam ing  occurs (especially 
fo r  asparagus), app ly a co ld  c lo th  to  the splash head fo r ca 1 
m in . C over transfer line  between splash head and condenser 
in le t w ith  a lu m in u m  fo il and m a in ta in  d is tilla tio n  u n t il 250 
m L  o f  d is tilla te  is collected.

LC/ECD Analysis
In je c t d is tilla tes  in to  100 ij.L  loop  attached to  Rheodyne 

in jec to r. C om ple te ly  f i l l  loop fo r a ll in jections. In je c t samples 
in  dup lica te  fo llow ed by a standard o f  s im ila r peak height.

P erform  qu an tita tion  fo r L C /E C D  analysis by  using ex­
terna l standard m ethod and peak he ight com parisons. C al­
culate recoveries on the basis o f  1-naph thy lam ine  released 
fro m  sod ium  salt (i.e., 0 .457m o l 1 -naph thy lam ine /m o l nap- 
ta lam  sod ium  salt) and correct fo r  p u r ity  (94%) o f  naptalam .

Radioassay
P ipet tw o  1.0 m L  a liquots o f  each d is tilla te  in to  glass 

counting v ia ls. A d d  15 m L  Aquaso l and ac id ify  m ix tu re  to 
p H  3 w ith  concentrated HC1. D e te rm ine 14C -1 -nap h thy l­
am ine by counting  10 m in  in  a l iq u id  s c in tilla tio n  spectrom ­
eter. Determ ine quench correcticn by external standard counts 
related to  an “ H ”  num ber and determ ine percentage e ffi­
ciency fro m  a quench curve (% efficiency vs H  num ber). 
M o n ito r  chem ilum inescence by using a random  coincidence 
m o n ito r accessory. Subtract background values fro m  sample 
counts and then convert from  cpm  to  dpm . C oun t a ll samples 
and standards as soon as possible a fte r dispensing in to  coun t­
ing via ls.

Results and D iscussion

D u rin g  the developm ent o f  the m ethod ju s t described, i t  
was necessary to  op tim ize  several variables. Figure 2 illu s ­
trates the percentage recovery o f  naptalam  fro m  spiked cran­
berries (0.05 and 0.11 ppm ) as a fun c tion  o f  d is tilla te  vo lum e.

Figure 2. Percentage recovery of 1 -naphthylamine from naptalam as a function of distillate volume collected (from spiked cran­
berries); (■) cumulative percentage recovery at 0.05 ppm, (O ) cumulative percentage recovery at 0.11 ppm, ( • )  percentage recovery

for separate 25 mL fractions (at 0.05 ppm level).
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APPLIED VOLTAGE (VOLTS)

Figure 3. Voltammogram for 1-naphthylamine; ECD response (peak height, mm) as a function of applied potential (E°, V); 5 nA full
scale and a 0.382 M9/mL standard.

F rom  th is  graph, we were able to  select 250 m L  d is tilla te  as 
a suitable vo lum e con ta in ing  > 8 0 %  1-naphthylam ine. The 
figure also illustra tes tha t over h a lf  (approx im ate ly  58%) o f  
the naptalam  is hydro lyzed and d is tille d  o f f  in  the firs t 75 
m L  (3 x 25 m L ) , b u t the rem a inder d is tills  o f f  s low ly  over 
the next 175 m L.

F igure 3 illustra tes a vo ltam m ogram  fo r  1-naphthylam ine 
and is a graph o f  detector response (peak height) as a func tion  
o f  applied po ten tia l (voltage). F rom  th is  curve i t  was possible

to  select the o p tim u m  applied voltage fo r the highest sensi­
t iv i t y  towards 1-naphthylam ine (+ 0 .8 3  V). L in e a rity  o f  the 
LC /E C D  system was checked (F igure 4) and found  to  exh ib it 
a w ide linea r range o f  0 .0035-3 .95  ¿¿g/mL 1-naphthylam ine 
w ith  a low er detection l im it  o f  0.30 ng per in je c tio n  (S /N  =  
3/1). T  yp ica l L C /E C D  chrom atogram « o f  extracts fro m  b lank 
and spiked foods are shown in  F igure 5. The h igh degree o f  
se lec tiv ity  is evidenced by the absence o f  any peaks near
1-naphthylam ine. The re ten tion  tim e  was 11.1 m in  under

io o o n

o.oi H------------------------ 1—
o.ooi o.oi

----1------------------------ 1----------------------- T
0.1 1.0 10.0

CONCENTRATION (/ig/mL)

Figure 4. Linearity curve for 1 -naphthylamine by LC/ECD. Log peak area units ( x 1 o6) vs 25 nL injected from standards 0.0035-3.85 
/tg/mL at 5 nA full scale, SD = ±1.5-10%  for triplicate injections per data point.
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Figure 5. LC/ECD chromatograms. A, 1-naphthylamine stan­
dard (------ ) and control food extracts; B, spiked food extract

(0.05 ppm).

the cond itions  described. Use o f  a preparative co lum n fa­
c ilita te d  repe titive  in jec tions o f  100 /¿L o f  extracts w ith o u t 
ove rload ing  the co lum n.

D is tilla te s  were in jected by L C /E C D  and counted by liq u id  
s c in tilla tio n  spectrom etry (LSS) fo r  com parison. Table 1 lists 
recoveries o f  napta lam  fro m  3 foods at 2 sp ik ing  levels per­
tin e n t to  neglig ib le residue levels o f  < 0 .1  ppm  (Food and 
D rug  A c t, H ea lth  and W elfare Canada). Recoveries were 
> 88%  as de term ined by L C /E C D  analysis and > 81%  as 
de term ined by  LSS analysis. Standard dev ia tions (SD) were 
<  ±  10% fo r  a ll analyses and as lo w  as ±  1%. LSS results were 
very  s im ila r to  L C /E C D  data, thus con firm ing  the accuracy 
o f  the data by  the la tte r m ethod.

S evera l o th e r o b s e rv a tio n s  are w o r th  re p o r t in g .
1 -N aphthylam ine stock so lu tions are best prepared in  the 
ac id ic  m ob ile  phase to  reduce sorp tive  o r degradation losses 
(1 -naphthylam ine was stable fo r 2 -3  m onths in  m ob ile  phase). 
Large-vo lum e p ipe ttin g  (> 1 .0  m L ) is preferred because i t  
reduces sorp tive  losses and increases accuracy. F o r example, 
a w o rk ing  standard at 0.14 ng /m L  prepared by p ipe tting  10 
f iL  stock so lu tion  and then d ilu tin g  i t  fo r analysis was on ly  
o n e -fifth  the peak area o f  a 0.14 /¿g/mL so lu tion  prepared by 
p ipe ttin g  and then d ilu tin g  1.0 m L .

A  standard curve o f  1-naph thy lam ine  at + 0 .75  V  applied 
po ten tia l resulted in  c u rv ilin e a r responses at the lowest (0.02 
Mg/mL) and highest (0.8 pg /m L ) concentrations. A tte m p ts  to  
d is t i l l  o f f  the 1-naphthylam ine du rin g  the hydro lys is  o f  nap­
ta lam  w ith o u t using an tifoam  A  o r paraffin  were fru itless fo r

Table 1. Recoveries of naptalam from spiked foods

Sample
Spiking Recovery ± SD, %

level, ppm LC/ECD LSS

Peaches 0.00 0 (3)* 0 (2)
0.05 94 ± 2 (4) 95 ± 1 (2)
0.11 96 ± 3 (4) 90 + 3 (5)

Asparagus 0.00 0 (3) 0 (2)
0.05 96 ± 7 (7) 91 ± 7 (5)
0.11 96 ± 5 (5) 87 + 4 (3)

Cranberries 0.00 0 (3) 0 (2)
0.05 88 ± 8 (4) 81 ± 1 (2)
0.11 94 ± 8 (4) 93 ± 9 (3)

* Number of replicates in parentheses.

all foods except cranberries. Chromatograms for canned 
peaches, asparagus, and cranberries were identical to those 
shown in Figure 5 for extracts of fresh foods. Three of the 
most common pesticide chloroaniline metabolite/degrada- 
tion products—4-chloroaniline, 3-chloroaniline, and 3,4- 
dichloroaniline —did not interfere or coelute with
1-naphthylamine (retention times were 9.4, 13.8, and 49.6 
min, respectively). Moving the auxiliary electrode connec­
tion from the cell to the waste stainless steel tube on the 
reference electrode reduced the baseline noise at 2 nA output 
from 2 mm to approximately 0.5 mm. This would permit 
an extrapolated lower detection limit of <0.030 ng/injection.

The electrochemical detector provides sensitivity (pg/in- 
jection) and selectivity (solvent front peaks only) and, in 
tandem with LC analysis, provides a rapid method for the 
determination of naptalam and its metabolite in foods, 
without derivatization and without preconcentration or 
cleanup of the distillate from base hydrolysis.
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Enzyme-Linked Immunosorbent Assay of Benomyl and Thiabendazole in Some Foods

W . H A R V E Y  N E W S O M E  and P E T E R  G. C O L L IN S
H e a lth  a n d  W e lfa re  C a n a d a , F o o d  R e sea rch  D iv is io n , B u re a u  o f  C h e m ic a l S a fe ty , F o o d s  D ire c to ra te ,  
O tta w a , O n ta r io  K 1 A  0 L 2 , C a n a d a

Enzyme-linked immunosorbent assays were developed for benomyl 
as its decomposition product, methyl 2-benzimidazole carbamate, and 
thiabendazole in foods. Immunogens consisting of human serum al­
bumin coupled to 2-succinamidobenzimidazole or 2-(2'-succinamido- 
4'-thiazolyl)benzimidazole were used in rabbits to raise antisera that 
were specific for the respective fungicides. Lower limits of quanti­
tation of 0.35 ppm for benomyl and 0.03 ppm for thiabendazole were 
established without cleanup of the ethyl acetate extract. Recoveries 
of benomyl from 3 crops spiked at 0.5 to 10 ppm averaged 89% (range 
73-109%) and of thiabendazole from 5 crops spiked at 0.1 to 2.0 ppm 
were 93% (range 81-105%).

The benzim idazole fungicides benom yl and thiabendazole 
are w ide ly  used on food crops to  prevent storage ro t, w ith  
m a x im u m  residue lim its  in  Canada ranging fro m  0.4 to  10 
ppm  fo r thiabendazole and 0.5 to  10 ppm  fo r benom yl o r 
its  decom position  p roduc t m e thy l 2-benzim idazo le carba­
m ate (M B C ) in  d iffe rent foods.

Several m ethods are ava ilab le  in  the lite ra tu re  fo r  the de­
te rm in a tio n  o f  th iabendazole residues, in c lud in g  liq u id  ch ro ­
m atography (LC ) w ith  f luo rom e tric  (1, 2) o r u ltra v io le t (U V ) 
detection (3, 4) and gas chrom atography (5). S im ila r proce­
dures are ava ilab le  fo r benom yl, w h ich  is de term ined as its  
degradation p roduc t M B C , because benom yl is unstable in  
so lu tion  and decomposes ra p id ly  to  M B C  by loss o f  its  bu- 
ty lca rbam oy l side cha in (6, 7). These m ethods have been 
reviewed by Baker and Hoodless (8).

In  a prev ious report (9), a rad io im m unoassay (R IA ) m eth ­
od fo r benom yl was described w h ich  com pared w e ll in  ac­
curacy w ith  liq u id  chrom atography w h ile  a ffo rd ing a 5-fo ld  
increase in  the rate o f  data generation. A  disadvantage o f  the 
procedure was the requ irem en t fo r  a rad io labeled ligand and 
associated coun ting  equ ipm ent and the prob lem  o f  waste 
disposal. In  the present study, enzym e-linked im m u noso r­
bent assay (E L IS A ) was investigated as a s im p le r means o f  
screening large num bers o f  samples fo r benom yl and was 
extended to  the de te rm in a tion  c f  th iabendazole residues in  
the same extract.

M E T H O D

R eagents

(a) 2 -A m in o b en z im id a z o le , b en zim idazo le, 2 -b e n z im id -  
azoleurea, su ccinam ide, succinic an hydride, o -p h en ylen ed i-  
am in e, thiourea, 3 -b ro m o p y ru v ic  a c id .— (A ld r ic h  Chem ica l 
Co., Inc., M ilw aukee , W I).

(b) H u m a n  seru m  a lb u m in , bo vin e seru m  a lb u m in , o va l­
bu m in, goat an ti-ra b b it Ig G -p e ro x id a s e  conjugate, 1-e th y l-
3-(3-d im eth ylam in o prop yl)carbo diim ide hydrochloride (ED C ), 
T w een  2 0  (p o lyo xyeth ylen e sorbitan  m onolaurate). —(Sigma 
Chem ica l Co., St. Lou is , M O ).

(c) A n a ly tic a l standards. — Th iabendazole (M erck  Sharp 
and D ohm e Canada, L td ., M on trea l, Quebec); benom yl, 
m e thy l 2-benzim idazo le carbam ate (D u P on t o f  Canada L td , 
M on trea l, Quebec).

(d) T ri-n -b u ty l am in e, isobutyl chloroform ate. — (Eastman 
K odak Co., Rochester, N Y ).

(e) 2 - S u c c in a m id o b e n z im id a z o le  ( I ) . — P repare  fro m

Received October 17, 1986. Accepted March 7, 1987.

2 -am ino  benzim idazole and succin ic anhyd ride  as prev iously  
described (10). S tructure is shown is F igure 1.

( f )  2 -A m in o -4 -c a rb o x y th ia z o le  hydrobrom ide. — Prepare 
by reacting 10.1 g o f  0.13 m o l th iourea  w ith  16.7 g o f  0.1 
m o l 3 -b rom o pyruv ic  acid in  50 m L  w ater as described by 
Sprague et al. (10). F ilte r  w h ite  crystals w h ich  fo rm  on coo l­
ing, wash w ith  acetone, and a ir-d ry  (y ie ld  19 g, m p  280°C 
dec.).

(g) 2 -(2 '-A m in o -4 '-th ia z o ly l)b en z im id a z o le . — HezX 3.22 
g o f  14.3 m m o l 2 -am ino -4 -ca rboxyth iazo le  hyd rob rom ide  
w ith  2 g o f  18.5 m m o l o-phenylenediam ine in  60 g po ly- 
phosphoric  acid 3 h at 240°C. Pour cooled so lu tion  on to  200 
g ice, stir, and filte r inso lub le  m ateria l. A d ju s t to  p H  6 w ith  
N a O H , rem ove resu lting p rec ip ita te  by filtra tio n , wash w ith  
acetone, and d ry  (y ie ld  4.9 g, m p 247-250°C). E lectron im ­
pact mass spectrom etry (E IM S ) by d irec t probe gives the 
m olecu lar io n  o f  am in o th ia zo ly l benzim idazole as the base 
peak at m /z  216.

(h ) 2 -(2 '-S u cc in a m id o -4 '-th ia z o ly I)b e n z im id a z o le  (II). — 
R eflux 1.0 g o f  20 m m o l am in o th ia zo ly l benzim idazo le  w ith
2.0 g o f  20 m m o l succin ic anhyd ride  24 h in  10 m L  pyrid ine . 
A d d  suffic ient IN  HC1 to  b ring  p H  to  1 and f ilte r  resu lting 
precip itate. W ash the so lid  w ith  water, then w ith  m ethanol, 
and d ry  in  vacuum  desiccator to  g ive 1.3 g product. E lectron 
im pact mass spectrom etry gives a m o lecu lar io n  at m /z  316 
and base peak at m /z  298 fo r  M —H 20 .  S tructure is shown 
in  F igure 1.

( i)  Im m u n o g en s a n d  coa tin g  a n tig en s.— Prepare im m u ­
nogens fo r ra is ing antisera to  M B C  o r thiabendazole by cou­
p lin g  2-succinam idobenzim idazole (I) o r 2 -(2 '-succ inam ido- 
4 '-th iazo ly l)benzim idazole ( I I)  to  hum an serum a lbum in  w ith  
E D C  as p rev ious ly  described (9). Prepare antigen used to 
coat m ic ro tite r  plates fo r  M B C  assay by coup ling  (I)  to  ova l­
bu m in  using the m ixed  anhyd ride  procedure described fo r 
m eta laxy l (11). F o r thiabendazole assay, use th is  procedure 
to  couple ( I I)  to  gam m a g lobu lin .

( j)  B u ffe r s .— Prepare phospha te -bu ffe red  saline, a n t i­
serum d iluen t, p H  9.6 coating buffer, c itra te  buffer, and per­
oxidase substrate as described p rev ious ly  (11). PBS-Tween 
washing so lu tion  contains 0.1% Tween 20 in  PBS.

M ic ro tite r  P la te  P reparation

W ash polystyrene m ic ro tite r  plates having U-shape wells 
w ith  10% d ie thy l ether in  e thano l and coat by in cub a tion  at

Figure 1. Structures of 2-succinamidobenzimidazole (I) and
2-(2'-succinamido-4'-thiazolyl)benzimidazole (II).
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CONCENTRATION OF INHIBITOR (ng/mL)

Figure 2. Inhibition curves for assay of thiabendazole (■----- ■)
and MBC ( • ------• ) ;  values are the means of quadruplicate

readings.

pH  9.6 as described (11), using 8 pg/mL  o f  antigen fo r M B C  
o r 2 pg /m L  fo r thiabendazole.

Antisera
A t m o n th ly  in terva ls, in jec t New  Zealand rabbits  w ith  0.5 

m L  each o f  a 1 m g /m L  em uls ion o f  im m unogen in  a 1:1 
m ix tu re  o f  0 .14N  N aC l and F reund ’s com plete ad juvan t 
(1 +  1). Co llect b lood  and prepare serum 1 week a fte r 6th 
and subsequent in jections.

Sample Preparation
C ut crop m ateria l in to  sm all pieces and hom ogenize in  

W aring  B lendor. A d d  0 .1 -0 .5  m L  freshly prepared m e th ­
anol so lu tion  o f  benom yi o r thiabendazole to  10 g subsamples 
o f  crop homogenate in  125 m L  bo ilin g  flask to  give spiking 
concentrations o f  0 .5 -1 0  ppm  benom yi o r 0 .1 -2 .0  ppm  
thiabendazole. A d d  40 m L  e thy l acetate and 2 m L  saturated 
N a2C 0 3 and re flux 15 m in . F ilte r  through W hatm an N o. 1 
paper on Buchner funnel and bring  filtra te  to  50.0 m L  in  
v o lu m e tr ic  flask.

F o r thiabendazole assay, place 10 p L  a liq u o t o f  extract in  
12 x 75 m m  glass tube and p e rm it so lvent to  evaporate 
ove rn igh t in  fum e hood. F o r benom yi, rem ove so lvent from  
25 mL  a liq u o t o f  1:5 d ilu t io n  o f  extract in  the same fashion 
as fo r  thiabendazole assay. D issolve residue in  25 /¿L m eth­
anol.

Immunoassay o f  M BC
A d d  1.0 m L  o f  a 1:150 000 d ilu t io n  o f  an tiserum  in  d ilue n t 

to  tubes con ta in ing  extract residue and to  tubes con ta in ing  
0,0.06,0.13,0.25,0.50, and 1.0 n g M B C  in  25 /¿L m ethanol. 
A fte r  m ix in g  and eq u ilib ra tin g  fo r  15 m in  at room  tem per­
ature, add 200 p L  a liquo ts  o f  sample and standard in  qua-

Table 1. Recovery of MBC from various commodities fortified 
with benomyi

Benomyi added, 
ppm

MBC recovered, %

Lemor Grape Apple
0.50 73 82 109
2.5 82 91 82
5.0 79 97 97

10 76 100 100

Table 2. Comparison of concentrations of various compounds 
required to inhibit binding by 50%

Compound

Concn, ng/mL

MBC assay
Thiabendazole

assay

MBC 1.4 145
Thiabendazole 380 0.208
2-Benzimidazoleurea 7.0 225
2-Amlnobenzlmldazole >500 >500
Benzimidazole >500 >500
Succinamide >500 —

drup lica te  to  wells o f  sensitized plate and m a in ta in  1 h at 
room  tem perature. E m pty  plate, wash 4 tim es w ith  P B S - 
Tween, and de term ine am oun t o f  adsorbed an tibo dy  using 
second an tibo dy  consisting o f  goat a n ti-ra b b it IgG  coupled 
to horseradish peroxidase. D ilu te  com m ercia l second a n ti­
body 1:1000 w ith  antiserum  d ilu e n t and add 225 p L  to  each 
well. A fte r  30 m in  at room  tem perature, em pty  wells, wash 
4 tim es w ith  PBS-Tween, add 200 p L  substrate, and p e rm it 
reaction to  proceed fo r 20 m in  in  the dark. T erm ina te  re­
action  w ith  50 p L  o f  2 .5M  su lfu ric  ac id  and read op tica l 
density (O D ) a t 490 nm  on dual beam m ic ro tite r  plate reader. 
Calculate concentra tion o f  analyte in  samples by reference 
to  least-squares p lo t o f  the log o f  the concen tra tion  against 
O D  o f  standards run concurrently.

Immunoassay o f Thiabendazole
Prepare standards by d ilu tin g  so lu tions o f  thiabendazole 

in  0 .1N  HC1 1:10 w ith  1:15 000 d ilu t io n  o f  an tiserum  in  
d ilu e n t to  g ive concentrations o f  0, 0.03, 0.06, 0.13, 0.25, 
and 0.50 ng /m L . A d d  1.0 m L  o f  d ilu te d  antiserum  to  sample 
tubes, m ix , and, a fter 30 m in  o f  e q u ilib ra tio n  at room  tem ­
perature, transfer quadrup lica te  a liquots o f  standards and 
samples to  sensitized m ic ro tite r  plate. P e rm it an tibo dy  ad­
sorp tion  to  occur fo r 1 h at 4°C, wash, and de term ine am ount 
o f  adsorbed an tibody  as fo r  M BC .

Results and D iscussion

A n  E L IS A  procedure was developed w h ich  is capable o f  
de te rm in ing  benom yi, as its  degradation p roduct M B C , in  
an e thy l acetate extract o f  f ru it  w ith o u t cleanup. Com pared 
to  the R IA  procedure (9), the E L IS A  m ethod is less sensitive, 
p roducing a m ore shallow  in h ib it io n  curve (cf., F igure 2). 
H ow ever, E L IS A  has a low er l im it  o f  detection, w ith  0.12 
n g /m L  producing a 20% in h ib it io n  in  b in d in g  com pared to 
2 n g /m L  fo r R IA . As w ith  the R IA  m ethod, the in it ia l extract 
d id  no t produce interferences and satisfactory recoveries were 
ob ta ined from  3 d iffe rent com m od ities  at concentrations 
ranging from  0.5 to 10 ppm  (Table 1). Extracts o f  samples 
spiked at 2.5 ppm  and above were d ilu te d  to b ring  the con­
cen tra tion  o f  M B C  w ith in  the linea r p o rtio n  o f  the standard 
curve. The low er l im it  o f  qu an tita tion , defined as 10 standard 
dev ia tions above background, was 0.35 ppm  benom yi. A  
mean recovery o f  91% and a w ith in -ru n  coeffic ient o f  v a r i­
a tion  (CV) o f  12.7% was obta ined fro m  6 samples o f  apple 
spiked at 0.35 ppm . A  between-run C V  o f  15.8% was found  
by repeating the recovery study on 3 d iffe ren t occasions.

A  com parison o f  the a b ility  o f  related com pounds to  in ­
h ib it  the b ind ing  o f  M B C  antiserum  is shown in  Table 2. 
There was lit t le  cross-reactiv ity  w ith  thiabendazole and none 
w ith  2 -am inobenzim idazo le  o r benzim idazole . 2 -B enz im id - 
azoleurea was recognized to  a m oderate degree bu t does no t 
occur as a m etabo lite  and thus w ou ld  no t be expected to 
in terfe re w ith  the de te rm ina tion  o f  benom yi.
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Table 3. Recovery of thiabendazole from various fortified 
commodities

Thiabenda­
zole added, 

ppm

Thiabendazole recovered, %

Pear Potato Lemon
Grape-

frOit Apple

0.10 81 83 98 95 88
0.20 95 91 105 93 85
0.50 92 96 94 90 96
1.0 87 92 96 86 91
2.0 94 92 98 98 105

The E L IS A  fo r  thiabendazole was m ore sensitive than tha t 
fo r  benom yl, as shown by the data in  F igure 2. The low er 
l im it  o f  q u a n tita tio n  was be low  tha t o f  benom yl, being 0.03 
ppm  o r less fo r  a va rie ty  o f  extracts. Recoveries fro m  5 
com m od ities  spiked w ith  0 . 1 - 2.0  ppm  thiabendazole ex­
ceeded 80% as ind ica ted  in  Table 3. Replicate de te rm inations 
(n =  6) on grape fru it spiked w ith  0.2  ppm  o f  thiabendazole 
y ie lded a w ith in -ru n  C V  o f  7.3% and between-run C V  o f  
11.7%.

The specific ity o f  an tiserum  d irected tow ard  thiabendazole 
is ind ica ted  by the data in  Table 2. There was a s light cross­
re a c tiv ity  w ith  M B C , and in  contrast to  the M B C  antiserum ,

li t t le  cross-reactiv ity  w ith  2-benzim idazoleurea. Thus, th ia ­
bendazole, benom yl, and M B C  m ay be de term ined in  a single 
extract using the appropria te  antisera and plate coating an­
tigens.
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FEEDS

Comparison of LECO FP-228 “Nitrogen Determinator” with AO AC Copper Catalyst 
Kjeldahl Method for Crude Protein

ROSE A. SWEENEY and PAUL R. REXROAD
University o f Missouri, Experiment Station Chemical Laboratories, Agriculture Building,
Columbia, M O 65211

The L EC O  FP-228 “Nitrogen D eterm inator”  was compared with the 
AOAC copper catalyst Kjeldahl method, 7.033-7.037, for the deter­
mination of crude protein in feed m aterials. The completely micro­
processor-controlled instrum ent determines nitrogen by m easuring 
the nitrogen gas following combustion of the sample; it was easy to 
operate and broadly applicable. A wide variety of feed m aterials of 
various nitrogen levels were analyzed in one mixed sequence. Results 
were precise, accurate, and rapid. Analysis time for one sample was 
approxim ately 3 min. Fourteen samples containing 2.5-15.5%  N  were 
selected for study and consisted of meals, grains, forages, and stan­
dard organic m aterials. The overall mean for the 14 sam ples by the 
LEC O  combustion method was 8.61% N  compared with an overall 
mean of 8.58% N for the AOAC Kjeldahl method. W ithin-sample 
standard deviations for the LEC O  combustion m ethod ranged from
0.013 to 0.052% N  with a pooled standard deviation (SD) of 0.033% 
N for the 14 samples. S tandard deviations for the AOAC Kjeldahl 
method ranged from 0.006 to 0.035% N with a pooled SD  of 0.022%
N. Combined average recovery of nitrogen from tryptophan, lysine- 
HC1, and ED TA  determined by the LEC O  combustion m ethod was 
99.94% compared to 99.88% determined by the AOAC Kjeldahl 
method.

The search continues fo r  “ be tte r”  m ethods fo r  crude p ro te in  
de te rm ina tion . A  new ins trum en t fo r  the de te rm in a tion  o f  
crude p ro te in  o r “ to ta l n itrogen ,”  the LEC O  Corp. FP-228 
N itrogen  D e te rm ina to r, em ploys com bustion  chem istry  to 
determ ine n itrogen in  a w ide va rie ty  o f  m ateria ls. The in ­
strum ent is com ple te ly  con tro lled  by an autom ated m ic ro ­
processor. Once a sample is weighed (150 mg recom m ended) 
in to  a t in  capsule, i t  proceeds au tom atica lly  th rough the anal­
ysis. D iffe re n t sample types covering a w ide range o f  n itrogen 
can be analyzed in  m ixed sequence w ith o u t reca librating. 
Ana lys is  tim e  fo r one sample is about 3 m in , and the resu lt 
is p rin ted  d irec tly  as percent n itrogen o r percent p ro te in  as 
selected. N o  postanalysis trea tm ent is needed to  a rrive  at the 
fina l result. The in s tru m en t has b u ilt - in  rou tines to  perfo rm  
au tom atic  ca lib ra tion  and b lank  de te rm ina tions and w i l l  also 
compensate fo r  no rm a l changes in  atm ospheric pressure. 
M an y  o ther routines assist the opera tor in  analyzing samples 
and in  pe rfo rm in g  in s tru m en t diagnostics. A  b u ilt - in  a la rm / 
message system w il l  a lert the opera to r when a reagent needs 
changing o r when an im p rope r co n d itio n  is sensed. A n  au­
tosam pler is also ava ilab le  w h ich  can h o ld  up to  50 samples 
fo r  unattended analysis. The in s tru m en t is housed in  a single 
cabinet, 31 in . high, 26 in . w ide, and 27 in . deep, w h ich  is 
easily located on m ost any labo ra to ry  bench space. N o  special 
insta lla tion  is required other than 230 V  power and access to 
3 gases; oxygen fo r com bustion, he liu m  used as a carrier, and 
an in e rt gas o r compressed a ir to  d r ive  the va lve  system.

The opera tiona l advantages o f  the autom ated com bustion  
m ethod over m anual K je ld a h l and o ther n itrogen m ethods 
such as the b lock  digester are obvious. The key, o f  course,
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is how  w e ll the results o f  the com bustion  m ethod  com pare 
w ith  A O A C  offic ia l m ethods fo r  the de te rm in a tion  o f  crude 
p ro te in . T h is  paper presents a study com paring the LE C O  
com bustion  m ethod w ith  an A O A C  K je ld ah l m e thod  w ith  
th is  ob jective  in  m ind .

In  ou r labora tory, m a jo r research efforts have been d irected 
tow a rd  the developm ent o f  n itrogen m ethodolog ies fo r  bo th  
feeds and fe rtilizers. W e have studied and pub lished exten­
sive ly on m anual K je ld a h l m ethods, sem iautom ated and au­
tom ated methods, and m ethods w ith o u t d igestion. In  1975, 
W a ll and G ehrke (1) reported on an autom ated m ethod  fo r 
to ta l p ro te in  n itrogen w h ich  used a b lock  digester and Techn- 
icon A u toA na lyzer. T h is  m ethod is now  an o ffic ia l A O A C  
m ethod (2) fo r  de te rm in ing  p ro te in  in  feeds. R exroad and 
Cathey (3) developed a m od ified  m acro -K je ldah l m ethod  fo r 
crude p ro te in  w h ich  replaced m ercury catalyst w ith  copper. 
The copper cata lyst m ethod is o ffic ia l in  A O A C  (4) and is 
the m ethod we chose to  use in  th is  study fo r  com parison 
w ith  the LE C O  com bustion  m ethod.

I t  is appropria te  tha t we p o in t ou t th a t in  1967 the Dum as 
com bustion m ethod (5) fo r  the de te rm ina tion  o f  p ro te in / 
n itrogen was successfully co llabora ted and in  1968 became 
an A O A C  offic ia l m ethod (6). I t  is debatable w hether the 
com bustion  m ethod im p lem ented in  the LE C O  in s tru m en t 
cou ld become an o ffic ia l m ethod by v ir tu e  o f  the successful 
1967 co llabora tion  o f  the D um as m ethod. A  basic difference 
between the o ffic ia l D um as and the current LE C O  m ethod 
lies in  the fina l detection technique. In  general, bo th  m ethods 
use com bustion  w ith  oxygen at h igh tem perature fo llow ed 
by reduction  to  libera te N 2, and s im ila r techniques are used 
to  rem ove excess oxygen. The D um as m ethod, however, 
measures evo lved N 2 by  vo lum e over C 0 2-absorb ing K O H . 
T h is  technique is inhe rent to  the Dum as m ethod and hence 
gives i t  its  name. In  the LE C O  instrum en t, the iso lated N 2 
is measured by the rm a l con du c tiv ity . T h is  difference m ay be 
enough to  ju s tify  a fu ll o r perhaps a m in i-co lla b o ra tive  study 
o f  the LE C O  com bustion  m ethod.

E xperim enta l

Fourteen samples ranging in  n itrogen con tent fro m  2.5 to 
15.5% were selected fo r  study. The sample set consisted o f  
meals, grains, forages, 2 am ino  acid standards, and standard 
E D T A . A l l  samples were analyzed in  dup lica te  on 3 d iffe rent 
days by the LE C O  com bustion  and A O A C  K je ld a h l methods. 
The analyses by  bo th  m ethods were done du ring  the same
2 -week period to m in im iz e  any effects caused by changes in  
the m oistu re content o f  the samples. The meals, grains, and 
forages were ground to  pass a U.S. N o . 35 (0.5 m m ) sieve 
and stored in  t ig h tly  sealed po lye thylene bottles. The am ino  
acids and E D T A  were d ried  fo r  2 h at 105°C and stored in  
a desiccator. The same d ried  standard E D T A  used in  the 
study was also used to  ca libra te the LE C O  in s trum en t. The 
analyses done by the com bustion  m ethod  cou ld  have been 
done easily on 3 consecutive days, w h ich  cou ld  have had an 
influence on the results. T o  avo id  th is  po ss ib ility , the com -
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bustion  m ethod runs were made several days apart and the 
in s tru m en t was com ple te ly  powered dow n between runs.

L E C O  Com bustion M e tho d

Principle

A  sample is com busted at 950°C in  pure oxygen. The p ro d ­
ucts o f  com bustion , m a in ly  C 0 2, H 20 ,  N O „  and N 2 plus 
excess 0 2, are collected in  a glass ba llast vo lum e  and a llow ed 
to  equilib rate. A  p o rtio n  o f  the com bustion  gases is then 
forced in to  a 10 m L  a liq u o t loop , and the rem a inder is 
discarded.

The a liq u o t is swept v ia  he liu m  carrie r gas th rough a tra in  
o f  chem icals w h ich  leaves on ly  N 2 and he liu m  carrier. Excess 
0 2 is converted to  CuO  and rem oved as the stream passes 
th rough ho t copper turn ings. N O x products are converted to 
N 2 when heated in  the presence o f  N -ca ta lys t reagent. C 0 2 
is absorbed by A scarite  I I  reagent (s ilica  im pregnated w ith  
N a O H ) and H 20  is absorbed by M g(C 104)2. The iso lated N 2, 
carried by he liu m  gas, is measured as i t  flows through a 
the rm a l co n d u c tiv ity  cell con ta in ing  2 pairs o f  m atched f i l ­
am ents—a reference and measure filam ents. C e ll o u tp u t is 
m u ltip lie d  by a ca lib ra tion  fac to r and a “ K  fac to r”  w h ich  
corrects fo r  ba rom e tric  pressure and ba llast vo lum e pressure. 
The fina l resu lt is adjusted fo r b lank  and sample w e ight and 
displayed as percent n itrogen o r as percent p ro te in  i f  a p ro te in  
conversion factor had also been supplied.

Apparatus and Reagents
(a) N itrogen  com bustion  a n a ly z er  a n d  accessories. — M o d ­

el FP-228 w ith  the fo llo w in g  reagents and accessories is a v a il­
able fro m  LE C O  C orp., 3000 Lakev iew  A ve, St. Joseph, M I  
49085-2396: com bustion  crucibles N o . 529-026; A scarite  I I  
N o . 183-001; iro n  chips N o. 501-077; anhydrone (M g(C104)2) 
N o . 501 -171; copper tu rn ings N o. 501 -621; t in  w eigh ing cap­
sules N o . 502-040; N -ca ta lys t 502-049; quartz  w oo l N o . 501 - 
608.

(b) G a se s .— Oxygen, 99.99% pure; he lium , 99.99% pure; 
compressed air.

(c) B a la n c e .— Accura te to  0.1 mg.
(d) B a ro m e te r .— H g type, readable to  1 m m .

Determination
Operate in s tru m en t according to  m anufacture r’s in s tru c ­

tions. Use m anufacture r’s recom m ended settings fo r  oxygen 
pro file , furnace tem perature (95C°C), and o ther system con­
stants. Le t furnace and catalyst heater reach opera ting tem ­
perature and stabilize. W arm -up  tim e  takes ca 30 m in  fro m  
a co ld  start. E nte r current ba rom e tric  pressure. Establish sys­
tem  b lan k  by run n ing  at least 3 b lank  de term inations. C al­
ib rate in s tru m en t at beginning o f  each day by selecting C al­
ib ra te  System procedure to  pe rfo rm  au to -ca lib ra tion  fro m  at 
least 3 analyses (5 are recom m ended) o f  standard E D T A  
(9.59%  N ) o r o ther suitable organic m ate ria l o f  h igh  p u r ity  
and know n n itrogen content. W eigh samples, o r standards i f  
ca libra ting instrum ent, in to  t in  weighing capsules. W eigh 130- 
160 mg fo r  samples con ta in ing  2 -16%  N . Larger weights 
having a vo lum e o f  0.5 m L  o r less m ay be taken fo r  samples 
lo w  in  n itrogen; however, do n o t exceed 150 mg fo r  samples 
con ta in ing  50% N . Sample size depends on a com b in a tion  
o f  factors in c lud in g  ox id a tio n  rate, vo lum e o f  gas produced, 
and vo lum e, 0.5 m L , o f  weigh ing capsule. Enter sample 
weights in to  in s tru m en t w e ight stack. The stack has a capacity 
to  re ta in  50 weights.

Samples m ay be analyzed in  one o f  2 modes, m anua l o r 
au to m ode w h ich  requires the au tom atic  sampler. In  m anual

m ode, press analyze key and d ro p  firs t sample in to  open 
load ing port. Press analyze key again to  close p o rt and start 
analysis. W hen analysis is com plete, in  ca 3 m in , press ana­
lyze key again and d rop  next sample in to  load ing port. C on­
tinue  in  th is  fash ion fo r  a ll samples. Samples are analyzed 
in  the same order as th e ir  weights appear in  the w e ight stack.

I f  au tom atic  sam pler is used, sw itch  to  auto m ode and 
place samples in  sam pler tray  in  w eight stack order. Press 
analyze key to  begin. Samples w i l l  be au tom atica lly  loaded 
and analyzed in  sequence u n t il w e ight stack is em pty.

A O A C  K je ld a h l M e tho d

F o llo w  A O A C  copper cata lyst K je ld a h l m ethod  (4).

Results and D iscussion

Results ob ta ined by the LE C O  com bustion  and A O A C  
K je ld a h l m ethods are shown in  Table 1. Agreem ent between 
the 2 m ethods was good. The ove ra ll average o f  the 14 sam­
ples analyzed by the A O A C  K je ld a h l m ethod  was 8.58% N  
com pared to  8.61% N  fo r  the LE C O  com bustion  m ethod. 
The accuracy o f  the LE C O  com bustion  m ethod  was mea­
sured by the recovery o f  n itrogen fro m  standard organic m a­
teria ls (samples 12, 13, and 14). Average values fo r  E D T A , 
tryp tophan , and lys in e -H C l were 9.58, 13.70, and 15.35%
N , respectively, by the LE C O  com bustion  m ethod. These 
com pare w ith  expected theory  o f9 .5 9 % N  fo r  E D T A , 13.72% 
N  fo r tryp tophan , and 15.34% N  fo r  lysine • HC1. The average 
values fo r  K je ld a h l were 9.57%  N  fo r  E D T A , 13.68% N  fo r 
tryp tophan , and 15.36% N  fo r  lys ine -H C l.

O vera ll, the K je ld a h l m ethod  gave s ligh tly  lo w er results 
than the LE C O  com bustion  m ethod  as can be seen fro m  the 
tabula ted differences, A O A C  — LE C O . Except fo r  sample 
11, a ll negative differences are less than o r equal to  —0.05. 
These sm all consistent differences resu lt in  a 7-test w h ich  
shows a sign ificant difference between m ethods at the 95% 
confidence level. I t  w o u ld  be in te resting  to  see i f  th is  patte rn  
w o u ld  h o ld  in  a co llabora tive  study. W e feel the difference 
between m ethods ind ica ted  by  these data is o f  no  practica l 
concern.

The largest difference between m ethods, fo r  average results 
per sample was -0 .1 9 %  N  fo r  sample 11. T h is  difference 
was found  in  the h igh n itra te  grass w h ich  contains about
O. 5% N  fro m  n itra te . I t  is know n  tha t the K je ld a h l m ethod 
used in  th is  study does n o t com ple te ly  recover n itra te -n itro ­
gen, so i t  was judged appropria te  to  inc lude  th is  sample in  
the study because we were com paring d is s im ila r methods. 
The average value by the com bustion  m ethod is higher, w h ich 
indicates tha t the com bustion  m ethod  does recover m ore 
n itra te . Sample 11 was also analyzed by  the su lfu ric -sa licy lic  
m anua l K je ld a h l m ethod (7), w h ich  is qu a n tita tive  fo r  n i­
trate. The average o f  3 de te rm ina tions by  th is  m ethod  was 
2.50% N , w h ich  fa lls between the com bustion  (2.62%  N ) and 
K je ld a h l (2.43% N ) values ob ta ined in  the study. These data 
show tha t the difference is no t easily resolved. F u rth e r study 
o f  th is  p o in t is ind ica ted.

W ith in -sam p le  standard dev ia tions fo r  the LE C O  m ethod 
ranged fro m  0.013 to  0.052% N  and those fo r  the K je ld a h l 
m ethod ranged fro m  0.006 to  0.035%  N . these prec is ion data 
com pare w e ll w ith  expected w ith in - la b o ra to ry  standard de­
v ia tion s  (S0) o f  0.031 to  0.11 fo r  samples con ta in ing  1.6 to  
14 .40/0 ]\j. respectively. These S0 data are the perform ance 
c rite ria  specified in  A O A C  O fficia l M eth od s o f  A n a ly s is  fo r  
the K je ld a h l m ethod (4) used in  th is  study.

The K je ld a h l m ethod was generally m ore precise than the 
LE C O  com bustion  m ethod. S ix o f  the 14 w ith in -sa m p le  stan­
dard  devia tions by the LE C O  com bustion  m ethod were ap-
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Table 1. Comparison of AOAC Kjeldahl (7.037) and LECO combustion methods'1

Sample Description

AOAC Kjeldahl method LECO combustion method Diff.,
Av. % N SD RSD, % Av. % N SD RSD, % AOAC -  LECO

1 cattle concentrate 6.64 0.007 0.11 6.69 0.020 0.31 -0.05
2 alfalfa pellets 2.76 0.015 0.53 2.77 0.031 1.11 -0.01
3 broiler finisher 3.42 0.008 0.24 3.42 0.013 0.39 0.00
4 soy protein cone. 13.98 0.026 0.19 14.02 0.052 0.37 -0.04
5 soybean meal 7.98 0.021 0.26 8.00 0.043 0.54 -0.02
6 blood meal 13.04 0.030 0.23 13.06 0.033 0.25 -0.02
7 dry milk 5.54 0.016 0.29 5.58 0.022 0.39 -0.04
8 feather meal 13.56 0.034 0.25 13.61 0.048 0.35 -0.05
9 meat meal 8.73 0.014 0.16 8.75 0.032 0.37 -0.02

10 hog feed 3.38 0.006 0.19 3.39 0.024 0.71 -0.01
11 high nitrate grass 2.43 0.024 1.00 2.62 0.048 1.85 -0.19
12 EDTA» 9.57 0.025 0.26 9.58 0.016 0.17 -0.01
13 tryptophan» 13.68 0.021 0.16 13.70 0.024 0.18 -0.02
14 lysine-HCI3 15.36 0.035 0.23 15.35 0.033 0.21 0.01

Av. 8.58 0.022s 8.61 0.033s

* Each result is the average of 6 analyses. 
b LECO calibration standard, theory = 9.59% N. 
c Theory = 13.72% N.
0 Theory = 15.34% N.

8 Pooled SD =

p ro x im a te ly  tw ice  those ob ta ined by K je ld ah l. T h is  d iffe r­
ence in  precis ion is m ost lik e ly  due to  sam pling v a ria tio n  in  
the m a tr ix  samples because the u n ifo rm  m ateria ls, E D T A  
and the am ino  acids, d id  n o t fo llo w  th is  patte rn. A  sm aller 
sample size ranging fro m  70 to  160 m g was taken fo r  the 
com bustion  assays; m ost weighings were in  the 130-160 mg 
range com pared to  a 500 o r 1000 m g sample taken fo r  the 
K je ld a h l assays. The am ino  acids and E D T A  are very  u n i­
fo rm  m aterials, and sample size w o u ld  n o t con tribu te  m uch 
to  v a r ia b ility , hence the standard dev ia tions were nearly the 
same. M a tr ix  samples 6 and 7 also had standard devia tions 
o f  the same m agnitude by bo th  m ethods. Sample 7 was m uch 
m ore fine ly  ground and m ore u n ifo rm  in  appearance than 
the o ther m a tr ix  samples. Sample 6 was b lood  meal. A dded 
digestion d ifficu lties  fo r  K je ld a h l m ay be m ore o f  a c o n trib ­
u tin g  fac to r fo r  th is  sample.

The extrem ely precise K je ld a h l data ob ta ined in  th is  study 
a llow  us to  see va ria tions  due to  sample u n ifo rm ity . A  larger 
sample cou ld have been taken fo r  the com bustion  assays fo r 
m any o f  the study samples w ith o u t exceeding the range o f  
the ins trum en t, 0.01 to  50.0% N . The sample size taken was 
th a t recom m ended by  the m anufacture r (150 mg) o r nearly 
so fo r  the leve l o f  n itrogen being measured. F ro m  a practica l 
standpo in t, sample size also depends on the density  o f  the 
m ate ria l because the t in  weighing capsule has a lim ite d  ca­
pac ity  o f  0.5 m L . W eights less than 100 m g are com m on fo r 
lig h t flu ffy  grasses (sample 11 in  th is  study) w h ich  are harder 
to  pack in to  the capsule. A  larger capsule w o u ld  be he lp fu l 
ove ra ll and especially fo r  the ligh te r m aterials.

Conclusions
The LE C O  com bustion  m ethod has been shown in  th is  

study to  agree w ith  the A O A C  copper cata lyst K je ld a h l m e th ­

od  fo r  the de te rm ina tion  o f  crude p ro te in . The LE C O  com ­
bustion  m ethod p rov ides a ve ry  a ttrac tive  a lte rna tive  to  K je l­
dah l and various o ther m ethods fo r  the de te rm in a tion  o f  
crude p ro te in  in  ag ricu ltu ra l feeds, foods, and b io lo g ica l m a­
terials. The in s tru m en t is easy to  operate, and results are 
ob ta ined q u ick ly  and accurately ove r a w ide m ix  o f  samples 
w ith o u t repeated ca lib ra tion . The 150 m g sample size rec­
om m ended fo r the com bustion  m ethod is reasonable. U sing 
a sm all sample, however, does emphasize the im portance  o f  
sample preparation . In  o u r experience w ith  the in s tru m en t 
we have fou nd  i t  to  be w e ll designed and re liab le . W e rec­
om m end th a t th is  m ethod be considered fo r  A O A C  co llab ­
o ra tive  study to  evaluate its  o ffic ia l m ethod  po tentia l.
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DRUG RESIDUES IN A N IM A L TISSUES

Liquid Chromatographic Determination of Sulfamoyldapsone in Swine Tissues

Y U U K O  S .  E N D O H ,  R Y O Z O  Y A M A O K A ,  a n d  N O B U O  S A S A K I

M in is tr y  o f  A g r icu ltu re , F o r e s tr y  a n d  F ish erie s , N a tio n a l  V e te r in a ry  A s s a y  L a b o ra to ry , 1 -1 5 -1  T o k u ra , 
K o k u b u n ji, T o k y o  1 8 5 , J a p a n

A liquid chromatographic (LC) method is described for the quanti­
tative determination of sulfamoyldapsone (2-sulfamoyi-4,4'-diami- 
nodiphenyl sulfone) in swine muscle, liver, kidney, and fat. Sulfa­
moyldapsone was extracted from tissues with acetonitrile saturated 
with «-hexane. The extract was washed with «-hexane saturated with 
acetonitrile, concentrated, and cleaned up by alumina column chro­
matography. Sulfamoyldapsone was separated on an ODS column 
by usingacetonitrile-methanol-water(6 + 18 + 76) and was detected 
at 292 nm. Overall average recovery of sulfamoyldapsone added to 
tissues at levels of 0.1 and 0.5 jig/g was 93.3% ± 6.0. Detection limit 
was 0.02 gg/g in these tissues.

Sulfamoyldapsone (2-sulfamoyl-4,4'-diaminodiphenyl sul­
fone), an anti toxoplasmic agent developed in Japan, has been 
widely used as a prophylactic or therapeutic drug for pigs. 
The prophylactic (1, 2) and therapeutic (3) effects of this 
compound were studied in pigs, and investigations with tri­
tium-labeled drug in mice and rats showed that residues 
remained for a longer time in the liver and kidney than in 
other tissues (4, 5). According to Japanese regulations, this 
drug must not be given in feed for 5 days before slaughter 
and must not be injected within 30 days before slaughter. 
Thus, a simple, reliable, and sensitive method for determi­
nation of this compound in swine tissues is necessary. At 
present, no method is available for determination of this 
compound in animal tissues, except in guinea pig serum (6). 
In contrast, many determination methods for other widely 
used antitoxoplasmic agents, pyrimethamine, and sulfadrugs 
in tissues of animals used for food have been reported (7- 
10). In the present paper, we describe a simple and sensitive 
method for determination of sulfamoyldapsone in swine 
muscle, liver, kidney, and fat tissues by reverse-phase liquid 
chromatography (LC).

METHODS
Reagents

All chemicals are analytical reagent grade.
(a) Solvents. — Acetonitrile, methanol, and «-hexane (Wako 

Pure Chemical Industries, Ltd, Osaka, Japan).
(b) Anhydrous sodium sulfate. —(Wako Pure Chemical In­

dustries Ltd.)
(c) Alumina.— AluminaWoelmBAkt. 1 (WoelmPharma 

GmbH & Co., D-3440 Eschwege, FRG).
(d) Sulfamoyldapsone.—Purity 100%(TanabeSeiyakuCo., 

Ltd, Osaka, Japan). Standard solution. — Dissolve 10.0 mg 
sulfamoyldapsone in 100 mL methanol. Dilute 5 mL aliquot 
of this solution to 100 mL with methanol to prepare working 
solution that contains 5 ¿¿g sulfamoyldapsone/mL.

(e) Internal standard solution.— Dissolve 100 mg acetan­
ilide (standard for elementary analysis, E. Merck, Darmstadt, 
FRG) in 100 mL methanol. Dilute 30 mL of this solution 
to 100 mL with methanol to prepare solution that contains 
300 fig acetanilide/mL.

(f) Quartz wool.— Fine (Nihon Chromato Works, Ltd, 
Tokyo, Japan).
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Apparatus
(a) High-speed homogenizer.— Bio-mixer BM-2 (Nihon 

Seiki Kaisha Ltd, Tokyo, Japan).
(b) Meat mincer. — Bonny Mincer (Bonny Co., Japan).
(c) Evaporator.— Rotary evaporator MINI Model RE-21 

(Yamato Scientific Co., Tokyo, Japan).
(d) Centrifuge. —Model 90-3 (Sakuma Seisakusho, Tokyo, 

Japan).
(e) Cleanup column. —Place a small quartz wool plug at 

the bottom of a 24 cm x 10 mm id column, pack 6 g alumina 
into column »with 40% methanol in acetonitrile, and wash 
with 50 mL of 40% methanol in acetonitrile before use.

(f) Liquid chromatograph. —Japan Spectroscopic Co. 
(Tokyo, Japan) Model Trirotar-III equipped with Model 
Uvidec-100-III detector set at 292 nm, and Shimadzu Sei­
sakusho Ltd (Kyoto, Japan) Model C-R3A integrator for 
recording retention times and responses (measured as peak 
height or peak area). Column: 25 cm x 4.6 mm id stainless 
steel packed with Nucleosil 5 C18 (Machery-Nagel, D-5160 
Dueren, FRG). Operating conditions: Mobile phase, aceto­
nitrile-methanol-water (6 + 18 + 76); flow rate, 0.8 mL/ 
min; column temperature, 40°C; chart speed, 5 mm/min; 
injection volume, 10 juL.

(g) Ultrasonic generator.— Ultrasoniccleaner IUC-2811 
(San-Ei Seisakusho Ltd, Tokyo, Japan).

Tissue Samples
Five nonmedicated pigs were sacrificed, and the muscles, 

liver, kidneys, and fat were removed. Muscle tissues were 
minced and other tissues were chopped. Samples were stored 
frozen at -20°C wrapped in aluminum foil.

Extraction and Cleanup
Accurately weigh 10 g minced muscle or chopped liver, 

kidney, or fat, homogenize twice for 2 min with 50 mL ace­
tonitrile saturated with «-hexane, and centrifuge 10 min at 
3000 rpm. Add 10 g anhydrous sodium sulfate to supemate 
and let stand 30 min. Filter mixture through G-4 glass filter, 
wash filtrate twice with 40 mL «-hexane saturated with ace­
tonitrile, and concentrate to ca 3 mL under vacuum on rotary 
evaporator at 40°C (complete evaporation results in some 
decomposition of sulfamoyldapsone and increased back­
ground interference from tissue components). Add 2 mL 
methanol and sonicate for 1-2 min to dissolve remaining 
residue and then apply to alumina column. Elute sulfamoyl­
dapsone with 20 mL of 40% methanol in acetonitrile. Evap­
orate eluate to dryness under vacuum on rotary evaporator 
at 30°C and dissolve residue in 1 mL internal standard so­
lution (e).

Analysis and Calculation
Inject 10 pL each of working standard and sample solution 

into chromatograph and measure peak area ratios with re­
spect to area of internal standard peak. Calculate concentra­
tion in tissue by using the following formula:
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Table 1. Recovery of sulfamoyldapsone from fortified swine 
tissues

Sample Added, ng/g Ree., %* CV, %

Muscle 0.1 91.2 1.9
0.5 95.0 2.4

Liver 0.1 94.8 3.5
0.5 95.5 3.4

Kidney 0.1 98.2 2.9
0.5 99.3 1.2

Fat 0.1 81.7 7.0
0.5 89.8 2.8

* Each value is the average for 5 samples.

Sulfamoyldapsone, pg/g  tissue = RJR„ x Cw x 0.1

where R s and R„ = peak area ratios of sample and working 
standard solutions injected, respectively, and Cw = concen­
tration of sulfamoyldapsone in working standard solution 
(Mg/mL).

Results and Discussion
Reverse-phase liquid chromatography was used for the 

determination of sulfamoyldapsone, on the basis of a pre­
vious study on LC analysis of sulfamoyldapsone (6). The 
ODS (Nucleosil 5 C,g) column gave better separation of sul­
famoyldapsone from tissue components than did the octyl 
silane (Nucleosil 5 C8) column. Maximum absorptions of 
sulfamoyldapsone were observed at 221 and 292 nm; 292 
nm was selected for the detection of the compound in LC 
analysis because many interfering peaks derived from tissue 
components showed absorption at 221 nm.

We used acetonitrile saturated with «-hexane for extrac­
tion, and «-hexane saturated with acetonitrile for subsequent 
washing because sulfamoyldapsone is soluble in acetonitrile 
saturated with «-hexane. Methanol was also used as an ex­
tracting solvent instead of acetonitrile saturated with «-hex­
ane. However, because methanol dissolved more interfering 
tissue components than did acetonitrile saturated with «-hex­
ane, it was unfavorable for subsequent analysis. Further­
more, recovery from methanol extract was about 10% lower 
than that from acetonitrile saturated with «-hexane extract.

Because the concentrated extracts still contained many kinds 
of interfering materials derived from tissues, further cleanup 
was examined by using several column materials (silica, al­
umina, and Florisil). Of them, alumina was the most effec­
tive. Almost all interfering peaks could be removed by eluting 
with 20 mL 40% methanol in acetonitrile.

The optimal LC operating conditions given in Apparatus
(f) were chosen after several trials. Figure 1 shows typical 
chromatograms from a swine kidney blank and a swine kid­
ney fortified with 0.02 pg/g  of sulfamoyldapsone. Under the 
conditions used, sulfamoyldapsone was well separated from 
the solvent front and from interfering components from tis­
sues. Chromatograms of extracts from muscle, liver, and fat 
were similar (data not shown).

A calibration curve was prepared over the range of 2-100 
ng sulfamoyldapsone. A plot of the ratios of the peak areas 
of sulfamoyldapsone to the area of the internal standard 
against the concentration of sulfamoyldapsone gave a straight 
line. Acetanilide was selected as the internal standard because 
its retention time was sufficiently longer than that of sulfamo­
yldapsone and its peak was well separated from other peaks. 
Recovery studies were conducted by adding 0.1 and 0.5 pg/ 
g sulfamoyldapsone to 10 g tissue samples. These samples 
were analyzed by the present method. Table 1 shows the 
recovery data of sulfamoyldapsone. These recoveries are sat-

T1 M E ( mi  n 1

Figure 1. Typical chromatograms obtained from swine kidney 
tissues. A, blank; B, fortified with 0.02 pglg sulfamoyldapsone. 
Peak 1, sulfamoyldapsone; peak 2, acetanilide internal standard.

isfactory for residue analysis. The detection limit of this 
method is as low as 0.02 pg/g.  the concentration with the 
signal-to-noise ratio of 3.

Finally, we examined the interferences from other anti­
microbial agents used in pigs: 5 antibiotics (chlortetracycline, 
Oxytetracycline, tetracycline, chloramphenicol, and tylosin); 
12 sulfonamides (sulfisoxazole, sulfadiazine, sulfisomidine, 
sulfathiazole, sulfamerazine, sulfamonomethoxine, sulfa- 
methoxypyridazine, sulfamethazine, sulfadoxine, sulfaphen- 
azole, sulfaquinoxaline, and sulfadimethoxine); 3 nitrofurans 
(nitrofurazone, nitrovin, and furazolidone); and 7 other drugs 
(trimethoprim, ormetoprim, ciaveridine, pyrimethamine, 
nalidixic acid, carbadox, and olaquindox). Under our LC 
conditions, tetracyclines, tylosin, nitrovin, trimethoprim, or­
metoprim, diaveridine, nalidixic acid, and pyrimethamine 
were not eluted until 50 min, and drugs other than nitrofura­
zone were well separated from sulfamoyldapsone and acetan­
ilide (internal standard). Nitrofurazone could not be removed 
by treatment on the alumina column. However, because res­
olution of sulfamoyldapsone and nitrofurazone peaks was
0.98 at 1 p g / m L  sulfamoyldapsone and 20 ¿tg/mL nitrofur­
azone, and because sulfamoyldapsone was detected at 0.1 
P g / m L  in the presence of 10 p g / m L  nitrofurazone, the in­
terference of nitrofurazone could be marginal. Therefore, this 
method should be applicable to the routine determination 
of sulfamoyldapsone in commercial swine tissues.
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FOOD C O M P O S IT IO N

Determination by Liquid Chromatography with Electrochemical Detection of Cysteamine and 
Cysteine, Possible Precursors of yV-Nitrosothiazolidine

J O H N  W .  P E N S A B E N E ,  R O B E R T  C .  D O E R R ,  a n d  W A L T E R  F I D D L E R

U .S . D e p a r tm e n t o f  A g r icu ltu re , E a s te r n  R e g io n a l  R e sea rch  C en ter , 6 0 0  E . M e r m a id  L a n e ,
P h ila d e lp h ia , P A  1 9 1 1 8

A method is described that is selective, sensitive, rapid, and accurate 
for the quantitative measurement in meat products of both cysteamine 
and cysteine, potential precursors for A'-nitrosothiazolidine (NTHZ) 
and A-nitrosothiazolidine-4-carboxylic acid (NTHZC), respectively. 
In general, a ground meat sample is homogenized with acetonitrile- 
formate buffer in the presence of dithiothreitol, and then is centri­
fuged, filtered, and recentrifuged in a disposable microfilter. The 
thiols are quantitated by liquid chromatography using an ampero- 
metric detector equipped with a gold/mercury electrode operated in 
the oxidative mode. Cysteamine was found in 6 of 20 samples of raw 
pork belly in concentrations ranging from 150 to 450 ppb, and cys­
teine was found in all samples in concentrations ranging from 2.4 to
36.5 ppm. Analysis for the thiols and their corresponding nitrosa- 
mines—NTHZ and NTHZC—of bacon before and after processing 
showed no correlation between cysteamine and cysteine levels before 
processing nor with nitrosamine levels after processing. Liquid chro­
matography with electrochemical detection was found to be an ex­
tremely selective technique to measure the 2 free sulfhydryl com­
pounds in a complex food substrate.

The occurrence of A-nitrosothiazolidine (NTHZ) in smoked, 
cured meat products, particularly bacon, prior to home cook­
ing has led to an investigation for the precursors of and 
mechanism for NTHZ formation. Unlike A-nitrosopyrroli- 
dine, whose precursors are present in the adipose tissue of 
bacon (1), the precursors for NTHZ were found in the lean 
tissue (2). Several possible pathways have been proposed to 
account for the formation of NTHZ in bacon. In a model 
system study (3), it was found that cysteamine in meat can 
react with formaldehyde from smoke to form thiazolidine, 
which in turn reacts with nitrite to form NTHZ. It has also 
been hypothesized (4, 5) that cysteine reacts similarly to form 
A-nitrosothiazolidine-4-carboxylic acid (NTHZC), which can 
then thermally decarboxylate to form NTHZ. Although no 
correlation has been found between NTHZ and NTHZC in 
raw bacon (4), Sen et al. (6) reported a good correlation 
between NTHZC before and NTHZ after frying bacon. In 
elucidating the mechanism of NTHZ formation, it is im­
portant to ascertain whether cysteamine and cysteine are 
present in sufficient quantities to favor a particular pathway. 
Given this information, it will be easier to develop potential 
inhibitors or treatments to reduce the content of these nitro- 
samines in foods. This work takes on added importance since 
NTHZC has been found in human urine, and it also is claimed 
to be an indicator of in vivo nitrosamine formation (7).

At present, the only information available on the cyste­
amine content of edible meats comes from the analysis of 
kidney, liver, heart, and brain tissue from pork and beef (8,
9); for cysteine, the values are usually reported as the disul­
fide, cystine. This is due, in part, to the lack of an accurate 
quantitative method for these compounds in food products
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because cysteamine and cyteine are highly reactive and readi­
ly oxidized. However, Lunte (10) recently reported an effec­
tive method for the detection of cysteine and cystine in urine 
by liquid chromatography with electrochemical detection 
(LCEC). Using a gold/mercury electrode, we have developed 
a selective, rapid, and accurate method for determining low 
concentrations of cysteamine and cysteine in meat products. 
A description of the method and the results from the analysis 
of pork bellies for the 2 thiols in question are reported herein.

METHOD
Reagents

(a) Acetonitrile. — Distilled-in-glass solvent (American 
Burdick and Jackson Labs, Muskegon, MI 49442).

(b) Dithiothreitol.—(Aldrich Chemical Co., Milwaukee, WI 
53201.) Prepare fresh weekly at a concentration of 5 mg/mL 
in acetonitrile-formate buffer.

(c) Cysteamine and cysteine. —(Aldrich Chemical Co.) 1.0 
ng//iL each in acetonitrile-formate buffer solution as stan­
dard in liquid chromatography with electrochemical detec­
tion.

(d) Other reagents.— Purchased from local suppliers and 
used without further purification.

(e) Formate buffer. — 0.2M formic acid, 0.1 M potassium 
hydroxide, 0.0002M EDTA in 2 L water (pH 3.5).

(f) Mobile phase. -Acetonitrile-formate buffer solution 
(50 + 50 v/v).

(g) Meat products. — Fresh pork bellies were obtained from 
a local supplier within 2 h of slaughter and frozen at - 1 8°C 
until analyzed. Thawed bellies were ground and thoroughly 
mixed prior to analysis. Bacon was prepared as described 
previously (3).

Apparatus
Usual laboratory equipment and the following items:
(a) Homogenizer.— VirTis Model 45 (VirTis Co., Inc., 

Gardiner, NY 12525) with 100 mL flask and U-shaped “Tur­
bo-Shear” blades (No. 16-107).

(b) Refrigerated centrifuge. — Sorvall Model RC-5B 
(DuPont Co.. Wilmington, DE 19898).

(c) Microfilter.— Centrex disposable microfilter unit (No. 
DF 101-1), 0.2 /im nylon (purchased from Schleicher and 
Schuell, Inc., Keene, NH 03431).

(d) Liquid chromatograph-electrochemical detector.—Al- 
tex Model 100A pumping system (Altex, Berkeley, CA 94710) 
with Rheodyne Model 7125 injector (Rheodyne, Cotati, CA 
94928) and a 25 cm x 4.6 mm id 10 gm Partisil PXS 10/ 
25 SCX ion exchange column (purchased from Whatman 
Ltd., Clifton, NJ 07014) interfaced to a Bioanalytical Systems 
LC-4B amperometric detector (Bioanalytical Systems, West 
Lafayette, IN 47906) equipped with a Au/Hg electrode op­
erated in the oxidative mode (+0.15 V) vs Ag/AgCl (10). 
Mobile phase flow rate, 1.1 mL/min. Under these operating
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GROUND MEAT SAMPLE

1. ADD = D1THI0THREIT0L
2. HOMOGENIZE = ACETONITRILE / FORMATE

BUFFER (50:50 V^, pH 3.5)
3. CENTRIFUGE: 5000 RPM, 0°C
4. FILTER: GLASS WOOL

1
SOLID RESIDUE 

(DISCARD)
FILTRATE

I. CENTRIFUGE THRU 0.2/im 
MICROFILTER: 3000RPM, 0°C

FILTRATE

LCEC
ANALYSIS

Figure 1. Flow diagram of cysteamine-cysteine LCEC Method.

conditions, the Au/Hg electrode is usually operational with 
good sensitivity and repeatability for ca 2 weeks before it is 
necessary to recoat the electrode.

Procedure
Note: A'-Nitrosamines are potential carcinogens. Exercise 

care in handling these compounds.
(a) Cysteamine-cysteine analysis. — A flow diagram of this 

method is shown in Figure 1. Accurately weigh 10.0 ± 0.1 
g ground pork belly into 100 mL VirTis flask. Add exactly 
40 mL acetonitrile-formate buffer solution and 0.5 mL di- 
thiothreitol solution. Homogenize sample 2 min at medium 
setting. Quantitatively transfer sample, using 9.5 mL-ace- 
tonitrile-formate buffer (total volume of solution is 50 mL), 
to 150 mL glass centrifuge bottle and centrifuge 30 min at 
5000 rpm at 0-5°C. Filter sample through glass wool into 
125 mL Erlenmeyer flask and transfer a 3 mL aliquot of 
filtered solution to the 2-stage microfilter unit. Centrifuge 
unit 20 min at 3000 rpm at 0-5°C. Remove lower section of

TIME (min)
Figure 2. LCEC chromatogram of unprocessed pork belly.

microfilter, which contains the sample, for quantitation by 
LCEC.

(b) Cysteamine-cysteine determination.—A. sample chro­
matogram of unprocessed pork belly is shown in Figure 2. 
Inject 15.0 nL cysteamine-cysteine standard (1 ng/VL) into 
LCEC at lowest attenuation that yields a peak suitable for 
quantitation. Repeat standard injection to ensure reproduc­
ibility of retention time and response. Inject 15.0 ¿tL sample 
solution and measure peak heights. Calculate cysteamine- 
cysteine based on 10.0 g sample in 50 mL solution. The 
minimum detectable level for cysteamine was 100 ppb and 
for cysteine, 200 ppb.

(c) N-Nitrosothiazolidine (NTHZ) and N-nitrosothiazoli- 
dine-4-carboxylic acid (NTHZC) analysis and determina­
tion.— Perform procedure and requisite calculations for de­
termining NTHZ and NTHZC in cured bacon as described 
previously (4, 11).

(d) Statistical analysis. — Perform according to the meth­
ods of Snedecor and Cochran (12).

Results and Discussion
The isolation and quantitation of cysteamine and cysteine 

from fresh or processed meat samples was performed using 
an extraction procedure designed to prevent the further ox­
idation of the free thiols. This was accomplished by adding 
the antioxidant dithiothreitol (DTT). Cleland (13) reported 
that in a model system at pH 7 or above, DTT is capable 
both of maintaining monothiols in the reduced state and of 
reducing disulfides quantitatively. We found, however, that 
although DTT at neutral or alkaline pHs can reduce cyst- 
amine (the disulfide of cysteamine), the rate of oxidation of 
cysteamine back to cystamine or another disulfide was so 
rapid under conditions present in a meat sample that cys­
teamine could not be accurately quantitated. Dupre and Au- 
reli (14) also found that the oxidation of thiols to disulfides 
was faster in the alkaline range, especially in the presence of 
catalytic amounts of copper or other cations under mild ox­
idizing conditions. We found that by extracting cysteamine 
and cysteine in an acidic medium in the presence of DTT, 
both thiols remained intact and the symmetric disulfides— 
cystamine and cystine—if present, were quantitatively re­
duced to their corresponding thiols. Caldwell (15) also suc­
cessfully reduced disulfides to th:ols at pH 3.2 in the presence 
of DTT by heating the reaction to 100°C for 5 min. We found, 
however, that the reaction is so facile that the heating step
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Table 1. Cysteamine and cysteine in raw pork belly
Sample No. Cysteamine, ppb Cysteine, ppm

1 198 17.9
2-5 ND* 10.5, 13.6, 7.8, 20.0
6 150 14.5
7 450 3.3
8 292 26.1
9 218 21.6
10-12 tr6 23.4,16.1, 12.1
13, 14 ND 6.1, 7.6
15 170 36.5
16-18 ND 10.3,10.3, 8.3
19, 20 (ham) ND 14.5,2.4

* ND = none detected.
“ tr = trace (i.e., <100 ppb).

was unnecessary. In addition, extraction of the meat samples 
with the LCEC mobile phase solvent system both increased 
the recovery of the thiols and eliminated erratic detector 
response. Recovery of cysteamine and cysteine during the 
procedure was verified by adding known amounts of these 
compounds to the meat sample prior to analysis. Recovery 
of cysteamine fortified at the 200 ppb level was 82 ± 6.0%; 
recovery of the more prevalent cysteine spiked at the 2.5 
ppm level was 89 ± 2.1%. The LCEC response for both 
cysteamine and cysteine was linear (Figure 3) over the range 
of 1 to 50 ng injected for cysteamine (equivalent to 100 ppb 
to 16 ppm) and from 1 to 110 ng injected for cysteine (equiv­
alent to 200 ppb to 32 ppm).

Some typical concentrations of cysteamine and cysteine in 
unprocessed pork belly are shown in Table 1. Cysteamine 
concentrations ranged from none detected to 450 ppb; cys­
teine, from 2.4 to 36.5 ppm. To determine if there was a 
correlation between these 2 compounds and their corre­
sponding nitrosamines, cysteamine and cysteine were mea­
sured before and after processing; NTHZ and NTHZC were 
measured after processing. Results are shown in Table 2. No 
correlation was found between cysteamine levels before and 
NTEIZ levels after processing, nor between cysteine and 
NTHZC in the 9 pork belly samples. It is interesting to note 
that NTHZ was present in a few samples that contain no 
detectable cysteamine in the preprocessed pork belly. Be­
cause the NTHZ amine precursors were previously found in 
the lean tissue (2), and to eliminate the dilution effect of the 
adipose tissue, lean tissue was physically separated from the 
pork belly before processing. Again, no apparent correlation 
was found between the thiols and their corresponding nitro­
samines.

It now appears that the mechanism of NTHZ formation 
is more complex than previously thought. In model system 
studies, it was shown that NTHZ forms from thiazolidine 3 
times faster than from cysteamine; hence, the formation of 
thiazolidine from cysteamine and formaldehyde may be the 
limiting factor (3). Formaldehyde might also be limited in 
either concentration or exposure to the amine precursor, which 
may be present in the interior of the meat rather than just 
on the surface. The high concentrations of cysteine present 
in the samples analyzed suggest that it may contribute to 
NTHZ formation indirectly, even though no correlation was 
found between cysteine and NTHZ. Although the thermal 
conditions during processing are not sufficiently high for 
NTHZC or cysteine decarboxylation, as indicated in model 
systems (4), other components in meat may favor this path­
way. Certainly, enzymatic decarboxylation would not be a 
consideration because meat enzymes are deactivated by the

Table 2. Cysteamine, cysteine, and nitrosamines in smoke­
house processed bacon

Sample
No.

Before processing After processing

Cyste-
amine,

ppb
Cysteine,

ppm

Cyste­
amine,

ppb
Cysteine,

ppm
NTHZ,*

ppb
NTHZC,*

ppb

1 tr" 12.1 ND" 3.9 ND 350
2 ND 7.6 ND 5.3 10.8 510
3 ND 23.4 ND 17.4 ND ND
4 ND 16.1 ND 13.9 ND ND
5 292 26.1 ND 11.1 ND ND
6 218 21.6 ND 14.4 ND ND
7 ND 10.3 ND 2.1 9.8 453
8 ND 8.3 ND 2.3 12.7 368
9 ND 10.3 ND 8.0 4.3 576

10" 189 30.3 ND 4.7 1.5 498
11 114 8.0 ND 0.8 7.1 586
12 ND 12.6 ND 2.1 7.7 547
13 337 16.3 ND 19.2 5.9 1055
14 137 8.6 ND 1.2 7.3 486
15 159 9.9 ND 1.4 7.5 542

* NTHZ = N-nitrosothiazolidine; NTHZC =  N-nitrosothiazolidine-4-carboxylic 
acid.

“ tr = trace (i.e., <100 ppb). 
c ND = none detected.
"Sample 10-15 are lean tissue.

heat treatment The low levels of cysteamine compared to 
those of cysteine also suggest that cysteamine may be much 
more reactive than cysteine, thereby forming reaction prod­
ucts that might be much less efficient in forming NTHZ than 
cysteamine itself, but might be present in sufficiently high 
concentrations to contribute to the total NTHZ content of 
bacon.

In conclusion, we have shown that liquid chromatography 
with eletrochemical detection is a sensitive technique for 
measuring cysteamine and cysteine in extracts from a com­
plex food substrate. The low redox potential of the gold/ 
mercury electrode resulted in a high degree of selectivity. 
This method should be applicable to these and other thiol 
compounds in a wide variety of food products and biological 
samples.
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Anthocyanin Pigment, Nonvolatile Acid, and Sugar Composition of Red Raspberry Juice

GEORGE A. SPANOS and RONALD E. WROLSTAD
Oregon State University, Department o f Food Science and Technology, Corvallis, OR 97331

Liquid chromatographic methodology for determination of red rasp­
berry anthocyanin pigments, nonvolatile acids, and sugars was de­
veloped and applied to authentic juices pressed in our pilot plant as 
well as to samples of European origin. Sugar analysis utilized an 
Aminex HPX-87C column; the mean contents of sucrose, glucose, 
and fructose were 0.17, 2.59, and 2.97 g/100 mL, respectively. Citric, 
malic, and isocitric acids were best quantitated on two C-18 columns 
in series with refractive index detection; the mean content of citric, 
malic, and isocitric acids was 21.0 g/L, 872 mg/L, and 158 mg/L, 
respectively. Anthocyanins were resolved with high selectivity on a 
C-18 column using 15% acetic acid as organic modifier. The mean 
values for individual anthocyanins were: cyanidin-3-sophoroside, 
74.2%; cyanidin-3-glucoside, 12.2%; cyanidin-3-glucorutinoside, 8.6%; 
cyanidin-3-rutinoside, 1.7%; and pelargonidin-3-sophoroside, 2.9%. 
Anthocyanin pigment content ranged from 23.8 to 101.0 mg/100 mL. 
Carbon stable isotope ratios ranged from -23.2 to -24.7%o with a 
mean of -24.1%o. Additional data include color density, polymeric 
color, browning index, UV-visible spectra, pH, “Brix, titratable acid­
ity, and Hunter color parameters.

The attractive color and flavor of red raspberries (Rubus 
ideaus L.) have led to increased demand for red raspberry 
juice and juice concentrates. Red raspberry juice is increas­
ingly used in blended fruit drinks and in other formulated 
food products. The relatively high cost of red raspberry fruit 
makes red raspberry juice concentrates products of high eco­
nomic value; prices in 1985 ranged from $70 to $75 per 
gallon for 68° Brix (% soluble solids) concentrate. The in­
creased demand along with its high value makes red rasp­
berry juice a likely target for adulteration. Much attention 
has been given to establishing methodology and criteria for 
detecting adulteration in more widely consumed fruit juices 
such as apple (1-3) and orange juices (3, 4) and, recently, in 
the popular cranberry juice cocktails (5-8). However, both 
methodology and the compositional data base for red rasp­
berry juice are limited.

The purpose of this work was to develop methodology for 
analyzing red raspberry juice for sugar, nonvolatile acid, and 
pigment composition and to create a reference data base for 
authentic red raspberry juice.

M ETHOD
Samples

Red raspberry fruit samples (10-15 lb per sample) were 
obtained from Oregon North Willamette Station (ORNWS), 
Aurora, OR; Agriculture Canada Research Station (ACRS), 
Vancouver, British Columbia; and Western Washington Re­
search and Extension Center (WWREC), Puyallup, WA. These 
samples had the following varietal makeup: Meeker (ORNWS, 
ACRS, and WWREC), Willamette (ORNWS and ACRS), 
and Skeena (ACRS). Fruit samples were washed, individually 
quick-frozen (IQF), and stored frozen at — 12°C until needed. 
A New Zealand sample, variety Marcy, supplied in freeze- 
dried form by the Department of Scientific and Industrial 
Research (DSIRNZ), Auckland, New Zealand, was recon­
stituted to initial moisture with water before pressing.

Three juice samples of European origin, certified to be

Received June 17, 1986. Accepted January 9, 1987.
Technical Paper No. 7917 from the Oregon State Agricultural Experiment 

Station.

authentic by the supplier, were obtained from Bayemwald 
Fruchteverwertung GmbH, Hengersberg, West Germany. 
These had been pressed from Bavarian wild raspberries 
(picked from Buchelstein), Romanian wild raspberries (picked 
from central Cluj.), and Hungarian cultivated raspberries 
(northern Hungary, no name variety). The European samples 
had been pasteurized but not depectinized. After arrival, 
samples were stored frozen at -  12°C. Before analysis, they 
were thawed and centrifuged.

Apparatus
(a) Liquid chromatograph. — Perkin-Elmer Series 400 

(Perkin-Elmer Corp., Analytical Instruments, Norwalk, CT); 
Varían Model 5000 equipped with a column heater (Varían 
Instrument Group, Walnut Creek, CA).

(b) Detectors. — Varían UV 50 variable wavelength detec­
tor; Varían refractive index detector.

(c) Integrators.— Perkin-Elmer LCI-100; Hewlett-Pack­
ard HP 3380A (Hewlett-Packard Corp., Avondale, PA).

(d) LC columns.— Bio-Rad Aminex HPX-87C column, 
300 x 7.8 mm id, fitted with Bio-Rad Carbo C 4 cm x 4.6 
mm Micro-Guard column (Bio-Rad Laboratories, Rich­
mond, CA); Supelcosil LC-18 (5 jim), 250 x 4.6 mm id 
column (Supelco, Inc., Bellefonte, PA); Nucleosil C-18 (10 
jim), 250 x 4.6 mm id column (Alltech Associates, Inc., 
Deerfield, IL); ODS-10, 4 cm x 4.6 mm id, Micro-Guard 
column (Bio-Rad Laboratories).

(e) Bath circulator. —Lauda Model RMT-6 refrigerated 
circulator.

(f) UV- visible spectrophotometer. — Varian DMS 100 in­
terfaced with Varían DS-15 data station.

(g) Color difference meter.— Hunter DP-25P-2 (Hunter 
Instruments, Reston, VA).

(h) Cl8 minicolumn.— Sep-Pak C18 (Waters Associates, 
Milford, MA). To activate, pass 5 mL methanol through 
cartridge, followed by 5 mL water.

(i) Disposable Poly-Prep chromatography columns.— 
Graduated, 0.8 x 4 cm, holding up to 2 mL chromatographic 
media and including an integral 10 mL reservoir (Bio-Rad 
Laboratories).

Reagents
(a) LC mobile phase for nonvolatile acids. — Phosphate 

buffer pH 2.4. Dissolve 27.2 g KH2P 0 4 in 1000 mL glass- 
distilled, deionized water and adjust pH to 2.4 with concen­
trated phosphoric acid. Filter through 0.45 )im Millipore 
filter, type HA (Millipore Corp., Bedford, MA), and degas.

(b) LC mobile phase for sugars.— 200 mg Ca(N03)2/1000 
mL water.—Dissolve 200 mg Ca(N03)2 in 1000 mL glass- 
distilled, deionized water. Filter through 0.45 Millipore 
filter, type HA, and degas.

(c) LC mobile phase for anthocyanins.— Solvent A: 15% 
acetic acid. Add 150 mL LC grade glacial acetic acid to 850 
mL glass-distilled, deionized water, mix, filter through 0.45 
jim Millipore filter, type HA. and degas. Solvent B: 15% 
acetic acid in methanol. Add 150 mL LC grade glacial acetic 
acid to 850 mL LC grade methanol, mix, filter through 0.45 
jim Millipore filter, type HV, and degas. (Prepare solvent B 
fresh daily.)

(d) LC mobile phase for anthocyanidins. — Solvent A: 10%
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acetic acid. Add 100 mL LC grade glacial acetic acid to 900 
mL glass-distilled, deionized water, mix, filter through Mil- 
lipore 0.45 jun filter, type HA, and degas. Solvent B: ace­
tonitrile-methanol (2 + 1). Add 600 mL LC grade aceto­
nitrile to 300 mL LC grade methanol, mix, filter through
0.45 Mm Millipore filter, type HV, and degas.

(e) Organic acid standards 1. — Add 1000 mg reagent grade 
D,L-malic acid and 200 mg reagent grade D,L-isocitric acid 
to 1000 mL volumetric flask and dilute to volume with water.

(f) Organic acid standards 2. — Add 1.500 g reagent grade 
citric acid to 100 mL volumetric flask and dilute to volume 
with organic acid standard solution 1.

(g) Sugar standard solution 1 (internal standard). — Add 
6.500 g reagent grade mannitol to 250 mL volumetric flask 
and dilute to volume with sugar mobile phase, (b).

(h) Sugar standard solution 2 .  — Add 0.250 g reagent grade 
sucrose, 2.000 g reagent grade glucose, and 2.400 g reagent 
grade fructose to 100 mL volumetric flask and dilute to vol­
ume with sugar standard solution 1.

(i) Enzymatic analysis kits.—l-Malic acid, D-isocitric acid, 
and citric acid kits (Boehringer Mannheim Biochemicals, 
Indianapolis, IN).

( j )  Anion exchange resin. — Use intermediate base anion 
exchange resin, Bio-Rex 5 (Bio-Rad Laboratories), chloride 
form, 50-200 mesh size, and 8.8 meq./g resin (dry basis) or
2.8 meq./mL of resin bed ion-exchange capacity. Slurry resin 
in water. Make 1.2 mL and 1.4 mL resin bed volume to 
prepare samples for sugar analysis and for acid analysis, re­
spectively. Rinse packed bed with 5 mL water. Do not let 
bed become dry.

Production o f Red Raspberry Juice
Let frozen fruit thaw at ambient temperature. Grind berries 

through hammer mill (Model D Comminuting Machine, W.
J. Fitzpatrick Co., Chicago, IL) equipped with '/i in. diameter 
circular pore mesh at speed that produces about 'i  berries. 
Heat crushed fruit to 45°C and depectinize by incubating 
with 0.1 mL Rohapect D5L liquid pectic enzyme (Rohm & 
Haas, Co., Philadelphia, PA 19105) per lb fruit. Add 1% 
cellulose as press aid and press in Willmes bag press (60 type, 
Moffet Co., San Jose, CA) with final pressure of 4.0 bar. 
Take 25-30 mL sample, add 0.05% diatomaceous earth, filter 
through Whatman No. 1 paper, and conduct alcohol test. If 
precipitate forms, incubate juice at 42°C with 0.1 mL Roha­
pect/1000 mL juice to complete depectinization. Pasteurize 
juice at 98-100°C for 11-13 s. Add 0.05% diatomaceous 
earth and filter through Whatman No. 1 paper. Store juice 
frozen.

Concentration o f Samples
Concentrate ca 250 mL single strength juice on rotary 

evaporator (water bath, 35°C) to 50° Brix. For analysis, re­
dilute with water to 10° Brix.

Titratable Acidity
Determine titratable acidity by using AO AC glass electrode 

method, sec. 22.059 (9). Express results in terms of anhydrous 
citric acid per 100 mL juice.

Spectral Analyses
For visible spectra, dilute single strength juice V6-Vu (de­

pending on pigment concentration) with water and scan from 
700 to 400 nm. For UV spectra, dilute juice V210 with water 
and scan from 400 to 200 nm. Scanning conditions: 1.0 cm 
quartz cell, water as blank, 1 nm slit width, 50 nm/min scan

rate. Recompute first and second derivative spectra from 
original zero order.

Measure anthocyanin concentration, color density, poly­
meric color, and browning index as described by Wrolstad 
et al. (10). Express anthocyanin concentration as mg cyani- 
din-3-glucoside per 100 mL juice, using the extinction coef­
ficient for cyanidin-3-glucoside, e = 29 600, reported by 
Blundstone anc Crean (11).

Hunter Parameters
Set up instrument to read transmitted color, spectral com­

ponent included (arrangement III). Calibrate instrument ac­
cording to manufacturer’s instructions. Read L, a, b and X, 
Y, Z parameters of single strength juice, using 0.5 cm path- 
length cell.

nC /I2C Stable Isotope Ratios
Concentrated samples (ca 50° Brix) were sent to Coastal 

Science Laboratory (5321 Industrial Oaks Blvd, Suite 103, 
Austin, TX 78735) for analysis.

Nonvolatile Acids—LC Determination
Sample preparation.—Adjust pH of sample to 6-7 with 

concentrated ammonium hydroxide (NH4OH). Prepare 1.4 
mL Bio-Rex 5 resin bed in Poly-Prep column and rinse bed 
with 5 mL water. Carefully apply 3 mL sample to resin bed 
and wash bed with 3 mL water. Place test tube under column 
and elute acids with 3.5 mL 10% sulfuric acid followed by
3.5 mL water. Mix eluate well and pass it through activated 
Sep-Pak C18 cartridge. Discard first 3 mL, collect remaining 
eluate, filter through 0.45 Mm Millipore filter (type HA), and 
inject onto LC system.

Chromatography.—Operate liquid chromatograph (Vari- 
an 5000) under following conditions: columns, Supelcosil 
LC-18 and Nucleosil C-18 fitted with ODS-10 Micro-Guard 
column; mobile phase, 0.2M KH2P 0 4 pH 2.4; flow rate, 0.7 
mL/min; elution temperature, 25°C; detection, refractive in­
dex, 1 x attenuation; detection temperature, 20 ± 0 .1°C (con­
trolled with bath circulator); integrator, Perkin-Elmer LCI- 
100; injection volume, 50 Mis­

calculate organic acid composition by using external stan­
dard method and graphical interpretation of results. Take 
1:0, 2:3, 1:1, and 1:3 dilution of organic acid standard so­
lution 2, plot peak area (peak height for isocitric acid) vs 
concentration, and fit a curve with the linear regression model 
for each individual acid:

C = a + 0 X A (7)

where C is concentration, mg/mL; A is peak area (peak height 
for isocitric acid); a is curve intercept; and 0 is curve slope. 
Calculate concentration, Q, of individual acids in prepared 
sample from peak area (peak height for isocitric acid) and 
formula (7). Acid concentrations, Cs, in original sample can 
be calculated by the formula:

Cs = Q  x DF/R (2)

where R is recovery and DF is dilution factor. To determine 
recovery, R, of each individual acid, subject standard acid 
solution to anion exchange and Sep-Pak cleanup procedure, 
calculate concentrations, C(,d, of individual acids in treated 
mixture from peak area (peak height for isocitric acid) and 
equation (7), and compare to concentrations, CSId, in original 
mixture. Percentage recovery is given by the formula:

%R = C'td x DF x 100/Cstd (5)
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Table 1. General properties of red raspberry juice

Sample Yield, % Yield,* %, “Brix pH Titrât.'’ acidity Titrât.*-6 acidity 6I3C, %o (PDB)

North American and New Zealand samples“

Meeker (ORNWS)
(Repl. 1) (68.7) (62.5) (9.1) (3.19) (1.77) (1.95)
(Repl. 2) (81.9) (61.4) (7.5) (3.19) (1.45) (1.93)
Av. of repl. 1,2 75.3 62.5 8.3 3.19 1.61 1.94 -24.7

Meeker (ACRS) 90.1 73.0 8.1 3.07 1.49 1.84 -23.3
Meeker (WWREC) 74.7 79.9 10.7 3.10 1.41 1.32 -24.4

Willamette (ORNWS)
(Repl. 1) (77.8) (56.8) (7.3) (3.15) (1.85) (2.53)
(Repl. 2) (72.6) (53.7) (7.4) (3.14) (1.86) (2.51)
Av. of repl. 1,2 75.2 55.6 7.4 3.15 1.86 2.51 -24.7

Willamette (ACRS) 91.5 59.5 6.5 3.02 1.80 2.78 -23.8
Skeena (ACRS) 86.4 69.1 8.0 2.94 1.68 2.10 -24.4
Marcy (DSIRNZ) 90.1 50.5 5.6 3.23 1.40 2.50 -23.2

Min. 74.7 50.5 5.6 2.94 1.40 1.32 -24.7
Max. 91.5 79.9 10.7 3.23 1.86 2.78 -23.2
Mean 83.3 64.3 7.8 3.10 1.61 2.14 -24.1

Std dev. 7.3 9.5 1.5 0.09 0.17 0.46 0.6
CV, % 8.8 14.8 19.1 3.0 10.6 21.5 -2 .4

European samples

Bavarian 7.7 3.17 1.59 2.06
Romanian 8.4 3.23 1.23 1.46
Hungarian 8.9 3.22 1.58 1.77

* Normalized to 10° Brix.
" Expressed as g citric acid/100 mL. 
c Samples prepared at Oregon State University pilot plant.

Nonvolatile Acids—Enzymatic Determination
Determine citric, D-isocitric, and L-malic acid content by 

following the procedure provided with Boehringer Mann­
heim test kits. Dilute samples with water, 1:50 for citric acid 
and 1:0 for isocitric acid analysis. For malic analysis, add 1 
mL sample to 10 mL volumetric flask, adjust pH to 7-8 with 
0.1N NaOH (estimate required volume ofO.lN NaOH from 
titratable acidity data), and dilute to volume with water. 
Monitor absorbance at 340 nm.

Sugars
Sample preparation.—Mix 5 mL juice with 3 mL sugar 

standard solution 1 (internal standard) and pass mixture 
through activated Sep-Pak C,8 cartridge. Discard first 3 mL 
and collect remaining eluate. Apply 4 mL eluate to 1.2 mL 
Bio-Rex 5 resin bed. Discard first 2 mL, collect remaining 
eluate, mix, filter through 0.45 ^m Millipore filter (type HA), 
and inject onto LC system.

LC determination.— Operate liquid chromatograph (Var- 
ian 5000) under following conditions: column, Bio-Rad Ami- 
nex HPX-87C; mobile phase, 200 mg Ca(N03)2/1000 mL 
water; flow rate, 0.7 mL/min; elution temperature, 85°C; 
detection, refractive index, 4x attenuation; detection tem­
perature, 25°C; integrator, HP 3380A; injection volume, 25 
rL.

Quantitate sugars via internal standard method and graph­
ical interpretation of results. Take 1:0, 2:3, 1:1, and 1:3 di­
lution of sugar standard solution 2, plot area vs concentra­
tion, and fit curve with linear regression model for each 
individual sugar and for internal standard:

C = a + ,8 x A (4)

where C is concentration, mg/mL; A is peak area; a is curve 
intercept, and (i is curve slope. Calculate concentration of 
each individual sugar and internal standard in prepared sam­
ple from peak area and equation (4). Sugar concentration,

Cs, in original sample can be calculated by the formula:

Cs (mg/mL) = Q  x Cis x DF/C'S (5)

where DF is dilution factor, C' is concentration of sugar in 
question in prepared sample, Qs is concentration of internal 
standard after sample preparation, and Cis is concentration 
of internal standard in sample before sample preparation.

Anthocyanins
Sample preparation. — Adsorb pigments contained in 3-7 

mL juice sample (depending on anthocyanin concentration) 
onto activated Sep-Pak C,8 cartridge. Wash bed with 5 mL 
0.01% HC1 and elute pigments with minimum required vol­
ume of acidified methanol (4-6 mL) in 10 mL beaker. Evap­
orate methanol to ca 2 mL under nitrogen stream and dilute 
pigments to ca 5 mL with 0.01 % HC1. Filter isolated pigments 
through 0.45 ¿tm Millipore filter (type HA) and immediately 
inject onto LC system. Store sample in the dark in ice bath 
between injections.

LC determination. —Operate liquid chromatograph (Per- 
kin-Elmer 400) under following conditions: column, Supel- 
cosil LC-18 fitted with ODS-10 Micro-Guard column; mo­
bile phase—solvent A, 15% acetic acid, solvent B, 15% acetic 
acid in methanol; flow rate, 1.2 mL/min; elution progam, 
100% A isocratic for 10 min followed by a 0-5% linear gra­
dient with B for 8 min and holding with 5% B for an addi­
tional 7 min (isocratic), equilibrate column to initial con­
ditions for 5 min between injections; detection, visible at 515 
nm, 0.2 absorbance unit full scale (AUFS); integrator, Perkin- 
Elmer LCI-100; injection volume, 25 pL.

Calculate anthocyanin ratios from area percentage of in­
dividual anthocyanins.

A nthocyanidins
Sample preparation.— Prepare samples for LC determi­

nation of anthocyanidins according to procedure described 
by Hong and Wrolstad (7).
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Table 2. Compilation of general properties of red raspberry juice

Ref.
No. of “Brix pH Titrât, acidity, g citric acid/100 mL

samples Min. Max. Mean Min. Max. Min. Max. Mean

12 12 9.0 15.0 11.3 1.01“ 1.82* 1.23*
12 54 7.2 14.4 10.8
13 16 8.2 10.9 8.9 1.38 2.01 1.88
14 260 1.15“ 1.70“ 1.45“
— C 49 2.9 3.4

* Original data expressed as mL 0.1 NaOH/100 mL.
“ Titrated to pH 7.0; original data expressed as tartaric acid.
“ G. W. Varseveld (1969) Oregon State University, Dept of Food Science and Technology, Corvallis, OR, unpublished data.

LC determination.— Operate liquid chromatograph (Per- 
kin-Elmer Series 400) under following conditions: column, 
Nucleosil C-18 column fitted with ODS-10 Micro-Guard 
column; mobile phase—solvent A, 10% acetic acid, solvent 
B, acetonitrile-methanol (2 + 1); elution, isocratic 84% A 
and 16% B; flow rate, 2.0 mL/min; elution temperature, 25°C; 
detection, visible at 530 nm, 0.2 AUFS; integrator, Perkin- 
Elmer LCI-100; injection volume, 25 ^L.

Calculate anthocyanidin ratios from area percentage of in­
dividual anthocyanidins.

Results and Discussion 
General Properties

Table 1 shows yield, degree Brix, pH, titratable acidity, 
and onC values for the juice samples prepared in our pilot 
plant. Table 2 shows °Brix, pH, and titratable acidity data 
compiled from the literature.

There were 2 replications for Meeker (ORNWS) and Wil­
lamette (ORNWS) samples, which showed considerable vari­
ation in juice yield and °Brix. Factors contributing to this 
variation would have been the relatively small sample size, 
and washing of the fruit and/or washing of the equipment 
between pressing. Normalization of the yield to 10° Brix 
(Table 1) shows close agreement between replications, which 
implicates dilution as the cause of variation in yield.

Degree Brix values range from 5.6 to 10.7 with a mean of
7.8. These values are lower than those reported in the lit­
erature (Table 2) and well below the 10.5° Brix standard for 
red raspberries specified by the U.S. Department of Agri­
culture jelly standard. However, 10.0° Brix is commonly used 
for single strength red raspberry juice within the fruit juice 
industry, and all of the analytical data were normalized to 
that value. Normalization facilitates compositional compar­
isons between samples and circumvents the problem of yield 
variation and sample dilution.

Values for pH range from 2.94 to 3.23 and agree with those 
previously reported (Table 2).

Titratable acidity ranges from 1.40 to 1.86 g citric acid per 
100 mL juice, which is similar to values reported in the 
literature (Table 2). There is a large difference in the titratable 
acidity between the replications of the Meeker (ORNWS) 
samples. However, if these values are normalized to 10° Brix 
they show no difference, again suggesting that dilution was 
the primary cause of the yield differences between replica­
tions.

The <513 C values show a narrow range and low CV. These 
data provide a reference value which can be used for esti­
mating the content of Hatch-Slack sweeteners such as cane 
sugar or com syrup in a red raspberry product. Krueger et 
al. (15) reported -26.1 and -24.6%o as 5I3C values for 2 red 
raspberry juice samples.

The European samples (Table 1) exhibit similar °Brix, pH, 
and titratable acidity characteristics.

Nonvolatile Acid Analyses
Red raspberries contain citric acid as the major acid, low 

levels of malic acid (14,16-19), and trace amounts of isocitric 
acid (14); trace amounts of lactic and succinic acids have 
also been reported (19).

Reverse phase LC quantitation of isocitric acid is difficult 
because it elutes very close to malic acid, and it is present 
at very low levels. Adequate resolution of isocitric acid from 
malic acid can be achieved, however, by using two C-18 
columns in series. Figure 1A shows a chromatogram of red 
raspberry nonvolatile acids, using UV detection at 227 nm 
and a 2 column system. Sample preparation involved only 
cleanup with a Sep-Pak C18 cartridge. In addition to malic 
acid (peak 1), isocitric (peak 2), and citric (peak 5), the fol­
lowing acids were tentatively identified: a-ketoglutaric (peak
3), shikimic, and ascorbic coeluting under peak 4, succinic 
(peak 6), and fumaric (peak 7). Identification of a-ketoglu- 
taric acid was based on its retention time and production of 
symmetrical peak in spiked samples. Presence of a-ketoglu­
taric and shikimic acids has not been previously reported. 
Quantitation of isocitric acid on the basis of this procedure 
was about 4 times higher than quantitation on the basis of 
enzymatic analysis. This was probably due to coelution of 
an unidentified, highly UV-absorbing compound with iso­
citric acid. Moreover, late-eluting compounds with high re­
sponse in the UV region made the total time of analysis very 
long, about 1 h. Modification in the sample preparation using 
anion exchange resin resulted in no change in the measured 
concentration cf isocitric acid. Thus, the interfering com­
pound is believed to be acidic and not a neutral compound.

A typical chromatogram of the red raspberry acids ob­
tained by using refractive index detection and anion exchange 
cleanup is shown in Figure IB. The more uniform response 
of refractive index detection to analytes allowed for quan­
titation of isocitric acid and shortened the total time of anal­
ysis to less than 25 min. The percent recoveries of individual 
acids in a standard solution containing 12 g citric, 500 mg 
malic, and 100 mg isocitric/L, were: citric acid 89.9, SD 2.8; 
malic acid 83.7, SD 2.7; and isocitric acid 87.3, SD 9.4.

Tables 3 and 4 show the results of the LC and enzymatic 
analyses, respectively, of the nonvolatile acids for the juice 
samples prepared in our pilot plant and for the European 
samples. Agreement between the 2 analytical methods is rea­
sonably good. LC values for citric and malic acids are con­
sistently lower than enzymatic results by 5-8%. LC deter­
minations for isocitric acid show a wider range than do 
enzymatic determinations. However, statistical analysis us­
ing the paired t-test shows that the concentrations of citric 
and malic acids as well as total acid content by liquid chro­
matography are significantly different from those by enzy­
matic analysis at the 0.05 level. Citric and malic acid con­
centrations expressed as percent of total acids (by summation) 
do not differ significantly by the 2 different methods.
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Figure 1A. LC separation of red raspberry nonvolatile acids: 
UV detection at 227 nm. Peak identification: 1, malic; 2, isocitric; 
3, a-ketoglutaric; 4, shikimic and ascorbic; 5, citric; 6, succinic; 

7, fumaric.

The German Richwerte und Schwankungsbreiten bestim- 
mer Kennzahlen (RSK) values are a major data base available 
for red raspberries (14). The values reported in 1981 were 
based on 260 industrially produced samples as well as in­
formation from the scientific literature. The median values 
of citric, malic, and isocitric acids were 15 g/L, 500 mg/L, 
and 100 mg/L, respectively. The ranges for malic and isocitric 
contents were 200-1200 mg/L and 60-220 mg/L, respec­
tively. Our data exhibit wider ranges and higher mean values. 
The RSK citric-to-isocitric ratio had a median of 150 and 
range between 80 and 200. Our range is narrower but our 
mean value is similar for this ratio. It is worth noting that 
one European sample (Romanian, Tables 3 and 4) exhibits 
atypical malic and isocitric content compared with the RSK 
values. The malic content, however, expressed in terms of 
the actual °Brix is in agreement with the RSK values.
The acid profile of red raspberry is simple; citric acid ac­

counts for up to 97% of the acids. Synthetic citric acid is the 
most likely acidulant to be used in adulteration of red rasp­
berry juice, and its detection would be difficult. The low levels 
of malic concentrations limit the use of malic acid as a po­
tential adulterant. A very high citric-to-isocitric ratio would 
suggest adulteration with citric acid. Addition of isocitric acid 
is unlikely because of its relative high cost. Microbial activity 
has been reported to preferentially reduce the isocitric con­
tent (14) and could also account for a high citric-to-isocitric 
ratio.
Sugar Analyses
A typical chromatogram of red raspberry sugars is shown 

in Figure 2. Removal of acids from the juice via an anion 
exchange minicolumn is required, however, because inter­
actions of acids with the calcium of the resin cause calcium 
leaching. The resulting protonated resin and the high elution 
temperature (85°C) catalyze on-column sucrose hydrolysis. 
This can be prevented by addition of calcium to the mobile 
phase; however, interactions between calcium and carboxyl 
groups result in increased retention of the nonvolatile acids 
and their coelution with sugars. The percent recovery of in­
dividual sugars in a standard solution, containing 0.4 g su­
crose and 1.2 g each of glucose, fructose, and mannitol (in­
ternal standard), was: sucrose 95.9, SD 1.9; glucose 94.8, SD 
1.7; fructose 94.2, SD 1.7; and mannitol 94.9, SD 1.8.

Figure 1B. LC separation of red raspberry nonvolatile acids: 
detection by refractive index. See Figure 1A for peak 

identification.

The results of the sugar analyses of juice samples prepared 
in our pilot plant are shown in Table 5. There is considerable 
variation in the individual and total sugar contents but the 
glucose-to-fructose ratio and the individual sugar content 
(with the exception of sucrose) expressed as percent of total 
show much less variation. All samples contained slightly 
more fructose than glucose, hardly any sucrose, and no sor­
bitol. The glucose-to-fructose ratio shows essentially an in­
vert sugar pattern.
The red raspberry sugar profile, as compiled from the lit­

erature by Wrolstad and Shallenberger (20), showed much 
higher sucrose levels and lower glucose and fructose levels. 
The total sugar content and the glucose-to-fructose ratio are 
in agreement with our data. The sucrose levels reported in 
the literature are high for fruit but low for juice. The replicates 
of Meeker (ORNWS) and Willamette (ORNWS) samples 
(Table 5) show different sucrose levels. Traces of sucrose were 
detected in one replication of Meeker (ORNWS) but not in 
the other; low levels of sucrose (0.08 g/100 mL) were mea­
sured only in one replication of Willamette (ORNWS). Anal­
ysis of 50° Brix concentrates prepared in our laboratory from 
Skeena (ACRS) and Willamette (ACRS) juices showed about 
7% decrease in the sucrose content. Similar findings have 
been reported by Fitelson (21) who found no sucrose in au­
thentic red raspberry juice concentrates. Although invertase 
activity has not been documented for red raspberry fruit, it 
is very likely that it is responsible for the low sucrose content 
of processed juice relative to that of the fruit.
The sugar composition of the European samples (Table 5) 

exhibits the same pattern with a trend for slightly higher total 
sugar content and glucose-to-fructose ratio.
The sugar profile has limited utility in checking authen­

ticity of red raspberry juices and juice concentrates. It is a 
simple invert profile, and invert syrups or fruits with invert 
pattern could be difficult to detect. Presence of sorbitol, how­
ever, is a very useful indicator of dilution with a sorbitol- 
containing juice such as cherry, plum, apple, or pear.



SPANOS & WROLSTAD: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987) 1041

Table 3. Nonvolatile acid composition8 of red raspberry juice—LC determinations

Sample
Citric,
9/L

Malic
mg/L

Isocltric,
mg/L

Total,
g/L

Percent of total Citric/
malic

Citric/
Isocitric

Malic/
isocitricCitric Malic Isocitric

North American and New Zealand samples"

Meeker (ORNWS)
(Repl. 1) (19.1) (496) (186)
(Repl. 2) (18.4) (480) (172)
Av. of repl. 1, 2 18.8 488 179 19.4 96.6 2.5 0.9 38.4 104.7 2.7

Meeker (ACRS) 18.7 884 119 19.7 94.9 4.5 0.6 21.1 156.7 7.4
Meeker (WWREC) 13.1 393 75 13.5 96.5 2.9 0.6 33.3 174.3 5.2
Willamette (ORNWS)

(Repl. 1) (23.3) (561) (181)
(Repl. 2) (24.1) (539) (169)
Av. of repl. 1,2 23.7 550 175 24.4 97.0 2.3 0.7 43.0 135.2 3.1

Willamette (ACRS) 27.1 1903 231 29.2 92.7 6.5 0.8 14.2 117.4 8.2
Skeena (ACRS) 21.1 812 123 22.1 95.8 3.7 0.6 26.0 171.8 6.6
Marcy (DSIRNZ) 24.8 1075 205 26.1 95.1 4.1 0.8 23.1 121.1 5.2

Min. 13.1 393 75 13.5 92.7 2.3 0.6 14.2 104.7 2.7
Max. 27.1 1903 231 29.2 97.0 6.5 0.9 43.0 174.3 8.2
Mean 21.0 872 158 22.1 95.5 3.8 0.7 28.5 140.2 5.5
Std dev. 4.4 476 51 4.8 1.4 1.4 0.1 9.5 25.6 1.9
CV, % 20.7 54.6 32.0 21.6 1.4 35T 18.2 33.2 18.3 34.8

European samples

Bavarian 21.9 742 119 22.7 96 2 3.3 0.5 29.5 183.9 6.2
Romanian 14.8 1326 trace" 16.1 91.8 8.2 0.0 11.1 — —
Hungarian 19.1 483 91 19.6 97.1 2.5 0.5 39.5 209.6 5.3

• Results normalized to 10° Brlx.
" Samples prepared at Oregon State University pilot plant.
° Less than 50 mg/L.

3-soph), cyanidin-3-glucoside (cyd-3-glu), cyanidin-3-glu-
A n t n o c y a n i n  A n a l y s e s corutinoside (cyd-3-glurut), and cyanidin-3-rutinoside (cyd-
The anthocyanins of red raspberries have been thoroughly 3-rut). All four do not occur in all varieties and selections.

investigated with the use of thin layer chromatography (TLC) Related pelargonidin (pgd) anthocyanins and cyanidin-3,5-
or paper chromatography. Four major anthocyanin pigments diglucoside (cyd-3,5-diglu) have also been reported as minor
have been identified (22-27): cyanidin-3-sophoroside (cyd- pigments (25).

Table 4. Nonvolatile acid composition8of red raspberry juice—-enzymatic analysis

Percent of total
Citric, Malic, Isocitric, Total, Citric/ Citric/ Malic/

Sample g/L mg/L mg/L g/L Citric Malic Isocitric malic Isocitric isocitric

North American and New Zealand samples"

Meeker (ORNWS)
(Repl. 1) (20.4) (529) (159)
(Repl. 2) (19.8) (511) (165)
Av. of repl. 1, 2 20.1 520 162 20.7 96.7 2.5 0.8 38.6 123.8 3.2

Meeker (ACRS) 20.1 887 128 21.1 95.2 4.2 0.6 22.6 156.7 6.9
Meeker (WWREC) 13.8 411 83 14.3 96.5 2.9 0.6 33.6 166.1 5.0

Willamette (ORNWS)
(Repl. 1) (24.7) (638) (182)
(Repl. 2) (25.5) (614) (174)
Av. of repl. 1, 2 25.1 626 178 25.9 96.9 2.4 0.7 40.1 141.1 3.5

Willamette (ACRS) 29.0 1928 179 31.1 93.2 6.2 0.6 15.0 161.7 10.8
Skeena (ACRS) 22.4 856 119 23.4 95.8 3.7 0.5 26.1 188.1 7.2
Marcy (DSIRNZ) 26.7 1062 184 28.0 95.5 3.8 0.7 25.2 145.2 5.8

Min. 13.8 411 83 14.3 93.2 2.4 0.5 15.0 123.8 3.2
Max. 29.0 1928 184 31.1 96.9 6.2 0.8 40.1 188.1 10.8
Mean 22.4 899 148 23.5 95.7 3.7 0.6 28.7 154.7 6.0

Std dev. 4.7 470 35 5.1 1.2 1.2 0.1 8.4 19.0 2.4
CV, % 20.9 52.3 24.1 21.7 1.2 33.1 13.1 29.3 12.3 39.6

European samples

Bavarian 22.86 786 111 23.76 96.22 3 31 0.47 29.1 205.9 7.1
Romanian 15.42 1445 45 16.91 91.19 8 55 0.27 10.7 342.7 32.1
Hungarian 19.81 532 103 20.45 96.89 2 60 0.50 37.2 192.3 5.2

* Results normalized to 10° Brlx.
" Samples prepared at Oregon State University pilot plant.
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Figure 2. LC separation of red raspberry sugars. Peak identi­
fication: 1, sucrose; 2, glucose; 3, fructose; 4, mannitol (internal 

standard).

The use of reverse phase liquid chromatography for sep­
aration of anthocyanins and related substances has been re­
ported for a number of commodities such as elderberries, 
cranberries, and cowberries (28-30) but not for red raspber­
ries. Most of the reported systems include gradient elution 
with methanol or a combination of methanol and acetonitrile 
as organic modifiers. Initial investigations in our laboratory 
showed that such systems did not have enough selectivity to 
resolve the anthocyanins of red raspberry. For example, cyd-
3-glurut, cyd-3-glu, and pgd-3-soph coeluted as one peak 
when the following conditions were used: solvent A = 10% 
acetic acid, solvent B = methanol; elution program, isocratic 
with 7% B and flow rate 1.5 mL/min. We succeeded in re­
solving the anthocyanins of red raspberries through use of 
acetic acid as an organic modifier, increasing its concentra­
tion to 15%. The solvent in which the isolated anthocyanin 
pigments were dissolved was found to strongly influence the

separation. If the injected anthocyanins were dissolved in 
acidified methanol, double peaks for the major anthocyanins 
and asymmetrical peaks with gradual up slope and sharp 
down slope for minor anthocyanins resulted. The methanol 
injected with the pigments moves faster than the mobile 
phase in the column and creates a local methanolic gradient. 
This front of methanol causes faster pigment elution than 
does the mobile phase and may account for the poor peak 
shape observed. Evaporation of methanol and redilution with 
0.01% HC1 improved peak shape, giving a single peak for 
each compound. It is worth noting that despite the acidity 
of the mobile phase (pH of 15% acetic acid 1.9-2.0), there 
was no loss of resolution or peak shape deterioration over a 
long period of column use throughout this investigation.
Peak identification was based on (7) the chemistry of sep­

aration which includes the overall polarity of the anthocyanin 
molecule, the nature of the attached sugar, and the substi­
tution of the B ring; (2) the relative magnitude of the peak; 
and (3) the retention times of anthocyanins contained in sour 
cherry, blackberry, black currant, and strawberry fruits. Ex­
tracts of these fruits were chromatographed under the same 
condition as that described for red raspberries. Chromato­
grams of these extracts are shown in Figure 3. Chromato­
grams of Meeker, Willamette, and Marcy anthocyanins are 
shown in Figure 4.
Peak 1 is the major peak in all red raspberry samples 

analyzed (42.0-85.3%). Several investigators (22-27) have 
certified cyd-3-soph as the major pigment in red raspberries. 
Peak 2 was identified as cyd-3-glurut, the major pigment of 
sour cherries (31). Barritt and Torre (25, 26) reported that 
cyd-3-glurut is present in Meeker but not in Willamette va­
riety. Peak 2 is the major peak in the sour cherry chromato­
gram, and its presence distinguishes Meeker and Willamette 
chromatograms (Figures 3 A; 4A and B). Peak 3 was identified 
as cyd-3-glu, which is common to blackberries as the major

Table 5. Sugar composition of red raspberry juice

Concentration,* g/100 mL Percent of total sugars

Sample Sucrose Glucose Fructose Total Sucrose Glucose Fructose tose

North American and New Zealand samples0

Meeker (ORNWS)
(Repl. 1) (0.00) (2.74) (3.01)
(Repl. 2) (trace)0 (2.78) (3.09)
Av. of repl. 1,2 0.00 2.76 3.05 5.81 0.0 47.5 52.5 0.90

Meeker (ACRS) 0.10 2.99 3.37 6.46 1.5 46.3 52.2 0.89
Meeker (WWREC) 0.00 3.44 3.79 7.23 0.0 47.5 52.4 0.91
Willamette (ORNWS)

(Repl. 1) (0.00) (2.27) (2.56)
(Repl. 2) (0.08) (2.23) (2.50)
Av. of repl. 1,2 0.04 2.25 2.53 4.82 0.8 46.7 52.5 0.89

Willamette (ACRS) 0.17 2.23 2.62 5.02 3.4 44.4 52.2 0.85
Skeena (ACRS) 0.91 2.69 3.04 6.64 13.7 40.5 45.8 0.88
Marcy (DSIRNZ) 0.00 1.80 2.41 4.21 0.0 42,3 57.2 0.75
Min. 0.00 1.80 2.41 4.21 0.0 40.5 45.8 0.75
Max. 0.91 3.44 3.79 7.23 13.7 47.6 57.2 0.91
Mean 0.17 2.59 2.97 5.74 2.8 45.1 52.1 0.87
Std dev. 0.31 0.51 0.46 1.02 4.6 2.5 3.1 0.05
CV, % 175.6 19.5 15.4 17.7 165.5 5.5 5.9 6.0

European samples
Bavarian 0.36 2.76 3.21 6.32 5.7 43.6 50.8 0.86
Romanian 0.00 3.51 3.69 7.19 0.0 48.8 51.2 0.95
Hungarian 0.16 3.11 3.69 6.96 2.3 44.T 53.1 0.84
■ Expressed as single strength juice normalized to 10.0° Brix. 
0 Samples prepared at Oregon State University pilot plant.
0 Less than 0.02 g/100 mL.
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Figure 3. LC separation of anthocyanins from A, sour cherry; 
B, blackberry; C, black currant; D, strawberry. Peak identification: 
1, cyd-3-soph; 2, cyd-3-glurut; 3, cyd-3-glu; 5, cyd-3-rut; 7, 

pgd-3-glu.

pigment (23, 26). Cyd-3-glu has also been found in straw­
berries and black currant as a minor pigment (32) and in 
raspberries at intermediate levels (23-27). Peak 3 is the only 
peak common to the chromatograms of these fruits, and it 
is the major peak in blackberry, minor peak in strawberry 
and black currant, and intermediate peak in red raspberry 
(Figures 3B, C, and D; and 4A, B, and C). Peak 4 was not 
detected in varieties with trace amounts of pelargonidin, and 
it was tentatively identified as pgd-3-soph. Of the pelargon­
idin pigments in red raspberries, pgd-3-soph is contained in 
largest quantities (25). Peak 5 was identified as cyd-3-rut, the 
major pigment in black currant (32), Marion blackberry (23), 
and sour cherry (31) and the minor pigment in Meeker red 
raspberry cultivar; it is not present in Willamette variety (25, 
26). Peak 5 fits this matrix. Peak 6 was tentatively identified 
as pgd-3-glurut (see below). Peak 7 was identified as pgd-3- 
glu because it is the major peak in the strawberry chromato­
gram (Figure 3D).
Summarizing, the elution order of the cyanidin pigments 

was as follows: cyd-3-soph, cyd-3-glurut, cyd-3-glu, and cyd-
3-rut. This elution order suggests that the hydrophobic CH3 
group of rhamnose causes increased retention of the rutinose 
glycosides and reverses the general rule that the elution order 
is tri-, di-, mono-saccharide of the same aglycone. Consid­
ering the effect of the rhamnose CH3 group on anthocyanin 
retention, the elution order for the pelargonidin pigments 
should be the following: pgd-3-soph, pgd-3-glurut, pgd-3-glu, 
and pgd-3-rut. This tentatively identifies peak 6 as pgd-3-

A 1 B

Figure 4. LC separation of red raspberry anthocyanins: A, Meeker 
(ORNWS); B, Willamette (ORNWS); C, Marcy (DSIRNZ). Peak 
identification: 1, cyd-3-soph; 2, cyd-3-glurut; 3, cyd-3-glu; 4, pgd- 

3-soph; 5, cyd-3-rut; 6, pgd-3-glurut; 7, pgd-3-glu.

glurut. Combining the effect of sugar moiety, determined by 
the number of sugar units and the presence of the CH3 group, 
with the effect of B ring substitution on the overall polarity 
of the anthocyanin molecule gives the resulting elution order: 
cyd-3-soph, cyd-3-glurut, cyd-3-glu, pgd-3-soph, cyd-3-rut, 
pgd-3-glurut, pgd-3-glu, and pgd-3-rut. The presence of the 
trace pelargonidin pigments was readily detected by injection 
of more concentrated anthocyanin preparations. In these cases, 
cyd-3-soph exceeded the dynamic range of the detector, which 
would not allow for accurate quantitation of all pigments.
The pigment assignment by LC retention certified previous 

identifications of red raspberry anthocyanins. No additional 
pigments were detected. Cyd-3,5-diglu, which was tentatively 
identified on the basis of TLC retentions by Barritt and Torre 
(25) as a minor pigment in some varieties, was not found in 
any of the samples that we analyzed. From our analyses we 
could not conclusively determine whether this pigment was 
absent or coelutes, possibly with cyd-3-soph, because we do 
not have a standard source for determination of retention 
time. All other anthocyanin pigments that have been pre­
viously reported in red raspberry varieties were detected 
and separated. Similarly, the LC profiles for black currant, 
sour cherry, blackberry, and strawberry confirmed the pub­
lished anthocyanin composition of these fruits (23, 31, 32).
The results of the anthocyanin analyses of the samples 

pressed in our pilot plant are shown in Table 6. Table 7 
shows the quantitation of cyanidin pigments by TLC den­
sitometry as determined by Barritt and Torre (25) for 37
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Table 6. Anthocyanin and anthocyanidin composition (%) of red raspberry juice

Sample

Anthocyanins Anthocyanidins
Cyanidin Pelargonidin

Cyanidin
Pelar­
gonidin3-soph 3-glu 3-glurut 3-rut 3-soph 3-glurut

North American and New Zealand samples*

Meeker (ORNWS)
(Repl. 1) (79.1) (10.9) (3.7) (1.1) (5.2) trace6 (96.0) (4.0)
(Repl. 2) (78.7) (11.5) (3.5) (1.1) (5.2) trace (96.4) (3.6)
Av. of repl. 1,2 78.9 11.2 3.6 1.1 5.2 0.0 96.2 3.8

Meeker (ACRS) 75.7 10.8 8.6 1.9 2.9 0.0 98.1 1.9
Meeker (WWREC) 75.8 8.9 9.3 1.7 4.2 0.0 97.2 2.8

Willamette (ORNWS)
(Repl. 1) (85.5) (10.7) (0.0) (0.0) (3.8) (0.0) (97.1) (2.9)
(Repl. 2) (85.2) (10.5) (0.0) (0.0) (4.2) (0.0) (96.9) (3.1)
Av. of repl. 1,2 85.3 10.6 0.0 0.0 4.0 0.0 97.0 3.0

Willamette (ACRS) 85.2 12.6 0.0 0.0 2.2 0.0 98.5 1.5
Skeena (ACRS) 76.1 23.9 0.0 0.0 0.0 0.0 100.0 trace
Marcy (DSIRNZ) 42.0 7.6 38.3 7.0 2.0 3.2 95.1 4.9

Min. 42.0 7.6 0.0 0.0 0.0 0.0 95.1 0.0
Max. 85.3 23.9 38.3 7.0 5.2 3.2 100.0 4.9
Mean 74.2 12.2 8.6 1.7 2.9 0.5 97.4 2.6
Std dev. 13.7 5.0 12.7 2.3 1.6 1.1 1.5 1.5
CV, % 18.4 40.9 148.5 136.8 54.9 244.9 1.5 58.0

European samples

Bavarian 85.1 14.9 0.0 0.0 0.0 0.0 100.0 trace
Romanian 53.1 13.0 21.5 9.5 1.5 1.4 98.4 1.6
Hungarian 80.1 14.4 0.0 0.0 5.5 0.0 97.6 2.4

* Samples prepared at Oregon State University pilot plant. 
6 Less than 1%.

cultivars and collections. Related pelargonidin pigments were 
listed as trace (less than 2%). Our data show higher mean 
values for cyd-3-soph and cyd-3-glurut and lower values for 
cyd-3-glu and cyd-3-rut. Partial hydrolysis or polymerization 
of anthocyanins during the more rigorous pigment isolation 
for TLC analysis as well as quantitation by densitometry 
could account for these differences.
The results of the anthocyanin analyses of the European 

samples are also shown in Table 6. These samples had under­
gone considerable anthocyanin degradation as evidenced by 
the lower monomeric pigment and higher percentage of poly­
meric color (Table 8). The anthocyanin profiles, however, 
are very similar to those for the juices processed in our pilot 
plant.
The anthocyanin profile of red raspberries is distinctive 

with 2 different patterns predominating. Varieties such as 
Willamette and Skeena and the Bavarian and Hungarian 
samples possess a simpler profile with 2 major cyanidin pig­
ments predominating. Varieties such as Meeker and Marcy 
and the Romanian sample have a more complex pattern with 
4 cyanidin pigments present in substantial quantities (Figure
4). There is considerable variation in the percentages of the 
cyanidin pigments between samples (Table 6).

Table 7. Red raspberry anthocyanin composition (%) as de­
termined by Barritt and Torre (25)

Statis- Cyanidin

tic 3-soph 3-glu 3-glurut 3-rut 3-diglu

Min. 20 11 0 0 0
Max. 72 45 43 32 6
Mean 47.2 22.4 18.9 10.9 0.6
Std dev. 15.2 8.2 13.4 9.4 1.4
CV, % 32 37 71 86 250

Most anthocyanin-containing fruits have qualitatively and 
quantitatively different anthocyanin profiles from red rasp­
berry and should be detected by this analysis.
Anthocyanidin Analyses
The results of the anthocyanidin analyses are shown in 

Table 6 and a typical chromatogram in Figure 5. Cyanidin, 
which is the only compound detected in some samples, pre­
dominates; pelargonidin has a maximum level of 5%. An­
thocyanidin analysis would be useful in detecting adultera­
tions with colorants containing malvinidin, delpinidin, 
peonidin, or petunidin.
Spectral Characteristics and Hunter Parameters
The color characteristics of the samples pressed in our pilot 

plant are shown in Table 8. Anthocyanin concentrations range 
between 23.8 and 101.0 mg/100 mL. In their analysis of 
fruit, Torre and Barritt (26) found a lower range of antho­
cyanin concentration between 20 and 60 mg/100 g of fruit. 
Variety, origin, and maturity can all account for differences 
in anthocyanin levels. Our data show that Willamette is about 
50% higher in pigment than Meeker if comparisons are made 
within the same geographic region. Torre and Barritt (26) 
similarly found Willamette fruit to be about 50% higher in 
anthocyanin pigment than Meeker. The number of samples 
we analyzed, however, is too limited to ascertain the primary 
source of variation in anthocyanin pigment content. Mea­
surements of color density, percent polymeric color, and 
browning index indicate that juices contain a low level of 
polymerized anthocyanin pigments. There was very little dif­
ference between replications for the color indices (samples 
Meeker ORNWS and Willamette ORNWS).
The effect of concentration (under laboratory conditions) 

on monomeric and polymeric color is shown in Table 8



SPANOS & WROLSTAD: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987) 1045

Table 8. Color analyses of red raspberry juice

Antho- Per-
cyanin cent

concn,"-6 Poly- poly- Brown-
mg/100 Color meric meric ing

Sample mL density6 color6 color index6

North American and New Zealand samples'

Meeker (ORNWS)
(Repl. 1) (68.2) (22.6) (1.0) (4.6) (0.64)
(Repl. 2) (68.9) (24.5) (1.5) (5.9) (0.89)
Av. of repl. 1,2 68.6 23.6 1.3 5.3 0.77

Meeker (ACRS) 29.0 13.5 1.4 10.1 0.86
Meeker (WWREC) 31.6 13.1 0.8 6.0 0.45
Willamette (ORNWS)

(Repl. 1) (98.6) (32.9) (1.4) (4.3) (0.91)
(Repl. 2) (103.5) (34.2) (1.6) (4.7) (1.01)
Av, of repl. 1,2 101.0 33.6 1.5 4.6 0.96

Willamette (ACRS) 53.0 24.6 1.7 7.1 1.05
Skeena (ACRS) 23.8 11.3 0.7 6.6 0.45
Marcy (DSIRNZ) 57.1 19.9 2.1 10.7 1.26
Min. 23.8 11.3 0.7 4.6 0.5
Max. 101.0 33.6 2.1 10.7 1.3
Mean 52.0 19.9 1.4 7.2 0.8
Std dev. 25.2 7.4 0.5 2.2 0.3
CV, % 48.4 37.2 34.0 30.3 33.6

Authentic samples concentrated to 50° Brix

Meeker
(ORNWS Repl. 1) 63.1 26.8 2.5 9.3 1.56

Willamette (ACRS) 45.9 24.2 3.4 14.0 2.09
Skeena (ACRS) 19.9 12.2 1.4 11.9 0.93
Marcy (DSIRNZ) 53.2 22.2 3.2 14.5 1.98

European samples

Bavarian 9.2 8.0 2.9 36.3 1.71
Romanian 9.6 4.7 1.0 20.2 0.65
Hungarian 10.0 6.2 2.0 32.2 1.31

* Expressed as cyd-3-glu (t = 29 600).
6 Results normalized to 10° Brix.
0 Samples prepared at Oregon State University pilot plant.

(samples concentrated to 50° Brix). Monomeric color de­
creases by an average of 11% while color density increases 
by an average of 9%. Polymeric color, percent polymeric 
color, and browning index increase by even more than 100%.
Anthocyanin concentration and color density of the Eu­

ropean samples (Table 8) show that these samples are low 
in anthocyanin pigment and high in polymeric color. Pigment 
degradation with processing and/or storage would at least 
partially account for the low monomeric pigment content, 
although varietal and geographic influence could also con­
tribute.
The spectral characteristics of red raspberry juice are shown 

in Table 9; the Hunter parameters are shown in Table 10. 
The European samples show higher L values due to their 
lighter color.

Summary

Methodology was developed for sugar, nonvolatile acid, 
and anthocyanin analysis by liquid chromatography in red 
raspberry juice. Adequate resolution of malic acid from iso- 
citric by reverse phase C-18 chromatographic media can be 
achieved through use of 2 reverse phase C-18 columns in 
series. The more uniform response of analytes to refractive 
index detection allows for quantitation of isocitric acid. For 
sugar analysis, removal of acids in the juice via ion-exchange 
treatment is recommended. Anthocyanin pigments were re­

1

Figure 5. LC separation of red raspberry anthocyanidins. Peak 
identification: 1, cyanidin; 2, pelargonidin.

solved through use of 15% acetic acid in the mobile phase 
where it functioned as selective organic modifier.
The nonvolatile acid, sugar, and anthocyanidin profiles are 

simple, limiting their utility in detecting adulterations. Pres­
ence of sorbitol or detection of anthocyanidins other than 
cyanidin and low levels of pelargonidin, however, would be 
substantive evidence for adulteration. The anthocyanin pro­
file is qualitatively distinctive, with 2 principal quantitative 
patterns found. Anthocyanin analysis should prove useful in 
detecting adulteration of red raspberries with other antho- 
cyanin-containing fruits. Total anthocyanin pigment content 
exhibited a very wide range with variety, geographic origin, 
and processing as influencing factors.
It is recommended that in future work the data base be 

extended to include more authentic samples and that the

Table 9. Spectral characteristics of red raspberry juice

Wavelength range, nm

Mode Maxima Minima

Absorbance 513-515
273-278

First derivative 664-665 537-541
477-479 282-283
391-392 224-230
258-260 207-209

202-204
Second derivative 550-551 503-504

284-285 264-274
226-232
215-216
204-209

210-211
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Table 10. Hunter and CIEa parameters of red raspberry juice

Sample

Hunter parameters CIE parameters

Hue SI» Hue/SIL a b Y X Z

North American and New Zealand samples“

Meeker (ORNWS)
(Repl. 1) (22.3) (48.5) (15.3) (5.0) (10.9) (0.1) (72.5) (50.9) (1.4)
(Repl. 2) (24.2) (51.4) (16.6) (5.8) (12.6) (0.3) (72.1) (54.0) (1.3)
Av. of repl. 1,2 23.3 50.0 16.0 5.4 11.8 0.2 72.3 52.5 1.4

Meeker (ACRS) 35.2 61.3 24.1 12.4 24.1 0.3 68.6 65.9 1.0
Meeker (WWREC) 30.0 58.3 20.7 9.0 18.5 0.1 70.5 61.9 1.1

Willamette (ORNWS)
(Repl. 1) (20.2) (44.8) (13.7) (4.1) (9.0) (0.1) (73,0) (46.8) (1.6)
(Repl. 2) (20.0) (44.5) (13.6) (4.0) (8.8) (0.1) (73.0) (46.5) (1.6)
Av. of repl. 1,2 20.1 44.7 13.7 4.1 8.9 0.1 73.0 46.8 1.6

Willamette (ACRS) 30.3 58.2 20.9 9.2 18.8 0.1 70.3 61.8 1.1
Skeena (ACRS) 37.7 63.0 25.2 14.2 27.1 0.8 68.2 67.9 1.0
Marcy (DSIRNZ) 32.5 59.1 22.2 10.6 21.0 0.3 69.4 63.1 1.1

Min. 20.1 44.7 13.7 4.1 8.9 0.1 68.2 46.8 1.0
Max. 37.7 63.0 25.2 14.2 27.1 0.8 73.0 67.9 1.6
Mean 29.9 56.4 20.4 9.3 18.6 0.3 70.3 60.0 1.2
Std dev. 5.8 6.1 3.9 3.3 6.0 0.2 1.7 7.0 0.2
CV, % 19.4 10.8 18.9 35.9 32.0 85.2 2.4 11.7 15.6

European samples

Bavarian 36.2 53.5 19.9 13.1 23.6 3.3 69.6 57.1 1.2
Romanian 47.5 56.3 22.4 22.5 36.9 8.7 68.3 60.6 1.1
Hungarian 40.6 54.8 22.1 16.5 28.5 4.3 68.1 59.1 1.2

* Commission Internationale de l'Éclairage.
6 SI = Saturation Index.
» Samples prepared at Oregon State University pilot plant.

developed methodology be applied to commercial samples 
to evaluate its effectiveness.
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M Y CO T O X IN S

Optimum Conditions for Formation of Aflatoxin M r Trifluoroacetic Acid Derivative

ROBERT D. STUBBLEFIELD
U .S . D e p a r tm e n t o f  A g r icu ltu re , N o r th e rn  R e g io n a l  R e se a rc h  C en ter , A g r ic u ltu ra l R e se a rc h  S erv ice , 
P eo ria , I L  6 1 6 0 4

Because thin-layer chromatographic (TLC) confirmation of identity 
and reverse-phase liquid chromatographic (LC) determination with 
fluorescence detection of aflatoxin M, both require the derivative 
formed in the reaction of M, and trifluoroacetic acid (TFA), various 
reaction conditions were studied to obtain complete derivative for­
mation. Of the various organic solvents tested, the reaction between 
M, and TFA proceeded best in the nonpolar solvents hexane and 
isooctane. Other parameters investigated were reaction temperature 
and time, aflatoxin M, concentration, and solvent volume. The fol­
lowing procedure is considered optimum: 200 p L  each of hexane and 
trifluoroacetic acid are mixed with M, standard in a silylated glass 
vial or with milk residue in a regular glass vial with a Teflon-lined 
screw cap and heated 10 min at 40°C. The mixture is evaporated to 
dryness under N2, and the derivative is saved for TLC or LC. No 
unreacted aflatoxin M, was detected by reverse-phase LC after this 
procedure was incorporated for analysis of milk samples.

The hemiacetal derivatives of aflatoxins B, and G, (B2a and 
G2a) have been used for thin-layer chromatographic (TLC) 
confirmation of identity since 1971 (1). The derivatives are 
highly fluorescent and used extensively for the quantitation 
of these aflatoxins by reverse-phase liquid chromatography 
(LC), because B, and G, are only weakly fluorescent in aqueous 
mobile phases. Derivatives B2a and G2a are readily prepared 
by the trifluoroacetic acid (TFA)-catalyzed hydration of af­
latoxins B, and G! at room temperature (2). This is not true 
with aflatoxin M, because the reaction rarely goes to com­
pletion. The first reverse-phase LC method for determining 
aflatoxin M, in milk and milk products, which measured the 
fluorescence of the M,-TFA derivative (designated M 2a), was 
reported by Beebe and Takahashi in 1980 (3). No formal 
evidence has been published that definitely identifies this 
derivative as the hemiacetal; however, for consistency with 
other authors, it is referred to here as M 2a. Beebe and Taka­
hashi were successful in the reproducible derivatization of 
aflatoxin M, to M 2a; however, other scientists have encoun­
tered incomplete derivatization and have incorporated dif­
ferent reaction conditions (4-11). Consequently, some of these 
workers have chosen to quantitate aflatoxin M, directly, even 
though M, is less fluorescent than M 2a.
In this report, the reaction parameters for derivatization 

of aflatoxin M, or M 2a are examined, and the procedure that 
produces complete conversion of M, to the M 2a derivative 
is given.

Experimental 
Apparatus and Reagents
(a) S o lv e n ts .— All are reagent grade.
(b) T riflu oroacetic  a c id  (T F A ).— Purity 99+%.
(c) D ich lo ro d im e th y ls ila n e  (D O S). —Prepare 5% (v/v) so­

lution in toluene. * 31
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(d) A fla to x in  s ta n d a rd  so lu tion s. — Aflatoxin M, standards 
were 0.5, 7.04, and 8.37 p g /m L in acetonitrile-benzene (1 +
9). Aflatoxin BI and G, standard solution was 8.0 pg each/ 
mL in acetonitrile-benzene (2 + 98).
(e) M o b ile  p h a s e .— Mix water-isopropyl alcohol-aceto­

nitrile (80 +12 + 8). Degas with ultrasonic probe.
(f) H e a tin g  block. — Reacti-therm heating module (Pierce 

Chemical Co., Rockford, IL 61105) or equivalent.
(g) S ily la te d  v ia ls .— Add 5% DDS solution to 1-1.5 dram 

vials and heat ca 40 min at 45-5 5°C. Discard solution and 
rinse vials 3 times with toluene and then 3 times with meth­
anol. Heat vials at 75°C for 20-30 min to evaporate meth­
anol. Cap vials (with Teflon liners) and store.
(h) L C  s y s te m .— Spectra-Physics Model 8700, equipped 

with injector (Rheodyne Model 7125) with 2.0 mL loop, 
recorder/integrator (Spectra-Physics SP4270), fluorescence 
detector (Kratos FS970), set at 365 nm for excitation and 
418 nm for emission, and 4.3 mm id x 25 cm Zorbax ODS 
LC column (DuPont, Wilmington, DE 19898). Mobile phase, 
water-isopropyl alcohol-acetonitrile (80 + 12 + 8), 1.0 mL/ 
min.
Initial Derivative Formation
The following were mixed in a Teflon-lined screw-cap vial: 

200 p L solvent, 50 p L TFA, and 50 p L aflatoxin M! standard. 
The mixture was allowed to react at room temperature for 
15 min and then was evaporated under nitrogen. The residue 
was dissolved in 2000 p L water-acetonitrile (75 + 25) for 
LC. The injection volume was 50 pL .

Results and Discussion
This study was initiated by duplicating the reaction con­

ditions of Beebe and Takahashi (3). They used «-hexane as 
a base solvent to dissolve the dairy extract residue containing 
aflatoxin M,. Although hexane is an excellent solvent for this 
purpose, it is a poor solvent for the polar aflatoxin M! when 
present in pure form (e.g., aflatoxin M! standard). Therefore, 
other solvents were substituted for hexane to determine if 
any improvement could be obtained (Table 1). Solvents were 
chosen that scanned the elutropic series, with values of—0.25 
to0.95 (12). The data indicate that the solvents that produced 
the most M 2a and the least unreacted M, were the nonpolar 
«-hexane, isooctane, and 1,1,2-trichlorotrifluoroethane. 
Generally, as the solvent polarity increased, the M! conver­
sion decreased. Unreacted aflatoxin M, was detected with all 
solvents. When water was added to the reaction mixture, 
poor yields of M 2a were obtained (data not shown). Even 
though aflatoxin M, is less soluble in nonpolar solvents, the 
reaction was more complete with them. In this study, afla­
toxin M t standard was added to the solvent-TFA mixture 
in 50 p L aliquots. This technique prevented adsorption of 
M, to the glass vial—a problem encountered with aflatoxin 
standard solutions (13) and discussed in more detail later.
Next, the optimum reaction temperature was determined 

for hexane and isooctane as base solvents (Table 2). 1,1,2- 
Trichlorotrifluoroethane was not tested because it is not a
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Table 1. Comparison of the effects of various solvents on the 
aflatoxin M,-TFA reaction

Aflatoxin peak area, 
counts/riL”

Solvent E° (A IA )” M,

1,1,2,-Trichlorotrlfluoroethane -0 .25 1239 1
Hexane 0.00 1289 9
Isooctane 0.00 1299 10
Toluene 0.29 651 214
Chloroform 0.40 935 144
Methylene chloride 0.42 1049 55
Ethyl ether 0.38 292 303
Tetrahydrofuran 0.45 257 292
Acetone 0.56 528 237
Ethyl acetate 0.58 274 348
Acetonitrile 0.65 551 158
2-Propanol 0.82 140 334
Methanol 0.95 239 226

* Elutropic value of solvent on alumina (12). 
b Each value represents average of 5 samples.

common laboratory chemical. The reaction conditions were 
identical to those given in the text and for the data in Table 
1, except the temperature was varied from 10 to 50°C. As 
the temperature increased, aflatoxin M 2a was produced in 
greater yield until a decrease was detected at 50°C. The op­
timum reaction temperature was 40°C. No unreacted M, 
could be detected at temperatures above ambient; however, 
some must have been present at 30 and 50°C because less 
M 2a was present. Aflatoxin M, is not as fluorescent as M 2a in 
polar mobile phases, so small, undetected amounts of M, 
could be present.
The effect of increased reaction times is given in Table 3. 

The reaction temperature was held at 40°C, and hexane was 
selected as the residue solvent because most aflatoxin labo­
ratories use it routinely in their assays. No unreacted M, was 
found after 15 min, and maximum aflatoxin M 2a peak areas 
occurred at 30-45 min. This was a longer reaction time than 
desired, so the TFA volume was increased from 50 to 200 
mL, and the experiment was repeated. With equal volumes 
(200 mL) of hexane and TFA, the reaction was complete at 
10 min, and only M 2a was detected. On the basis of these 
data, it appears that the best conditions for forming M 2a from 
M, are mixing equal 200 fiL portions of hexane and TFA 
with the dairy extract residue and letting the mixture react 
at 40°C for 10 min.
These reaction parameters were tested with increasing 

quantities of aflatoxin M, to determine the maximum amount 
of toxin that would react. The results are given in Table 4. 
Only aflatoxin M 2a was visible when quantities of less than

Tab le  2. E ffect of tem pera tu re  on the  
reaction”

aflatoxin  M ,-T F A

Aflatoxin peak area, counts/iiL"

Solvent Temp, °C M2a M,

Hexane 10 1029 79
33 1171 ND
40 1241 ND
50 935 ND

Isooctane 10 978 81
33 1197 ND
40 1228 ND
50 1025 ND

* Reaction carried out as specified in text except for temperatures given in 
column 2.

“ As determined by reverse-phase LC; ND = not detected; each value = 
average of 10 samples.

Table 3. Effect of reaction time on the aflatoxin Nh-TFA reaction 
in hexane”

Aflatoxin peak area, 
counts/iiL"

TFA, riL Time, min m 2. M,

50 5 970 47
50 10 1038 43
50 15 1158 39”
50 20 1183 ND
50 25 1109 ND
50 30 1219 ND
50 45 1236 ND
50 60 1161 ND

200 5 1072 trace
200 10 1217 ND
200 15 1209 ND

* Reaction carried out as specified In text except as given above and tem­
perature = 40°C.

“ As determined by reverse-phase LC; ND = not detected; each value = 
average of 3 samples.

” Only 2 samples had unreacted M, present; aflatoxin M, was not detected 
in other 8 samples.

or equal to 150 ng or 300 ¿tL M, standard were treated with 
TFA. The data suggest that this volume (300 pT) of standard 
solution diluted the reaction mixture excessively. To deter­
mine if this was true, a concentrated M, solution (1675 ng 
in 200 nL) was treated, and a very small unreacted M, peak- 
63 area counts—was detected (Table 4). Therefore, the quan­
tity of aflatoxin M, is not a critical factor in the derivatization, 
but dilution of the reactants is to be avoided. With most of 
the current methods, the dairy product extract is evaporated 
before it is treated with hexane and TFA; therefore, the pro­
posed technique will successfully form the M 2a derivative.
If aflatoxin M, standards are evaporated in a glass vial, M, 

is irreversibly adsorbed to the glass (13). Glass vials should 
be silylated to avoid adsorption of M! during evaporation. 
Standard solutions (benzene-acetonitrile) of less than 200 
txL can be added to the hexane-TFA mixture directly (Table
4), and the reaction will go to completion. The data in Table 
4 show that 1408 ng aflatoxin M, reacted completely when 
the 200 nL concentrated standard solution was evaporated 
in a silylated vial prior to the reaction. Therefore, it is best 
to use silylated vials for the derivatization of aflatoxin M, 
standards. This is not necessary with dairy samples because 
aflatoxin M, will completely redissolve when present with

Table 4. Effect of aflatoxin M, quantities on the reaction with 
TFA in hexane”

Aflatoxin M, added Unreacted M,

mL ng countsAiL“

100 50 ND
150 75 ND
200 100 ND
300 150 160
400 200 340
100 837 ND
200 1675 63
200” -t* o 00 ND

* Reaction carried out as specified in text except as shown above and tem­
perature = 40°C, time = 10 min, and 200 nL TFA.

6 As determined by reverse-phase LC; M2a was off scale in all experiments;
ND = not detected; each value = average of 2 samples.

‘  Added to silylated vial and evaporated under Nz before reacting with hex­
ane and TFA.
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contaminants and impurities commonly found in dairy ex­
tracts (12).

The derivatization procedure was tried also with standard 
solutions containing aflatoxins B, and G„ and it converted 
them completely to B2a and G2a. In a recent international 
collaborative study (14), four collaborators obtained incom­
plete reaction of aflatoxin M, with TFA, probably because 
the specified procedure did not use heat. Since then, the 4 
collaborators have successfully used the procedure given in 
this paper (private communications).

In summary, the optimum conditions for converting af­
latoxin M, to aflatoxin M2a are to add equal 200 /uL volumes 
of hexane and TFA to dry dairy extract in a screw-cap vial, 
mix well, heat the vial at 40°C for 10 min, evaporate the 
mixture under N2, and save the residue for either TLC or 
reverse-phase LC determinations. This procedure also will 
successfully form aflatoxins B2a and G2a from aflatoxins B, 
and G,. Standard aflatoxin solutions should be transferred 
to silylated vials, prior to forming the derivatives, to prevent 
irreversible adsorption of the aflatoxins to the glass; however, 
sample extracts do not need silylated vials.

Acknowledgment
The author thanks J. I. Greer for technical assistance in 

this research.

R e f e r e n c e s

(1 )  P r z y b y ls k i ,  W . (1 9 7 5 )  7 . Assoc. Off. Anal. Chem. 5 8 ,  1 6 3 - 1 6 4
(2 )  T a k a h a s h i ,  D .  M . (1 9 7 7 )  7 . Assoc. Off. Anal. Chem. 6 0 ,  7 9 9 -  

8 0 4
(3 )  B e e b e ,  R .  M .,  &  T a k a h a s h i ,  D .  M . (1 9 8 0 )  7 . Agric. Food Chem. 

2 8 , 4 8 1 - 4 8 2
(4 )  G r e g o r y ,  J .  F . ,  I l l ,  &  M a n le y ,  D .  B . ( 1 9 8 1 ) 7 .  Assoc. Off. Anal. 

Chem. 6 1 ,  1 4 4 - 1 5 1
(5 )  F r e m y ,  J .  M .,  &  B o u r s ie r ,  B . ( 1 9 8 1 ) 7 .  Chromatogr. 2 1 9 ,  1 5 6 — 

161
(6 )  T u i n s t r a ,  L . G . M .  T h . ,  &  H a a s n o o t ,  W . (1 9 8 2 )  Fresenius Z. 

Anal. Chem. 3 1 2 ,  6 2 2 - 6 2 3
(7 )  S te in e r ,  W .,  &  B a t ta g l i a ,  R .  ( 1 9 8 3 )  M itt. Geb. Lebensmittelun- 

ters. Hyg. 74. 1 4 0 - 1 4 6
(8 )  C h a n g ,  H. L „  &  D e V r ie s ,  J. W . ( 1 9 8 3 )  7 . Assoc. Off. Anal. 

Chem. 6 6 ,  9 1 3 - 9 1 7
(9 )  T a k e d a ,  N .  ( 1 9 8 4 )  7 . Chromatogr. 2 8 8 ,  4 8 4 - 4 8 8

(1 0 )  C o h e n ,  H., L a p o i n t e ,  M .,  &  F r e m y ,  J. M . (1 9 8 4 )  7 . Assoc. Off. 
Anal. Chem. 6 7 ,  4 9 - 5 1

(1 1 )  Y o u s e f ,  A . E „  &  M a r t h ,  E . H .  ( 1 9 8 5 ) 7 .  Assoc. Off. Anal. Chem. 
6 8 ,  4 6 2 - 4 6 5

(1 2 )  H o f m a n ,  G . ,  E d .  ( 1 9 7 7 )  Iscotables, 7 th  E d . ,  I n s t r u m e n t a t i o n  
S p e c ia l t i e s  C o .,  L i n c o ln ,  N E ,  p . 11

(1 3 )  S tu b b le f ie ld ,  R . D . ( 1 9 8 0 )  7 . Assoc. Off. Anal. Chem. 6 3 ,  6 3 4 -  
6 3 6

(1 4 )  S tu b b le f ie ld ,  R .  D .,  &  K w o le k ,  W . F .  ( 1 9 8 6 )  7 . Assoc. Off. Anal. 
Chem. 6 9 ,  8 8 0 - 8 8 5

Optimization of Chick Embryotoxicity Bioassay for Testing Toxicity Potential of 
Fungal Metabolites

DAN B. PRELUSKY, ROBERT M. G. HAMILTON, BRIAN C. FOSTER, H. LOCKSLEY TRENHOLM, and 
BRIAN K. THOMPSON* 1
A g r icu ltu re  C a n a d a , A n im a l  R e sea rch  C en tre , O tta w a , O n ta r io  K 1 A  0 C 6 , C a n a d a

T h e  o p t im iz a t io n  o f  a  s im p le ,  s e n s i t iv e  p r o c e d u r e  u s in g  a  c h i c k  e m -  
b r y o to x i c i t y  s c r e e n in g  t e s t  ( C H E S T )  b io a s s a y  f o r  d e t e c t io n  o f  to x ic  

c o m p o u n d s  i s  p r e s e n t e d .  D o s i n g  p r o to c o ls  o f  e g g s ,  u s in g  s e v e r a l  m y -  
c o to x in s  ( a f l a to x in  B „  d e o x y n iv a le n o l ,  T - 2  t o x i n )  a n d  a p p r o p r i a t e  
c o n t r o l s ,  w e re  e v a l u a t e d  f o r  e m b r y o n ic  s e n s i t i v i t y ,  o v e r a l l  p r a c t i c a l i t y  
o f  t h e  p r o c e d u r e ,  a n d  c o n s i s t e n c y  o f  r e s u l t s .  I t  w a s  f o u n d  t h a t  b o th  
t y p e  o f  c a r r i e r  s o lv e n t  a n d  v o lu m e  in je c te d  c o u ld  s ig n i f i c a n t ly  a f f e c t  

o v e r a l l  e m b r y o n ic  m o r t a l i t y .  T h e  c h i c k  e m b r y o  w a s  m o s t  s e n s i t iv e  
to  t h e  e f f e c ts  o f  t o x in s  a n d  s o lv e n t s  a f t e r  1 o r  2  d a y s  o f  i n c u b a t io n ;  
a  r a p i d  d e c r e a s e  in  r e s p o n s e  w a s  o b s e r v e d  a s  t h e  a g e  o f  t h e  e m b r y o  

a t  d o s in g  in c r e a s e d .  F o l lo w in g  a d m i n i s t r a t i o n  o f  t h e  t o x in s  j u s t  b e lo w  
t h e  s h e l l  m e m b r a n e  b y  w a y  o f  a  s m a l l  h o le  ( < 0 . 5  m m  d ia m e te r )  
p u n c h e d  in  t h e  s h e l l ,  a  g o o d  d o s e - r e s p o n s e  (°/o  m o r t a l i t y )  c o u ld  b e  
o b t a i n e d  r e g a r d l e s s  o f  t h e  s i t e  o f  i n j e c t i o n  ( e x c e p t  d i r e c t l y  in to  t h e  
y o lk ) ,  a l t h o u g h  d o s in g  v ia  t h e  a i r  s a c  p o s i t io n  r e s u l t e d  in  a  s l i g h t ly  

b e t t e r  s t a t i s t i c a l  o u tc o m e .  A l th o u g h  s o m e  v a r i a t i o n s  in  c a l c u l a t e d  
L D 50 v a lu e s  w e re  f o u n d  a m o n g  r e p e a t e d  a s s a y s ,  s t a t i s t i c a l  a n a l y s e s  
s h o w e d  t h a t  t h e  d i f f e r e n c e s  w e re  n o t  d u e  to  d o s in g  p r o to c o l  b u t  to  
t h e  v a r i a t i o n s  in  e m b r y o  s e n s i t i v i t i e s  a m o n g  b a t c h e s  o f  e g g s .  T h u s ,  

i f  s t a n d a r d  r e f e r e n c e  t o x i n s  f o r  c o m p a r i s o n  a r e  r u n  c o n c u r r e n t ly ,  t h e  
C H E S T  a s s a y  c a n  p r o v e  to  b e  a  v e ry  s a t i s f a c t o r y  m o d e l ,  a s  w e ll  a s  

h a v in g  c o n s id e r a b l e  f l e x ib i l i t y  to  b e  a d a p t e d  to  t h e  n e e d s  a n d  r e ­
s o u r c e s  o f  m a n y  l a b o r a t o r i e s .

Received December 26, 1986. Accepted April 1, 1987.
Animal Research Centre Contribution No. 1445.
Engineering and Statistical Research Centre Contribution No. 1-906. 
Mention of a trade name, proprietary product, or specific equipment does 

not imply its official endorsement by Agriculture Canada to the exclusion of 
other products that may be suitable.

1 Engineering and Statistical Research Centre.

The identification of unfamiliar fungal metabolites and de­
termination of their potential toxicities can be an arduous 
task. To aid in the isolation of these unknown mycotoxins, 
a biological assay is usually required to monitor the analytical 
progress from the initial identification of the toxic source, 
through purification of the extracts, to the establishment of 
relative toxicity of the purified compound. A number of ap­
proaches have been reported in the literature, such as lethality 
to brine shrimp (1), army worm larvae (2), mosquito larvae
(3), and day-old ducklings (4); rabbit skin sensitivity test (5); 
in vitro reticulocyte lysate assay (6); and even the use of 
mammalian tissue cultures (7).

One such bioassay that has become highly regarded be­
cause of its simplicity and sensitivity and because it avoids 
many of the criticisms leveled at the nature and waste of 
mammalian (small-animal) LD50 determinations and the 
limitations of in vitro testing is the chick embryo toxicity 
assay commonly referred to as the CHEST (chick embryo- 
toxicity screening test) bioassay (8-11). Several studies have 
shown a high predictive value with the CHEST assay when 
compared to classic rodent acute toxicity tests (10-13). How­
ever, a review of the literature indicated an absence of stan­
dardization in the assay procedure among different labora­
tories. Although the Association of Official Analytical 
Chemists (AOAC) has a recommended protocol for use of a 
CHEST bioassay for determining aflatoxin B, levels (14) which 
appears to have adequate sensitivity and precision (15), we 
believe the stringent requirements of the method, difficult
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Table 1. Incidence of unhatched eggs (%) of controls and fol­
lowing treatment with carrier solvents

For 144 control eggs set (no treatment), unhatched eggs = 14.6%

% Unhatched" and site 
No of injection“ '

T reatment
eggs
set' Air sac

45°
angle Equator Yolk

Puncture (<0.5 mm) 48 16.7 12.5 16.7 —
Puncture + beeswax 96 14.6 16.7 16.7 —
Sham injection 

(no solvent) 48 12.5 16.7 16.7 29.2*

Test solvent injections, mL*
Normal saline:' 5 72 15.3 16.7 16.7 33.3*

20 48 22.9 22.9 25.0
30% ETOH: 5 72 18.1 16.7 12.5 41.7*

20 48 20.8 20.8 16.7
100 64s 60.9* 64.1* 57.8* —

95% ETOH: 5 72 22.2 25.0 16.7 50.0*
20 72 43.1* 37.5* 25.0 —

100 48 100.0* 95.8* 100.0*
100% ETAc: 5 48 12.5 16.7

20 48 33.3* 29.2*
100% CH2CI2: 5 48 16.7 12.5

5% DMSO: 5 64 45.8* 31.3*
20% DMSO: 5 48 50.0* 37.5*
90% DMSO: 5 48 54.2* 41.7*

Distilled water:" 10 72 12.5
100 72 29.2*

* For each of yolk tests, 48 eggs were set.
" Includes ca 4-5% of eggs that were infertile. 
c See Figure 1; injections made on day 1 of incubation.
" Approximate standard error of percentage (P) is given by [P(100 -  P)l 
10 000 x N ]'12 where N  is the number of eggs set.

* ETOH = ethanol; ETAc = ethyl acetate; CH2CI2 = dichloromethane;
DMSO = dimethyl sulfoxide.

'0.9% NaCI, sterile.
9 For air sac, 72 eggs set.
" Sterile.
* Denotes significantly higher lethality than the controls, based on Dunnett’s 

test by column at the 5% level.

injection protocol, and requirement of large numbers of eggs 
make it impractical as a routine screening procedure. There­
fore, this study describes a simplified and adaptable, but 
completely practical, approach to the CHEST bioassay for 
routinely predicting the toxic potential of isolated metabo­
lites. Depending on the application, the bioassay either can 
be used as a 7 day test to establish whether a substance is 
nontoxic, moderately toxic, or very toxic, or can be taken 
until the chicks hatch at full term (21 days) to determine 
more accurately the comparative LD50 values of test com­
pounds. Many of the protocol variables that could affect 
overall embryonic mortality were investigated.

Experimental
Analytically pure aflatoxin B, and T-2 toxin were pur­

chased from Sigma Chemical Co. (St. Louis, MO). Deoxy- 
nivalenol (DON, vomitoxin) was provided by R. Green- 
halgh, Plant Research Centre, Agriculture Canada, Ottawa, 
Ontario. Solvents used as carrier vehicles were LC grade. 
Water was double-distilled in glass and filtered through Mil- 
lipore filters HA-0.45 mM (Millipore Ltd, Mississauga, On­
tario); just prior to injection, all distilled water and normal 
saline solutions were filter-sterilized using Millipore Millex- 
GS sterilizing filter units. Dimethyl sulfoxide (DMSO), (pu­
rity 90%, medical grade) was obtained from Diamond Lab­
oratories (Calgary, Alberta) as Domoso® (D.I.N. 3.29584). 
Fertile eggs from White Leghorn hens of a random-bred con-

AIR CELL
INJECTION

SITE

AIR SAC

45° ANGLE 

YOLK

EQUATOR

Figure 1. Sites of injection tested for administration of toxins 
to chick embryos.

trol stock (strain 10) maintained at the Animal Research 
Centre were collected for up to 8 days prior to incubation. 
The eggs were stored on fiber trays at 4°C and 100% relative 
humidity until set in the incubator. At the time of setting, 
eggs were distributed into groups of 24, so that each group 
contained a similar number of eggs from each day’s collec­
tion. After being numbered sequentially, the eggs were set in 
a Jamesway incubator (Model 252B) where the temperature 
was maintained at 39°C dry bulb and 28-29°C wet bulb; the 
eggs were turned automatically through a 90° arc every 4 h.

Aflatoxin B,, deoxynivalenol, and T-2 toxin were selected 
as test compounds. The toxins were dissolved in carrier sol­
vent (30% ethanol) and administered 1, 2, 3, 5, or 7 days 
after the start of incubation. Unless indicated otherwise, 5 
n L of the test solution was injected per egg at one of 4 possible 
injection sites (Figure 1). Injections were made through a 
small hole (<0.5 mm) punctured in the shell with a common 
kitchen egg punch used to put holes in eggs prior to hard- 
boiling to prevent cracking of the shell. Needle (27 gauge) 
depth was 1-2 mm below the surface of the shell, except 
when administration directly into the yolk required a 50 mm 
needle.

On day 7, the eggs were candled. Eggs that appeared clear 
or to contain a dead embryo were counted, removed, and 
stored at 4°C. The remaining eggs were returned to the in­
cubator and candled again on days 14 and 18. On day 18, 
eggs were transferred from the turning racks in the incubator 
and placed in compartmental baskets for hatching in a second 
incubator where the dry- and wet-bulb temperatures were 
39°C and 30-31°C, respectively. Frequency of hatching was 
noted, and any eggs that remained unhatched by day 23 were 
classified as dead and were examined; extra incubation time 
of several days was included to allow for any “late-hatched” 
chicks. All eggs with nonviable embryos were opened within 
1 to 2 days of removal from the incubators and examined 
for fertility and/or day of death (developmental stage) (16).

The mortality data of Tables 1 and 2 were analyzed using 
least-squares analyses of variance with the response for each 
egg coded as 0 if it hatched and 1 otherwise. This approach 
was taken rather than using contingency tables, partly be­
cause of complexities of design arising from the different 
batches, but also to facilitate hypothesis testing involving 
single degree-of-freedom comparisons and multiple com­
parison tests. Examples of this type of analysis are common 
in the literature (see, for example, Harvey [17]). Analyses of
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Table 2. Effect of time of injection and site of injection on overall mortality of carrier solvents

% Unhatched" and site of injection0'

Time of 
injection, 

day

Air sac 45° angle Equator Yolk sac

5 iuL 
Normal 
saline

20 jiL
Normal
saline

20 mL 
30% 

ETOH

100 mL 
30% 

ETOH

20 nL  
95% 

ETOH

20 mL 
95% 

DMSO

5 nL 
Normal 
saline

20 mL 
Normal 
saline

29 ml 
30% 
ETOH

100 mL 
30% 

ETOH

100 mL 
95% 

ETOH

100 nL
30%

ETOH

5 juL 
30% 

ETOH

1 15.3 22.9 20.8 59.7’ 43.1* 40.0* 16.7 22.9 20.8 64.1* 95.8* 57.8* 41.7*
(72) (48) (48) (72) (72) (40) (72) (48) (48) (64) (48) (64) (48)

2 16.7 25.0 12.5 62.5* 50.0* 40.0* 20.8 18.7 14.6 73.4* 87.5* 37.5* 47.9*
(48) (48) (48) (64) (48) (40) (48) (48) (48) (64) (48) (64) (48)

3 16.7 27.1 12.5 66.7* 59.7* 66.7* 16.7 25.0 12.5 31.2 38.9* 25.0 50.0*
(24) (48) (48) (48) (72) (24) (24) (48) (64) (48) (72) (48) (48)

5 12.5 16.7 13.9 50.0* 50.0* 62.5* 16.7 14.6 14.1 31.2 20.8 25.0 25.0
(24) (24) (72) (64) (48) (40) (24) (48) (64) (48) (48) (48) (48)

7 12.5 12.5 13.9 12.5 14.1 14.3 16.7 14.6 12.5 16.7 16.7 17.2 12.5
(24) (24) (72) (72) (64) (56) (24) (48) (64) (48) (48) (64) (48)

* Mortality of control (no treatment) eggs = 14.5% and includes 4-5% infertile eggs. 
b See Figure 1.
* No. of eggs set (N) given in parentheses; approximate standard error for percentage (P) given by [P(100 -  P )l10 000 x  A/]1'2.
* Denotes significantly higher lethality than controls, based on Dunnett’s test by row at the 5% level.

variance were applied to various subsets of the data, but 
generally the treatments with high mortality were excluded 
to reduce the heterogeneity of variance. In fact, exclusion of 
these values had little impact on interpretation because they 
were so obviously higher. Results in the columns of Table 1 
and the rows of Table 2 were compared against the controls 
using Dunnett’s test described by Steel and Torrie (18). Some 
minor changes to the method were necessary to take into 
account the unequal sample sizes. Estimates of variance for 
the test were taken from the analyses of variance but differ 
little from those derived from the formulas given in Tables 
1 and 2.

The dose-response curves were analyzed using single-line 
probit analyses in the manner described by Finney (19). Sev­
eral transformations of dose level were tried; the log dose 
was the most satisfactory and was applied throughout. Par­
allel-line probit analyses were used to compare both the same 
assays conducted at different times and similar assays con­
ducted at the same time but with different injection dates. 
No evidence could be found of differences in hatchability of 
the nonpunctured eggs included with the assays conducted 
at different times. Hence, the pooled measure of mortality 
for these eggs was used as the background mortality for all 
probit analyses.

Statistical tests noted in the text were conducted at the 5% 
significance level, unless otherwise designated.

Results and Discussion
The aim of this study was to provide a simplified, sensitive, 

and practical protocol for the chick embryotoxicity bioassay. 
Optimization of the procedure used for administering the 
toxic materials was carried out using 3 test mycotoxins— 
aflatoxin B,, T-2 toxin (T-2), and deoxynivalenol (DON). 
The main parameters investigated were site and day (incu­
bation age of embryo) of injection, type of carrier solvent, 
and volume injected. The need to cover the injection site 
with beeswax was also examined.

Several sets of assays were repeated during a period of 
approximately 8 months. In instances where a certain treat­
ment obviously interfered with the bioassay (e.g., caused 
unacceptably high mortality levels) or was found eventually 
to have no effect, the treatment was eliminated from sub­
sequent assays. These 2 criteria helped speed up development

of the assay protocol, improved overall sensitivity, and saved 
resources.

In all instances, groups of control eggs which were set as 
received from the hens were included to determine fertility, 
hatchability, and effect of physical treatment. When dose- 
response data were interpreted, these normal background 
control values, determined as nonhatchability by 23 days’ 
incubation time, were subtracted from results before final 
mortality was determined. Table 1 summarizes the param­
eters tested. A mortality of about 15% for control eggs, which 
included approximately 4-5% infertility, agreed with high 
hatchability of eggs set that was previously reported for this 
strain of White Leghorn hen (20). Hatchability did not change 
throughout the 8-month duration of this study (no batch 
effect) before the hens were forced molted, nor was there any 
apparent problem observed, as expected (21), using eggs stored 
up to 8 days prior to incubation.

Of initial interest was whether any effect was produced by 
puncturing a small hole (<0.5 mm) through the shell and 
membranes to allow entry of the needle for injection of the 
test toxins. As indicated in Table 1, no increase in mortality 
occurred, regardless of the site on the shell where the puncture 
was made (Figure 1) and whether beeswax was applied as a 
sealant. The absence of any effect due to puncturing supports 
the results of Hamilton and Thompson (22) who investigated 
the results of puncturing eggs with up to 4 holes of size similar 
to that used in the current study and found no significant 
change in the overall hatchability of the eggs from Leghorn 
hens. Application of beeswax was not required, since minor 
punctures of this type quickly reseal, presumably because of 
albumen congealing around the opening (except when the 
puncture site was above the air sac). The ease and practicality 
of this puncture method avoids all of the obvious problems 
associated with earlier reported methods that required pre­
cision drilling into the shell for the removal of sections of 
shell (up to 15 x 10 mm) prior to dosing, as well as having 
to aseptically reseal these openings (8, 9, 13, 14, 23, 24). 
Using the procedure presented in this paper, it was possible 
for 2 people to dose a tray of 180 eggs in about 35-40 min. 
Rapid dosing was aided by the use of Hamilton repeating 
syringes (Model PB-600).

It was interesting to note that embryos were very sensitive 
to solvent type, and particularly to the volume of injection,
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Table 3. Effect of time and site of injection on overall mortality3 of chick embryos for various mycotoxins0

LDj,,,' ng toxin/egg

Aflatoxin B, T-2 Toxin Deoxynivalenol

injection Air sac 45° Angle Equator Air sac 45° Angle Equator Air sac 45° Angle Equator

1 0.097 0.085 0.099 0.70 0.37 1.28 5.15 3.14 15.30
(0.071-0.118) (0.062-0.108) (0.096-0.102) (0.51-0.87) (0.25-0.50) (1.04-1.49) (3.77-6.37) (2.24-4.03) (14.34-16.39)

2 0.074 0.026 0.072 0.88 0.34 0.76 4.79 8.18 7.33
(0.058-0.092) (0.017-0.036) (0.055-0.087) (0.68-1.06) (0.24-0.43) (0.57-0.91) (3.43-6.04) (6.16-9.53) (5.52-8.64)

3 0.129 0.077 0.088 3.59 3.87 6.75 17.78 19.81 26.38
(0.096-0.161) (0.058-0.093) (0.066-0.111) (3.00-5.36) (3.27-8.65) ( - ) “ (15.00-20.88) (18.18-21.65) ( - ) fl

Parallel lines?*
yes no no yes no yes yes no no

Same intercepts?
no _t — no — no no — —

Satisfactory model?
yes yes yes yes yes yes yes yes yes

* "Background" mortality of 14.6% incorporated into assay; toxins administered in 5 fiL 30% ethanol.
* See Figure 1.
* 95% confidence limits for LDS0 in parentheses, unless otherwise indicated.
* Confidence limits not calculated because regression was not significant.
"Tests of parallel lines for the probits within a column.
'Tests for the same intercept appropriate only when parallelism criterion met.

a fact only a few other research groups (24, 25) have ad­
dressed. Of the solvents/volumes tested (Table 1), the least 
toxic effect was observed with 10 tiL distilled water and 5 
txL each of normal saline, 30% ethanol, ethyl acetate, or 
dichloromethane. Generally, analysis of variance showed 
mortality to be significantly higher (P < 0.05) with 20 nL 
injections than with 5 fiL injections, but the differences for 
30% ethanol and normal saline were sufficiently small that 
the 20 /¿L level could be considered borderline acceptable. 
All other solvent/volume combinations caused unacceptable 
increases in mortality (P < 0.05). McLaughlin and coworkers
(24) also observed that normal saline (0.9% NaCl) and 95% 
ethanol were slightly more toxic than distilled water, and 
mortality of the embryos increased significantly as the amount 
of NaCl or ethanol injected was increased.

Except for directly into the yolk, site of injection (air sac, 
45° angle, or equator) did not influence (P > 0.05) the mor­
tality caused by solvent injections. A significantly toxic sol­
vent/volume combination remained toxic regardless of the 
site where it was administered. However, a sham injection 
into the yolk produced a response that far exceeded accept­
able background mortality levels, and administration of any 
solvent at this site only increased the overall lethality. For 
this reason, the yolk was eliminated as a practical site for 
administration. Jelinek (10) arrived at the same conclusion 
about yolk injections, but for different reasons; there was 
serious concern about the reproducibility of this method, not 
knowing if and in what form or concentration an adminis­
tered compound reaches the embryos (26, 27).

Results shown in Table 2 indicate that overall sensitivity 
to solvent and/or volume was affected by the age of the chick 
embryo at time of injection; as age increased, toxicity de­
creased. By day 7 after injection, no solvent tested was sig­
nificantly toxic regardless of the volume used (up to 100 ¿¿L). 
In the most severe circumstance—100 pL of 95% ethanol 
injected at 45° angle—mortality decreased from 96% on day 
1 to approximately 17% on day 7. Thus, in instances where 
a larger volume of injection is necessary because of the sol­
ubility characteristics of the toxin, an older embryo may have 
to be used. However, as shown in Table 3, a considerable 
loss in sensitivity of the bioassay to certain toxins will prob­

ably result with the use of older embryos. Estimation of 
conventional LD50 values indicated that T-2 toxin and DON 
were most lethal when administered at 1 or 2 days of incu­
bation; by day 3, sensitivity of the embryos to the toxins had 
decreased sufficiently that LD50 values had risen severalfold 
(Table 3), and by day 4 and in subsequent days, LDS0 values 
could not be determined below the maximum dosages ad­
ministered (4.0 /ig/egg and 32.0 ng/egg for T-2 and DON, 
respectively) (data not shown in table). Because of the greater 
amounts of toxins required, no attempt was made to establish 
LD50 values in eggs beyond 4 days’ incubation time. How­
ever, with aflatoxin B,—the most toxic of the 3 compounds 
examined—the decline in sensitivity as a function of embry­
onic age was not as rapid as that observed with the 2 trich- 
othecene toxins. Over the initial 3 days’ incubation period, 
LD50 values for B, remained relatively consistent (Table 3), 
and when administered on days 5 and 7, 0.1 tig B,/egg still 
produced a 50% and 38% mortality (corrected for back­
ground), respectively, regardless of the injection site (data 
not shown in table).

In contrast to the effect of carrier solvent, which showed 
no significant variation in toxicity among injection sites, sen­
sitivity of the embryo (based on LD50 values) to certain my- 
cotoxins could vary with the location of injection. Typically, 
when day 1 injections were compared, LD50 values for T-2 
and DON were always consistently higher following admin­
istration at the equator than at the air sac or 45° angle (Tables 
3 and 4). The toxicity of B, did not appear affected by the 
injection site.

Similarly, it was of interest to note that the probit model 
provided a satisfactory fit to the dose-response curve for all 
injection sites, but the overall response seemed to be inferior 
for injection at a 45° angle and the equator, because the 
parallel line test between days of injection was positive for 
all 3 toxins only with air sac injections (Table 3). Dosing at 
the equator (DON, T-2) appeared to produce a threshold- 
type pattern in which a minimal response occurs over a wide 
dose range until sufficient toxin has been added to cause a 
very rapid increase in mortality. The explanation for these 
differences is unclear, but there is an indication that early 
embryonic development begins at or about the equator of
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Table 4. Reproducibility of chick embryotoxicity bioassay9
LD50values, ^g toxin/egg"

Date of
Aflatoxin B, T-2 Toxin Deoxynivalenol

test Air sac 45° Angle Equator Air sac 45° Angle Equator Air sac 45° Angle Equator

Feb. 21

Mar. 24 0.097

0.053
(0.044-0.065)

0.085 0.099 0.49

0.52
(0.38-0.67)

0.41 1.59 5.53

3.26
(2.30-4.26)

4.45 6.13°
(0.071-0.118) (0.062-0.108) (0.096-0.102) (0.33-0.70) (0.28-0.54) (1.51-1.68) (4.04-6.98) (3.12-5.88) { - r

June 9 0.064 0.050 0.074 0.70 0.37 1.23 5.15 3.14 15.30
(0.052-0.077) (0.036-0.066) (0.054-0.093) (0.51-0.87) (0.25-0.50) (1.04-1.49) (3.77-6.37) (2.24-4.03) (14.34-16.59)

Sept. 11 0.074
(0.057-0.091)

0.055
(0.041-0.069)

0.44
(0.30-0.60)

0.40
(0.27-0.54)

2.55
(1.97-3.27)

6.59
(4.64-8.35)

Parallel lines?"
yes yes no yes yes yes yes yes no

Same intercepts?
no no _t yes yes no no yes —

Satisfactory model?
yes yes yes yes yes yes yes yes no

* Injections carried out on day 1 of incubation; “ background” mortality of 14.6% incorporated into assay. Toxins administered in 5 mL 30% ethanol. 
4 95% confidence limits for LD*, in parentheses.
° Significant lack of fit (P  < 0.05) for single probit analysis (x2 test for goodness-of-fit).
" Confidence limits not calculated because regression was not significant.
'  Tests of parallel lines for probits within a column.
'Tests for the same intercept appropriate only when parallelism criterion met.

the yolk (24, 28); consequently, dosing at the equator would 
deposit the toxin anywhere from very close to the embryo 
to the furthest point from the embryo on the opposite side 
of the yolk. This random administration of the toxin relative 
to the developing embryo could contribute to the peculiar 
dose-response profile obtained with injections at the equator.
Only the highly toxic aflatoxin displayed somewhat consis­
tent LD5p values, regardless of location or day (1, 2, or 3) of 
injection; a “threshold” response was not observed for Bl 
administered at the equator. Furthermore, the solubility or 
binding characteristics of certain toxins in the egg albumen 
can also affect the rate and extent of the response. This raises 
questions as to the fate of certain toxins if they are admin­
istered in such a manner as to impede delivery of the sub­
stance to the embryo. For example, Bata et al. (29) found 
that both T-2 toxin and diacetoxyscirpenol (DAS) injected 
into the yolk underwent extensive metabolism upon incu­
bation of the egg; the proportions of resulting metabolites 
varied with the length of incubation. Miura (30) observed 
that the extent of metabolism of aflatoxin B, was influenced 
dramatically by the location of the injection into the egg.

The reproducibility of the bioassay was investigated by 
applying parallel-line probit analyses to the results from as­
says repeated several times during a period of 8 months 
(Table 4). The resulting LD50 values (intercepts of dose-re­
sponse data) did show significant differences among repeat 
assays (P < 0.05), but the slopes (probit scale) remained 
consistently parallel for injections into the air sac and at a 
45° angle (i.e., the shape of dose-response curves remained 
similar). This indicates that, although the toxicity levels may 
vary among duplicate assays, the extent and direction of any 
changes occur equally for each toxin being tested. Thus, it 
appears that a combination of factors that influence the tol­
erance of the embryo—such as age of the flock producing the 
fertile eggs, storage time of eggs prior to incubation (1-8 days 
in the present study), time of the year when the bioassay was 
done, or even changes in personnel performing the assays— 
may all contribute to changes in the sensitivity of the assay.
Fortunately, though, the impact of most of these variables 
can be eliminated if results from an assay are expressed rel­

ative to an adequate standard reference compound run con­
currently with the toxins being tested. The reliability of this 
procedure among several laboratories remains to be estab­
lished.

As part of the present study, the reliability of the dose- 
response was determined when embryo mortality was ex­
amined at 7 or A  days after administration of toxins (day 
1 ) instead of taking the incubation to our standard 23 days. 
A shorter time period would expedite the assay and would 
eliminate the need for investigators to have access to hatching 
facilities. A comparison to the standard protocol (full incu­
bation, 1-23 days) was made by establishing the time of 
embryonic death following dosing and then examining dose- 
response curves based on percent mortality after 1-7 days’ 
incubation and 1-14 days’ incubation. It was observed that 
a reduced incubation period can produce slightly different 
results (LD50 values), which may or may not be acceptable 
for all experimental protocols.

As shown in Table 5, using mortality data for doses that 
led to about 50 and 95% mortality (above controls) as ex­
amples, the mortality pattern following T-2 or DON admin­
istration (air sac. day 1) had a >90% incidence of all deaths 
occurring during the initial 7 day period. Only a few later 
deaths occurred, which was similar to the pattern of natural 
mortality observed with the untreated controls. In contrast, 
the pattern following B, administration showed that a higher 
proportion of deaths occurred after the initial 7 day period. 
Even at the high dose level, over 25% of all deaths still 
resulted during the final week of incubation with the majority 
occurring between days 8 and 14. Thus, when compared to 
23 day LD50 data, values based on mortality by day 7 or 14 
would translate to only a very minor difference for DON or 
T-2, but a significant increase (1.8- to 3.3-fold) in the LD50 
value for B, (Table 6). In all practicality though, it should be 
recognized that in attempting to establish whether a com­
pound is nontoxic, toxic, or very toxic, a 3-fold difference in 
calculated LD50 values may not be all that important. Such 
differing results could typically be obtained upon repetition, 
or if the study were to be conducted in different laboratories. 
Subsequently, depending on the objective of the toxicity test-
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Table 5. Time of death of chick embryos, based on dose levels 
which led to approximately 50% and 95% mortality9

Toxin

Mortal­
ity

level*
%

No, of 
eggs 
set6

Total 
no. of . 

embryo 
deaths

Number of embryos that 
died within a certain period 

(days incubation)

1-7
days

8-14
days

15-23
days

Control 115 12 6 2 4
DON 50 92 49 42 3 4

95 91 87 83 2 2
T-2 50 89 47 39 2 6

95 92 88 82 4 2
B, 50 114 62 6 7 49

95 92 88 17 46 25

* Data chosen from 4 or 5 runs where mortality, after adjustment for back­
ground mortality, approximated 50% or 95% lethality.

6 Viable eggs only, Infertile eggs excluded from the counts.

ing, a shortened incubation time could be completely ac­
ceptable. Furthermore, by the time doses reach 2-3 times 
the LD98 dose level, all deaths occurred within the initial
7-day period regardless of the toxin involved (not shown). 
This prevents values determined at 7 days from being more 
than just a few-fold higher than those calculated at the end 
of the incubation period (day 23).

Conclusion
The results obtained demonstrate the importance of a stan­

dardized bioassay procedure. Although the overall toxicity 
of the chick embryo to the highly toxic compound aflatoxin 
B, did not appear to change considerably with the varying 
methodologies tested, the results for the other toxins (T-2, 
DON) could be affected substantially. Differences associated 
with the site of injection (Table 1) could be due to the sol­
ubility, binding, or diffusion characteristics of the toxin and 
to how rapidly detoxification/metabolism occurs, if at all. 
Miura and Aibara (25) noted that overall toxicity could be 
influenced by the effect of the carrier solvent on the egg 
environment surrounding the injection site, thus leading to 
a disturbed diffusion of the toxin. In the current study, 
administration at the site of the air sac appears to minimize 
much of the variation. This could be due to delivering the 
toxin to a constant area (air sac) in relation to the developing 
embryo, whereas injection at the equator would allow some 
variation to occur between where the embryo develops and 
where the toxin is deposited.

Age-dependent changes in toxicity to the embryo also oc­

curred (Table 2). Those changes as a function of age were 
consistent with other studies that have generally demonstrat­
ed that sensitivities decrease as embryo age increases (23,
31), although recommendations for dosing as late as 6 (25), 
7 (19), or 10 (4) days into the incubation period have been 
reported. The current study showed that greatest suscepti­
bility occurred on day 1 or 2 of incubation (Table 2). By day 
3, the effect of T-2 and DON had declined considerably; B, 
retained a relatively higher toxicity during the embryo’s ini­
tial week of development.

In summary, the chick embryotoxicity assay has excellent 
capabilities for supporting existing chromatographic meth­
ods used in the isolation and identification of potentially toxic 
substances. The CHEST method adapted by our laboratory 
has demonstrated practical advantages over existing proce­
dures, the foremost being the simplicity of the injection tech­
nique utilizing a common household egg punch to permit 
entry into the egg, thus greatly increasing the speed of the 
dosing procedure. The assay protocol established for opti­
mum sensitivity, dose-response, and reproducibility involves 
injection into air sac on day 1 or 2 of incubation, using an 
absolute minimum amount of carrier solvent (usually < 10 
mL) which has been pretested for nontoxicity against the chick 
embryo. A minimum of 20 viable eggs per dose level provides 
sufficient numbers to examine the dose response, although 
under certain circumstances, such as pretesting of carrier 
solvents or preliminary approximations of toxicity (i.e., very 
toxic, toxic, nontoxic) prior to further investigation, fewer 
eggs could be used. However, if attempting to determine 
conventional LD50 values, too few eggs per dose will under­
standably reduce the precision of the bioassay. To obtain a 
useful picture of the dose-response curve itself, it is important 
to include a number of dose levels in the area where inter­
mediate response is expected. Finally, to minimize the effect 
of certain factors pertaining to diffusion or metabolism, eggs 
should be allowed to incubate for the full period, although 
under limitations of resources or time constraints associated 
with practical acute toxicity testing discussed earlier, a short­
er incubation period would be acceptable.
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Table 6. Estimated LDM values from parallel-line probit assays, based on embryo mortality as determined over 3 different time
periods9

LDm,6 ng toxin/egg

Time period, days
Same

intercepts
Satisfactory

modelToxin 1-7 1-14 1-23 Parallel lines
DON 5.54

(4.18-6.80)
5.47

(4.03-6.76)
5.17

(3.77-6.37)
yes yes yes

T-2 0.75
(0.56-6.94)

0.72
(0.53-6.89)

0.70
(0.50-0.87)

yes yes yes

B, 0.21
( - ) '

0.12
(0.091-0.150)

0.064
(0.052-0.077)

no d no

* Based on June 9 bioassay, injection into air sac on day 1 of incubation; background mortality of 8.3%, 12.5%, and 14.6% incorporated into assay for 
respective time periods.

0 95% confidence limits for LD*, in parentheses. 
c Confidence limits not calculated because regression was not significant.
"Test for the same intercept appropriate only when parallelism criterion met.
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PESTICIDE FORM ULAT IONS______________________

Gas Chromatographic Determination of Alachlor in Microencapsulated Formulations: 
Mini-Collaborative Study

DAVID F. TOMKINS
M o n s a n to  C o ., P O  B o x  4 7 3 , M u sc a tin e , IA  5 2 7 6 1

Collaborators: F. Brill; T. Riggs; R. Speth; L. Torma; R. Wiley; J. L. Hansen (Statistical Consultant)

A n  i s o t h e r m a l  g a s  c h r o m a t o g r a p h i c  m e th o d  f o r  m e a s u r i n g  a l a c h l o r  
i n  M ic r o - T e c h ®  ( m i c r o e n c a p s u la t e d )  f o r m u la t io n s  w a s  t e s t e d  b y  5 
c o l l a b o r a to r s .  T h e  s a m p l e s  w e re  p r e p a r e d  in  a c e to n e ,  a n d  a l a c h l o r  
w a s  d e t e r m in e d  u s in g  a  g a s  c h r o m a t o g r a p h i c  c o lu m n  o f  1 0 %  S P -  

2 2 5 0  o n  1 0 0 - 1 2 0  m e s h  S u p e lc o p o r t .  D i - n - p e n t y l p h t h a l a t e  w a s  u s e d  
a s  t h e  i n t e r n a l  s t a n d a r d .  C o l l a b o r a t o r s  m a d e  s in g le  d e t e r m i n a t i o n s  
o n  5  s a m p l e s  d i s t r i b u t e d  a s  b l i n d  d u p l i c a t e s .  T h e  m in i - c o l l a b o r a t i v e  

s tu d y  g e n e r a t e d  4 7  d a t a  p o in t s .  T h e  c o e f f ic ie n t  o f  v a r i a t i o n  (C V 0- 
p o o le d )  w a s  1 .3 5 % , a n d  C V x- p o o le d  w a s  0 .7 3 % .  T h e  m e th o d  w a s  
s im p le  to  u s e  a n d  d id  n o t  r e v e a l  a n y  in t e r f e r e n c e s  i n  s a m p l e s  t e s t e d .  
T h e  m e th o d  h a s  b e e n  a d o p te d  o f f ic ia l  f i r s t  a c t i o n  a s  a n  A O A C -  

C I P A C  m e th o d .

Alachlor (2-chloro-2',6'-diethyl-A-(methoxymethyl) acetan­
ilide) is the active ingredient in Lasso® Micro-Tech®, a mi­
croencapsulated herbicide for weed control in soybeans and 
other listed crops. It is used before planting as a surface- 
applied or shallowly incorporated herbicide to control yellow 
nutsedge, annual grasses, and broadleaf weeds (1).

Methods of analysis based on gas chromatography (GC) 
have been used by Monsanto Co. (2). A method described 
in that paper was adopted by AOAC (3). This collaborative 
study evaluated a GC method developed by B. W. Mueller 
and D. F. Tomkins for alachlor microencapsulated formu­
lations (4).

Collaborative Study
Five pairs of alachlor microencapsulated samples (blind 

duplicates marked 1-10 in random order), together with stan­
dards, practice samples, and detailed guidelines, were sent 
to 5 collaborators. Collaborators were requested to pack a 
column, stabilize their equipment, and establish good reso­
lution and quantitation during injections of practice sample 
solutions. The collaborators were asked to make a single 
determination (with duplicate injections) on each of the 10 
samples. The participants were also requested to provide the 
raw data and sample chromatograms along with the data 
report sheet. The method was tested for interferences by 
obtaining all known impurities over 0.1%. The method suc­
cessfully separated all components, and these were complete­
ly resolved from the alachlor and internal standard peaks at 
up to 10 times the expected levels.

Submitted for publication June 2, 1987.
This report of the Associate Referee was presented at the 100th AOAC 

Annual International Meeting, Sept. 15-18, 1986, at Scottsdale, AZ.
The recommendation of the Associate Referee was approved interim official 

first action by the General Referee, the Committee on Pesticide Formulations 
and Disinfectants, and the Chairman of the Official Methods Board. The 
method was adopted official first action at the 101st AOAC Annual Inter­
national Meeting, Sept. 14-17, 1987, at San Francisco, CA. See the General 
Referee and Committee reports, J. Assoc. Off. A na l. C hem . (1988) 71, January/ 
February issue.

Alachlor in Microencapsulated Pesticide Formulations 
Gas Chromatographic Method 

First Action 
AOAC-CIPAC Method

Principle
S a m p le  i s  d i s s o l v e d  i n  a c e to n e  c o n tg  d i - n - p e n t y l  p h t h a l a t e  a s  i n ­

t e r n a l  s td ,  a n a l y z e d  b y  g a s  c h r o m a tg y  w i t h  f l a m e  i o n i z a t i o n  d e t e c ­
t i o n ,  a n d  q u a n t i t a t e d  b y  c o m p a r i s o n  o f  i n t e g r a t e d  p e a k  a r e a s .

Safety
L D 50 o f  a l a c h l o r  h a s  b e e n  f o u n d  to  b e  9 3 0  m g /k g  in  r a t  a c u t e  o r a l  

s t u d i e s  ( M o n s a n t o  C o . ,  1 9 8 5 ,  M S D S  N o .  0 1 5 9 7 2 6 0 8 ) .  A l a c h l o r  h a s  
b e e n  d e t d  t o  p r o d u c e  t u m o r s  i n  l a b o r a t o r y  a n i m a l s .  W e a r  p r o t e c t i v e  

c lo th in g  to  a v o i d  e x c e s s iv e  e x p o s u r e .

Apparatus
( a )  Gas chromatograph. — W i t h  f l a m e  i o n i z a t i o n  d e t e c t o r  a n d  o n -  

c o l u m n  in j e c t i o n  p o r t s .  O p e r a t i n g  c o n d i t i o n s :  t e m p s — c o l u m n  o v e n  

2 3 0 ° , i n j e c t i o n  p o r t  2 5 0 ° ,  d e t e c t o r  2 6 0 ° ; g a s  f lo w s  ( m L / m i n ) — H e  
c a r r i e r  g a s  3 5 ,  H  3 0 ,  a i r  2 5 0 ;  s a m p l e  s iz e  1 .0  mL ; r u n  t i m e  15 m in .

( b )  Column. — G la s s ,  6  f t  x  2  m m  i d  ( o n - c o l u m n  c o n f ig u r a t io n ) ,  
p a c k e d  w i th  1 0 %  S P - 2 2 5 0  o n  1 0 0 - 1 2 0  m e s h  S u p e l c o p o r t  ( S u p e lc o  
In c .) ,  o r  e q u iv .  S P - 2 2 5 0  is  m e th y l - p h e n y l  s i l i c o n e  (5 0  +  5 0 ) .

Reagents
( a )  A c e to n e .— P e s t i c id e  g r a d e  ( F i s h e r  o r  e q u iv .) .

( b )  Di-n-pentyl phthalate internal and std soln.— W e ig h  5 .3  g  d i -  
n - p e n ty l  p h t h a l a t e  ( C T C  O rg a n ic s ,  P O  B o x  6 9 3 3 ,  A t l a n t a ,  G A  3 0 3 1 5 )  

i n t o  1 L  v o l .  f la s k .  D i s s o lv e  in  a c e t o n e  a n d  d i l .  t o  v o l .  w i t h  a c e to n e .
(c )  Alachlor std soln.— R e c r y s t a l l i z e  a l a c h l o r  ( M o n s a n t o  C o . ,  P O  

B o x  4 7 3 ,  M u s c a t in e ,  I A  5 2 7 6 1 )  f r o m  M e O H .  A c c u r a t e ly  w e ig h  0 .2  
g  r e c r y s td  a l a c h l o r  i n t o  s m a l l  f la s k .  A d d  b y  p i p e t  3 0 .0  m L  i n t e r n a l  
s t d  s o ln  a n d  s h a k e  m ix t .  t o  d i s s o lv e .

Instrument Setup and Calibration
C o n d i t i o n  c h r o m a t g c  c o l u m n  o v e n i g h t  a t  2 5 0 °  w i t h  H e  f lo w  a t  3 5  

m L / m i n .  S u g g e s te d  c o n d i t i o n s  r e p r e s e n t  b e s t  c o m p r o m i s e  f o r  s e p n  
a n d  q u a n t i t a t i o n  o f  e m p d s  o f  i n t e r e s t .  S o m e  m i n o r  a d j u s t m e n t s  m a y  
b e  r e q u i r e d  in  o t h e r  i n s t r u m e n t s  a n d  c o lu m n s .  C o l u m n ,  w h e n  w o r k ­
in g  p r o p e r ly ,  s h o u ld  g e n e r a t e  4 0 0 0 - 5 0 0 0  p l a t e s  e a l e d  a s  fo l lo w s :  N = 
16 ( x /v ) 2, w h e r e  N = n o .  o f  t h e o r e t i c a l  p la te s ,  x  =  d i s t a n c e  f r o m  p o i n t  
o f  i n j e c t i o n  t o  p e a k  m a x . ,  a n d  y = d i s t a n c e  a lo n g  b a s e l in e  b e tw e e n  
i n t e r c e p t  p o i n t s  o f  l in e s  d r a w n  t a n g e n t  t o  s lo p e  o f  p e a k ,  w i t h  x  a n d  

y  m e a s u r e d  i n  s a m e  u n i t s .  T y p i c a l  r e t e n t i o n  t i m e s  f o r  a l a c h l o r  a n d  
i n t e r n a l  s t d  a r e  c a  6  a n d  1 1 .5  m i n ,  r e s p .  I m p u r i t y  i n  i n t e r n a l  s t d  

( p e a k  C ), w h ic h  e lu t e s  a t  c a  9 .9  m in ,  s h o u l d  b e  c o m p l e t e l y  r e s o l v e d  
f r o m  i n t e r n a l  s t d  p e a k  a t  c a  1 1 .5  m i n  (F ig .  6 :D 1 ) .  I n t e r n a l  s t d  c o n ­
t a i n s  a n o t h e r  i m p u r i t y  t h a t  e lu t e s  s l ig h t ly  a f t e r  i n t e r n a l  s t d  c a u s in g  
s l ig h t  t a i l  o n  t h a t  p e a k .  C a r e f u l  c o n t r o l  o f  i n t e g r a t o r  c o n d i t i o n s  is  
r e q u i r e d  to  i n t e g r a t e  i n t e r n a l  s t d  p e a k .

A f t e r  i n s t r u m e n t  e q u i l i b r a t i o n ,  m a k e  > 3  i n j e c t i o n s  o f  s td  s o ln  
b e f o r e  c a l i b r a t i o n .
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A B

FIG. 6:D1-GC chromatogram of alachlor standard (A), Internal 
standard di-n-pentyl phthalate (B), and unknown from internal 

standard (C).

Determination
A c c u r a te ly  w e ig h ,  t o  n e a r e s t  0 .1  m g ,  c a .  0 .4 5  g  a l a c h l o r  m i c r o e n ­

c a p s u la t e d  f o r m u l a t i o n  i n t o  2  o z  s a m p l e  b o t t l e .  A v o i d  s p i l l in g  s a m ­
p le  o n  in s id e  w a l l  o r  n e c k  o f  b o t t l e ;  e n t i r e  s a m p l e  s h o u l d  b e  o n  

b o t t o m  o f  b o t t l e .

P i p e t  3 0 .0  m L  i n t e r n a l  s t d  s o ln  (b) i n t o  s a m p l e  b o t t l e .  T o  r e d u c e  
s t i r r i n g  t im e ,  u s e  l iq .  s t r e a m  f r o m  p i p e t  t o  r e m o v e  m o s t  o f  a l a c h l o r  

s a m p l e  f r o m  b o t t o m  o f  b o t t l e .  A d d  m a g .  s t i r r i n g  b a r  (1 3  x  15  m m )  
a n d  c a p  b o t t l e  w i t h  p o l y e th y le n e - l i n e d  c a p .

M a g .  s t i r  m ix t .  u n t i l  s a m p l e  i s  c o m p le t e l y  r e m o v e d  f r o m  in s id e  
w a ll  a n d  b o t t o m  o f  b o t t l e .  D u r i n g  s t i r r i n g ,  a g g r e g a t e d  s a m p l e  t u r n s  

flu ffy  a n d  e a s i ly  f lo a t s  i n  a c e to n e .  F o r  m o s t  s a m p l e s ,  t h i s  r e q u i r e s  
c a  2 - 3  m i n  m o d e r a t e l y  f a s t  s t i r r i n g .  T h e n  p la c e  b o t t l e s  o n  s h a k e r  

a n d  s h a k e  10  m i n  a t  h ig h  s p e e d .
L e t  s o l id s  s e t t l e  a n d  p i p e t  o f f  c l e a r  a c e to n e  s o ln .
M a k e  r e p l i c a t e  1 fiL i n j e c t i o n s  o f  a l a c h l o r  s td  s o ln  a n d  m e a s u r e  

r e s p o n s e  r a t i o ,  R ( a r e a  a l a c h l o r  p e a k / a r e a  i n t e r n a l  s t d  p e a k )  f o r  e a c h  

in j e c t i o n .  R e p e a t  u n t i l  c o n s e c u t iv e  r e s p o n s e  r a t i o s  a g r e e  w i t h i n  0 .5 % .
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  a c e to n e  s a m p l e  s o ln  a n d  d e t .  a v .  R. 

F o l l o w  w i t h  i n j e c t i o n  o f  a l a c h l o r  s td  s o ln .  D e t .  a v .  R f o r  s t d  b e f o r e  

a n d  a f t e r  s a m p l e  i n j e c t i o n .

A la c h l o r ,  %  =  (R/R1) x  (W7W) x  P

w h e r e  R a n d  R' =  a v .  r e s p o n s e  r a t i o s  f o r  s a m p l e  a n d  s td ,  r e s p . ;  W 
a n d  W' = w t  (g) o f  s a m p l e  a n d  s td ,  r e s p . ;  P = %  p u r i t y  o f  s td .

C A S - 1 5 9 7 2 - 6 0 - 8  ( a l a c h lo r )

Table 1. Results from collaborative study of alachlor (%) in 
microencapsulated formulations by using an isothermal GC 

method*
Collaborator

Sample“ 1 2 3 4 5

1 A 
B

44.25“
42.10

42.89
42.97

41.77
42.16

42.12
43.00

42.43
42.31

2 A 
B

45.57“
42.62

42.86
42.68

41.60 
41.65

42.10
43.19

42.31
42.57

3 A 
B

44.26“
42.15

42.79
42.93

41.87
42.34

42.17
43.16

42.36
42.86

4 A 
B

43.60
43.97

42.44
42.40

41.76
41.48

42.54
42.39

41.65
41.94

5 A 
B

42.35
42.58

43.18
43.01

42.29
42.22

42.98
43.08

42.21
42.38

“ Each result Is the average of 2 Injections.
6 Samples were randomly numbered blind duplicate pairs.
'Outlier by Dixon test at 95%; not Included In statistical evaluation.

Table 2. Statistical summary of collaborative results for GC de­
termination of alachlor in microencapsulated formulation

Statistic

Sample

1 2 3 4 5

Data points 9 9 9 10 10
Mean, % 42.39 42.42 42.48 42.42 42.63

s„ 0.344 0.402 0.429 0.180 0.112
S L 0.292 0.375 0.070 0.841 0.397
S„ 0.451 0.550 0.434 0.860 0.413
CV0 0.812 0.947 1.01 0.424 0.263
CVX 1.07 1.30 1.02 2.03 0.968

Results and Discussion
Results were reviewed and tabulated and were statistically 

analyzed by the methods committee statistician. Calculations 
with 47 data points from 5 laboratories were used for eval­
uation and are presented in Table 1. Using 95% confidence 
limits, results from collaborator 1 (samples 1 A, 2A, 3 A) were 
omitted as outliers. The outliers are all marked in Table 1.

Although a few results were rejected as outliers, a more 
than adequate number of collaborators achieved satisfactory 
performance from the method to recommend it for official 
first action. The statistics are given in Table 2. The results 
gave Sx values from 0.413 to 0.860 and S0 values from 0.112 
to 0.429. The coefficients of variation (CV„) were from 0.968 
to 2.03%. The CVX value of 2.03% for sample 4 was nearly 
twice the value for the other samples. The pooled CVX was
1.35% for the 5 samples. The pooled statistic is calculated 
as follows:

S-pooled = (S x Si2)

where fi = degrees of freedom at i level;
f  = sum of individual degrees of freedom; 
Sj = standard deviation at i level.

Notes on instrument setup and calibration are included in 
the method. Minor adjustments may be necessary to obtain 
optimum separation and quantitation. An AO AC committee 
on gas chromatography of pesticide formulations discussed 
column preparation which included calculation of theoretical 
plates (5). A properly working column should generate 4000- 
5000 plates.

Recommendation
It is recommended that the gas chromatographic method 

for determining alachlor in microencapsulated formulations 
be adopted official first action as an AOAC-CIPAC method.

Acknowledgments
The author thanks the following collaborators for their 

cooperation in this study:
Fred Brill, ICI Americas, Goldsboro, NC 
Thomas Riggs, Mobay Corp., Kansas City, MO 
Robert Speth, Ciba-Geigy, Greensboro, NC 
Laszlo Torma, Montana Dept of Agriculture, Boze­

man, MT
Russ Wiley, Monsanto Co., Muscatine, IA 
The author also thanks methods committee statistician 

James L. Hansen, Union Carbide Corp., Charleston, WV, 
for carrying out the statistical evaluation.



1058 GEHRIG & STRINGHAM: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

R e f e r e n c e s

(1) Technical data sheet on Lasso, Monsanto Co., St. Louis, MO
(2) Tomkins, D. F. (1985) J. A ssoc . Off. A n a l. C h em . 68, 573-575
(3) “Changes in Methods” (1985) J. A ssoc. Off. A n a l. C h em . 68, 

370-371, 6.A05-6.A08

(4) Mueller, B. W., & Tomkins, D. F. (1984) Monsanto Co., internal 
publication, Monsanto AQC Method No. 583

(5) Report of Committee on Gas Chromatography of Pesticide For­
mulations (1976) J. A ssoc. Off. A n a l. C h em . 59, 420-424

Liquid Chromatographic Determination of Cholecalciferol in Rodent Baits

CONNIE C. GEHRIG and RODGER W. STRINGHAM
P u rd u e  U n iversity , D e p a r tm e n t o f  B io c h e m is try , W e s t L a fa y e tte , I N  4 7 9 0 7

Cholecalciferol (vitamin D 3) is extracted in acetonitrile on a Goldfisch 
apparatus, diluted to volume, and determined by reverse phase liquid 
chrom atography (LC). The sum of the peak heights of pre-vitamin 
D 3 and cis-vitamin D3 is used for quantitation. The m ethod was 
tested for precision, linearity, and recovery. Q uadruplicate analyses 
of 5 form ulation samples gave relative standard  deviations of 1.56- 
2.65%. L inearity was excellent with regression and correlation coef­
ficients of 0.9997 and 0.9998, respectively. Recovery was 98.0 ± 
2.7%. The method is applicable to 0.075% cholecalciferol rodent 
baits.

The recent introduction of cholecalciferol (vitamin D3) as a 
rodenticide requires the development of a suitable method 
of analysis. Vitamin D3 in feeds has been determined by 
liquid chromatography (LC) (1-6); LC has been shown to be 
the most specific method for identifying the D3 isomers (3). 
The official AOAC method (7) for vitamin D3 in feeds re­
quires complex extractions and cleanup procedures because 
of the complex matrixes and the presence of interfering com­
pounds. These extraction and cleanup steps might be cir­
cumvented in the analysis of rodent baits because cleanup is 
not needed, and no other ingredients of interest are present.
In the method presented here, the sample is subjected to 

a simple extraction and cleanup procedure and analyzed by 
reverse phase liquid chromatography. The method has been 
tested for linearity, precision, and recovery.

METHOD
Apparatus and Reagents
(a) E x tra c ta n t.— 0.1 mg butylated hydroxytoluene (BHT)/ 

mL acetonitrile (LC grade).
(b) E x tra c tio n  a p p a ra tu s .— Goldfisch Fat Extractor with 

100 mL beakers and 19x9 mm cellulose extraction thimbles 
(Labconco Corp., Kansas City, MO 64132).
(c) L iq u id  ch rom atograph.—Varian Model 5060 equipped 

with Varian UV-50 variable-wavelength detector set at 265 
nm and 0.2 AUFs, and Valeo C6U injection valve, or equiv­
alent (Varian Assoc., Palo Alto, CA 94303).
(d) L C  c o lu m n .—ISO x 4.6 mm Alltech C18, 10 /urn or 

equivalent (Alltech Assoc., Inc., Deerfield, IL 60015).
(e) M o b ile  p h a s e .— CH3CN-2% acetic acid-tetrahydro- 

furan (90 + 5 + 5, v/v/v); flow rate, 1.5 mL/min.
Extraction and Liquid Chromatography
(a) S a m p le.—Method is suitable for 0.075% rodent baits. 

Grind pelleted samples manually with mortar and pestle. 
Weigh 4.0 g freshly ground pellets or unground seeds into 
extraction thimble, tap down sample, plug with cotton, and

Received February 2, 1987. Accepted April 10, 1987. 
Purdue Agricultural Experiment Station No. 11,029.

extract with 40 mL extractant for 4 h on Goldfisch apparatus. 
Cool sample 5 min, transfer quantitatively to 50 mL volu­
metric flask, and dilute to volume with extractant. Filter 
through glass fiber filter pad (Gelman Sciences, Inc., Ann 
Arbor, MI 48106) and inject 50 mL into chromatograph.

(b) S ta n d a r d .— Prepare same day as analysis. Weigh 15 
mg standard (Sigma Chemical Co., St. Louis, MO 63178) 
into extraction thimble and extract as for sample. Quanti­
tatively transfer to 50 mL volumetric flask and dilute to 
volume with extractant. Dilute 10 mL to 50 mL with ex­
tractant; filter and inject into chromatograph. Bracket every 
3 samples with standard injections.
Calculations
Use sum of pre-vitamin D3 and ris-vitamin D3 peak heights 

as the cholecalciferol response; bioactivity is due to both 
isomers (2). For standard response, use average of standards 
bracketing sample. Calculate as follows:

Cholecalciferol, % = (R /R ') x ( W '/W ) x ( V /V )  
x % std purity

where R and R ' = response for sample and standard, re­
spectively; W  and W ' = weight of sample and standard re­
spectively; V and V  = volume of sample and standard, re­
spectively. Here, V  = 50 and V  = 250.

Results and Discussion
Figure 1 represents a typical chromatogram of cholecal­

ciferol extracted from a 0.075% rodent bait. Heating during 
the extraction results in the isomerization of the vitamin D3 
into the pre- and cri-forms. It is thus essential to treat the 
standard in the same manner as the samples. The ratio of 
peak heights for the standard and sample were constant at 2 
different wavelengths, implying the absence of impurities 
under the sample peaks.
Linearity of the method was tested by chromatographing 

dilutions of the standard ranging in concentration from 0.03 
to 0.07 mg/mL. Least-squares analysis gave regression and 
correlation coefficients of 0.9997 and 0.9998, respectively. 
Recovery of diluted standard added to a ground sample (n =
5) was calculated to be 98.0 ± 2.7%.
Table 1 shows the results of quadruplicate analyses of cho­

lecalciferol in 5 rodent baits and a single standard. Sample
86-679 is an unground, mixed, whole-seed bait, whereas the 
others are pellets. The larger relative standard deviation (RSD) 
obtained for the seed bait is to be expected due to the het­
erogeneity of the sample. The precision is quite good for 
samples with this level of analyte. It cannot be determined 
if the difference between label claim and analyte found in 
some samples is due to incomplete extraction or to incom­
plete formulation.
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TIME (min)

Figure 1. Typical chromatogram of cholecalciferol rodent bait. 
Peaks used for quantitation were pre-vitamin D3 (ca 13 min) and 

c/s-vitamin D3 (ca 18 min).

Grinding the samples immediately before analysis in­
creases analyte recovery. Evidently, ground samples that are 
allowed to sit become oxidized or are degraded in the light. 
Care was taken to minimize exposure to light throughout the 
analysis. BHT was included in the extractant to prevent ox­
idation. The Goldfisch apparatus continuously provides cool 
extractant, thus minimizing the extraction of interfering sub­
stances. Furthermore, the cellulose extraction thimbles serve 
to absorb wax from the extract. Acetonitrile was chosen as 
the extractant because it was strong enough to extract the 
cholecalciferol, but not strong enough to extract unwanted 
compounds from the sample matrix.

Table 1. Results of quadruplicate analyses of cholecalciferol 
in rodent bait formulations

Formulation Label claim, % Found,%
86-679

Av. ± SD (RSO)

0.075 0.0581
0.0556
0.0557
0.0546
0.0560 ± 0.0015 (2.65%)

86-680

Av. ± SD (RSD)

0.075 0.0750
0.0746
0.0768
0.0770
0.0759 ± 0.0012(1.61%)

12646

Av. ± SD (RSD)

0.075 0.0747
0.0716
0.0737
0.0737
0.0734 ± 0.0016(1.78%)

12757

Av. ± SD (RSD)

0.075 0.0705
0.0683
0.0682
0.0694
0.0691 ± 0.0012(1.56%)

13756

Av. ± SD (RSD)

0.075 0.0662
0.0639
0.0650
0.0659
0.0653 ± 0.0012(1.59%)

The method presented here is simple and has excellent 
precision, recovery, and linearity for the analysis of chole­
calciferol in rodent baits.
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A LCO H O L IC  BEVERAGES

Titrimetric Determination of Carbon Dioxide in Wine: Collaborative Study

ARTHUR CAPUTI, J r , and DURWARD R. WALKER
E . & J. G a llo  W in e ry , P O  B o x  1 1 3 0 , M o d e s to , C A  9 5 3 5 3

Collaborators: S. Blittman; R. Bunnell; M. Burns; R. Dowrie; S. Fike; B. Gump; R. Jones; B. Masuda; M. Salehi
The AOAC official m ethods for determ ination of carbon dioxide in 
wine are time-consuming, relatively complex, and may not be suitable 
for newer wine products with higher levels of carbonation. A different 
procedure was collaboratively studied. In this method, N aO H  is added 
to convert C O z in the wine to the carbonate form. T he solution is 
then  titrated  with a standard H 2S 0 4 solution, and the titer is recorded 
between pH  8.6 and 4.0. A degassed sample of the same wine is 
analyzed in the same m anner to provide a blank, and th a t titer is 
subtracted before the C 0 2 concentration is calculated. Ten labora­
tories participated in the collaborative study. Each laboratory re­
ceived 6 pairs of coded samples covering a range of approxim ately 
200 to 380 mg CO2/100 mL. The results from 2 laboratories were 
excluded as outliers. Although the samples used were commercially 
produced wines whose carbon dioxide content can vary due to normal 
bottling equipment variations, average standard deviations for re­
producibility and repeatability were 10.97 and 9.96, respectively. The 
method has been adopted official first action.

The determination of carbon dioxide in wine has become 
more frequently required with the advent of an increasing 
number of lightly carbonated wine products. The 3 AOAC 
official methods for this determination (1) are all very time 
consuming for routine use where many samples must be 
analyzed. The manometric method, 11.062-11.066, has nev­
er progressed beyond first action status, and, because of its 
complexity, it is seldom used. The volumetric method, 
11.067-11.069, has been declared surplus and also remains 
in first action status. Problems that occur with the third meth­
od, 11.070-11.071, an enzymatic method, have been re­
ported previously (2). It was designated surplus at one time. 
Furthermore, that method was designed to accommodate 
CO, concentrations on the order of 250 mg/100 mL. Levels 
of almost 400 mg/100 mL are now commonly encountered.
The method tested in this collaborative study, which has 

been described previously (2, 3), avoids most of the diffi­
culties found in the present AOAC methods. In brief, 50% 
NaOH is added to adjust the sample pH to 10-11, and the 
solution is titrated with a standard acid solution in the pres­
ence of carbonic anhydrase. The titer between pH 8.6 and
4.0 is recorded, and the equivalent titer of a degassed sample 
of the same wine is subtracted as a blank. The difference is 
used to calculate the CO, content of the sample. Carbonic 
anhydrase is added to the blank sample prior to degassing 
to catalyze the reaction H2C03 = C02 + H20. Data devel­
oped in our laboratory indicate that blank values as much 
as 1% lower are obtained using this approach instead of first 
degassing the blank sample, then adding the enzyme after 
pH adjustment with NaOH.

Submitted for publication June 10, 1987.
This report of the Associate Referee, A. Caputi, Jr, was presented at the 

100th AOAC Annual International Meeting, Sept. 15-18, 1986, at Scottsdale, 
AZ.

The recommendation of the Associate Referee was approved interim official 
first action by the General Referee, the Committee on Foods I I ,  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 General Referee and Committee reports, 
J. Assoc. Off. A na l. C hem . (1988) 71, January/February issue.

Data in this laboratory had shown a coefficient of variation 
for this technique which was consistently under 1% when the 
sample was repeatedly analyzed. However, this collaborative 
study necessitated the use of a great number of commercially 
bottled wines. Some difference can exist in the C02 concen­
tration from one bottle to another of the same wine type due 
to mechanical factors in the filling operation. To estimate 
the degree of error that would be introduced into the study 
by this inherent problem, a case (12 bottles) of one of the 
test products was analyzed; each sample was checked twice. 
The duplicate analyses were all within 2 mg CO2/100 mL, 
but the averages of the duplicates of the 12 samples had a 
mean of 368.9 mg C02/100 mL with a range of 17 and a 
standard deviation of 4.34 (CV 1.2%). This experiment was 
repeated with another 12 bottles and gave the following re­
sults: mean 367.3 mg CCK/100 mL, range 27, and standard 
deviation 8.15 (CV 2.2%). This unavoidable lack of homo­
geneity in the samples must be kept in mind when the results 
of the study are evaluated.

Collaborative Study
Ten laboratories participated in the collaborative study. 

Each was supplied with the necessary samples as 6 blind 
duplicate pairs and corresponding duplicates for the blanks, 
fresh carbonic anhydrase which was to be refrigerated on 
receipt, and a sample of sodium carbonate in water that 
contained the equivalent of 315 mg CO2/100 mL. Each col­
laborator was asked to practice the procedure by analyzing 
the sodium carbonate sample until the correct result was 
consistently obtained. Only then was the analyst to proceed 
to analyze the sample. To learn as much as possible about 
this method when it was used by chemists unfamiliar with 
it, the report form was more extensive than usual. In addition 
to reporting the final results for each sample, we asked each 
analyst to record the pH of each after addition of NaOH, as 
well as the titers for the samples of the corresponding blanks.

Carbon Dioxide in Wines 
Titrimetric Method 

First Action
(Applicable to wines contg <400 mg CO2/100 mL)

Principle
Sample is made alk. with NaOH and carbonate formed is titrd 

with stdzd H2S04. Degassed sample is titrd as blank.

Apparatus and Reagents
(a) p H  m e t e r .— Stdzd at pH 4 and 10 with appropriate buffers.
(b) B u r e t .—25 mL with automatic zero.
(c) M a g n e t ic  s t irre r .

(d) S u lfu r ic  a c id . — 0.0455N H2S04. At this normality, 1 mL = 
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 H20 . Keep 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 reageant grade NaOH.
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Table 1. Individual collaborative results for study of C02 in blind duplicate wine samples (mg CO2/100 mL sample)
Dry white 
table wine

Rosé 
table wine

Semisweet 
table wine Wine cooler

Special 
natural wine

Special 
natural wine 2 Stan­

dardColl. A L B H C G D I E J F K

1 221 218 220 223 201 201 370 371 299 296 159 160 316
2 215 205 215 215 201 199 364 392 301 305 160 117* 319
3 231 217 200 214 188 199 371 373 301 303 161 156 316
4 216 220 220 235 182 196 363 365 296 300 157 157 320
5 204 206 208 218 188 191 362 362 285 288 152 152 316
6 208 243 210 212 178 194 355 371 287 300 143 135 338
7 223 231 202 224 207 202 367 367 298 308 153 173 314
8“ 212 237 204 247 154 227 380 406 282 292 150 171 318
9 237 222 244 223 215 177 352 347 307 290 176 164 317

10* 198 200 190 188 176 178 355 355 263 265 114 116 318

X 219.8 217.7 194.9 365.8 297.8 154.7 (157) 319.2
SD 11.4 11.2 10.4 10.1 7.0 14.1 (10.2) 7.7
CV(r), % 4.88 4.39 5.80 2.24 2.08 8.05 (4.28)
CV(R), % 5.21 5.18 5.80 2.81 2.38 9.16(6.48)

* Sum of this value and its duplicate did not meet Dixon’s criteria as an outlying pair; the value was included in the statistical evaluation. Values in parenthe­
ses show the effect of deleting this pair.

6 Results from this laboratory eliminated from statistical evaluation on basis of Steiner’s test for variation between replicates (4). 
c Results from this laboratory eliminated from statistical evaluation on basis of Youden's ranking test (4).

Determination
Cool sam ple to ca 5°, open bottle, and add equiv. o f  5 m L N aO H  

soln per 375 m L sample. Im m ediately recap bottle, m ix contents, 
pipet 10 m L portion o f  sam ple into 40 m L H 20 ,  add 3 drops carbonic 
anhydrase soln, and titr. to pH  8.6 with 0.0455N  H 2S 0 4. Refill buret 
and continue titm  to pH  4.0. Record titer between pH  8.6 and 4.0.

O btain blank as follows: Degas 25 m L duplicate o f sam ple with 
agitation ca 1 min under > 28  in. vac. in 500 m L filter flask contg 
3 drops carbonic anhydrase soln. A dd 0.33 m L N aO H  soln. Pipet 
10 m L degassed sam ple into 150 m L beaker contg 40 m L H 20 .  Stir 
and titr. as for sam ple detn.

Calc, as follows:

mg C O ,/100 m L =  (m L sam ple -  m L blank) x 20 x 1.013 

CAS-124-3 8-9 (carbon dioxide)

Results and Recommendation
The raw data from the study are given in Table 1, along 

with the sample codes. The ranked results, shown in Table 
2, indicated that data from laboratory 10 should be eliminated 
for the subsequent statistical computations. The results from 
this laboratory are extremely interesting. The variation 
between replicates for their results is the best of any of the 
collaborators. Their results are generally about 10% low, and 
frequent additional conversations with the analyst have failed 
to locate the source of the error, although the raw data show

Table 2. Ranked results for collaborative study of C02 in wine*
Sample

Dry Semi-
white Rosé sweet Special Special
table table table Wine natural natural

Lab. wine wine wine cooler wine wine 2 Total

1 5 7 9 7 5 7 40
2 3 6 8 9 9.5 2 37.5
3 6 2 6 8 8 6 36
4 4 9 3 5 6 5 32
5 2 4.5 4 3 2 4 19.5
6 8 3 2 4 4 3 24
7 9 4.5 10 6 9.5 9 48
8 7 8 5 10 3 8 41
9 10 10 7 1 7 10 45

10 1 1 1 2 1 1 7

* Results ranked by Youden’s ranking test (4).

consistently high values for their blank titrations. Incomplete 
degassing of the blank sample is a possible explanation for 
the discrepancy, because this laboratory was using a water 
aspirator which may not have provided sufficient vacuum. 
In addition, Steiner’s (4) test for variation between replicates 
disqualified data from laboratory 8. If it had been possible 
to obtain samples for this study which contained more uniform 
concentrations of carbon dioxide, this laboratory’s results 
might have been acceptable. Nevertheless, the results from 
these 2 laboratories were excluded from further calculations. 
The means, standard deviations, and repeatability and 
reproducibility coefficients of variation are shown in Table 
1 with results for these 2 laboratories excluded. The unusually 
high CVs for special natural wine 2 can be attributed to a 
second value of laboratory 2 for this sample. Although it is 
obviously an anomalous result the sum with its corresponding 
duplicate did not meet Dixon’s criteria as an outlying pair. 
The values in parentheses (Table 1) demonstrate the statistical 
effect of deleting this duplicate pair from these calculations.
The results from the analysis of variance are shown in 

Table 3. Neither the between-laboratories variance ratio nor 
the laboratory-sample interaction is significant at the 95% 
confidence level (5). It seems likely that if the samples used 
in the study could have been more homogeneous in respect 
to CO, content, these variances would have been even lower. 
Nevertheless, the results of this study warrant the 
recommendation that this method be adopted as official first 
action.
Table 3. Analysis of variance for collaborative study of C02 in

wine

Source of variation
Sum of 
squares

Degrees
of

freedom
Mean
square

Variance
ratio

Between labs 1867.8 7 266.8 2.92
(MSJ (MSl/MS^)

Between (adjusted! samples 1001 5 — —
Lab.-sample interaction 3190.7 35 91.2 0.83

(MSls) (MSls/MS0)
Between replicates 5293 48 110.2 —

(MS0)
Total 11 352.5 95

Est. of repeatability SD 9.96
Est. of reproducibility SD 10.97
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FOOD ADDITIVES

Comparison of Methods for Determination of Lactose (Nonfat Dry M ilk) in M eat Products

P. CHRISTOPHER ELLIS
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U n ivers ity  o f  R h o d e  Is la n d , F o o d  S c ien ce , N u tr itio n , a n d  D ie te tic s , K in g s to n , R I  0 2 8 8 1

Four enzymatic methods were compared with the official AO AC yeast 
fermentation procedure for determining nonfat dry m ilk (N FD M ) as 
lactose in meat products. The four enzymatic procedures included a 
commercially available UV test kit, 2 colorimetric assays using kits 
prepared in the laboratory, and a  commercially available instrum ent 
with an immobilized enzyme electrode to detect lactose electrochem- 
ically. The enzyme procedures were compared with the AOAC m eth­
od in terms of analysis time, accuracy, precision, sensitivity, speci­
ficity, and ease of performance. The UV kit and immobilized enzyme 
electrode appeared to be the most promising alternatives to the AOAC 
method on the basis of statistical data and analysis time. Particular 
needs of a laboratory would dictate the method of choice, but either 
one could be used as a screening procedure for regulatory purposes. 
Samples containing levels of N FD M  in excess of 3.5% by weight 
could then be verified by the AOAC yeast method.

Nonfat dry milk (NFDM), consisting of approximately 50% 
lactose (1), is a nutritive ingredient added to processed meat 
products as a filler or extender to reduce costs and as a binder 
for textural improvement. NFDM does not adversely affect 
any flavor characteristics of the meat at the levels permitted 
by the U.S. Food and Drug Administration (FDA). NFDM 
is allowed by itself or with fillers such as soy or cereal up to 
3.5% by sample weight (2, 3). Some manufacturers tend to 
use NFDM in excess of 3.5% because it is less expensive 
than meat. To ensure that the 3.5% level is not violated, 
regulatory laboratories test for lactose in processed cold cuts 
and sausage-type products to determine NFDM content.
The official AOAC procedure (4) uses a yeast suspension 

to ferment all sugars in the meat products except lactose. 
Lactose is then proportionately measured by a stoichiometric 
titration based on the amount of copper reduced in a boiling 
Benedict solution. However, the AOAC method is nonspe­
cific, time-consuming, and tedious, and requires numerous 
reagents. The method lacks specificity because the yeast can­
not ferment maltose from com syrup or com syrup solids, 
which are common additives in processed meats (5). The 
AOAC method includes a lengthy maltose-yeast acclimation 
procedure to help the yeast ferment maltose but some re­
searchers have had difficulty accomplishing this (6). The pres­
ence of other nonfermentable reducing substances in com 
syrup solids, besides maltose, can further complicate the as­
say (7). The desired assay for testing NFDM either on a 
routine or a nonroutine basis in the laboratory should be 
rapid, accurate, precise, yet economical. The AOAC yeast 
method does not satisfy all these criteria.
In addition to the standard AOAC yeast procedure, lactose 

has been conventionally determined using chemical methods 
such as Fehling titrations (another copper reagent), optical 
methods including polarimetry and refractometry, and chro­
matographic techniques such as gas, thin-layer, paper, and 
liquid (8). The use of enzymatic methods to determine lactose 
in meat products might offer significant advantages over the 
AOAC yeast method in terms of simplicity, shorter analysis

Received January 6, 1987. Accepted April 21, 1987.

times, higher sensitivity, and greater specificity (9-11). Other 
methods that have proven successful for lactose determi­
nation include liquid chromatography (12) and amperomet- 
ric analysis (13-15). Liquid chromatography is sensitive but 
requires more complex instrumentation. One of the methods 
tested in the study uses a commercial sugar analyzer that 
takes advantage of both amperometric and enzyme analysis 
for specific sugar quantitation.
The research presented is the result of a comparative study 

involving 4 enzymatic methods and the official AOAC meth­
od for determining lactose in meat products. Meat samples, 
lactose standards, and meat samples spiked with lactose were 
analyzed by all the methods and the data were statistically 
treated to determine any significant differences in the pro­
cedures in terms of accuracy and precision. A study of anal­
ysis time was also done on all the methods.

M ETHOD
Principles
The AOAC yeast procedure and the 4 enzymatic reactions 

are outlined below and in Scheme 1. The AOAC method 
breaks down lactose chemically, while 2 of the enzymatic 
methods (UV and B-Gal/GAX) involve hydrolysis of lactose 
to glucose and galactose with the enzyme /3-galactosidase. 
Both hexoses could be used to assay lactose content; galactose 
is the sugar of choice because of high glucose blanks in many 
foods (16, 17). The UV method (18; Boehringer-Mannheim

Scheme 1. Reactions for 5 lactose methods

(1) Y east M ethod:

(a) Lactose + fermentable sugars (maltose-acclimated yeast) -  lactose -  
fermented sugars

(b) Lactose + Benedict solution (heat) -  oxidized lactose + red cuprous 
oxide precipitate

(c) Red cuprous oxide precipitate + excess l2/KI solution (dilute H3P04) -  
liberated l2

(d) Liberated l2 + starch indicator solution (blue) (Na2S203) -  starch indicator 
solution (light green)

(2 ) U V  M ethod:

(a) Lactose + H20 (beta-galactosidase) -  glucose + beta-galactose
(b) Beta-galactose + NAD- (beta-galactose dehydrogenase) -  galactono- 

lactone + NADH + H+
(3) B -G a l/G A X  M ethod:

(a) Lactose + H20 (beta-galactosidase) -  glucose + beta-galactose
(b) Beta-galactose + 02 (galactose oxidase) -  D-galactohexodialdose + H20,
(c) H202 + reduced chromagen (ABTS) (peroxidase) -  oxidized chromagen 

(ABTS)
(4 ) G A X  M ethod:

(a) Lactose + 02 (ga actose oxidase) -  H202 + oxidation product
(b) H20 + reduced coromagen (ABTS) (peroxidase) -  oxidized chromager 

(ABTS)
(5) YSI M ethod:

(a) Lactose + 02 (galactose oxidase) -  H202 + oxidation product
(b) H202 (platinum anode) -  2H- + 02 + 2e
(c) 4H* + 02 + 4e (silver cathode) -  2H20 -  4e
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“Product Highlights,’" July 1983) uses the enzyme /3-galac­
tose dehydrogenase plus the coenzyme nicotinamide adenine 
dinucleotide (NAD+) to oxidize /3-galactose to galactono- 
lactone and NADH. The amount of NADH formed is pro­
portional to the lactose content and can be measured at 340 
nm. The B-Gal/GAX method (19) uses galactose oxidase to 
oxidize /3-galactose from lactose hydrolysis to hydrogen per­
oxide (H202) and D-galactohexodialdose. The H202 formed 
is reduced by peroxidase in the presence of the chromagen 
2,2'-azino-di-(3-ethylbenzthiazoline)-6-sulfonate (ABTS) 
which is oxidized to its colored form; the increase in absor­
bance is read at 425 nm. In the GAX (20) and YSI methods 
(21; J. Huntington, Yellow Springs Instrument Co., 1978), 
the enzyme galactose oxidase is used to oxidize lactose to 
H202 and a galactose dialdehyde derivative. The GAX meth­
od colorimetrically determines lactose as described in the 
B-Gal/GAX method. The YSI method uses an immobilized 
galactose oxidase enzyme system incorporated into the YSI 
Model 27 Industrial Analyzer, which electrochemically de­
tects the H202 formed as a proportional measurement of the 
lactose present. This is displayed on an LED as mg/dL, pre­
viously calibrated with a known amount of lactose.

Reagents and Apparatus
( 1)  Yeast M eth od :
R eagen ts. —See 2 4 .0 7 2  (4). Modify (a). A cclim a ted  yeast 

suspension  (for use in presen ce  or absence o f  m altose) as fol­
lows: 2 packages of Fleishmann’s All Natural Dry Yeast ('/t 
oz or 7 g package) per 100 mL yeast solution (prepared in 
lieu of 2 cakes of bakers yeast).

(2) U V  M eth od :
(a )  L actose/g alactose U V  k it .— Cat. No. 176303, Boeh- 

ringer-Mannheim Biochemicals, Indianapolis, IN 46280.
(b) L a cto se  s ta n d a rd .— 0.5 g/L. Weigh 0.527 g lactose 

monohydrate (Allied Chemical Corp., Morristown, NJ 07960) 
and dilute to 1 L with water. Use 0.1 mL of this solution for 
assay.
(c) Spectrophotom eter. — Bausch and Lomb Spectronic 

2000, double beam.
(3) B -G a l/ G A X  M eth od :
(a) B eta-galactosidase. — Liquid Maxilact LX 2000 (2000 

NLU/g or 8000 ONPG U/g), GB Fermentation Industries, 
Inc., Des Plaines, IL. Dilute 0.1 g Maxilact with 10.0 mL 
water for test. Prepare daily.

(b) Potassiu m  ph osph ate buffer. —0.1M, pH 6.8. Dissolve
6.8 g KH,P04 and 8.7 g K2HP04 in water and dilute to 1 L 
with water in volumetric flask. Check and adjust to pH 6.8 
if necessary. Store in refrigerator and prepare weekly.
(c) P e ro x id a se .—T y p e  1, horseradish, 50 000 U, 500 mg 

solid, 100 U/mg solid (Sigma Chemical Co., St. Louis, MO 
63178, Cat. No. P-8125). Dissolve 25 mg peroxidase in 10 
mL buffer (b). Freeze separately 1.0 mL aliquots in plastic 
test tubes with cap (12 x 75 mm clear with cap, Falcon, 
Oxnard, CA). When ready to use, dilute solution to 5.0 mL 
with 4.0 mL buffer (b). Solution contains peroxidase with 50 
U/mL activity.
(d) G alactose o x id a s e .— Type 5, 450 U, 90 U/mg solid 

(Sigma Chemical Co., Cat. No. G-3385). Dissolve contents 
of vial in 4.5 mL buffer (b) and dispense 0.4 mL aliquots in 
plastic test tubes for freezing. When ready to use, thaw and 
reconstitute tube contents with 1.6 mL buffer. Solution con­
tains galactose oxidase with 20 U/mL activity.
(e) 2,2 '- A z in o -d i- ( 3 -e t h y lb e n z t h ia z o lin e ) -6 -s u lfo n a t e  

(A B T S ) .—Sigma Chemical Co., Cat. No. A-1888. Dissolve 
50 mg ABTS in 10.0 mL water. Store in amber bottle and

refrigerate. Prepare monthly. Solution contains 5.0 mg/mL 
of ABTS.
(f) G a la cto se  s ta n d a rd s .— Weigh 0.1 g D(+)galactose an­

hydrous (Matheson, Coleman and Bell Manufacturing 
Chemists, Norwood, OH 45212) and dilute to 100 mL with 
water (1.0 mg/mL). Pipet 1, 2, 3, 4, 5, and 6 mL of this 
solution into separate test tubes and dilute to 10 mL with 
water (100, 200, 300, 400, 50C, and 600 ̂g/mL of galactose, 
respectively). Use 0.1 mL of each solution for test. Store 
stock solution in refrigerator and prepare weekly. Prepare 
working solutions daily.
(g) S p ec tro p h o to m eter. — See UV method.
(4) G A X  M eth od:
(a) L a c to se  s ta n d a rd s .— Weigh 0.527 g lactose monohy­

drate and dilute to 100 mL with water (5 mg/mL). Pipet 1, 
2, 3, 4, 6, and 8 mL of this solution (5 mg/mL) into separate 
test tubes and dilute to 10 mL with water (0.5, 1.0, 1.5, 2.0,
3.0, and 4.0 mg/mL of lactose, respectively). Use 0.1 mL of 
each solution for test. Store stock solution in refrigerator and 
prepare weekly. Prepare working solution daily.
(b-e) R e a g e n ts .— See B-Gal-GAX method.
(f) S p e c tro p h o to m e te r .— See UV method.
(5) Y S I  M eth od:
A p p a ra tu s .— YSI Model 27 Industrial Analyzer (Yellow 

Springs Instrument Co., Yellow Springs, OH 45387) with 
accompanying membranes, reagents, and standards.

D e te r m in a t io n

(1) Y east m eth od . — Follow sections 24.072-24.073 (4) to 
determine lactose, using accl mated yeast suspension.

(2) U V  m eth od . — Follow instructions with lactose/galac­
tose kit No. 176303 for enzymatic UV determination of lac­
tose.

(3) B -G a l/G A X  a n d  (4) G A X  m e th o d s .— Follow section 
24.073 (4), up to “Pipet 40 mL filtrate into 50 mL vol. 
flask....” Instead, pipet 25 mL filtrate into 50 mL beaker 
and adjust to pH 7.0, using pH meter and 2-3 mL 5N NaOH 
followed by dropwise addition of IN NaOH. If pH is >7.0, 
use IN HC1 to return to neutral. Add 5.0 mL buffer to sta­
bilize pH and quantitatively transfer with water to 50 mL 
volumetric flask.
Reagent sequence for B-Gal/GAX method: To test tube 

add 0.2 mL buffer, 0.1 mL sample solution or lactose stan­
dard solution, and 0.05 mL /3-galactosidase; let stand 10 min 
at room temperature. Add 2.35 mL buffer, 0.1 mL ABTS 
solution, and 0.1 mL peroxidase solution; equilibrate 5 min 
in 37°C water bath. Add 0.1 mL galactose oxidase solution; 
gently mix, and incubate 10 min at 37°C. After 10 min, stop 
color development with 0.1 mL 4N HC1, vortex-mix, and 
read A (green) at 425 nm against a reagent blank of water instead of sample.
Reagent sequence for GAX method: To test tube add 2.6 

mL buffer, 0.1 mL of either sample solution, galactose stan­
dard solution to determine galactose standard curve, or lac­
tose standard solution to determine lactose standard curve, 
0.1 mL ABTS solution; and 0.1 mL peroxidase solution; 
equilibrate 5 min at 37°C in a water bath. Add 0.1 mL ga­
lactose oxidase solution, gently mix, and incubate 60 min at 
37°C in a water bath to determine lactose in sample or lactose 
standard solution. Incubate galactose standard solution 10 
min and use galactose standard curve to determine galactose 
from lactose as determined by the B-Gal/GAX method. Stop 
colorimetric reaction with 0.1 mL 4N HC1, vortex-mix, and 
read A at 425 nm against reagent blank of water instead of 
sample. To determine percent recovery for B-Gal/GAX
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Table 1. Ranges and standard deviations for multiple analyses of galactose and lactose standards by GAX method“

Galactose Lactose

Std, t i g

4̂25
Std, n g

Aj25
Trials Range Mean SD Trials Range Mean SD

10 16 0.070-0.125 0.101 0.014 50 6 0.080-0.204 0.135 0.045
20 4 0.145-0.200 0.181 0.026 100 11 0.181-0.380 0.263 0.067
30 17 0.255-0.380 0.311 0.028 150 2 0.340-0.345 0.343 —
40 4 0.365-0.410 0.389 0.025 200 8 0.410-0.650 0.523 0.087
50 13 0.475-0.585 0.531 0.038 250 1 0.565 — —
60 2 0.565-0.575 0.570 — 300 6 0.680-0.885 0.773 0.073

400 5 0.810-1.096 0.929 0.107

* Regression equations:
X(Mg) = 1.471 + 92.859 Y (A425)
Correlation coefficient, r = 0.985
Total trials = 56 pairs of standard X, Y values

method, prepare 60 Mg total lactose solution by pipeting 6.0 
mL of 1.0 mg/mL lactose standard into test tube and diluting 
to 10 mL with water. A 0.1 mL aliquot of this solution 
represents 60 Mg and is used to determine percent recovery.

(5) Y S I m eth od . — Place 5 g homogenized sample in 100 
mL volumetric Kohlrausch sugar flask, add 70 mL warm 
(60°C) water, agitate to break up sample, and heat 30 min 
on steam bath with frequent shaking. Let cool to room tem­
perature, dilute to mark with water, and mix. Place in re­
frigerator 30 min to precipitate fat and then filter through 
Whatman No. 1 paper. Use clear or slightly turbid solution 
for assay as prescribed by YSI Model 27 Industrial Analyzer 
instructions. Dilute if necessary.
Calculations

(1) A O  A C  m eth od , f r o m  U SD A  la b o ra to ry  g u id eb o o k  (5):

% Lactose = (mL I, — [A x mL Na2S203]) x B x 100/C
in which A = I2/Na2S203 ratio, where I2 = volume of I2 added 
to flask and Na2S203 = volume of Na2S203 solution required 
to titrate 20 mL I2; B = lactose/I2 ratio, where lactose rep­
resents mg lactose in 10 mL aliquot of standard lactose so­
lution and I2 = volume of Na2S203 required to back-titrate 
I2; C = mg sample in aliquot = (10 g/100 mL x 10 mL x 
(40/50) x 1000 mg/g) = 800 mg.

% NFDM = (% lactose x 2)- correction
where correction = 0.4% in absence of com syrup solids or 
corn syrup, or 0.8% in presence of com syrup solids or com 
syrup.

(2) U V  m eth od , f r o m  in stru ction s in la c to se /g a la c to se  k it:

Sample concentration = 5 g/100 mL or 50 g/L
% Lactose = (g lactose/L)(g sample/L) x 100

(3) B -G a l/G A X  m eth od:

% Lactose = (ug galactose from galactose std curve 
x 1.9/Mg sample) x 100

X(Mg) = 0773 = 397.278 Y (A425) 
r = 0.964
Total trials = 39 pairs of standard X, Y values

where 1.9 = factor to convert galactose formed from lactose 
to original lactose present = (MW lactose/MW galactose) = 
342/180.

M g  sample in final solution = (10 g/100) (25/50) 
(1/10) (106 Mg/g) = 5000 ng

(4) G A X  m ethod:

% Lactose = (ug lactose from lactose std curve/̂ g sample)
x 100

Mg sample in final solution = 5000 Mg 

f5) Y S I  m ethod:

% Lactose = (mg lactose/dL)/(mg sample/dL) x 100 
mg sample/dL = 5 g/100 mL = 5000 mg/dL

Results and Discussion
The calibration curve data used to determine galactose and 

lactose concentrations by the GAX method are presented in 
Table 1. The range and standard deviation of values at each 
concentration assayed are included along with the line of best 
fit as determined by the least squares method (22). The pre­
dicted absorbances (Y values) for the curves can be deter­
mined by substituting the appropriate galactose and lactose 
concentrations in the regression equation. The wide ranges 
and standard deviations obtained from the numerous anal­
yses indicate that standard curves should be run on each test 
occasion to account for enzyme and test variability. Time 
studies on the reagents for the galactose oxidase methods 
showed them both to be stable for at least 60 days when 
refrigerated at 0-5°C. The diluted Maxilact /3-galactosidase 
was prepared daily. A /3-galactosidase suspension from Boeh- 
ringer-Mannheim could also be obtained with a shelf life of 
at least 1 year at 4°C. On the basis of sensitivity and linearity 
testing performed in the laboratory, ABTS was chosen over
o-dianisidine HC1 and o-tolidine as the chromagen in the 
B-Gal/GAX and GAX methods. ABTS is also noncarcino-

Table 2. Recovery comparison for AOAC and enzymatic lactose analysis methods

Statistic AOAC UV B-Gal/GAX GAX YSI

Lactose spike,' 263 mg 527 mg/L 623 mg/L 1054 mg/L 211 mg/dL
Mean % lactose reed 88.15 93.47 100.54 105.62 99.83
Std dev. 0.94 3.33 4.68 26.80 2.25
95% Confidence limits, % 1.17 1.77 2.70 18.88 1.12
Range, % 1.65 11.78 12.68 71.51 8.50
Coeff. of var., % 1.07 3.56 4.65 25.37 2.25
No. of trials 5 16 14 11 18

* Lactose monohydrate.
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Table 3. Precision and accuracy of AOAC and enzymatic methods for bologna spiked with lactose at 1.0 and 2.5%  levels

Statistic

Spiking level, %

AOAC UV B-Gal/GAX GAX YSI

1.0 2.5 1.0 2.5 1.0 2.5 1.0 2.5 1.0 2.5

Sample weight, g 10 10 5 5 5 5 5 5 5 5
Lactose spike," mg 105 263 53 132 53 132 53 132 53 132
No. of trials 5 5 5 5 5 5 5 5 5 5
Mean % lactose reed 99.06 90.54 85.00 92.00 73.57 81.13 62.20 78.32 100.80 103.52
Std dev. 6.37 2.50 3.51 2.24 2.64 2.49 3.03 6.13 8.90 5.79
95% Confidence limits 7.91 3.10 4.39 2.78 2.44 2.61 3.76 7.61 11.04 7.19
Range, % 16.00 6.60 9.00 6.00 9.00 6.00 8.00 14.40 20.00 15.20
Coeff. of var., % 6.43 2.76 4.12 2.43 4.87 3.07 3.59 7.82 8.82 5.59

* Lactose monohydrate, MW 360, was used as spike (1.053 g lactose monohydrate is equivalent to 1.000 g anhydrous lactose).

genic, making it less of a health risk compared to the carcino­
genic o-dianisidine HC1 and o-tolidine.
Recovery of lactose monohydrate was determined for the 

5 lactose analysis methods, and the results are presented in 
Table 2. The GAX method gave a recovery of 105.62% fol­
lowed by the B-Gal/GAX method at 100.54%, YSI method 
at 99.83%, UV method at 93.47%, and AOAC method at 
88.15%. The YSI and B-Gal/GAX methods gave the best 
recovery, while the AOAC and YSI methods were the most 
precise on the basis of standard deviation, 95% confidence 
limits, range, and coefficient of variation. The 2 colorimetric 
methods, B-Gal/GAX and GAX, were the least reproducible 
while the UV method was in the middle, both for accuracy 
and precision.
The precision and accuracy of the 5 lactose analysis meth­

ods, using bologna spiked with lactose monohydrate at 1.0 
and 2.5% levels by weight, are presented in Table 3. The 
1.0% lactose spike represented a level of NFDM (2.0%) com­
monly found in meat products, while the 2.5% lactose spike 
(5.0%) would be considered high for extenders (3.5% NFDM 
is the limit) by Rhode Island meat standards. The bologna 
contained a low level of NFDM, so the sample background 
was first determined then subtracted from the final results to 
obtain percent recovery.
The lactose recovery results for a sample matrix substan­

tially differed from the data presented in Table 2. The GAX 
and B-Gal/GAX methods gave significantly lower recoveries,
62.20 and 73.57% with a 1.0% spike, 78.32 and 81.13% with 
a 2.5% spike, compared to the 105.62 and 100.54% recov­
eries in the absence of a sample matrix. The UV procedure,

which uses the enzyme ̂-galactose dehydrogenase instead of 
galactose oxidase, did not show the dramatic decline in re­
covery (85.00% with a 1.0% spike, 92.00% with a 2.5% spike, 
93.47% for nonmatrix recovery). Some component in the 
sample matrix may have interfered with the enzymatic ga­
lactose oxidase/peroxidase reaction involving H202 forma­
tion in the B-Gal/GAX and GAX procedures. Ascorbic acid, 
often added to cured meats (including the bologna used in 
the sample spikes) as a preservative, might account for the 
recovery discrepancies; it can act as a reducing substance and 
interfere in the reaction involving galactose oxidase (Yellow 
Springs Instrument Co., 1983). The specificity of galactose 
oxidase, which would be better for galactose than for lactose, 
might have contributed along with matrix interferences to 
the lower GAX recoveries. The AOAC method gave similar 
recovery results at the same spiking levels with and without 
sample matrix (90.54% with a 2.5% spike, and 88.15% using 
263 mg lactose monohydrate from Table 2 as the nonmatrix 
equivalent to a 2.5% spike); at the 1.0% spike level a higher 
99.06% recovery was obtained. Except for the AOAC test, 
the lactose recoveries of the enzymatic methods were greater 
with a 2.5% spike than with a 1.0% spike. Excluding the 
GAX procedure, the methods were more precise with a 2.5% 
spike. On the basis of these results, variability is less and 
recovery is greater with a larger lactose sample size. The YSI, 
AOAC, and UV methods were the most accurate, with the 
YSI clearly superior at both the 1.0% and 2.5% spiking levels 
(100.80%, 103.52%).
The YSI was also the most variable of the 3 according to 

the precision statistics. The inherent error in the YSI analyzer

Table 4. Comparison of AOAC and lactose enzyme methods for determination of lactose and NFDM concentrations in a variety of
formulated meat products“

AOAC UV B-Gal/GAX GAX YSI
% °/o % % °/o % % % % %

Sample Lac. NFDM» Lac. NFDM» Lac. NFDM» Lac. NFDM» Lac. NFDM»
Frankfurter 1 1.47 2.54 1.33 2.66 1.78 3.56 1.52 3.04 2.15 4.30
Frankfurter 2C 0.50 0.20 0.44 0.88 0.65 1.30 0.24 0.48 1.09 2.18
Knockwurstc 0.51 0.22 0.41 0.82 0.62 1.24 0.19 0.38 1.03 2.06
Liverwurst" 1.94 3.08 1.45 2.90 1.22 2.44 1.04 2.08 2.27 4.54
Bockwurst 5.95 11.50 6.28 12.56 6.63 13.26 7.44 14.88 6.98 13.96
Linguica 1.04 1.68 1.13 2.26 1.32 2.64 0.89 1.78 3.24 6.48
Chourico 1.61 2.82 1.12 2.24 1.42 2.84 1.10 2.20 1.79 3.58
Olive loaf" 2.52 4.24 1.90 3.80 1.89 3.78 2.78 5.56 4.76 9.52
Bologna" 0.58 0.36 0.42 0.84 0.13 0.26 0.61 1.22 0.84 1.68
Luncheon loaf" 3.67 6.54 2.84 5.68 3.02 6.04 0.92 1.84 4.20 8.40
Imitation chicken loaf" 2.06 3.26 1.68 3.36 1.85 3.70 2.19 4.38 2.44 4.88
* Each value Is the average of 5 analyses.
0 Approximate NFDM was determined by multiplying % lactose by 2. For AOAC method, % NFDM = (% lactose x 2) -  0.4% If no corn syrup was present, 
or % NFDM = (% lactose x 2) -  0.8% if corn syrup was present.

" Corn syrup declared on label.
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Table 5. Analysis times for AOAC and enzymatic lactose meth­
ods tested

Step AOAC UV
B-Gal / 
GAX GAX YSI

Sample prepn, h 1 1 1 1 1
Reagent prepn,» h 2 0» 0.83 0.83 0.83
Yeast prepn, h 5 — — — —

Yeast incubation, h 48 — — — —

Sample incubation, h 3 — — — —
Direct analysis, h= 0.83 0.50 0.75 1.42 0.05
Total analysis, h 59.83 1.50 2.58 3.25 1.88
Total analysis, h" 4.83 1.50 1.75 2.42 1.05

■ Preparation time required to make fresh reagents.
0 Commercial kit was used, so reagent preparation was minimal.
• Includes sample plus any standards required to run complete analysis. 
a Excludes preparation of reagents.

(±2% from 0 to 200 mg/dL, ±5% from 200 to 500 mg/dL) 
could account for this. Therefore, higher concentrations can 
yield greater errors. To avoid this, further sample dilutions 
are sometimes necessary.

A variety of meat products containing NFDM were ana­
lyzed for their lactose content by using the 5 lactose analysis 
methods (Table 4). The NFDM value was obtained by mul­
tiplying the lactose content by 2, assuming that NFDM was 
approximately 50% lactose. The AOAC calculation em­
ployed a subtraction correction factor of 0.4% when com 
syrup solids were not present, and 0.8% when they were 
contained in the product. This correction factor accounted 
for interference associated with com syrup/com syrup solids 
which could cause erroneously high readings. The majority 
of the meat products tested contained com syrup/com syrup 
solids according to the label (Table 4).

Viewing the results in Table 4 from a regulatory stand­
point, there were some obvious violations of the 3.5% NFDM  
cutoff level (no other fillers were declared on the ingredient 
labels of the meat products tested). All 5 methods found 
NFDM in excessive amounts of the regulatory level in the 
bockwurst and olive loaf while all but the GAX method 
detected violations in the luncheon loaf. Although the AOAC 
procedure showed no other samples exceeding the 3.5% reg­
ulatory limit, the YSI method detected 5 additional viola­
tions (frankfurter 1, liverwurst, linguica, chourico, and im­
itation chicken loaf), the B-Gal/GAX method detected 2 
(frankfurter 1 and imitation chicken loaf), and the GAX  
method detected one (imitation chicken loaf). The incon­
sistencies of the B-Gal/GAX and GAX methods with spiked 
lactose recoveries placed some doubt on the validity of their 
respective estimates for NFDM in the meat products. How­
ever, the YSI data are very interesting. It would appear the 
YSI method is a more sensitive method of measuring NFDM  
content in meat products than the AOAC method, on the 
basis of the small sample population tested.

Aside from statistical parameters, analysis time would dic­
tate the best method for determining NFDM as lactose in 
meat products. The times required for each method, incor­
porating sample and reagent preparation time, direct anal­
ysis, and total analysis time, are illustrated in Table 5. Anal­
ysis times were determined over multiple test occasions as 
conducted by an analyst familiar with the methods involved. 
The main disadvantage of the AOAC procedure was the 
length of time required for a complete analysis. Final results 
could not be obtained for 3 days if fresh reagents needed 
preparation, while reagent preparation times for the enzy­
matic methods were considerably shorter. Even without re­
agent preparation, the AOAC test took approximately 5 h to

complete. The UV method required the shortest analysis 
time but was also the most expensive because of the cost of 
the enzymes involved, in particular, d-galactosidase. The 
/3-galactosidase also makes the B-Gal/GAX assay more ex­
pensive than the AOAC method. The GAX method was 
inexpensive because fewer enzymes were needed, but it was 
also the least desirable analytical choice on the basis of the 
data obtained. The YSI method provided a rapid (second to 
the UV method in total analysis and reagent preparation) 
and inexpensive mode of analysis once the initial cost of the 
equipment was accounted for; the enzyme membranes can 
be used repeatedly.

The YSI and UV methods appear to be promising alter­
natives to the AOAC yeast procedure on the basis of statis­
tical analyses and time and cost factors. The enzymatic UV 
kit provides a simple, accurate, and precise means of de­
tecting lactose with minimal instrumentation. The kit is sta­
ble for at least 3 months at 4°C. The UV kit would be a good 
spot check assay for infrequent testing of meat products for 
NFDM. The YSI method showed good agreement with the 
AOAC method, offering simplicity of operation, fast analysis 
times, accuracy, and precision. As evidenced by the high 
percent lactose recoveries and percent lactose determined on 
the meat products tested, the immobilized enzyme system 
offers many advantages over the colorimetric and UV re­
actions because of reduced interferences from color, turbid­
ity, refractive index, specific gravity, temperature, and pres­
ence of other nutrients. The immobilized enzyme membrane 
is stable for about 1 week once installed in the analyzer; this 
makes it suitable for handling large sample loads over a short 
period of time. The needs of the laboratory dictate the meth­
od of choice, but in either case, the UV and YSI procedures 
can be used to screen possible NFDM violations for retesting 
by the official AOAC yeast method. The data obtained from 
the YSI method concerning NFDM violations that were not 
detected by the AOAC procedure suggest there is a more 
accurate method available for determining NFDM from lac­
tose.
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C H E M IC A L  C O N T A M IN A N T S  M O N I T O R I N G

Sample Accountability Quality Assurance for the “Integrated Air Cancer Project” Research 
Program of the U .S. Environmental Protection Agency

R A N D A L L  R. W A T T S and L A R R Y  T. C U P IT T '
U .S . E n v ir o n m e n ta l P ro te c tio n  A g en cy , H e a lth  E ffec ts  R esea rch  L a b o ra to ry , R e sea rch  T r ia n g le  P a rk , N C  2 7 7 1 1

A sample accountability quality assurance (QA) program is described 
for a field and laboratory research effort which resulted in collection 
of approximately 2000 samples for analysis by several EPA and 
contractor laboratories. A QA program was specifically developed 
for this research program to include sample transfer from collection 
site to storage maintenance, record development, transfer to research­
ers, and sample tracking at all stages. A sample identification system 
and sample custody records are described for field and laboratory 
application. The functions of a sample coordinator are also described 
as relating to sample custody, coordination of sample analysis with 
researchers, and development of computer record files to facilitate 
research and sample tracking.

The Integrated Air Cancer Project (IACP) of the U.S. En­
vironmental Protection Agency (EPA) was established in 1984 
as a multiyear research program in response to the Agency’s 
mandate for regulating the emission of carcinogens into the 
air. Past research on hazardous air pollutants was generally 
conducted on individual primary pollutants at sites selected 
for specific reasons. The IACP has adopted a different ap­
proach of monitoring ambient residential neighborhood air 
for all chemical species likely to be mutagenic and/or car­
cinogenic. The goals of the project are to (7) identify the 
principal airborne carcinogens, (2) determine which emission 
sources are the major contributors of carcinogens to ambient 
air, and (5) improve the estimate of comparative human 
cancer risk from specific pollution emission sources. Meeting 
these goals required the IACP planners to bring together the 
multidisciplinary talents of chemists, engineers, and health 
scientists to conduct a series of coordinated field studies of 
emission sources and of atmospheric transport and trans­
formation and toxicological studies to address the complex 
issues involved. This mix of scientific capability was accom­
plished by combining expertise from the 4 EPA Office of 
Research and Development laboratories at Research Tri­
angle Park, NC.

Phase 1 (1985) ofthe sampling program of the IACP stud­
ied simplified residential air sheds in 2 neighborhoods heavi­
ly impacted by woodsmoke. The objectives of this first phase 
were to (7) identify and quantitate carcinogens in ambient 
air resulting from residential wood combustion and motor 
vehicles, (2) quantitate the relative contributions of specific 
emission sources to the mutagenic activity, organic, and fine 
particulate mass of ambient airborne pollutants, and (3) de­
velop and test exposure assessment methodology for selected 
carcinogens. The diversified goals of this phase 1 study re­
sulted in 25 research projects and collection of about 2000 
air samples.

The complexity of coordinating this large sampling effort 
with the numerous researchers and research tasks involved
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was recognized during study planning. Sample tracking and 
coordination was a particular concern because 2 or more 
laboratories were often expected to perform different func­
tions on the same sample, i.e., extraction, determination of 
total extractable organic matter, analytical fractionation, 
characterization, and bioassay. The study planners therefore 
directed the development of a sample accountability quality 
assurance (QA) program. Detailed procedures were to be 
established for storage and transfer of samples and related 
documentation so that strict integrity of the study would be 
maintained.

A committee was appointed to establish procedures, de­
velop forms, and designate key personnel to institute a QA 
program for sample transfer from collection site to storage 
maintenance, record development, transfer to researchers, 
and sample tracking at all stages. Quality assurance plans 
were also adopted for management of the field sampling pro­
gram but will not be discussed here.

Data management was also of primary concern. Research 
findings would be forthcoming from the various laboratories 
with data that would often apply to the same samples or 
sample sets. A central data management office was therefore 
established to receive copies of all sample records coming 
from the field sampling site as well as research results from 
individual laboratories and researchers.

The purpose of this paper is to relate the QA procedures 
developed and information gained from this first phase of 
the IACP and to make recommendations relevant to QA 
plans for similar field sampling and research programs. The 
procedures described proved adequate and are recommended 
for research programs involving a number of research tasks 
and many field and laboratory personnel. Not all aspects of 
this QA plan, however, would be appropriate for regulatory 
investigations. An excellent review of other forms and ap­
plications of QA programs may be found in an AOAC pub­
lication on quality assurance (Garfield, F. M. [1984] Q u a li ty  
A s s 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 , AOAC, Ar­
lington, VA).

Sample Identification
The starting point of this sample accountability QA pro­

gram was the development of a sample description/identi- 
fication form that would be used at the field sampling sites. 
An example of the subsequently developed form is shown in 
Figure 1. The form provides 2 types of sample information. 
The top portion relates all pertinent sample collection in­
formation, and the lower portion is devoted to assignment 
of an alphanumeric sample identification number.

The sample numbering system was given careful consid­
eration because several hundred samples would be generated 
in the field, and the same sample might be subject to ana­
lytical operations in 2 or more laboratories. The system need­
ed to be simple for field use and flexible enough to reflect 
subsequent analytical manipulations as later discussed. A 
sample numbering system was developed which would (7) 
identify the sample program, year, and collection site, (2)
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S itP  t W M  r!aiS± C o l le c to r  I n r .a tio n  ________  F i lte r  N u m b e r— 3ûL---------------------

Figure 1. Sample identification form.

relate descriptive information about the sample, and (3 ) con­
tain a distinguishing 5 digit number. The sample form as 
supplied to the field contained a preassigned sample iden­
tification number with the exception of the 3 descriptor spaces
as later described, e.g., IACP85R____ 00680 (see Figure 1).
This simple precaution of supplying forms with serialized 
identification numbers precluded the possibility of the sam­
pling team issuing duplicate numbers. The IACP first portion 
of the preprinted identification number represented the In­
tegrated Air Cancer Project and 85R designated the 1985 
sampling program in Raleigh, NC. The next 3 letter char­
acters related the sample descriptive information and were 
to be assigned by sampling team personnel. The first space, 
selected from the field indicated on the form in Figure 1, 
identified the sampler type. The second letter entry, selected 
from the “paired sample code” field, distinguished between 
2 samples collected simultaneously by the same sampler, e.g., 
C and F entries for a dichot sampler coarse and fine filters. 
The third space entry identified the sample medium used.

Assignment in the Field
Instructions accompanying the forms to the field gave di­

rections for special case situations as follows: (7) sample 
blanks be indicated by writing “blank” on the “other” line 
in the “sampler-type” field and a “Z” letter code entered 
which would also become the first letter of the 3 space iden­
tification code number; (2) samplers not listed in the sampler- 
type field would be written in on the “other” line and a “Y” 
letter code also entered which would become the first letter 
of the 3 space identification code number; and (3 ) sample 
types not listed would be described on the “other” line of 
the third field and a “Y” letter code entered in the third 
space.

A quantity of the preserialized identification forms were 
prepared as 2 part duplicates and supplied to the sampling 
site along with detailed instructions for their use. After the 
form was completed, it was separated at the perforation and 
one portion was transmitted to the central data management 
office; the duplicate portion was kept with the sample for 
subsequent transport and receipt by the laboratory sample 
custodian.

Laboratory Modifications/Expansions
Instructions for the sample identification system also in­

cluded special case situations for the analytical laboratory as 
follows: (7) blank samples generated from the laboratory 
would be accompanied by a new sample identification form 
with the first of the 3 descriptor letters again designated with 
a “Z”; and (2) samples or extracts that were c o m p o s i te d  in

the laboratory would also have a new identification form 
prepared with a “Z” designation in the middle, or “paired 
sample code,” field. The new identification form would also 
contain a listing of parent samples used to make up the 
composite.

Two other analytical operations were considered which 
affected the sample identification number, namely, the use 
and transfer of aliquots and the creation of additional sub­
samples through some analytical fractionation scheme. Since 
these operations did not change the accuracy of the infor­
mation associated with the original sample, new identifica­
tion numbers were not required. Instead, these operations 
were indicated by suffixes added to the original sample iden­
tification number. The suffix rules adopted directed alternate 
aliquot field, fractionation field, aliquot field, fractionation 
field, etc. Specific format was as follows.

A liq u o t  f ie ld . — This was denoted by 3 characters, Ann, 
where “A” is a mnemonic for “Aliquot” and “nn” was a 2 
digit number. The bulk sample was assumed to be A00. Even 
if no aliquots were taken and the whole sample were used 
for fractionation, the Sample ID  suffix would be written ID#- 
AOO-FXnn.

F r a c t io n a tio n  f ie ld . — This field consisted of 4 characters, 
FXnn, where “F” represented “Fractionation,” “X ” was a 
letter code for the type of fractionation, and “nn” was a 2 
digit number. The letter codes for the type of fractionation 
were: N —normal phase fraction, R —reverse phase fraction, 
and G —silica gel fraction. The 2 digit number represented 
the various “cuts” from the fractionation. “Cut” points were 
to be documented in the laboratory’s internal records. The 
use of the number 00 had a special meaning. If no fraction­
ation was actually performed, but an aliquot was taken from 
a previous aliquot, then the suffix “FX00” was used as a 
“place keeper” to separate the aliquot fields. For example, a 
sample identification number with multiple aliquots and/or 
fractionations would take the form:

IACP85RXXXnnnnn-Ann-FXnn-Ann-FXnn.

where “X ” represents an alphanumeric character and “n” 
represents an appropriate digit. Note that the aliquot fields 
and the fractionation fields must alternate.

Sample Accountability
The IACP Steering Committee developed overall goals for 

the sample accountability program from sampling site stor­
age and maintenance, transport and transfer to the laboratory 
sample custodian, transfer to individual researchers, and 
sample tracking/record keeping. Although this first phase of 
the IACP was not directly related to a regulatory activity, 
the committee determined that sample custody procedures 
would be used and that one person should be designated as 
a sample coordinator. This person was responsible for sample 
custody and tracking from the field sampling site through all 
analytical operations. Collected samples were properly la­
beled and immediately stored at the sampling site under 
cryogenic conditions (~80°C). Sample transfers from the col­
lection sites were made with samples contained in a cooler 
packed with dry ice. Sample custody forms and identification 
forms for all transferred samples were included with samples 
received by the laboratory sample custodian. Samples were 
immediately stored in a cryogenic freezer subsequent to dis­
tribution to individual researchers.

Sample Custody and Transfer
All sample transfers were recorded on a custody form as 

shown in Figure 2. A “pedigree” file consisting of at least a
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Integrated Air Cancer Project 
Sample Custody Form

S a m p le  ID  N o .

D e s c r ip t io n :

R e le a s e d  b y R e c e iv e d  b y D a te T im e
R e a s o n

fo r
T ra n s fe r

S to ra g e  a n d /o r  
T ra n s fe r  

C o n d it io n s

C o m m e n ts :  (P a re n t ID  N o ., e tc .)

Figure 2. Sample custody form.

sample identification form and a custody record accom­
panied each sample during transfer. One copy of the signed 
custody form was forwarded to the sample custodian, a sec­
ond copy was retained by the person releasing the sample, 
and the original form was transferred with the sample to the 
laboratory analyst.

Sample Operations Record
The “pedigree” file transferred with the sample could also 

contain a sample operations record which detailed preceding 
laboratory manipulations or measurements. A copy of a sug­
gested operations record is shown in Figure 3. This particular 
format was not mandatory because laboratories usually had 
their own specialized forms which better reflected their par­
ticular operations.

Sample Coordination
The sample coordinator was responsible for 3 primary 

functions: sample custody, tracking all sample operations 
from collection site through the research tasks, and working 
with researchers to develop and assemble specific sets of 
samples required for special research tasks. A sample tracking 
computer file that used a Lotus software program was de­
veloped by the sample custodian. An excerpted portion of 
the file is shown in Figure 4. This file represents the total 
inventory of samples available and also relates pertinent sam­
ple collection parameters, i.e., sampler flow rate, total col­
lection time, and fine particle mass concentrations for that 
time period. This added information gave invaluable assis­
tance to analysis planning since samples could be ordered by 
concentration or amount collected. The file also contained 
sample custody information with fields for transfer date, re­
ceived by, and reason for transfer. This portion of the file 
was periodically updated as custody sheets were received for 
processing. Fields were chosen to allow maximum flexibility 
in sorting or ordering samples by various parameters such 
as the 5 digit portion of the identification number, the 3 letter 
sample descriptor numerics from the identification number, 
collection date, individuals releasing or receiving samples, 
transfer dates, laboratory operations, or sample site. A de­

IACP Sample Operations Record
Page.

S a m p le  ID  N o . S a m p le  D e s c r ip t io n
A m o u n t  o f  

O r ig in a l S a m p le
D a te

R e c e iv e d
R e c e iv e d

b y

D a te
A n a ly s t

a n d
O rg a n iz a t io n

S a m p le
A n a ly s is

P ro c e d u re

A m o u n t  o f  
S a m p le  

C o n s u m e d

A m o u n t  o f  
S a m p le  

R e m a in in g

R e s u lt
o r

D a ta

S to ra g e  
L o c a t io n  o r  
D is p o s it io n

Figure 3. Sample operations record.

scription or notes field was also included to give added flex­
ibility to sample records.

Additional computer files were also prepared for specific 
research tasks that required compilation of special sets of 
samples. For example, a residential sampling portion of the 
program required development of a file to show matched 
samples collected inside homes with samples from like col­
lectors immediately outside the home and at the primary 
collection site located some blocks away. The sample coor­
dinator assembled these samples as laboratory investiga­
tional units and coordinated their analyses with the various 
laboratories involved.

Conclusion and Recommendations
This first phase of the IACP provided valuable experience 

regarding sample accountability QA for a large field and lab­
oratory research program. The QA procedures and formats 
described here proved adequate; however, they were not 
completely instituted until after the field samp] i ng had begun. 
This initial delay caused some confusion for both field and 
laboratory personnel during the early part of the program. 
This phase 1 effort, however, was intended to be a learning 
experience in combining expertise and coordinating the work 
of 4 separate laboratories within EPA.

From the experience gained in the first phase of the IACP, 
some general thoughts and specific recommendations might 
now be made fer future studies. QA considerations for sam­
ple handling, coordination, and tracking should be of primary 
importance to program planners. A sample coordinator should 
be appointed during preliminary planning. A committee con­
sisting of both field sampling and laboratory personnel should 
also be established in early phases of planning to ensure 
development and finalizing of sample accountability proce­
dures far in advance of actual field work. These QA consid­
erations should include sample labeling and storage at field 
site, development and use of sample identification forms and 
custody forms for sample transfer, sample transfer condi­
tions, receipt and storage of samples by the laboratory sample 
custodian, sample coordination and tracking, and data man­
agement.

Specific recommendations resulting from this study relate 
to sample coordination and use of the sample identification 
form which also contains the vital sampling parameter in­
formation. The 2 part duplicate form as used in this study 
led to a few copying errors. This form should consist of an
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Integrated Air Cancer Project—Raleigh, NC, 1985 (IACP85R...) 
Sample Inventory and Disposition

Date
Coll'd

IACP
Code IACP# Filter# AM

PM Site Flow
m3/m in

Total
Min

Fine
/ jg /m 3

T'fer
Date Rec'd by Reason Notes

850119 COP 00567 2 PM PRI 1.088 789.5 78 860400 R, Williams Extraction Alaska Biostudy 3

850119 COP 00563 5 PM PRI 1.357 789.6 78
850119 COP 00568 6 PM PRI 1.217 789.5 78 851224 R. Williams Task 20 Task 20, Follow-up Study

850119 COP 00566 3 PM PRI 1.322 789.6 78

Figure 4. Lotus file: Sample inventory and disposition.

original and 2 carbon copies to be completed by field per­
sonnel. The original should always be kept with the sample 
and one copy should be retained by the sample coordinator. 
The remaining copy would be forwarded to the data man­
agement staff. The sample coordinator should develop and 
continually update a sample inventory/custody record com­
puter file. It is necessary for the sample coordinator to have 
an active part in planning the sample accountability portion 
of the QA plan and also be an active participant in specific 
research tasks requiring development of special sample sets

and interlaboratory coordination for the various aspects of 
sample analysis.

The sample identification number expansion system for 
identification of analytical fractions was found to be inflexible 
since only forms of column chromatography were consid­
ered. An improved version would account for other frac­
tionation techniques, e.g., liquid/liquid partitioning. An “O” 
letter for “other” could be used to indicate a fractionation 
technique other than those specifically mentioned.

Expanding and Tracking the Capabilities of Pesticide Multiresidue Methodology Used in the 
Food and Drug Administration’s Pesticide Monitoring Programs

B E R N A D E T T E  M . M cM A H O N  and JE R R Y  A . B U R K E
F o o d  a n d  D r u g  A d m in is tr a tio n , D iv is io n  o f  C o n ta m in a n ts  C h e m is try , W a sh in g to n , D C  2 0 2 0 4

Foods analyzed for pesticide residues in the monitoring programs of 
the U.S. Food and Drug Administration (FDA) are most often ex­
amined by using one or more of the multiresidue methods developed 
for this purpose over the years. Because no single method can be used 
for all potential residues, each commodity is examined by a method 
or methods which will identify and/or determine the chemicals most 
likely to have been used. FDA conducts research to develop new 
multiresidue methods, which are included in monitoring programs 
as needed to cover additional chemicals. FDA’s multiresidue methods 
have undergone continuous study over a 20 year period to ascertain 
which compounds can and cannot be recovered by them. FDA con­
tinues to perform tests to discover a compound’s analytical charac­
teristics. Protocols have been published to direct the testing of ad­
ditional compounds so that new information can be added to the 
existing compilations. Methods capable of determining residues of 
single pesticides are used to analyze selected commodities for residues 
of high priority that cannot be determined by existing multiresidue 
methods. Pestrak, a computerized listing of pesticide analytical in­
formation, has been developed by FDA to keep track of the capa­
bilities of multiresidue methods and the coverage of residues by the 
single residue methods used in FDA monitoring.

In the United States, the Environmental Protection Agency 
(EPA) has responsibility for registering (approving) pesticides 
for use, under the requirements of the Federal Insecticide, 
Fungicide and Rodenticide Act. Where uses may lead to 
residues in food or feed, EPA has the responsibility under the 
Federal Food, Drug and Cosmetic Act to set tolerances which 
limit the amount of pesticide residue that may legally be 
present in food or feed moving in interstate commerce. En­
forcement of these tolerances is the responsibility of the U.S.
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Food and Drug Administration (FDA), except for meat and 
poultry, for which the U.S. Department of Agriculture is 
responsible.

Tolerances or exemptions from the requirement for a tol­
erance are required for the residues of all pesticides which 
are registered for use on foods or animal feedstuff; tolerances 
are specific for individual commodities or groups of com­
modities. Tolerances for residues on foods are currently es­
tablished for over 300 pesticides in the United States (1). 
Many uses result in residues which include alteration prod­
ucts that are included in the tolerance description when they 
are considered to be toxicologically significant.

Because each food or feed item for which a pesticide use 
is approved has a separate tolerance, the number of legal 
residue/commodity combinations is in the thousands. (For 
the remainder of this article the term “food” will include 
human food as well as feed for food-producing animals.)

Foods containing residues of pesticides at levels higher 
than the established tolerances are in violation of the law 
and are subject to regulatory action. The presence of a pes­
ticide residue on a commodity for which no tolerance exists 
is also in violation. Therefore, FDA must be able to identify 
and measure residues of pesticides that are not registered in 
the United States as well as residues on commodities for 
which no tolerances exist.

In addition to prescribed tolerances, action levels (admin­
istratively established regulatory limits) have been estab­
lished to protect the consumer from unavoidable residues of 
certain persistent pesticides that may be present in some 
foods (e.g., fish) as a consequence of their presence in the 
environment (2). Industrial chemical contamination of food 
items is also sometimes detected by analytical methods used 
for the determination of pesticide residues.
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General Commodity 
Monitoring

( a p p r o x .  1 2 , 0 0 0  a n n u a l  s a m p l e s )

Total Diet Study
( 2 3 4  f o o d  t y p e s  x  4  s a m p l e s / y e a r )  

( 9 3 6  i n d i v i d u a l  f o o d  i t e m s  a n a l y z e d )

Domestic
Samples

(7,000 annual samples)
(90% surveillance; 10% compliance)

Import
Samples

(5,000 annual samples)
(80% surveillance; 20% compliance)

Core Distr ict Selected
Samples Option Surveys

(1,000) (5,000) (1,000)

shell eggs, fruits, headquarters-
milk, cheese, vegetables, directed surveys;

local fish, etc. of local high interest
shellfish importance chemicals on

selected products

G enera l  Mexican
Import Import
(2,500) (2,500) MRMs for fatty foods

(method 1 and others)

MRMs for nonfatty foods
(methods 2-5 and others)

Methods for residues 
of single compounds

O Other MRMs
(method for CPAs, etc.)

Figure 1. Various types of analytical methods used in FDA monitoring programs.
Note that all numbers of samples are approximate and refer to an average year. Codes for analytical methods refer to those most often 

used for analysis of the samples in any category. Abbreviations: MRM =  multiresidue method; CPA =  chlorophenoxy acid. Definitions: 
compliance samples =  samples collected from shipments for which there was prior evidence or suspicion of illegal pesticide residues (i.e., 
subjective samples); surveillance samples =  samples collected from shipments for which there was no prior evidence or suspicion of illegal 
pesticide residues (i.e., objective samples).

FDA enforces tolerances and action levels for pesticide 
residues by a program which includes analysis of selected 
domestic and imported foods. The design and strategy of 
FDA’s pesticide program are described in detail by Reed et 
al. (3). The monitoring is done with 2 goals in mind: first, 
to remove from the market those foods containing illegal 
pesticide residues, according to the definitions provided in 
the law; and second, to gather information on the incidence 
and levels of pesticide residues in the food supply.

Two main programs support these goals: (7) general com­
modity monitoring, i.e., regular sampling and analysis of raw 
agricultural commodities, processed foods, and animal feeds 
in interstate commerce; and (2) the Total Diet Study, which 
determines the dietary intake of residues in foods as con­
sumed, i.e., washed, cooked, or otherwise prepared for eating.

Most samples analyzed in the FDA monitoring programs 
are of unknown treatment history, i.e., they are selected ran­
domly, generally without specific knowledge of which pes­
ticides may have been used during their growth or prepa­
ration. It is therefore essential to analyze these samples by 
using one or more multiresidue methods capable of deter­
mining residues of many pesticides in a single test portion. 
These multiresidue methods are described in the FDA P e s ­
t ic id e  A n a ly t i c a l  M a n u a l , Volume I (PAM I), which is com­
piled and issued by FDA (4, 5).

Other commodities analyzed for pesticide residues are cho­
sen because of some background information on their treat­
ment history. As the situation dictates, these foods may be 
analyzed by methods capable of measuring the residues of 
the specific compound known to have been used, if these 
residues cannot be determined using multiresidue methods.

To ensure that a method is available for the residues of 
each pesticide for which food tolerances have been estab­

lished, FDA and EPA cooperate in producing the FDA P e s ­
t ic id e  A n a ly t ic a l  M a n u a l , Volume II (PAM II) (4), which 
contains such methods. Most PAM II methods were devel­
oped by pesticide manufacturers to determine the residues 
of a single pesticide. They are considered to be the methods 
of choice for the determination of residues not amenable to 
quantitation by multiresidue methodology.

The paper by Reed et al. (3) explains how FDA decides to 
expend the time and resources available to its pesticide pro­
grams. That paper discusses the considerations which cause 
FDA to use multiresidue methods for analysis of most foods, 
while also directing the use of the generally less efficient single 
compound methods when the importance of the residue or 
commodity requires.

Figure 1 displays an overview of the commodity types 
chosen and the methods used in the FDA monitoring pro­
grams in an average year. The categories of products are more 
fully described by Reed et al. (3).

The present paper is intended to complement that by Reed 
et al. by describing the application of FDA’s multiresidue 
methods in its pesticide programs. In particular, it describes 
FDA’s continuing effort to increase its analytical coverage of 
potential pesticide residues in foods. Since 1959, FDA’s abil­
ity to identify and measure pesticide residues with multires­
idue methods has increased from determination of the 13 
organochlorine residues by the multiresidue method of Mills
(6) to determination of the current 321 total pesticides or 
pesticide-related compounds by at least one of the 5 multi­
residue methods shown in Table 1.

This improvement was brought about by continual testing 
of the behavior of pesticidal compounds through the methods 
in use to increase the known scope of these methods and by 
adding new methods to the program to provide monitoring



1074 McMAHON &  BURKE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

Table 1. Information on commonly used FDA pesticide multiresidue methods

Common title
Original

ref.

PAM I
(ref. 4) 
sec(s) AOAC (ref. 7) secs

No. of 
compounds 
with AOAC 

official status

No. of 
compounds 

with
recovery
tested*

No. Of 
compounds 
recovered 
through 

method*0

Mills fatty food method 6 211.1,252 29.001-29.002, 29.005, 29.008- 
29.010, 29.012, 29.014- 
29.018, 29.044-29.049

11 200 149

Mills, Onley, & Gaither nonfatty food 
method

8 212.1,252 29.001-29.002, 29.005, 29.008- 
29.011,29.015, 29.018, 29.044- 
29.049

20 274 194

Storherr method 9 232.3 29.054-29.058 5 95 94

Luke method 10, 11 232.4, 212.2 29.A01-29.A04 (ref. 12) 8 192 191

Krause method 13 242.2 29.A05-29.A13 (ref. 12) 9 33 33

■ Data as of December 2, 1986. “ Compounds” refers to parent pesticides plus their components, metabolites, impurities, and photoproducts. 
0 Includes recovery through all versions of the methods; includes recoveries of any percentage.

for additional chemical types. (It should be noted that an 
increase in the number of pesticides that FDA is obliged to 
monitor has occurred concommitantly.)

This paper also discusses other aspects of the application 
of multiresidue methods in FDA programs and describes an 
internal FDA system for tracking the overall status of pes­
ticide program capabilities.

Increasing Knowledge of Current Method Capabilities
At the present time, FDA’s 5 most commonly used mul­

tiresidue methods are each described in detail in PAM I (4). 
Each method was published in the scientific literature before 
inclusion in PAM I, and each has undergone collaborative 
testing under the auspices of AOAC.

Table 1 lists the 5 methods. References to the original 
literature, PAM I, and the O ffic ia l M e th o d s  o f  A n a ly s is  (7) 
are included for each. Table 1 also lists the number of com­
pounds for which each method is considered official by AOAC.

Because the most efficient and effective way to analyze 
samples is to use multiresidue methods, considerable re­
search effort is invested in multiresidue methods beyond 
their initial development. If a method is found to be useful, 
additional work is done to apply it to other commodities and 
other residues. In some cases, alternative steps in the method 
are needed to extend its applicability (e.g., 11, 14-18).

A large effort is also expended on the testing of many 
compounds through the steps of the multiresidue methods, 
so that a database of each method’s capabilities can be com­
piled. Such a compilation is valuable for several reasons. 
Most important, the information permits evaluation of the 
agency’s monitoring programs in regard to the residues that 
are covered by the analyses conducted and those that can 
therefore be inferred to be absent from a particular sample 
or set of samples.

The analyst examining a sample is also better able to iden­
tify residues if information on method capabilities is avail­
able. FDA’s Division of Contaminants Chemistry in the Cen­
ter for Food Safety and Applied Nutrition has for many years 
led the effort to collect, compile, and publish such data so 
that analytical chemists will be provided with as much as­
sistance as possible in use of the methods.

Table 1 also includes the number of compounds for which 
method performance data are available for each of the 5 
multiresidue methods. The last column in Table 1 lists the 
number of compounds which are at least partially recovered, 
since some of the compounds tested have been found n o t to 
be recovered by the methods. Note that these numbers rep­
resent many more compounds than just the parent pesticides.

Metabolites, impurities, and photoproducts of pesticides are 
included, as are individual components of parent pesticides 
that are made up of several distinct components.

These data have been accumulated by pesticide residue 
chemists in many FDA laboratories. Chemists in headquar­
ters and in FDA’s 16 field laboratories that conduct pesticide 
residue analyses have contributed to the data. Some of the 
work was done as a routine adjunct to the monitoring pro­
gram in each laboratory, whereas other studies were con­
ducted as a part of special research projects. Many of the 
results are published in FDA’s internal Laboratory Infor­
mation Bulletin series. Others are reported directly to the 
Division of Contaminants Chemistry, where the data com­
pilations are maintained. Results of some of these studies 
are published in the scientific literature.

A particularly interesting source of new data is from the 
identification of residues originally labeled as “unidentified 
analytical responses” (UARs) by the laboratories which de­
tected them. The increasing use of mass spectrometry has 
facilitated the identification of residues whose presence was 
originally detected as peaks in gas or liquid chromatograms
(19).

Factors that are used in deciding which of the routinely 
encountered UARs will be further examined include a par­
ticularly large detector response, especially if the detector is 
one with a high degree of selectivity; repeated occurrence of 
the peak in chromatograms from analyses of different sam­
ples; and the importance of the commodity in which the 
residue occurred. Once the LIAR is chosen for further work, 
samples in which it occurred are prepared for mass spectral 
examination.

A number of residues have been identified in this way; 
results of this type of research are usually published in the 
scientific literature (e.g., 20-23). If a reference standard is 
available for the newly identified UAR, further work is done 
to establish the behavior of the compound through multi­
residue methods. If no standard is available, notation is made 
of the fact that the compound is recovered through the meth­
od, but with no known percentage recovery.

FDA field and headquarters laboratories will continue a 
program of testing additional compounds through the cur­
rently used multiresidue methods. The eventual goal is to 
know the analytical behavior of all pesticidal and industrial 
chemicals with potential for contaminating food. Com­
pounds whose chemistry suggests the likelihood of recovery 
through these methods will be tested first. Highest priority 
is given to chemicals classified as being of particular impor­
tance by FDA’s Surveillance Index (SI) program (3, 24).
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It is hoped that in the future other users of PAM I methods 
will also contribute method behavior data to the compilation. 
Protocols have been developed by FDA to describe an effi­
cient means of determining the behavior of compounds tested 
through the steps of the multiresidue methods. These pro­
tocols have recently been published in PAM I (4) as Appendix 
II. Laboratories using these methods are invited to contribute 
to FDA data collected according to these protocols, so that 
the database available to all PAM I users will be increased.

EPA has recently issued a requirement (25) that organi­
zations submitting food tolerance petitions or reregistration 
data must include with their data the analytical behavior of 
their compound through FDA multiresidue methods. The 
protocols in PAM I, Appendix II, are to be used to develop 
these data. In this way, FDA will eventually be able to de­
scribe analytical behavior through these methods for all 
chemicals with newly established food tolerances.

Compiling the Data
Development of analytical behavior data for many poten­

tial residues is of little value unless that information is readily 
available. Both the FDA staff who evaluate the overall find­
ings of the monitoring program and the field analysts need 
to be able to consult tables in which the data are compiled.

Most of the data on behavior of compounds through the 
multiresidue methods, collected over the last 20 years, are 
published in PAM I in several tabular formats. Tables
201-A, 201-H, 201-1, and 201-J list all the data available on 
the recovery of compounds through PAM I methods 211.1 
and 212.1, 232.3, 232.4, and 242.2, respectively. These data 
include values for the percent recovered of those compounds 
that are determined as well as information on compounds 
known n o t to be recovered through the method. Additional 
details, such as the eluate in which the compound elutes from 
a cleanup column, are included.

A computerized listing of analytical method data is also 
included in PAM I as Appendix I. This table combines most 
of the data from other PAM I tables. The entry for each 
chemical includes, where available, relative retention times 
(RRTs) on each of the 4 gas chromatography (GC) columns; 
detector responses to the compound for the commonly used 
GC detectors; and recoveries through 3 of the 5 methods 
listed in Table 1 of this paper.

The recent revision (Oct. 1987) of these tables included 
data for a fourth method, the Luke method, PAM I, Sec.
232.4. Since the Krause method, PAM I, Sec. 242.2, relies 
on liquid chromatography [LC] for determination of most 
residues, there are no current plans to include data for it in 
Appendix I.

The individual entries in Appendix I are printed in dif­
ferent orders in 6 tables: alphabetically by name, numerically 
by standard number (referring to repositories of reference 
standards maintained by EPA or FDA), and 4 tables in order 
by the RRTs on each of the 4 GC columns included.

The latter lists are especially useful for the analyst who has 
used a method, has injected the test solution into a particular 
GC column, and is making a tentative identification of the 
peaks in the chromatogram. A typical page from the table 
showing pesticides ordered by OV-101 RRTs is included as 
Figure 2.

Using this table, the analyst compares the RRTs of the 
chromatogram peak(s) to those listed in the table. Certain 
possible identities (compounds with similar RRTs) can be 
eliminated or supported, based on the information in the 
table on known recovery of these compound(s) through the 
method that was used. Once tentative identification is made,

the detector response data in the table provide some indi­
cation of the approximate amount of the residue.

The molecular formula for each compound assists in 
choosing other element-selective detectors for confirmation 
of the original tentative identification. The RRTs on other 
GC columns can also be useful for confirmatory analysis. 
Usually, one of the other columns provides separation of 
chemicals which elute close to one another on the first column 
used.

Separate tables of GC data (RRTs and detector responses) 
were previously published in PAM I, in tables numbered 
331-A, etc. These tables are no longer being updated for 
publication, because all the information in them is presented 
in a more efficient format in Appendix I. Some of these 
tables contain RRTs on columns not included in Appendix
I. These should be retained for reference in case data for 
these GC columns are needed.

The tables in the 201 series are updated and the revisions 
are published in PAM I on an irregular schedule dictated by 
the amount of new data collected. Appendix I has been re­
vised approximately every 2 years (most recently October
1987). Updated versions of Appendix I are often distributed 
to FDA laboratories in the interim between their publications 
in PAM I.

Special effort to share data is made within FDA whenever 
a UAR is identified. Information on the analytical charac­
teristics of the residue is sent to all field laboratories by elec­
tronic mail so that any other FDA laboratory encountering 
the same residue will be able to recognize it without repeating 
the laborious identification process. The data are also sup­
plied to the Division of Contaminants Chemistry for inclu­
sion in the next published compilation of data.

Tracking the Methods’ Expansion
The efforts to expand the capabilities of FDA multiresidue 

methods have continued in FDA since the 1960s. During 
those years when data were increasing, the U.S. Congress, 
public interest groups, and other organizations evaluating 
public health made frequent requests for information on 
FDA’s enforcement of pesticide tolerances, in terms of the 
number of chemicals covered by multiresidue methods in 
use. Response to each of those requests required a manual 
count of the number of chemicals in the PAM I tables.

During 1983-1984, FDA created a computerized system 
to help track the ability of the monitoring programs to de­
termine residues in the food supply. The system, named 
Pestrak, contains separate databases for pesticides and their 
metabolites, divided according to the tolerance status of the 
pesticides.

Thus, Pestrak includes 5 types of lists for pesticides, their 
metabolites, and other related compounds: (7) with food tol­
erances listed in 40 CFR 180; (2) with interim tolerances (40 
CFR 180.319); (2) with pending tolerances; (4 ) with tem­
porary tolerances and action levels; and (5) with no toler­
ances. The last list contains certain selected pesticides con­
sidered to be of current or potential FDA interest because of 
rescinded tolerances, known usage in foreign countries, or 
other reasons.

Complete lists of the Pestrak databases can be printed for 
use as reference. A typical page from the first list of Pestrak 
is displayed as Figure 3.

Included for each entry in the Pestrak lists are codes and 
other information used by FDA in planning monitoring pro­
grams and in reporting results. Information on the ability of 
the 5 multiresidae methods to determine each compound is 
included, as is reference to special surveys which have in-
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PESTICIDE ANALYTICAL MANUAL - VOLUME 1 - APPENDIX

P E S TIC ID E S  BY O V - IO I RRT (CHLORPYRIFOS) 2 3 :2 9  MONDAY, MARCH 1 8 ,  1985

RRT/C
O V-101

RRT/C
O V -225

RRT/C
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RRT/C
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H3-ECD
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FORMULA

FAT
METHOD

NONFAT
METHOD

MIXED
ETHER

CH2CL2 CARBON STD 
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1 .1 5
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1 . 20 
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1 .2 1

1 .0 3
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ft
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1 2 .

METHYL 4 -C H L 0 R 0 IN D 0 L Y L -3 -  
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C11H1OCLN02 

C14H9CL3

P 50 NR

!
X 942 

F 207

1 .8 5 _ 2 . 1 .5 - CAPTAN C9H8CL3N02S - P 50 3 - E l 0 20
1 5 0 . THIABENDAZOLE C10H7N3S - NR - “ ■ E66 6 0

2 .7 3 - 6 .5 - - 2 . DES N -I50P R 0P Y L  
I50FEN PH 05

C12II18H04PS P 50 X 972

1 .2 3
1 .2 4

3 . _ FOLPET (E V ) C9H4CL302NS P C 1550 23 C E3660
_ 7 . 7 . - A N IL A Z IM E .(R V ) C9H5CL3N4 P C 15 2 - E2920

1 .4 1 _ 3 .3 7 0 . TOLYLFLUANID C10H13CLFNO5 - - - - - E6 700

1 .2 5
1 .2 6  
1 .2 6
1 .2 9
1 .2 9  
1 .3 3

2 .9 2 « 5 . 3. PHENTHOATE C12H1704PS2 - C 1550 - C F 530
4 . - SULPHENONE C12H9CL 02S - - 2025 3 - F 134

1 . 93 
1 .9 3

_ _ 2 .5 4 . CHLORFEHVINPHOS, BETA C12II14CL 304P - - - - F 459
_ - 6 . CHLORFEHVIMPIIOS* C12H14CL304P - NR NR NR C E l 30 0

1 .1 5 1. 1 . - HEPTACHLOR EPOXIDE C l0H5CL7 0 C C 6 2 E3880
_ 1. 1 . - OCTACHLOR EPOXIDE C l OI14CL80 c C 6 1 - E52 0 0

1 .2 2
1 .7 3

_ 8 . - ALLETHRIN C 19H2603 c - 50 - - E 100

1 .36
1 .3 7
1 .3 7  
1 .3 9

_ 2 .1 2 20 . - 2 . ISOFENPHOS C l5H24N04PS - c 1550 “ - X 971
1 .7 4 5 .6 - 1 1 . CROTOXYPHOS C14H1906P - NR ** “ C E1500

1 2 . - - PROCYMIDOME C13H11C! 2N02 p c 15 - " E57 4 1
_ ft 2 . - CHLORBENSIDE (ERV ) C13H10CL2S p P 6 1 - F 19

3 . 33 2 .1 1 - 10 . 7 . METHIDATHI OH C6H11N204PS3 p P 50 3 C E6 34 0

1 .4 3  
1 .4 4  
1 .4 5

_ 2 . - PHOTODIELDRIN B C l 3M9CL50 - - - - - X 914
_ - 60 . - NITROFEN, AMINO C12H9CL 2N0 - - - - - X 921
_ - 7 . - TDE, P, P ’ - ,  OLEFIN C14H9CL3 c c 6 1 - E1800

1 .3 4 - 1. 1 . - CHLORDANE, TRANS C lQH6CL8 c c 6 1 - E1240
1 .5 0 - 2 . - GENITE 923 C12H8CL203S c c 15 - ” h 18 6

2 .3 9 - 15 . 1 0 . DISULFOTON SULFONE C8H1904PS3 - NR - - c F 616
1 .4 2 1 .3 3 3 . - 4 . BROMOPHOS-ETHYL C l O H I2BRCL203PS p C 6 - - E 86 0

_ 9. 40 . - PERTHANE OLEFIN C18H19CL c c 6 1 - F 493
1 .5 4 3 .6 - - 2 0 . 2 ,4 - D  PROPYLENE GLYCOL X 

BUTYL ETHER ESTER
C l 5 II20 C L20 4 ~

X 908

1 .2 8 1 .5 1 - 1 .5 2 . - DDE, 0 ,  P ' - C14H8CL4 c c 6 1 - E1840
1 .5 5 3 .8 2 .3 7 “ 1 0 . 21 . METHYL TR ITH IO N  OXYGEN 

ANALOG
C9H12CL03PS2 F 448

1 .5 7 _ _ - 4000 . - T EPP* (R V ) C8H20O7P2 - - - - p F 168
2 .7 2 1 . 97 4 .4 5 . 3 . 8 . GARDONA C10H9CL404P - NR - NR c E3740

- - 400 . PROMECARB C12II17H 02 - - - - - E57 52
2 .0 4 1 .8 4 - 8 180 . - DDA, P , P ' - ,  METHYL ESTER C 15H12CL202 - - - - - F 294

_ - 1 .5 - ENDOSUL FAN* C9H6CL603S - - - - - E3180
3 .4 1 2 . 2 0 - - 3 . - OVEX C 12II8C L203S c C 15 2 - X 906

1 .6 3 1 . 38 1 .4 7 - 1 .5 1 .5 - ENDOSULFAN I C9H6CL603S c C 15 2 - E320 0
1 . 66 1 .5 4 1 .4 8 - 1 . 1 . - CHLORDANE, C IS C10H6CL8 c C 6 1 - E l 220
1 .6 6 3 .7 2 .4 1 - - 7 . FEHAMIPHOS (O V -1 7  GCV) C l3H22N03PS - “ NR NR c E347 0
1 .6 6 1 .1 8 - - 6 0 . - 2 ,4 - D  BEP ESTER* C l7H 24C L2Û 4 - - - - - F 225
1 .7 5 . 95 1 .4 2 - 1 .5 2 . - NOHACIILOR, TRANS C l 0II5CL 9 c c 6 1 “ E5080

TRANSMITTAL NO. 85-1 (04/85) PAGE 30

Figure 2. Sample page from PAM I Appendix I table showing pesticides in order by relative retention time (RRT) on an
OV-101 column.

volved analysis for particular residues by other methods. 
Inclusion of the latter allows users of Pestrak to measure 
more easily the overall scope of the monitoring program.

Computer programs have been written for searching the 
Pestrak lists according to many different criteria. Such search­
es provide FDA personnel with the following capabilities:

(1) Information is readily available to evaluate the findings 
of the monitoring programs. The Pestrak tables include gen­
eral information on whether or not a particular pesticide or 
related compound is being analyzed for in the current pro­
grams. Use of these tables provides a reasonably complete 
search for pesticides likely to be used in the United States 
on foods, since the tables contain all pesticides with toler­
ances, at all stages of the tolerance-setting process.

(2) Information is readily available to provide answers to 
questions concerning the capabilities of the current moni­
toring programs. Examples of the responses to such searches 
are shown in Figures 4 and 5. The system allows the user at 
a terminal to determine the number of chemicals which meet 
particular specified criteria; alternatively, printouts contain­
ing any or all of the information for each chemical can be 
obtained (Figures 4 and 5).

(i) Pestrak can be used to help plan future work on ex­
panding the method behavior data for FDA’s multiresidue 
methods. Gaps in the data are readily identified in these 
listings, and the classifications assigned to chemicals that 
have undergone FDA’s SI process are included among the 
data in Pestrak. The SI classification indicates the relative 
importance, based on potential hazard, given to the need for

including the particular chemical in the monitoring pro­
grams. The Pestrak search programs permit the data to be 
sorted by SI class and therefore can produce lists which in­
clude a system of assessing priority. Figure 6 is an example 
of the results of such a search and sort.

(4) Pestrak is used internally in FDA to provide the agency 
with a means of tracking work in progress on the continuing 
expansion of the method behavior data. Notations are made 
of which laboratory has agreed to test a compound for its 
analytical behavior. Compounds recommended for testing 
through one or more of the 5 usual multiresidue methods, 
through other multiresidue methods, or through a single 
compound method are also noted.

Adding Other Multiresidue Methods
Increasing the data for the recovery of chemicals through 

existing methods is only one aspect of the effort to extend 
coverage to as many chemicals as possible in FDA programs. 
At least as important is the development of other multires­
idue methods capable of determining residues not amenable 
to determination by existing methods. The 5 methods cur­
rently used most often by FDA were themselves developed 
and added to the programs as the need for them arose.

It is expected that the need to develop additional multi­
residue methods will continue as pesticide manufacturers 
develop products of new chemical types, and as older pes­
ticides are found to require closer surveillance. The chloro- 
phenoxy acid (CPA) herbicides and ethylene bisdithiocar- 
bamate fungicides are good examples of the latter.
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I A * Û L E ilâ £ £ II£ â J »  L IS T IN G  OF PESTIC IDES WITH 40CFR TOLERANCES; RELATED COMPOUNDS [1 5  DECEMBER 1986 (R EV : 2  DECEMBER 1 9 8 6 ) ]  P 1
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204 25 I 1 8 0 .1 0 8 3 ACEPHATE
1 8 0 .2 3 0 4 M ACETAMIDE, N -M E TH Y L-2 , 2-D IPH ENY L (DIPHENAMID DESMETHYL METAB. )

760 H 1 8 0 .3 8 3 ACIFLUORFEN
1 8 0 .3 8 3 M ACIFLUORFEN ACID (ACIFLUORFEN METABOLITE)
180 .3 8 3 M ACIFLUORFEN AMINO ANALOG (ACIFLUORFEN METABOLITE)
1 8 0 .3 8 3 M ACIFLUORFEN METHYL ESTER (ACIFLUORFEN METABOLITE)
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F 249 1 8 0 .1 5 4 2 M AZINPHOS-METHYL OXYGEN ANALOG
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F 607 1 8 0 .2 4 1 3 M BENSULIDE OXYGEN ANALOG
425 H 1 8 0 .3 5 5 BENTAZON
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1 8 0 .2 5 4 R 2 M BENZOFURANDIOL, 2 , 3 -D IH Y D R O -2 , 2 -D IM E T H Y L -3 , 7 -  (CARBOFURAN METABOLITE)

F 549 1 8 0 .2 5 4 R 2 M BENZOFURANOL, 2 , 3 -D IH Y D R O -2 , 2 -D IM E T H Y L -3 -O X O -7 - (CARBOFURAN METABOLITE)
1043 1 8 0 .2 5 4 R 2 M BENZOFURANOL, 2 , 3 -D IH Y D R 0 -2 , 2 -D IM E T H Y L -7 - (CARBOFURAN METABOLITE)
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Figure 3. Sample page from Pestrak alphabetical list of chemicals with tolerances on foods.

Current research efforts involve the consideration of com­
pounds, grouped according to their chemistry, to determine 
those which might be measured by a single multiresidue 
method. Modem instrumental techniques for compound sep­
aration and measurement are being explored for potential 
use in the field of residue analysis. Of particular interest are 
various versatile LC techniques, including those using pho­
toconductivity and electrochemical detectors.

Groups of pesticides for which new or improved multi­
residue methods are in use or under development include 
the CPAs and certain pesticides and metabolites containing 
the urea moiety. Methodology for CPA residues has recently 
been included in PAM I (4) as Sec. 221.2. The method in­
cludes extraction from an acidified sample, cleanup by gel 
permeation chromatography, methylation with diazometh­
ane, and determination by electron-capture (EC) GC. The 
method is capable of determining 6 CPAs and pentachlo- 
rophenol. Other acids are being tested for recovery. Improve­
ments in this method have recently been developed. Ion-pair 
alkylation can now replace the potentially hazardous diazo­
methane methylation step in this procedure (26).

A method for residues containing the phenylurea moiety 
is also under development (27, 28). When available, this 
method will permit analysis for residues of at least 6 parent 
compounds with current U.S. food tolerances, as well as other 
similar compounds used elsewhere. The potential also exists 
for expansion of this method to other compounds whose 
structure will permit quantitation by the determinative step 
devised for the phenylureas (27).

Other groups of chemicals which seem amenable to mul­
tiresidue methodology are the organotin compounds and the 
synthetic pyrethroids. These compounds are also of partic­
ular interest to FDA in its goal of regular monitoring for

important pesticide residues. Long-term activities will cer­
tainly include the testing of those pesticides likely to be de­
termined through these methods once basic methods are es­
tablished.

Multiresidue Methods in FDA Monitoring Programs
Usage

FDA’s multiresidue methods form the backbone of the 
agency’s monitoring programs. Detailed instructions for their 
application are published in PAM I. FDA laboratories may 
choose from among these methods, or from other variations 
if needed, to analyze the samples collected as part of the 
monitoring program (3). Certain modifications to these 
methods have been developed and applied in field labora­
tories over the years. For example, certain residues, such as 
that of methamidophos, are known to be only partially re­
covered through the Luke procedure, PAM I, Sec. 232.4. A 
triple extraction must be used to achieve quantitative recov­
ery of the compounds from the matrix (29). Such a modifi­
cation is used when there is evidence or suspicion that the 
test sample contains such a residue.

There are also other cases in which a multiresidue method 
can be used to identify a residue but not to measure it quan­
titatively. Once the original analysis indicates the presence 
of such a residue, however, an additional analysis of the 
sample can be conducted with a method that is known to 
produce a quantitative result for that residue in that com­
modity. The example of methamidophos given above is one 
approach to this follow-up analysis.

The monitoring program directions, issued annually to 
field laboratories, include a number of specific cases for which 
such additional analyses are required. For example, terbufos,
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PESTRAK INFORMATION ON CHEMICALS REQUESTED 15 DECEMBER 1986 PAGE 1
(PESTRAK LAST UPDATED 2 DECEMBER 1 9 8 6 )

FOLLOWING L I5 T C S ) SEARCHED : TOLERANCES (6 2 4  TOTAL CHEMICALS)

LISTE D  CHEMICALS MEET fiL L  THE FOLLOWING C R ITERIA  (NUMBER OF CHEMICALS MEETING T H IS  AND EACH PRECEDING C R IT E R IA ): 
CATEGORY OF CHEMICAL: PARENT COMPOUND (3 1 2  CHEMICALS)
RECOVERY THROUGH PAM I  2 4 2 .2 ;  HPLC+DERIV.+FLUO RES. DETN: C, P (2 0  CHEMICALS)

TH IS  L IS T  INCLUDES 20 ENTRIES

THE CFR NUMBERS USED IN  TH IS  L IS T  HAVE THE FOLLOWING MEANINGS:

1 8 0 .1 0 2 -1 8 0 .XXXÍEXCEPT 1 8 0 .3 1 9 ) :  SECTION OF 40CFR IN  WHICH THE TOLERANCES ARE L IS T E D .
1 8 0 .3 1 9 :  INTE RIM  TOLERANCES LISTED IN  A SPECIAL SECTION SET ASIDE FOR THAT PURPOSE.
1 8 0 .0 0 1 :  PENDING TOLERANCES; ARBITRARY NUMBER CHOSEN.
1 8 0 .0 0 2 :  TEMPORARY TOLERANCES; ARBITRARY NUMBER CHOSEN.
1 8 0 .0 0 0 :  NO TOLERANCES; ARBITRARY NUMBER CHOSEN.

C SURVEILLANCE
S s A HEThd RECOVERY OTHER

S IE US£ 4 0 CFß E I I MâME 1 2 3 4 5 5U BVÉ Ï

60 IM 1 8 0 .2 6 9 R 2 ALDICARB 1 1 1 1C
3820 I 1 8 0 .1 5 4 2 AZINPHOS-METHYL O 10 1C 1C 1C»

960 I 1 8 0 .2 5 5 4 BUFENCARB 1 1 1 1C
1060 I 1 8 0 .1 6 9 C 3 CARBARYL 1 1C» IC o lC
1040 I 180 .2 5 4 R 2 CARBOFURAN 1 1 1 e» 1 C
2080 I 1 8 0 .1 5 3 R DIAZINON c 1C 1C 1C ICo 15
2420 I 1 8 0 .2 0 4 C 3 DIMETHOATE 10 1C IC o lC o
4260 I 1 8 0 .1 1 1 MALATHION c 1C 1C 1C ICo
4500 I 1 8 0 .3 2 0 3 METHIOCARB 1 1 IC o lC 15
4520 I 180 .2 5 3 2 METHOMYL 1 1 IC o lC
4640 I 1 8 0 .1 5 7 3 MEVINPHOS IO N IC IC o lC o
2010 H 1 8 0 .3 2 8 NAPROPAMIDE 1 1 IC o lC o
5186 I 1 8 0 .3 0 3 3 OXAMYL 1 1 1 1C
5245 I 1 8 0 .1 2 1 PARATHION c 1C 1C 1C ICo 15
4580 I 1 8 0 .1 2 1 PARATHION-METHYL c 1C 1C 1C ICo 15
5520 I 1 8 0 .2 6 3 PHOSALONE c 1C 1C 1C ICo
5620 I 1 8 0 .1 2 7 C 4 PIPERONYL BUTOXIDE 1 1 1 ICo
4880 R 1 8 0 .3 0 9 NAPHTHALENEACETAMIDE 1 1 1 IP«
5642 I 1 8 0 .3 0 8 4 PIR IM IPH O S-ETHYL C# 1 1C 1C IP»

F 681 I 1 8 0 .4 0 7 THIODICARB 1 1 ! IP

Figure 4. Example of printout resulting from search of Pestrak database.
Only the list of chemicals with 40 CFR 180 tolerances was searched; selected chemicals are parent compounds which are completely (C) 

or partially (P) recovered through the Krause method (method 5).

an organophosphorus pesticide, produces metabolites which 
are included in the tolerance and are expected to constitute 
major portions of the total residue, but are not amenable to 
determination by multiresidue methodology. Field analysts 
are directed to reanalyze samples found to contain the parent 
terbufos if the level exceeds 30% of the established tolerance.
Reanalysis in this case is to done by the PAM II method,

which converts the total residue to one compound for iden­
tification, quantitation, and comparison to the tolerance val­
ue.

Reporting Results
As a part of FDA’s pesticide programs, residue results are 

reported by each laboratory into a computerized system,

PESTRAK INFORMATION ON CHEMICALS REQUESTED 15 DECEMBER 198b PAGE 1
(PESTRAK LAST UPDATED 2 DECEMBER 1 9 8 6 )

SEARCH PERFORMED ON ALL LIS TS  OF CHEMICALS (8 4 0  TOTAL CHEMICALS)

LISTED CHEMICALS MEET Ä L L  THE FOLLOWING CRITERIA (NUMBER OF CHEMICALS MEETING T H IS  AND EACH PRECEDING C R IT E R IA ): 
CATEGORY OF CHEMICAL: METABOLITE (2 7 3  CHEMICALS)
RECOVERY THROUGH AT LEAST ONE SURVEILLANCE METHOD (6 8  CHEMICALS)
51 CLASS: 1 , 2 ,  3 (3 7  CHEMICALS)

TH IS  L IS T  INCLUDES 37 ENTRIES

S
I Mâüf

SURVEILLANCE 
y £ I  Ü ÍL _ B É £ Q y m  OTHER 1 2 3 4 5  5UEVÊÏ

2 ALDICARB SULFONE (ALSO ALDOXYCARB, 1 8 0 .0 0 1 ,  PENDTOL)
2 ALDICARB SULFOXIDE 
2 AZINPHOS-METHYL OXYGEN ANALOG
2 DISULFOTON OXYGEN ANALOG (ALSO DEMETON-S, 1 8 0 .1 0 5 )
2 DISULFOTON SULFONE 
2 ENDRIN ALCOHOL 
2 ENDRIN ALDEHYDE 
2 ENDRIN KETONE
2 ETHYLENE THIOUREA (METABOLITE OF ZINEB AND OTHER ETHYLENEBIS D ITH 1 0 CARBAMATES)
2 PENTACHLOROANILINE (QUINTOZENE METABOLITE)
2 PENTACHLOROBENZENE (QUINTOZENE METABOLITE)
2 PENTACHLOROPHENYL METHYL ETHER (QUINTOZENE METABOLITE)
2 PENTACHLOROPHENYL METHYL SULFIDE (QUINTOZENE METABOLITE)
2 PHORATE OXYGEN ANALOG 
2 PHORATE SULFONE 
2 PHORATE SULFOXIDE
2 3-HYDROXYCARBOFURAN (CARBOFURAN METABOLITE)
2 4-C Y C LO H E X E N E -l, 2-D IC A R B O X IM ID E , C IS "  (CAPTAN HYDROLYSIS PRODUCT)
3 CARBOPHENOTHION OXYGEN ANALOG 
3 CARBOPHENOTHION SULFONE
3 CHLORPYRIFOS OXYGEN ANALOG 
3 DEMETON-S SULFONE
3 DES N-ISOPROPYL ISOFENPHOS (ISOFENPHOS METABOLITE)
3 DIMETHOATE OXYGEN ANALOG (ALSO SEE TABLE V , NO TOLERANCES, OMETHOATE)
3 FENSULFOTHION OXYGEN ANALOG 
3 FENSULFOTHION SULFONE 
3 FENTHION OXYGEN ANALOG 
3 FENTHION OXYGEN ANALOG SULFOXIDE 
3 FENTHION SULFONE

l ŒfDOpÎr^ÎipÎÎAEÎ ^ E ^ Î ^ i j ET>‘N_t3' 5-CL2PHENYL)-2' 4’DIOXO-1"ImDAZOLIDINECARBOXImDE1
3 METHIOCARB SULFOXIDE 
3 OXYDEMETON-METHYL SULFONE
3 2 .3 ,5 ,6 -T E T R A C H L O R O A N IS ID IN E  (TECNAZENE METABOLITE)
3 2 ,3 ,5 ,6-TE TR A C H LO R O N ITR O A N ISO LE (TECNAZENE METABOLITE)
3 3 - ( 3 , A-DICHLOROPHENYL)-l-METHOXYUREA (DIURON AND LINURON METABOLITE)
3 3 ,4 -D IC H L O R O A N IL IN E  (DIURON AND LINURON METABOLITE)

1 1 1 1C
1 1 1 IP
1 IP 1C ICo
IONIC 1C 7
IONIC 1C 7

CDIPOI 1
C* 1 P* 1 1
C 1C 1 1

1 1 IV« 10
C 1C 1 1
C # 1CX 1 1
C 1C 1 1
C 1C 1 11 1 c 1 ICo 6

1 1C ICo 6
1 1 ICo 6
1 1 1 1C

OX IONI 1C
IO IC 1
1 IC 1C
IONIC 1
1 IC ICo
1 Sn I 1C

ON IO IC ICo
IONIC 1
IONIC 1

O IO 1 1C
O IO 1 1C
O IO 1 1C

1 1 1C 15
1 IP ICo
1 1 ISo 1C 15
1 1 ICo
IR 1 1
IR 1 1

ON IONI IR
IONI IV

Figure 5. Example of printout resulting from search of Pestrak database.
All 5 lists In Pestrak were searched; selected chemicals are the metabolites recovered through at least 1 of the 5 common multiresidue 

methods and classified as 1, 2, or 3 in the Surveillance Index project (24).
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PE5TRAK INFORMATION ON CHEMICALS REQUESTED 15 DECEMBER 1986
________ _ , (PE5TRAK LAST UPDATED 2 DECEMBER 1 9 8 6 )
FOLLOWING LISTCS ) SEARCHED¡TOLERANCES (6 2 4  TOTAL CHEMICALS)

PAGE 1

LISTED CHEMICALS MEET ÍL L , THE FOLLOWING CR ITER IA  (NUMBER OF 
CATEGORY OF CHEMICALi PARENT COMPOUND (3 1 2  CHEMICALS)
ASSIGNMENT TO : * # 1  (3 4  CHEMICALS)
S I CLASS: 1 , 2 ,  3 ,  4 ,  5 ,  (3 4  CHEMICALS)

CHEMICALS MEETING TH IS  AND EACH PRECEDING C R IT E R IA ):

TH IS  L IS T  INCLUDES 34 ENTRIES

S
X S IE  ÜAME

SURVEILLANCE 
METHD RFCOVFRY 
1 2 3 4 5 fiSH

3 F 715 FLUCYTHRINATE
3 4050 ISOFENPHOS
4 2920 A N IL A Z IN E
4 940 BUTYLATE
4 1100 CARBOXIN
4 1491 CHLORTHIOPHOS
4 1552 CYANAZINE
4 1591 CYCLOATE
4 1600 CYCLOHEXIMIDE
4 2006 DESMEDIPHAM
4 2560 DINOCAP
4 3620 FLUOMETURON
4 3940 HEXACHLOROPHENE
4 7001 HEXAZINONE
4 4620 METOLACHLOR
4 5148 ORYZALIN
4 5300 PEBULATE
4 5742 PROFENOFOS
4 5940 PYRETHRINS
4 F 440 TCMT3
5 6630 TETRASUL

2902 CHLORPYRIFOS-METHYL 
F 740 CHLORSULFURON 

1615 CYPRAZINE 
F 669 D IM ETH IP IN  

2653  DIPROPETRYN 
F 754 FLUVALINATE 

4446 M EFLUIDIDE 
5410 PHENMEDIPHAM 
5925 PYRAZON 
6068 SETHOXYDIM 
6408 TEBUTHIURON 
3980 TERBUTRYN 
6661 THIDIAZURON

! 1 1C 1 * * 1
1 C * I 1C 1 * * 1

P 1C 1 1 1 * * 1
1 1 I 1 * * 1

O # 1 0 « 1 1 1 * * 1
C D I C D i C 1C 1 * * 1

I O * l I P °  1 * * 1
1 1 I C o  ! * * 1
1 1 1 1 * * 1
1 1 1 1 * * 1

PM I P *  1 1C» 1 * * 1
1 ! 1 1 * * 1

0 * 1 0 * 1 1 1 * * 1
1 I 1 1 * * 1
1 P *  1 1 1 * * 1
1 1 1 1 * * 1
1 1 1 1 * * 1

P O I P D I C 1C 1 * * 1
C * 1C * I 1 1 * * 1

1 I 1 1 * * 1
C 1C 1 1 1 * * 1

1 1C 1 ! * * 1
1 1 1 1 * * 1
1 1 1 1 * * 1
1 1 1 1 * * 1
1 1 1 1 * * 1
1 1 1 1 * * 1
i 1 1 1 * * 1
1 1 1 1 * * 1
1 1 1C 1 * * 1
1 1 1 1 * * 1
1 1 1 I * * 1
1 1 1 Í * * 1
1 1 1 1 **1

Figure 6. Example of printout resulting from search of Pestrak database.
Only the list of chemicals with tolerances was searched; selected chemicals are parent compounds which have been designated as worth 

testing further through multiresidue methods ("Assignment to **1"); these have been grouped by Surveillance Index classification, but no 
compounds classified as 1 or 2 occur in this list.

along with codes which refer to the method(s) used. Separate 
codes are used for the extraction-cleanup portion of the an­
alytical method and for the determinative step.

The complete set of data from all laboratories for the mon­
itoring samples is then examined and reported. Separate re­
ports are prepared to describe the general commodity mon­
itoring program (e.g., ref. 30, which describes results from 
several years of monitoring) and the Total Diet Study (31,
32). Descriptions of the numbers and amounts of pesticide 
residues found in the U.S. food supply are derived from these 
data and included in the reports.

A complete listing of residues which were not found, but 
which could have been found had they been present, is much 
more difficult to prepare. This kind of report is usually not 
included in descriptions of the results of the overall programs, 
but is done when there is particular interest in the residues 
of a specific pesticide.

Tables of method capabilities, such as PAM I Tables 201 
and Appendix I, can be used to determine which compounds 
were not present in any given sample. Examining residue 
data in this way is very time consuming, however. Each 
combination of extraction-cleanup code and determinative 
step code is capable of determining different residues. The 
nature of the commodity analyzed can also affect the meth­
od’s ability to determine particular residues. The Pestrak 
system does not contain sufficiently detailed method capa­
bility data to be useful in this type of data examination.

Total Diet Study Application o f  Methods
Methods used to analyze the samples collected and pre­

pared for the Total Diet Study are somewhat different from 
those used in the general commodity monitoring program. 
The Total Diet Study currently uses all 5 methods in Table 
1, but some of these are adjusted to permit the identification

and measurement of residues at a lower limit of quantitation 
than that used in commodity monitoring. In some cases, 
additional cleanup of the sample is required to achieve these 
lower limits, which are generally about one-fifth of the quan­
titation limits in the commodity monitoring. The PAM I, 
Sec. 221.1, method for CPAs is also included in the Total 
Diet analyses.

(Total Diet samples are examined for a number of toxi- 
cologically and nutritionally important elements and radio­
nuclides, in addition to residues of pesticides and industrial 
chemicals.)

Quality Assurance
Both intra- and interlaboratory quality assurance (QA) 

programs are maintained by FDA. Results from the early 
years of these studies (33) support the adequacy of the meth­
ods used as well as the performance of the laboratories. These 
quality assurance measures have continued in the years since 
that report was published. If a QA program uncovers prob­
lems with a laboratory’s application of a method, corrective 
action is taken.

Method Limits o f  Quantitation
Methods used in FDA’s commodity monitoring program 

have been developed and are applied to provide quantitation 
at residue levels sufficiently below tolerance limits to generate 
reliable data on the incidence and levels of residues in the 
food supply. Residues below tolerance levels are quantitated, 
and the data are compiled. Because there are so many com­
pounds to consider and because the analytical response varies 
for the different compounds determined by a multiresidue 
method, it is not possible to achieve the same quantitation 
limit for all pesticides and their alteration products. As a 
broad generalization, the quantitation limits for commodity
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monitoring are in the range 0.01-0.1 ppm. As mentioned 
above, quantitation limits in the Total Diet Study are lower, 
generally ranging from 0.002 to 0.02 ppm, so that lower 
residue levels can be measured for the calculation of actual 
dietary intakes.

FDA strives to maintain uniform limits of quantitation 
for a given pesticide among its field laboratories conducting 
monitoring analysis. To achieve this, laboratories are guided 
on key method operating parameters affecting quantitation 
limits. For the GC and LC multiresidue methods, the target 
quantitation limit is described in terms of detector response 
of a specified magnitude to a particular compound; minimum 
magnitude of detector response that will be considered for 
quantitation; and weight equivalent of test portion that will 
be injected into the gas or liquid chromatograph for analysis. 
The limit of quantitation for other compounds in the mul­
tiresidue analysis is then based on the response of the same 
detector to these compounds at the specified conditions.

For example, Sec. 143 of PAM I defines limit of quanti­
tation by specifying that the GC electron-capture detector be 
set to produce half-scale recorder deflection when responding 
to 1 ng heptachlor epoxide. One-tenth scale recorder deflec­
tion is specified as the lowest quantitatable response. Prep­
aration and cleanup are designed so that 20-30 mg equivalent 
of the test portion can be introduced to the chromatographic 
detection system, resulting in a quantitation limit of ap­
proximately 0.01 ppm heptachlor epoxide.

Although the tritium source electron-capture detector re­
ferred to in PAM I, Sec. 143, is now obsolete, this mechanistic 
approach remains applicable to defining how a method will 
be used to achieve a consistent quantitation limit in different 
laboratories. Chlorpyrifos, a pesticide containing chlorine, 
phosphorus, nitrogen, and sulfur in the molecule, is now used 
as the compound to which the response is standardized for 
halogen-, phosphorus-, nitrogen-, and sulfur-selective GC 
detectors, as well as for the less selective nickel source elec­
tron-capture detector.

This approach to defining limit of quantitation was adopt­
ed so that the limits of quantitation achieved in each FDA 
laboratory would be consistent, sufficiently below tolerance 
limits to provide data on incidence and levels of residues in 
the food supply, and realistic in terms of effort required for 
each analysis. This last provision is intended to avoid un­
necessary expenditure of resources in pursuit of ever-de­
creasing and toxicologically insignificant residue levels.

With the availability of more analytical approaches and 
determinative techniques, it is now more difficult to maintain 
a generally uniform and acceptable quantitation limit among 
a large group of laboratories. For example, some detection 
techniques used today must be operated in their most sen­
sitive mode to achieve adequate limits of quantitation for 
the residues of interest. The parameters of operation may 
vary from one instrument to another for a variety of reasons, 
such as purity of available reagents or operator experience. 
As a result, some laboratories may be capable of achieving 
the desired limit of quantitation while others may not. Such 
variations affect only the degree to which the quantitation 
limit is below the tolerance or action level; applications of 
methodology which do not provide quantitation limits that 
are somewhat below the regulatory levels of pesticides of 
interest are not used.

FDA maintains a centralized program of analytical meth­
ods development. Among its several objectives is a continu­
ing effort to provide field laboratories with the guidance nec­
essary to achieve the necessary quantitation limits, to maintain

uniform quantitation limits among the laboratories, and to 
do so without expending resources merely to measure lower 
levels of residues.

Future Applications of Multiresidue Methodology
FDA has made a concerted effort in recent years to extend 

the coverage of its pesticide programs to chemicals which 
are not amenable to analysis by multiresidue methods. Each 
year, field districts are required to survey some locally im­
portant commodity for selected residues which require single 
compound methodology.

There is no question, however, that most products will 
continue to be examined by the various multiresidue meth­
ods available to the agency. In fact, it is expected that de­
velopment and use of multiresidue methods will increase as 
the agency attempts to maintain an adequate level of mon­
itoring in the face of budgetary constraints.

The evaluation of additional chemicals for recoverability 
by the current multiresidue methods will continue indefi­
nitely. The increase in knowledge regarding which chemicals 
can be recovered strengthens the efficacy of the FDA pesticide 
programs.

As mentioned previously, research will continue to de­
velop multiresidue methods for compounds that are not de­
terminable by current methods because of their chemical 
structure. Newly developed instrumental techniques will be 
examined for potential application to the determination of 
residues that are not quantitatively recovered through current 
methods. New instrumentation may also lead to the devel­
opment of completely new analytical methods.

The trend toward miniaturization of existing and future 
methods is expected to continue because of the cost savings 
inherent in the use of smaller amounts of solvents and in the 
shorter analysis times usually involved. A study currently 
under way in FDA will provide statistical information to 
guide the choice of the smaller test portion size used in these 
methods (L. R. Kamps, S. J. V. Young, & J. Link, FDA, 
Division of Contaminants Chemistry, 1987).

The application of automation to multiresidue method­
ology is being explored and may eventually provide a means 
of increasing the number of samples that FDA can analyze 
(34-36). Certain methods already include automated steps, 
and that trend is expected to continue (37).
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Residues of Insecticides, Fungicides, and Herbicides on Ontario-Grown Vegetables, 
1980-1985

RICHARD FRANK, HEINZ E. BRAUN, and BRIAN D. RIPLEY
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Between 1980 and 1985, 354 composite vegetable samples repre­
senting 9 vegetable commodities were collected from farm deliveries 
to the market place in Ontario, Canada. All samples were analyzed 
for insecticides, 275 for fungicides, and 135 for herbicides. The anal­
yses included organochlorine, organophosphorus, synthetic pyre- 
throid, and A'-methylcarbamate insecticides; dithiocarbamate, acy- 
lalanine, phthalimide, dicarboximide, and other fungicides; and, 
chlorophenoxy acid, chlorobenzoic acid, bipyridilium, phenylurea, 
carbamate, and other herbicides. The commodities tested included 
asparagus, beans, carrots, cauliflower, cucumbers, onions, potatoes, 
sweet corn, and tomatoes.

In most samples, pesticide residues were below the detection limits 
(i.e., 0.005 to 0.1 mg/kg), and most of the positive findings were a 
fraction (i.e., <1 to 20%) of the maximum residue limit (MRL) 
permitted for each commodity under the Canadian Food and Drugs 
Act and Regulations. A small number of samples had residues that 
exceeded the MRL, and these involved aldicarb and linuron on po­
tatoes and chlorobromuron on carrots.

A wide range of vegetables is grown within the Province of 
Ontario. The following 9 are among the most important: 
asparagus, wax and green beans, carrots, cauliflower, cu­
cumbers, onions, potatoes, sweet com, and tomatoes. Ac­
cording to 1983 statistics, these 9 vegetables were grown on 
55 500 ha and had a combined market value of $200 million
(1). The number of pesticides that were registered and rec­
ommended for use in the production of each of these 9 com­
modities in 1980 and in 1985 (2) appears in Table 1. In this 
study, we monitored 34 of 36 registered insecticides; 13 of 
15 fungicides; 28 of 46 herbicides and growth regulators; and 
none of the 3 registered nematocides. In 1983, 39 herbicides, 
12 fungicides, and 29 insecticides were used in vegetable
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production in Ontario, and the quantities of materials used 
were 101, 155, and 101 tonnes, respectively (3).

The analytical program reported here was undertaken to 
monitor for (7) insecticides and fungicides, because these 
treatments were mainly foliar and treatments were made 
close to harvest, (2) chlorophenoxy and chlorobenzoic acid 
herbicides because of possible spray drift to edible crops, (i) 
phenylurea herbicides because of damage to carrots and po­
tatoes from previous field use in other crops, and (4) her­
bicides used in vegetable production (2) because few data 
exist on their residues in edible food stuffs. Overall, the data 
indicate if pesticide residues were present in Ontario-pro­
duced vegetables, if these residues were in violation of max­
imum residue limits (MRL) permitted under the Canadian 
Food and Drugs Act and Regulations (4), and if the current 
vegetable production recommendations (2) resulted in ex­
cessive residues.

METHOD

Field Collections
Composite samples of vegetables were collected either at 

the farm gate or on delivery to farmers’ wholesale markets 
at Leamington and Toronto, Ontario. Asparagus, cauliflower, 
cucumbers, sweet com, and tomatoes were sampled at the 
farmers’ markets. Beans and potatoes were collected when 
farm deliveries were made to each of 2 processors. Onions 
and carrots were collected at the farm gate on the Holland- 
Bradford Marsh at time of shipment to a cooperative whole­
sale outlet. Each composite sample consisted of 5 kg potatoes, 
2 kg carrots, onions, or tomatoes, 0.5 kg beans or asparagus, 
and 5-10 cauliflower heads, cucumbers, and sweet com cobs. 
Samples had already been prepared for market by the pro-
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Table 1. Summary of pesticides registered and recommended 
for use on each of 9 crops in Ontario in 1980 and 1985

Pesticides registered and 
recommended (Ontario)

Commodity 1980 1985

Asparagus 15 20
Beans 15 17
Carrots 17 19
Cauliflower 25 31
Cucumbers 23 20
Onions 24 27
Potatoes 39 42
Sweet corn 21 28
Tomatoes 29 29

ducer, and other than for sweet com, analyses were per­
formed on the samples as received, that is, as shipped to the 
market place. In the case of sweet com, husks were removed 
and kernels stripped from cobs prior to analysis. All samples 
were shipped to the laboratory within 2 days of collection, 
and analyses were commenced within 2 days of receipt. Sam­
ples were refrigerated until delivery and analysis.

Analytical Procedure
Vegetables were sliced and composited into small pieces 

using a Hobart food chopper; subsamples were taken for 
analyses using the following 12 analytical procedures. Com­
pounds analyzed and detection limits are shown in Table 2. 
The number of samples and the analyses are shown in Table
3. Residue results are uncorrected for recoveries.

(a) Organochlorine, organophosphorus, and synthetic py- 
rethroid insecticides, and phthalimide fungicides. — 50 g mac­
erated sample was blended with 200 mL acetonitrile-water 
( 2 +1 )  and was filtered. A one-half aliquot was removed (5), 
was diluted with 500 mL water and 25 mL saturated NaCl 
solution, and was extracted with two 50 mL portions of 
dichloromethane. Dichloromethane was dried by percolation 
through anhydrous Na2S04, isooctane was added, and the 
extract was concentrated just to dryness using a rotary vac­
uum evaporator. The residue was redissolved in 5.0 mL 
isooctane.

A portion of concentrated sample (4.5 mL) was cleaned 
up and fractionated for organochlorine and pyrethroid in­
secticides and phthalimide fungicides according to the pro­
cedure of Mills et al. (6) as described by Braun and Stanek
(7). The remaining portion was used without cleanup for 
determination of organophosphorus insecticides by packed 
column gas chromatography (GC) with a flame photometric 
detector (FPD). Recoveries ranged from 85 to 97%.

(b) Acephate, methamidophos, and oxydemeton-meth­
yl. —Acephate and methamidophos were extracted according 
to the procedure described for methamidophos by Braun et 
al. (8). Oxydemeton-methyl was extracted as in (a) along with 
the other organophosphorus insecticides; a portion of the 
extract was oxidized to convert oxydemeton-methyl to its 
sulfone (9) prior to GC/FPD analysis. Recoveries were 81- 
93%.

(c) N-methy¡carbamate insecticides, acylalanine and di- 
carboximide fungicides, and allidochlor. — 50 g macerated 
vegetable tissue was extracted as described in (a). All com­
pounds were determined without cleanup by capillary col­
umn GC with a nitrogen-phosphorus detector (NPD) as de­
scribed by Ripley and Braun (10). Some potatoes were 
analyzed for metalaxyl by using the method of Bruin et al.
(11). Recoveries ranged, from 85 to 110%.

Table 2. Compounds used and monitored between 1980 and 
1985 and their detection limits

Group Name

Detec­
tion
limit,

mg/kg

Insecticides (I)

Organochlorine“ (dieldrin), lindane (DDT, DDE, TDE), en- 0.001
(OCI) dosulfan“

chlordane", dicofol 0.002
methoxychlor 0.01

Organophosphorus" dlazlnon, disul'oton, fonofos, mevin- 0.005
(OPI) phos, phorate, terbufos, chlorpyrifos,

demeton, dimethoate, ethion, Isofen-
phos. malathion

parathlon 0.01
chlorfenvlnphos, methidathion, phosa- 0.02

lone
fensulfothion 0.05
naled 0.1
phosmet 0.2
azinphos-methyl 0.5

Special OPI oxydemeton-methyl* 0.1
methamidophos 0.02

N-methylcarbamate carbaryl, carbofuran, pirlmlcarb 0.01
(MCI)

Special MCI aldicarb“ 0.1
Synthetic pyre- permethrin, fenvalerate, Cypermethrin, 0.005

throids deltamethrin

Herbicides (H) or fungicides (F)

Bipyridilium (BPH) diquat, paraquat 0.02
Chloroacetamide atrazlne, alachlor, metrlbuzin, meto- 0.01

and trlazine (ATH) lachlor, prometryn, slmazine, cyana-
zine

Chlorophenoxy chloramben, 2,4-D, 2,4-DB, dichlorprop, 0.01
(CPH) and chloro- MCPA, MCPB, dicamba, diclofop-
benzoic acids methyl
(CBH)

Phenylurea (PUH) chlorbromuron, dluron, llnuron, mono- 0.01
linuron, metobromuron

Carbamate (TCH) butylate, chlorpropham, EPTC, pebu- 0.01
late

Dalapon 0.01
Allidochlor 0.01
Acylalanine (AAF) metalaxyl 0.01
Dicarboxlmide iprodione 0.01
Organochlorine captan, captafol, folpet, dlchloran 0.002

(OCF)
Special OCF (CTF) chlorothalonil 0.01
Dlthiocarbamates maneb, mancozeb, metiram, zineb, zir- 0.1

(DCF) am, thirarr

* Dieldrin not used since 1969; DDT not used since 1970.
“ Total endosulfan—endosulfan I, II, and sulfate.
“ Total chlordane— cis and trans chlordane, heptachlor epoxide, and non- 

achlor; not used since 1978.
" Includes some oxon, sulfoxide, and sulfone metabolites.
“ Total—parent, sulfoxide, and sulfone; determined as sulfone.

(d) Aldicarb.— 100 g macerated potato was extracted and 
oxidized using the procedure of Maitlen et al. (12) prior to 
GC/FPD (S-mode) analysis. Recoveries from fortified po­
tatoes were 65-85%.

(e) Chlorothalonil. — Chlorothalonil was determined using 
procedure (c) or as described by Northover and Ripley (13). 
The latter analysis included the parent compound and the
4-hydroxy metabolite with recoveries of 85-88%.

(f) Dithiocarbamate fungicides.— These fungicides were 
determined as their zineb equivalent by using the carbon 
disulfide evolution technique based on the method of Pease
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(14) with modifications described by Ripley (15). Recoveries 
were 90-98%.

(g) Bipyridilium herbicides. — Potatoes were analyzed us­
ing the reduction with sodium borohydride method de­
scribed by King (16). Determinations were made by packed 
column GC with N-P detection. Recoveries from fortified 
potato were 50-75%.

(h) Chloroaceiamideandtriazine herbicides. — 25 g macer­
ated vegetable tissue was extracted, and residues were quanti­
tated using the procedure of Ramsteiner et al. (17) as de­
scribed by Sirons et al. (18). Recoveries were 70-80%.

(i) Chlorophenoxy and chlorobenzoic acid herbicides. — 50 
g samples of vegetables were extracted, and residues were 
quantitated by gas chromatography of their methyl esters 
using a procedure described by Yip (19) and modified by 
Sirons et al. (20). Mean recovery for residues above 0.01 mg/ 
kg was 80%.

(j) Phenylurea herbicides. — 25 g macerated vegetables was 
extracted with hexane-dichloromethane and cleaned up on 
a Florisil column. Herbicides were quantitated on a liquid 
chromatograph with a UV detector (254 nm). The analytical 
procedure was described by Frank et al. (21 ) and was adapted 
from Lawrence (22) and Farrington et al. (23). Recoveries 
varied from 85 to 90% using fortified vegetable samples.

(k) Carbamate herbicides. — 50 g macerated vegetables was 
acidified and then extracted with isooctane, and thiocarba- 
mate residues were determined by GC/FPD (S-mode) as de­
scribed by Frank et al. (24); chlorpropham was determined 
by GC with an electron capture detector. In the latter 3 years 
of this survey, method (c) was used. Recoveries were 85- 
110%.

(l) Dalapon. — 50 g macerated vegetable tissue was used 
to determine dalapon residues by GC according to a method 
described by Getzendaner (25,26). Recoveries were 85-95%.

The methods used represent routine standard procedures 
within the laboratory, and recoveries were periodically con­
firmed as part of an ongoing quality assurance/quality control 
program. Duplicate field samples were also analyzed at ran­
dom, and internal laboratory checks were performed. For­
tification levels ranged from the detection limit of the pro­
cedure to greater than the maximum residue limit (MRL). 
Detection limits (Table 2) represent the lowest limit to which 
the individual procedure was reproducible, and these varied 
somewhat depending on the particular instrumentation used 
and the substrate being analyzed. Confirmation techniques 
were applied when residues were high enough to allow al­
ternative procedures to be used. These included the use of
(7) element-specific GC detectors, e.g., electrolytic conduc­
tivity (or Hall) detection in the Cl- or N-specific modes or 
flame photometric detection in the P- or S-specific mode, (2) 
alternate-column gas chromatography, e.g., using column 
packings of different polarity so that characteristic retention 
times were significantly changed, or (3) a capillary gas chro­
matograph and mass selective detector using either full scan 
or single- or multiple-ion monitoring.

Results
Table 1 shows the number of pesticides available for the 

production of vegetables during the study period; however, 
individual producers would use only a few of these to protect 
their crops. Because the treatment history of the produce was 
unknown, surveillance was designed to check for as many of 
these pesticides as possible (Table 2).

Whenever possible, multiresidue procedures were applied 
to determine several pesticides in the vegetable samples. Every 
effort was made to examine Ontario-produced vegetables for

the recommended pesticides (2) that could have been applied. 
Individual procedures were used for those vegetables that 
may have been treated with chemicals not determined with 
the screening methodologies. The multiresidue procedures 
could also detect numerous other pesticides that were not 
recommended but may have been present through nonre- 
gistered use, residue carry-over from past use or drift from 
other treatments in nearby fields. Not all commodities were 
examined for all pesticides described. Of the 100 pesticides 
that may have been used (Table 1), analytical procedures 
could detect 76, including most of the major chemicals used 
during 1980-1985 (Table 2). Notable exceptions were the 
insecticide methomyl, fixed copper fungicides, and the her­
bicide trifluralin.

The results of the analysis of the 354 vegetable samples 
appear in Table 3 and are compared to the MRLs as they 
appear in the Canadian Food and Drugs Act and Regulations
(4).

Insecticides
The 354 vegetable samples were analyzed for the following 

insecticide classes: 251 for organochlorines, 258 for organ- 
ophosphorus, 23 for synthetic pyrethroids, and 151 for 
A-methylcarbamates (Table 4). Five organochlorine insec­
ticide residues were identified to a detection limit of 0.01 to 
0.005 mg/kg (Table 3). These included dieldrin, DDT, and 
chlordane, which were not applied to any of the commodities 
between 1980 and 1985 but were present as residues in soils 
from use in past years. Registrations of dieldrin, DDT, and 
chlordane were cancelled in 1969, 1970, and 1978, respec­
tively. For all 3 compounds, residues averaged between 0.01 
and 0.02 mg/kg. Dicofol, endosulfan, lindane, and meth- 
oxychlor are the only remaining organochlorine insecticides 
still being recommended (2) and used; only residues of dicofol 
and endosulfan were detected. Dicofol was present in a single 
sample of cucumber at 0.02 mg/kg. Endosulfan was identified 
on cauliflower, cucumbers, and tomatoes; however, the con­
centrations were well below the MRL.

Four organophosphorus insecticides were identified (2 on 
carrots and 2 on tomatoes). Diazinon and parathion were 
found on some carrots but at a concentration well below the 
MRL (Table 3). Chlorpyrifos and malathion were each iden­
tified in one tomato sample but, again, below the MRL.

Three carbamate insecticides were identified. Carbaryl was 
observed at low levels in some samples of asparagus, cauli­
flower, and tomatoes (Table 3). Carbofuran was identified 
on one sample of tomatoes at a concentration well below the 
MRL. Aldicarb residues were detected in 79 of 96 potato 
samples, with 71 below the 0.5 mg/kg MRL and 8 above. 
The incidence and level of aldicarb residues appear in Ta­
ble 5.

Analysis for synthetic pyrethroid insecticides commenced 
in 1984, and no residues were identified.

Fungicides
Of 275 composite samples analyzed for fungicides, 224 

were analyzed for phthalimides, 70 for chlorothalonil, 9 for 
acylalanines, and 53 for dithiocarbamates (Table 4).

Captan was identified on tomatoes at residue concentra­
tions that were a fraction of the 5.0 mg/kg MRL; chlorothalo­
nil was identified on cauliflower, cucumbers, and tomatoes 
also at only a fraction of the MRL (Table 3). No acylalanine 
fungicides were identified. Dithiocarbamate fungicides were 
detected in cauliflower, cucumbers, and tomatoes; however, 
residues were low in relation to the MRL. No other fungicides 
were detected.
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Table 3. Summary of vegetable samples analyzed for pesticides, number of sample composites with no detectable residues, and
type of pesticides detected, Ontario, 1980-1985

Commodity 
(no. of samples) Pesticide group*

Composites
Pesticides detected

MRL,
mg/kg

No.
analyzed

No. below 
detection 

limit Identity
No. of 

samples
Mean ± SD, 

mg/kg

Asparagus OCI, OPI 22 22 — — — —
(24) MCI 5 2 carbaryl 3 0.41 ± 0.83 10

CPH, CBH 6 5 MCPA 1 0.06 0.1
OCF 22 22 — — — —
DCF, CTF 5 5 — — — —

Green & wax beans OCI, OPI 40 40 — — — —
(40) OCF 40 40 — — — —

Carrots OCI 15 15 — — — —
(26) OPI 15 8 diazinon 4 0.04 ±  0.02 0.75

parathion 4 0.06 ±  0.04 0.70
SPI 3 3 — — — —
PUH 26 8 chlorbromuron 9 0.03 ± 0.03 0.1

chlorbromuron 3 0.14 ± 0.04 0.1
monolinuron 1 0.03 0.1
linuron 5 0.05 ±  0.03 0.1

OCF 15 15 — — — —
Cauliflower OCI 21 20 endosulfan 1 0.01 1.0

(27) OPI 21 21 — — — —
MCI 2 1 carbaryl 1 0.70 5.0
CPH, CBH 14 13 2,4-D 1 0.02 0.1
OCF 21 21 — — — —
DCF 2 0 zineb eq. 2 1.0 ±  0.8 7.0
CTF 4 0 chlorothalonil 4 0.42 ±  0.52 5.0

Cucumber OCI 49 22 dicofol 1 0.02 3.0
(52) dieldrin 9 0.02 ±  0.02 0.1

endosulfan 26 0.04 ± 0.04 1.0
OPI 49 49 — — — —
MCI 34 34 — — — —
CPH, CBH 12 12 — — — —
OCF 22 22 — — — —
AAF 3 3 — — — —
DCF 4 1 zineb eq. 3 0.1 4.0
CTF 12 10 chlorothalonil 2 0.01 ±  0.01 5.0

Onions OCI, OPI 10 10 — — — —
(10) CPH, CBH 2 2 — — — —

allidochlor 14 14 — — — —
OCF 10 10 — — — —

Potatoes0 OCI 17 12 DDT 4 0.01 ±  0.01 0.5
(96) chlordane 1 0.01 0.1

OPI 24 24 — — — —
OPI-special 14 14 — — — —
MCI 31 31 — — — —
MCl-special 96 17 aldicarb 71 0.23 ± 0.13 0.5

aldicarb 8 0.67 ± 0.15 0.5
SPI 20 20 — — — __
BPH 40 38 diquat 2 0.02 0.1
CPH, CBH 5 5 — — — _
dalapon 18 18 — — — —
PUH 33 30 linuron 3 1.61 ±  1.87 0.1
ATH 25 25 — — — _
TCH 33 31 chlorpropham 2 0.18 15
OCF 17 17 — — _ _
AAF 6 6 — _ _ _
CTF, DCF 31 31 — — — —

Sweet com OCI, OPI 23 23 _ _ _ _
(28) MCI 5 5 — — _ _

CPH, CBH 7 6 dicamba 1 0.02 0.1
OCF 23 23 — _ _ _
CTF, DCF 5 5 — — — _

Tomatoes OCI 54 29 endosulfan 25 0.06 ± 0.13 1.0
(63) OPI 54 52 chlorpyrifos 1 0.02 0.1

malathion 1 0.01 3.0
MCI 9 7 carbaryl 1 0.06 5.0

carbofuran 1 0.01 0.1
CPH, CBH 14 12 dicamba 1 0.03 0.1

2,4-D 1 0.02 0.1
OCF 54 50 captan 4 0.03 ±  0.04 5.0
DCF 6 4 zineb eq. 2 0.1 ±  0.1 4.0
CTF 13 8 chlorothalonil 5 0.07 ±  0.13 4.0

'  OCI, organochlorine insecticides; OPI, organophosphorus insecticides; MCI, carbamate insecticides; SPI, synthetic pyrethroid insecticides; CPH, chlorophen-



FRANK ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987) 1085

Table 4. Numbers of composite vegetable samples containing 
pesticide residues below and above MRL, Ontario, Canada, 1980-

1985

Composites
Pesticides

No. detected
below

No. detec- No. No.
Pesticide class an a- tion below above

(No. of samples) Pesticide group* lyzed limit MRL MRL

Insecticide OCI 251 164 87
(354) OPI 258 248 10

Special OPI 14 14 —

SPI 23 23 —

MCI 86 80 6
Special MCI 96 17 71 8

Herbicide CPH, CBH 60 55 5
(135) BPH 40 38 2

allidochlor 14 14 —

dalapon 18 18 —

PUH 59 38 15 6
ATH 25 25 —

TCH 33 31 2
Fungicide OCF 224 220 4

(275) CTF 70 59 11
AAF 9 9 —

DCF 53 46 7

* See Table 3 footnote *.

Herbicides
Of 135 composite vegetable samples analyzed for herbi­

cides, 60 were analyzed for chlorophenoxy and chlorobenzoic 
acids, 40 for bipyridilium, 59 for phenylureas, 25 for chlo- 
roacetamides and triazines, 33 for carbamates, 14 for alli- 
dochlor, and 18 for dalapon (Table 4).

Two chlorophenoxy and one chlorobenzoic herbicides were 
identified—MCPA on asparagus, 2,4-D on cauliflower and 
tomato, and dicamba on sweet com and tomatoes. Residue 
levels were well below the negligible limit (0.1 mg/kg) per­
mitted under the Canadian Food and Drugs Act (4). The 
residues on cauliflower and tomatoes were most likely de­
rived from spray drift when other crops were treated. No 
hormone injury symptoms were observed on the product at 
the time of sampling.

Diquat was identified on 2 potato samples but at trace 
levels. Three phenylurea herbicides (chlorbromuron, mono- 
linuron, and linuron) were identified on carrots. Three sam­
ples containing chlorbromuron were slightly above the MRL,

whereas all the others were below the limit. Three of 33 
potato samples had linuron residues, and all were above the 
MRL. No chloroacetamide, triazine, dalapon, or allidochlor 
residues were found on commodities analyzed for these her­
bicides.

D is c u s s io n

Other than aidicarb on potatoes, most of the insecticides 
used in the production of vegetables were below the detection 
levels at harvest time. Those samples that contained detect­
able residues had levels that ranged from < 1 to 20% of the 
maximum residue limit (MRL). Aidicarb appeared in most 
potatoes sampled, and 7% were above the 0.5 mg/kg MRL. 
These residues appeared lower in 1984 than in 1983 and
1985.

No fungicide residues were found on asparagus, beans, 
onions, or sweet com. Fungicide residues found on other 
vegetables were at a fraction of the permitted MRL, ranging 
from < 1 to 14% of the limits.

Residues of phenylurea herbicides exceeded the MRL in 
a few carrot and potato samples. One of these herbicides, 
chlorbromuron, was removed from the market by the man­
ufacturer in 1983.

In general, the use of pesticides on vegetables in Ontario 
resulted in edible commodities that contained no detectable 
or very low levels of residues. In the few cases where excessive 
residues were found, changes in recommendations on rate of 
application, e.g., aidicarb from 3.3 to 2.2 kg/ha, or preharvest 
interval, e.g., diazinon from 7 to 14 days, have been sufficient 
to reduce residues to permitted levels. Occasionally, a use 
has been discontinued because of the persistence of high 
residues, e.g., endosulfan on greenhouse lettuce.

Many of the pesticide recommendations for preharvest 
intervals were determined from field dissipation studies un­
der local conditions. Since residue levels in samples from the 
farm gate are acceptable it appears that current recommen­
dations are satisfactory to achieve low or nondetectable ter­
minal residues on foods and that growers are not using more 
chemical than is recommended on the label.

R e f e r e n c e s

(1 )  A g r icu ltu ra l S ta tis t ic s  f o r  O n ta r io  (1 9 8 4 )  P u b lica tio n  2 0 , O n ­
tario  M in istry  o f  A griculture and F o o d , T o ro n to , O n tario , C an ­
ada

(2) V eg eta b le  P ro d u c tio n  R e c o m m e n d a tio n s  (1 9 8 0 , 1 9 8 1 , 1982 , 
1 9 8 3 , 1 9 8 4 , o r 1 9 8 5 ) P u blicatio n  3 6 3 , O n tario  M in istry  o f  
A griculture and F oo d , T o ro n to , O n tario , C an ada

Table 5. Residues of aidicarb in potato tubers, 1983-1985°

Year
Potato

samples
Aidicarb found, 

mg/kg (mean ±  SD)

Number of samples

Not
detected,

< 0.02
mg/kg

Below
MRL Mean ± SD, mg/kg

Above
MRL Mean ± SD, mg/kg

1983 36 0.27 ±  0.21 7 25 0.28 ± 0.13 4 0.66 ± 0.14
1984 28 0.13 ±  0.15 9 18 0.17 ± 0.12 1 0.57
1985 32 0.27 ± 0.28 1 28 0.23 ± 0.24 3 0.71 ±  0.16

* Maximum residue limit = 0.5 mg/kg.

oxy acid herbicides; CBH, chlorobenzoic acid herbicides; PUH, phenylurea herbicides; BPH, bypyridilium herbicides; ATH, chloroacetamide and triazine 
herbicides; TCH, carbamate herbicides; OCF, organochlorine fungicides; DCF, dithiocarbamate fungicides; CTF, chlorothalonil fungicide; AAF, acylalanine 
fungicides.

“ Potatoes analyzed in 1983-1985.
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(3 ) S u rv e y  o f  P e s tic id e  U se in  O n ta rio , 1983 (1 9 8 4 )  R ep ort N o. 8 4 -  
OS, E co n o m ics In fo rm ation , O n tario  M in istry  o f  A griculture 
and  F oo d , T o ro n to , O n tario , C anada

(4) F o o d  a n d  D ru g s A c t a n d  R e g u la tio n  (1 9 8 5 )  H ealth  and W elfare 
C an ada, O ttaw a, O n tario , C anada

(5) P es tic id e  A n a ly tic a l M a n u a l  (1 9 8 5 )  V o l. I, F o o d  and Drug 
A d m in istration , W ash ington , D C , sec. 2 1 2

(6) M ills, P . A ., B ong, B . A ., K am p s, L. R ., &  B u rke, J .  A . (1 9 7 2 ) 
J. A ssoc . Off. A n al. C h em . 5 5 , 3 9 - 4 3
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TECHNICAL C O M M U N I C A T I O N S

Determination of Malic Acid, Lactic Acid, Citric Acid, Sodium, Potassium, Magnesium, 
Calcium, and Chloride in Wine: Summary of Collaborative Study of the 
International Office of Wine (OIV)

C H A R L O T T E  J U N G E
O ffice I n te r n a tio n a l d e  la  V ign e e t  d u  Vin, 11, ru e  R o q u ép in e , P a r is  (8e), F ra n ce

Thirty-six laboratories analyzed 4 wines—1 white, 2 reds, 
and 1 dessert wine—in the following order: The first deter­
mination on each commodity, then the second determination 
on each commodity, etc., until 5 tests had been performed 
on each commodity.

Malic, lactic, and citric acids were determined by enzy­
matic procedures (OIV) and, in comparison, by the following 
chemical methods:

Citric acid was determined by precipitation by barium ion, 
decolorization, oxidation by lead(IV) acetate, and colori­
metric determination, using diazotized sulfanilic acid (OIV 
No. A29 common method with modifications/EEC No. 1108/ 
82).

Malic acid and lactic acid were separated by an ion-ex- 
change column and determined colorimetrically (OIV No. 
A33 for malic acid by determination with chromotropic acid; 
OIV No. A27 for lactic acid by oxidation with ceric sulfate 
to acetaldehyde and determination with sodium nitroprus- 
side and piperidine).

Sodium and potassium were determined by atomic ab­
sorption spectrometry, and, in comparison, by the following 
flame photometric methods: sodium, OIV No. A25; potas­
sium, OIV No. A8.

Calcium and magnesium were determined by atomic ab­
sorption spectrometry (AAS) and by the complexometric 
method, OIV No. A26.

Chloride was determined by the potentiometric micro­
method, OIV No. A 15.

Collaborators were instructed to report malic and lactic 
acids as g/L to 2 decimals; citric acid as mg/L; and sodium, 
calcium, magnesium, and potassium as mg/L.

Statistical analysis was done by ISO 5 7 2 5 -19 81, calculating 
the following data: mean (in appropriate units as indicated 
with each method); within-laboratory (sr) and among-labo- 
ratory (sR) standard deviations obtained by 1-way analysis 
of variance, material by material; ISO repeatability critical 
value (r = 2-2,/! sr) and reproducibility critical value (R = 
2 -2'* sR). The numbers in parentheses in the tables are the 
associated degrees of freedom. The standard deviations are 
converted to relative standard deviations (coefficients of vari­
ation) by multiplying the corresponding standard deviations 
by (100/mean).

The following outlier test was used: Check the 5 replicates 
by the Grubbs test (2-sided) at the 95% confidence level. If 
the critical value is exceeded, make 3 additional determi­
nations. Check the 8 values at the 99% confidence level. If 
the critical value is exceeded, omit the extreme value from 
the calculation, but report it.

Performance parameters are given in Table 1. For sodium 
by flame photometry, a product dependence must be as­
sumed for repeatability: r = 1.4 (red and white) and 2.0 
(dessert). There is a linear correlation for reproducibility with 
concentration, Q: R = 4.7 + 0.08Q (mg/L). For sodium by 
AAS, there is a linear correlation for repeatability and re­

producibility with concentration, Q: r = 1.0 + 0.024Q; R =
2.5 + 0.054Q. We conclude that both methods work well 
but that flame photometry gives better results within labo­
ratories and unsatisfactory results between laboratories. 
Therefore, flame photometry cannot be recommended for 
determination at the limit value of 60 mg/L.

Since the standard deviations for magnesium by AAS are 
compatible, the following values can be assigned: r = 3.1 and 
R = 7.8 mg/L. Because of considerable differences between 
laboratories of means and standard deviations for the com­
plexometric determination of magnesium, a large number of 
laboratories were eliminated, so the evaluation of this meth­
od is not satisfactory.

In the determination of calcium by AAS, the repeatability 
depends on the concentration: for <60 mg/L, r = 2.7; for 
>60 mg/L, r = 4.0. There is a linear correlation for repro­
ducibility with concentration, Q: R = 0.114C, -  0.5. For 
the complexometric determination, again, the considerable 
differences between laboratories eliminated too many labo­
ratories for a satisfactory evaluation of the method.

For potassium by flame photometry, the following values 
are calculated: r = 17; R = 66 mg/L. For potassium by AAS, 
the following values are calculated: r = 35; R = 66 mg/L.

The chemical method OIV A27 gives high values and high 
reproducibility critical values. Therefore, this method is not 
recommended for lactic acid. For lactic acid by the enzymatic 
method, there is a linear correlation for repeatability and 
reproducibility with concentration, Q: r = 0.02 + 0.07C,; 
R = 0.05 + 0.125Q.

The purpose of the malic acid study was to determine 
whether the addition of DL-malic acid could be detected using 
a combination of chemical and enzymatic methods. This 
does not appear to be possible because the chemical method 
gives high results. Therefore, only the enzymatic method is 
recommended. For the latter method, there is a linear cor­
relation for repeatability and reproducibility with concen­
tration, C,: r = 0.03 + 0.034C,; R = 0.05 + 0.07IQ.

The reproducibility of the first collaborative study of the 
colorimetric method OIV A29 for citric acid was poor. The 
ranges of means of the 4 wines were: white, 458-640; red 1, 
80-210; red 2, 788-985; and dessert, 725-882 mg/L. Method 
OIV A29 modified to include a separation on an ion-ex­
change column also did not work well. OIV is abandoning 
both methods.

For the citric acid enzymatic method, standard deviations 
for repeatability and reproducibility are compatible, so the 
following values are calculated: for <400 mg/L, r = 14, R = 
39; for >400 mg/L, r = 28, R = 65. OIV recommends this 
method as the official method for European Economic Com­
mission regulation (EEC No. 1108/82).

Standard deviations for repeatability and reproducibility 
for potentiometric micromethod for chlorides are compati­
ble, so the following values are calculated: r = 1.2 mg/L; 
R = 4.1 mg/L.
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Table 1. Design and performance parameters for various analytes in wine

Product Mean

Original
Outlying labs 

removed Repeatability Reproducibility Ratio
R/rlabs No. % r RSD„ % R RSD„, %

Analysis: sodium (mg/L) by flame photometry

White wine 89 15 2 13 1.6 (55) 0.62 12. (67) 4.8 7.6

Red wine 18 15 1 7 1.2 (55) 2.4 6.3 (68) 12.3 5.2

Dessert wine 69 15 2 13 2.0 (55) 1.0 9.8 (67) 5.0 4.9

Analysis: sodium (mg/L) by atomic absorption spectrometry

White wine 90 11 2 18 3.1 (36) 1.2 7.5 (44) 3.0 2.4

Red wine 18 11 3 27 1.4 (32) 2.7 3.5 (39) 6.9 2.5
Dessert wine 69 11 3 27 2.8 (32) 1.4 5.9 (39) 3.0 2.1

Analysis: magnesium (mg/L) by atomic absorption spectrometry

White wine 63 20 5 25 3.0 (60) 1.7 7.1 (74) 4.0 2.3
Red wine 104 20 7 35 3.0 (52) 1.0 8.1 (64) 2.7 2.7
Dessert wine 88 20 8 40 3.3 (51) 1.3 8.4 (62) 3.4 2.5

Analysis: calcium (mg/L) by atomic absorption spectrometry

White wine 86 20 8 40 4.1 (50) 1.7 8.6 (61) 3.5 2.1
Red wine 155 20 8 40 3.9 (54) 0.89 17.5 (65) 4.0 4.5
Dessert wine 57 20 8 40 2.7 (51) 1.6 6.6 (62) 4.1 2.4

Analysis: potassium (mg/L) by flame photometry

White wine 928 15 4 27 15 (47) 0.56 62 (57) 2.3 4.1
Red wine 1035 15 5 33 10 (40) 0.34 62 (49) 2.1 6.2
Dessert wine 825 15 5 33 20 (43) 0.84 70 (52) 3.0 3.5

Analysis: potassium (mg/L) by atomic absorption spectrometry

White wine 926 11 1 9 41 (43) 1.58 67 (52) 2.5 1.6
Red wine 1031 11 2 18 34 (36) 1.15 61 (44) 2.1 1.8
Dessert wine 825 11 2 18 28 (42) 1.18 73 (50) 3.1 2.6

Analysis: lactic acid (g/L) by chemical method OIV A27

White wine 2.08 16 0 0 0.22 (65) 3.8 0.56 (80) 9.5 2.5
Red wine 4.29 15 2 13 0.35 (54) 2.9 1.29 (66) 10.6 3.7
Dessert wine 0.46 15 4 26 0.07 (62) 5.7 0.17 (76) 12.8 2.4

Analysis: L-lactic acid (g/L) by enzymatic method

White wine 1.56 15 3 20 0.12 (48) 2.7 0.23 (59) 5.1 1.9
Red wine 3.60 15 5 30 0.28 (43) 2.7 0.5- (52) 5.0 1.8
Dessert wine 0.29 15 2 13 0.05 (55) 6.1 0.10 (67) 12.1 2.0

Analysis: DL-malic acid (g/L) by chemical method OIV A33 (common method)

White wine 3.40 15 4 27 0.24 (50) 2.5 0.49 (60) 5.1 2.0
Red wine 1 0.94 14 3 21 0.17 (46) 6.2 0.49 (56) 18.2 2.9
Red wine 2 2.36 12 3 25 0.28 (36) 4.2 0.44 (44) 6.6 1.6
Dessert wine 1.96 14 4 29 0.20 (40) 3.6 0.34 (49) 6.2 1.7

Analysis: L-malic acid (g/L) by enzymatic method

White wine 3.07 16 2 13 0.134(61) 1.5 0.258 (74) 3.1 2.0
Red wine 1 0.27 16 2 13 0.036 (59) 4.8 0.071 (72) 9.2 2.0
Red wine 2 1.03 15 2 13 0.072 (52) 2.5 0.117(64) 4.0 1.6
Dessert wine 1.09 16 4 25 0.068 (48) 2.2 0.124(59) 4.0 1.8

Analysis: citric acid (mg/L) by colorimetric method OIV A29

White wine 548 12 4 33 34 (36) 2.2 94 (39) 6.0 2.6
Red wine 1 137 11 4 36 31 (41) 8.0 69 (46) 17.8 1.9
Red wine 2 924 12 4 33 38 (36) 1.5 174 (39) 6.6 4.6
Dessert wine 773 12 3 25 56 (40) 2.5 114 (44) 5.2 2.0

Analysis: citric acid (mg/L) by colorimetric method modified with ion-exchange

White wine 493 143 10.3
Red wine 1 179 66 13.0
Red wine 2 964 214 7.8
Dessert wine 985 169 6.1

Analysis: citric acid (mg/L) by enzymatic method (first collaborative study)

White wine 567 12 4 33 30 (32) 1.8 40 (39) 2.5 1.3
Red wine 1 961 12 4 33 28 (38) 1.0 79 (45) 2.9 2.8
Red wine 2 173 12 4 33 12 (34) 2.4 34 (41) 6.8 2.8
Dessert wine 832 12 4 33 24 (32) 1.0 62 (39) 2.6 2.6
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Table 1. Continued

Original 
no. of -

Outlying labs 
removed Repeatability Reproducibility

Ratio
R/rProduct Mean labs No. % r RSD„ % R RSD„, %

Analysis: citric acid (mg/L) by enzymatic method (second collaborative study)

White wine 493 12 1 8 24 (44) 4.9 33 (54) 2.3 1.3
Red wine 1 167 12 1 8 16 (47) S.4 42 (57) 8.8 2.6
Red wine 2 976 12 3 25 32 (38) 1.2 58 (46) 2.1 1.8
Dessert wine 974 12 5 42 16 (28) C.59 58 (34) 2.1 3.6

Analysis: chlorides (mg/L) by potentiometric micromethod (OIV A15)

White wine 23.0 17 3 18 1.4 (55) 2.4 4.3 (68) 7.1 3.1
Red wine 34.3 17 4 24 1.1 (51) 1.1 3.9 (63) 4.0 3.5
Dessert wine 66.1 17 4 24 1.2 (54) 0.6 4.0 (66) 2.3 3.3

Determination of Density, Alcohol Content, and Extract in Alcoholic Beverages:
Summary of Collaborative Study

C H A R L O T T E  JU N G E
M a x  von P e tte n k o fe r -In s ti tu t  d e s  B u n d e sg e su n d h e itsa m te s , A b te ilu n g : C h e m ie  d e r  L e b e n s m it te l  u n d  
B ed a rfsg eg e n s tä n d e , P o stfa ch  3 3  0 0  13, D -1 0 0 0  B erlin  33 , F e d e ra l R e p u b lic  o f  G e r m a n y

Collaborators: Bundesmonopolverwaltung fur Branntwein, Offenbach; Bundesmonopolverwaltung fur Branntwein, Berlin; 
Zolltechnische Prüfungs-und Lehranstalt, Berlin; Institut für Gärungsgewerbe und Biotechnologie, Berlin; 
Bundesgesundheitsamt, Berlin; and research laboratories in Berlin, Münster, Würzburg, Mainz, Wiesbaden, Stuttgart, 
Braunschweig, Karlsruhe, Lübeck, Firma Eckes, Nieder-Olm

Thirteen laboratories analyzed 5 alcoholic beverages—fruit 
juice liqueur (25% alcohol by volume), light spirit (Klarer;
32%), brandy (38%), rum (53%), and raw spirit (Rohbrand;
63%) for the following parameters: alcohol content (as % by 
volume), density (mass per unit volume), and extract, all by 
the pycnometric method described in “Chemisch-Tech­
nische Bestimmungen der Bundesmonopolverwaltung für 
Branntwein, M 3.”

The collaborators were instructed as follows:
Statement o f results. — Report density (mass per unit vol­

ume) to 5 decimal places; report alcohol content (as % by 
volume) to 2 decimal places calculated from the mass per 
unit volume of the distillate determined by the pycnometer 
method calculated to 5 decimal places; report extract (g/100 
mL) to 2 decimal places, calculated from the density of the 
residue from distillation calculated to 5 decimal places.

Table 1. Design and performance parameters for pycnometric determination of alcohol content, density, and extract of alcoholic
beverages

. . Outlying labs
®rl9ina removed Repeatability Reproducibility

Product Mean
no. OT 
labs No. % r RSD0, % R RSD„ % R/r

Analysis: mass per unit volume at 20°C by pycnometer

Fruit juice liqueur 1.08315 13 3 23 0.00015(43) 0.0047 0.00046 (52) 0.0150 3.2
Light spirit (Klarer) 0.95943 13 2 15 0.00012(58) 0.0044 0.00025 (68) 0.0093 2.1
Rum 0.92234 13 2 15 0.00012(48) 0.0046 0.00020 (58) 0.0078 1.7
Brandy 0.95644 13 2 15 0.00013(51) 0.0049 0.00023 (61) 0.0085 1.8
Raw spirit 0.89992 13 4 31 0.00012(43) 0.0047 0.00027 (51) 0.0105 2.2

Average or (total) (65) (13) 20 0.00013 0.0047 0.00028 0.0102 2.2
Omit liqueur (52) (10) 19 0.00012 0.0047 0.00024 0.0090 1.9

Analysis: alcohol content (% by volume)

Fruit juice liqueur 25.11 13 2 15 0.14 (47) 0.20 0.23 (57) 0.33 1.6
Light spirit 32.33 13 1 8 0.19 (55) 0.21 0.30 (66) 0.33 1.6
Rum 53.99 13 2 15 0.224 (45) 0.-5 0.397 (55) 0.260 1.8
Brandy 38.17 13 3 23 0.207 (43) 0.-9 0.343 (52) 0.318 1.7
Raw spirit 63.90 13 1 8 0.274 (60) 0.15 0.475 (71) 0.263 1.7

Average or (total) (65) (9) 14 0.07 0.18 0.349 0.298 1.7

Omit raw spirit (52) (8) 15 0.19 0.32 1.7

Analysis: extract (g/100 mL)

Fruit juice liqueur 30.78 13 1 8 0.186 (50) 0.21 0.268 (60) 0.307 1.4

Light spirit 0.082 13 2 15 0.0430 (50) 18.5 0.0531 (60) 22.9 1.2

Rum 0.102 13 1 8 0.0356 (51) 12.4 0.0436 (61) 15.1 1.2

Brandy 1.52 13 2 15 0.0591 (48) 1.38 0.0982 (58) 2.28 1.7

Raw spirit 0.0
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Testing o f outliers. — Make 5 tests. Check the 5 replicate 
values by the 2-sided Grubbs test at the 95% confidence level. 
If the critical value is exceeded, make 3 additional deter­
minations. Check the 8 values at the 99% confidence level. 
If the critical value is exceeded, omit the extreme value from 
the calculation, but report it.

Calculation o f the Grubbs statistic. — Grubbs statistic = 
¡Extreme value — average of all values|/standard deviation 
of all values.

Order o f determinations. — Make the first determination 
from each of the 5 commodities, then the second determi­

nation from each of the 5 commodities, etc., until all 25 
determinations have been performed.

After outlier testing was performed by each laboratory as 
directed above, the within-laboratory variances of all the 
laboratories were checked for homogeneity by the Bartlett 
test. The mean values from all the laboratories were checked 
for systematic deviations by 1-way analysis of variance. 
Flagged outliers are not included in the final calculations of 
the parameters, but the percentage of laboratories removed 
is indicated in Table 1.
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a n a l y s i s  i n  v e g e t a b le s ,  1 0 9  
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c o m p o u n d s  i n  a d i p o s e  t i s s u e ,  1 0 0  
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d e c a f f e i n a t e d  c o f fe e ,  r e s id u a l  c h l o r i n a t e d  
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c y c l a m a te  i n  f o o d s ,  s p e c t r o p h o t o m e t r i c  
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i s o f e n p h o s  i n  t e c h n ic a l  a n d  f o r m u l a t e d  
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l e v o d o p a  a n d  l e v o d o p a - c a r b i d o p a  in  
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I n t e r n a t i o n a l  O ff ic e  o f  W in e ,  
s u m m a r y ,  1 0 8 7

m a m m a l i a n  fe c e s  i d e n t i f i c a t i o n  in  f o o d s  
b y  c o p r o s t a n o l  T L C  m e t h o d ,  4 9 9  

m e t h y l  m e r c u r y  i n  f is h  a n d  s h e l l f is h ,  
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n a t a m y c i n  i n  c h e e s e  a n d  c h e e s e  r i n d ,  
i n t e r l a b o r a t o r y  s tu d y ,  9 4 9  

A '- n i t r o s a m in e s  i n  b a b y  b o t t l e  r u b b e r  
n ip p le s ,  G C - T E A  m e t h o d ,  6 4  

p e r m e t h r i n  i n  p e s t i c id e  f o r m u l a t i o n s ,  G C  

m e t h o d ,  5 3
p i p e l i n e  i n  p e p p e r  p r e p a r a t i o n s ,  U V  

s p e c t r o p h o t o m e t r i c  m e t h o d ,  1 1 2  

p r o t e i n  ( c r u d e )  i n  a n i m a l  f e e d ,  H g O  v s  
C u S 0 4/ T i 0 2 a s  c a t a ly s t s  i n  m a n u a l  
K je ld a h l  d ig e s t i o n ,  9 0 7  

r e c o m m e n d a t i o n s  o n  s a m p l e  p r e p a r a t i o n  

f o r  A O A C  m ic r o b io lo g i c a l  s t u d i e s  o f  
f o o d s ,  9 3 1

S. aureus i n  f o o d s ,  i s o l a t i o n  a n d
e n u m e r a t i o n  b y  M P N  m e t h o d ,  3 5

Salmonella i n  f o o d s ,  D N A  h y b r i d i z a t i o n  
a s s a y ,  5 2 1

Salmonella in  l o w - m o i s t u r e  f o o d s ,  

e n z y m e  i m m u n o a s s a y ,  5 3 0  

s u l f i te s  i n  f o o d s ,  d i f f e r e n t i a l  p u l s e  
p o l a r o g r a p h y ,  5 7 2  

Color additives
C h a n g e s  i n  M e t h o d s ,  n o  c h a n g e s  
M e t h o d s  C o m m i t t e e  r e p o r t ,  3 2 6  
r e f e r e e  r e p o r t ,  2 8 9  

Colorimetry
f u r f u r a l  i n  c i t r u s  j u i c e s ,  i m p r o v e d  

e f f ic ie n c y ,  6 0 1

m a n e b ,  z in e b ,  m a n c o z e b ,  a n d  s e le c te d  
m ix tu r e s ,  s im p le  m e t h o d  to  
d i s t i n g u i s h ,  9 2 3

p o ly m e r i c  q u a t e r n a r y  a m m o n i u m  

a n t i m i c r o b i a l  p r e s e r v a t i v e  i n  
o p h t h a l m i c  s o lu t i o n ,  9 7 9  

t e r b u t a l i n e  s u l f a te  a n d  o r c i p r e n a l i n e  

s u l f a te  b u l k  d r u g  a n d  d o s a g e  f o r m s ,  
v i a  n i t r o s a t i o n  a n d  d if f e r e n c e  
s p e c t r o p h o t o m e t r y ,  5 6 8  

te t r a c y c l i n e  H C 1  i n  f o r m u l a t i o n s ,  6 8 6  
u r i c  a c i d  i n  b io lo g ic a l  s a m p l e s  a n d  f o o d  

p r o d u c t s ,  r e v ie w ,  1 

Com puter-assisted data handling  
m a s s  s p e c t r a l  l i b r a r y  o f  t r i c h o th e c e n e s ,  

b a s e d  o n  P C I  s p e c t r a ,  6 4 7  
s a m p l e  a c c o u n t a b i l i t y  q u a l i t y  a s s u r a n c e  

f o r  “ I n t e g r a t e d  A i r  C a n c e r  P r o j e c t ”  
r e s e a r c h  p r o g r a m  o f  E P A ,  1 0 6 9  

Condiments
s e e  S p ic e s  a n d  o t h e r  c o n d i m e n t s  

Confectionery
s w e e ts ,  L C  d e t e r m i n a t i o n  o f  s a c c h a r in  in :  

N M K L  c o l l a b o r a t i v e  s tu d y ,  5 8  
Constitution  

c o m m i t t e e  r e p o r t ,  3 5 0  
Coprostanol

a s  f e c a l  i n d i c a t o r  i n  f o o d s ,  4 9 6  
a s  f e c a l  i n d i c a t o r  i n  f o o d s ,  T L C :  

c o l l a b o r a t i v e  s tu d y ,  4 9 9
Corn

s e e  G r a i n s

Corrections, 18A , 68A  
Cortisone acetate 

i n  b u l k  d r u g  s u b s t a n c e s  a n d  

f o r m u l a t i o n s ,  L C  m e t h o d  

d e v e l o p m e n t ,  8 2 9  

Cosm etics
C h a n g e s  i n  M e t h o d s ,  n o  c h a n g e s  

M e t h o d s  C o m m i t t e e  r e p o r t ,  3 3 3  

r e f e r e e  r e p o r t ,  3 0 4
A '- n i t r o s o  s c r e e n in g  b y  c h e m i l u m i n e s c e n t  

d e t e r m i n a t i o n  o f  n i t r i c  o x id e ,  9 6 0  

p e r f u m e ,  c o lo g n e ,  a n d  t o i l e t  w a te r ,
c i n n a m y i  a n t h r a n i l a t e  d e t e r m i n a t i o n  
b y  L C  w i th  f lu o r e s c e n c e  d e t e c t i o n ,  

9 5 8

Cottonseed
m e c a r b a m  a n d  m e t a b o l i t e s  i n ,  G C ,  8 7 0  

Coumaphos
i n  a n i m a l  f a t ,  s w e e p  c o d i s t i l l a t i o n  

a p p a r a t u s  o p t i m i z a t i o n ,  4 4 2  

Culture methods
c e l l  t o x i c i t y  a s s a y ,  t r i c h o t h e c e n e s  i n  c o m ,  

8 4 4
m e d i a  c o m p a r i s o n  f o r  e n u m e r a t i o n  o f  

Clostridium perfringens s p o r e s  i n  

h u m a n  fe c e s ,  9 9 4



1102 SUBJECT INDEX: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 6, 1987)

C yclam ates
i n  f o o d s ,  s p e c t r o p h o t o m e t r y :  N M K L  

c o l l a b o r a t i v e  s tu d y ,  5 8 8  

Cyclopiazonic acid 
i n  p o u l t r y  m e a t ,  L C  m e t h o d ,  121 
p r o d u c t i o n  b y  c u l tu r e s  o f  Aspergillus a n d  

Penicillium s p p .  i s o l a t e d  f r o m  d r i e d  

f o o d s ,  1 2 3  
Cyclosporin A

in  r ic e ,  i s o l a t i o n  a n d  L C  d e t e r m i n a t i o n ,  

1 2 6
Cypermethrin

G C  d e t e r m i n a t i o n  in  p e s t i c id e
f o r m u la t io n s :  c o l l a b o r a t i v e  s tu d y ,  51 

Cyromazine
a n d  m e l a m i n e  in  C h in e s e  c a b b a g e ,  G C  

m e t h o d ,  4 5 5  
Cysteam ine and cysteine  

p o s s ib l e  p r e c u r s o r s  o f  N-
n i t r o s o t h i a z o l i d i n e  in  m e a t  p r o d u c t s ,  

L C  m e t h o d ,  1 0 3 3
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C h a n g e s  in  M e th o d s ,  n o  c h a n g e s  
M e t h o d s  C o m m i t t e e  r e p o r t ,  3 3 4  
s e e  a l s o  M ic r o b io lo g ic a l  m e t h o d s  

D airy products 
C h a n g e s  i n  M e th o d s ,  3 8 7  
M e t h o d s  C o m m i t t e e  r e p o r t ,  3 2 3  
r e f e r e e  r e p o r t ,  2 7 1  
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c h e e s e  a n d  c h e e s e  r i n d ,  n a t a m y c i n  a s s a y  
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c h e e s e  a n d  c h e e s e  r i n d ,  n a t a m y c i n  a s s a y :  

i n t e r l a b o r a t o r y  c o l l a b o r a t i v e  s tu d y ,  

9 4 9
c h e e s e ,  a f l a to x in  M ,  b y ,  f l u o r o m e t r i c  

m e t h o d ,  4 7 2
c h e e s e ,  s o r b ic ,  d e h y d r o a c e t i c ,  a n d  

p r o p i o n i c  a c i d s  b y  L C  a n d  G C  
m e t h o d ,  5 0 7

c h e e s e ,  s t e r ig m a to c y s t in  d e t e r m i n a t i o n  
b y  T L C :  i n t e r l a b o r a t o r y  s tu d y ,  8 4 2  

f e r m e n t e d  m i lk ,  m e l a m i n e  b y  L C , 4 5 7  
m a r k e t  m i lk ,  P b ,  C d ,  a n d  f lu o r id e  le v e ls  

in  C a n a d a ,  7 5 4
m i lk  a n d  m i l k  p r o d u c t s ,  a f l a to x in  M , a t  

lo w  le v e l s  b y  T L C ,  4 7 0  
m i lk  p o w d e r ,  r e f e r e n c e  m a t e r i a l s  c e r t i f i e d  

f o r  a f la to x in  M , c o n t e n t ,  
d e v e l o p m e n t ,  6 0 5  

n o n f a t  d r y  m i lk ,  a s c o r b i c  a c id
s t a b i l i z a t i o n  a n d  L C  a s s a y ,  8 0 6  

D alapon products
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L C  a s s a y s ,  4 7
2,4-D  am ine formulations 

G C - T E A  d e t e r m i n a t i o n  o f  N-
n i t r o s o d i m e t h y l a m i n e  le v e ls ,  4 9  

Dam inozide
1,1 - d i m e t h y l h y d r a z i n e  in  a p p le s  a n d  

p e a c h e s ,  G C  m e t h o d ,  7 1 8  
D ecom position and filth in foods (chem ical 

methods)
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i n  c h e e s e ,  L C  m e t h o d ,  5 0 7
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L C  m e t h o d ,  4 7 9  

Derivatization procedures 
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a m i n o  a c i d s  a s  A - h e p ta f lu o r o b u t y r y l  
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a m i n o  a c i d s  in  f e e d s  a n d  fe e d s tu f f 's ,  
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a m i n o  a c i d s  i n  f o o d s ,
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1 0 0 3
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a i r b o r n e  p a r t i c u l a t e  m a t t e r ,  

s i ly la t io n ,  8 9 7  

Dexam ethasone
i n  b u l k  d r u g s  a n d  e l ix i r s ,  L C  m e t h o d  a n d  

i d e n t i f i c a t i o n  te s t s :  c o l l a b o r a t iv e  

s tu d y ,  9 6 7

D exam ethasone acetate
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D isinfectants 
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F u n g ic id e s  a n d  D i s in f e c t a n t s
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h a lo g e n a te d  f u m i g a n t s  i n  c e r e a l  p r o d u c t s ,  
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p e s t i c id e  r e s id u e s  i n  a n i m a l  f a ts ,  b e a d l e s s  

t u b e  f o r  c l e a n u p ,  8 6 2  
S 0 2 in  f o o d s ,  m o d i f i e d  M o n i e r - W i l l i a m s ,  

a n d  p o la r o g r a p h y ,  1 1 4  

D N A  hybridization method 
Salmonella in  fo o d s :  c o l l a b o r a t i v e  s tu d y ,  

5 2 1
Drinking, ground, and surface waters

s e e  W a t e r
Drug and device related m icrobiology

C h a n g e s  i n  M e th o d s ,  n o  c h a n g e s  
M e t h o d s  C o m m i t t e e  r e p o r t ,  3 3 4  

r e f e r e e  r e p o r t ,  3 0 4  
Drug residues in anim al tissues 

C h a n g e s  in  M e th o d s ,  n o  c h a n g e s  
M e t h o d s  C o m m i t t e e  r e p o r t ,  321  

r e f e r e e  r e p o r t ,  2 6 8  
a n t i b i o t i c s ,  i d e n t i f i c a t i o n  b y  T L C /  

b io a u to g r a p h y ,  1 9 7  

b i t h i o n o l  s u l f o x id e  a n d  m a j o r
m e t a b o l i t e s  i n  b o v i n e  m i lk ,  L C  

d e t e r m i n a t i o n  o f  d e p l e t i o n ,  8 1 0  
d e s a m i r .o s u l f a m e th a z in e ,  s u l f a m e th a z in e ,  

a n d  /V '* - a c e ty ls u lfa m e th a z in e ,  b y  G C -  

E C D  w i th  c o n f i r m a t i o n  b y  G C -  

C I M S ,  5 4 6
e n r o f lo x a c in  (B A Y  V p  2 6 7 4 )  i n  p o u l t r y  

t i s s u e s ,  s p e c t r o f l u o r o m e t r i c  
d e t e r m i n a t i o n ,  8 1 3  

e r y t h r o m y c i n  a n d  o t h e r  m a c r o l i d e  
a n t i b i o t i c s  i n  l i v e s to c k  p r o d u c t s ,

T L C  a s s a y ,  6 9 1
e r y t h r o m y c i n  i n  b e e f  a n d  p o r k ,  G C / M S  

a s s a y ,  7 0 8
m o n e n s i n  i n  b io lo g ic a l  s a m p l e s ,  a n t i b o d y  

p r o d u c t i o n  a n d  E L IS A , 2 0 1  
o l a q u i n d o x  in  s w in e  t i s s u e s ,  L C  a s s a y ,  

7 0 6
s e d e c a m y c in  a n d  m a j o r  m e t a b o l i t e s  in  

s w in e  p l a s m a  a n d  t i s s u e s ,  L C  

m e t h o d ,  8 1 8
s u l f a m o y ld a p s o n e  in  s w in e  t i s s u e s  a n d  

fa t ,  L C  m e t h o d ,  1 0 3 1  
s y n th e t i c  a n t i b a c t e r i a l s  i n  c u l t u r e d  fish , 

s i m u l t a n e o u s  L C  a s s a y ,  7 1 4  
s e e  a l s o  V e te r in a r y  a n a l y t i c a l  t o x ic o lo g y  

Drugs in feeds
C h a n g e s  i n  M e th o d s ,  n o  c h a n g e s  

M e t h o d s  C o m m i t t e e  r e p o r t ,  3 3 5  
r e f e r e e  r e p o r t ,  3 1 0
a m p r o l i u m  in  p o u l t r y  f e e d  a n d  p r e m ix e s ,  

L C  m e t h o d  w i th  p o s t c o l u m n  
d e r i v a t i z a t i o n  a n d  f l u o r o m e t r i c  
d e t e c t io n ,  9 2 0

d im e t r i d a z o l e  a n d  ip r o n i d a z o l e  i n  s w in e  
fe e d ,  G C / M S  q u a n t i t a t i v e  
c o n f i r m a t io n ,  6 3 0

d im e t r i d a z o l e  a n d  ip r o n i d a z o l e  i n  s w in e  
fe e d ,  r a p i d  L C  m e t h o d ,  6 2 6  

s a l i n o m y c in  s o d i u m  in  f e e d  p r e m i x  a n d  

b i o m a s s  s a m p l e s ,  L C  m e t h o d ,  5 0 4  
s e e  a l s o  A n t ib io t i c s  

Drugs
a c e t a m i n o p h e n  in  t a b l e t s ,  L C  m e t h o d :  

c o l l a b o r a t i v e  s tu d y ,  2 1 2  
a l l e r g e n ic  e x t r a c t s  a n d  d i a g n o s t i c
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antigens, GC, LC, and titrim etry for 
glycerin: com parative study, 825 

am inacrine HCI in creams, jellies, and 
suppositories, spectrophotom etry: 
interlaboratory study, 560 

ampicillin, LC quantitation: collaborative 
study, 206

aspirin and salicylic acid, reverse phase 
LC assay, 964

benzoin preparations, cinnam ic and 
benzoic acid content by LC, 689 

bethanechol chloride in tablets, proton 
N M R  spectroscopy, 557 

calcium pantothenate in m ultiv itam in 
preparations and raw m aterials, LC 
m ethod, 510 

carbam azepine, 10,11-
dihydrocarbam azepine, and related 
com pounds in drug substances and 
tablets, LC assay, 836 

coum arin anticoagulants in tablets, LC 
m ethod: collaborative study, 834 

dexam ethasone acetate and cortisone 
acetate in bulk drug substances and 
form ulations, LC m ethod 
developm ent, 829

dexam ethasone in bulk drugs and elixirs, 
LC m ethod and identification tests: 
collaborative study, 967 

ergotamine tartrate  in tablets, LC with 
fluorescence detection, 538 

hydralazine HCI in tablets, UV
spectrophotom etric determ ination,
42

intravenous fat emulsions, nonesterified 
fatty acids by titrim etric  m ethod,
976

levodopa and levodopa-carbidopa in 
solid dosage forms, LC method: 
collaborative study, 987

3,4-m ethylened:oxyam phetam ine, N - 
alkyl derivatives, synthesis, 
identification, and acute toxicity,
981

nitrosam ine (volatile) content, GC/TEA 
m ethod, 554, 840 

ophthalm ic solution, polymeric
quaternary am m onium  antim icrobial 
preservative assay by colorim etry, 
979

penicillin V potassium  in tablets and 
powders for oral solution, LC 
determ ination, 39

piperazine form ulations, A-nitrosam ines 
by GC-TEA, 840 

potassium  guaiacolsulfonate,
physicochemical properties and 
m ethod, 673

povidone, acetaldehyde assay by square- 
wave voltam m etry, 566 

R a u w o lfia  se rp en tin a  preparations,
reserpine and rescinnam ine assay by 
LC with fluorescence detection, 540 

rifam pin-isoniazid in form ulations, 
spectrophotom etric assay, 679 

terbutaline sulfate and orciprenaline 
sulfate bulk drug and dosage forms, 
colorim etry via nitrosation and 
difference spectrophotom etry, 568 

terbutaline sulfate in dosage forms, LC 
with electrochemical detection, 974

tetracycline HCI in form ulations, 
colorim etric assay, 686 

vitam in D 3 in liquid m ultiv itam in 
preparations, LC m ethod, 599 

water for injections, total organic carbon 
analysis o f purity, 681 

see also Drugs in feeds; Drug residues in 
anim al tissues 

Drugs I
Changes in M ethods, 392 
M ethods C om m ittee report, 321 
referee report, 268 

Drugs II
Changes in M ethods, 392 
M ethods Com m ittee report, 322 
referee report, 268 

Drugs III
Changes in M ethods, no changes 
M ethods C om m ittee report, 322 
referee report, 269 

Drugs IV
Changes in M ethods, no changes 
M ethods C om m ittee report, 322 

Drugs V
Changes in M ethods, no changes 
M ethods C om m ittee report, 322 
referee report, 270 

Dumas method
nitrogen in infant food, m odified

autom atic vs Kjeldahl m ethod, 227

Editorial board
annual report, 345 

Effluents
M ethods Com m ittee report, 337 

Eggs and egg products 
Changes in M ethods, no changes 

Electroanalytical methods 
uric acid in biological sam ples and food 

products, review, 1 
ELISA

see Im m unoassays 
Emmerie-Engel method

vs GC m ethod for supplem ental alpha- 
tocopheryl acetate in feed 
concentrates, 417 

Enrofloxacin
in poultry tissues, spectrofluorometric 

determ ination, 813 
Enzyme methods 

E . co ll in high-m oisture foods,
glucuronidase assay for fluorogenic 
enum eration, 991 

nonfat dry m ilk as lactose in m eat
products, AOAC yeast ferm entation 
procedure vs, 1063 

thiam ine determ ination, enzyme
substitutes for AOAC m ethod, 514 

Enzyme-linked immunosorbent assays 
see Im m unoassays 

EPA project summaries, 18A, 170A 
Ergotamine tartrate 

in tablets, LC with fluorescence 
detection, 538 

Erythromycin
in beef and pork, G C/M S assay, 708 
in livestock products, TLC assay, 691 

Escherichia co li
naturally occurring, in high-m oisture 

foods, fluorogenic enum eration, 991 
in Pacific oyster (C ra sso s tre a  g igas),

A-1M m ethod lim itations for 
enum eration, 535

recovery from foods, glucuronidase assay 
in rapid M PN  determ ination, 31 

Ethyl carbamate
in alcoholic beverages, capillary GC 

m ethod with G C/M S confirm ation, 
749

Ethylene oxide
in ethoxylated surfactants and

demulsifiers by headspace GC, 796 
Etrimfos

residue confirm ation by triple stage 
quadrupole MS, 858 

Executive Director 
annual report, 338 

Extraction
organic acids, alcohol, and phenols in 

airborne particulate m atter, 
ultrasonic m ethod, 897 

PAHs in spiked soil, Soxhlet m ethod, 
1018

sodium  dioctylsulfosuccinate in dry
beverage bases, post-colum n ion-pair 
m ethod, 15

solid phase systems to  im prove
sensitivity o f A r te m ia  bioassays o f 
trichothecenes, 661

W V -tri-n -b u ty l phosphorotrithioate in 
fish and water, 103

Extraneous materials in foods and drugs
Changes in M ethods, 393 
M ethods C om m ittee report, 333 
referee report, 305
A h a sveru s a d ven a  (Waltl) (foreign grain 

beetle) and A . rectu s  (LeConte) 
(Coleóptera: Cucujidae) by 
m icrom orphology o f  adult 
fragments, 484

A sc a r is  spp. and T rich u ris  spp. eggs, 
diethyl ether vs ethyl acetate as 
extractants for recovery, 1000 

filth extraction from  whole leaves o f 
alfalfa, lem on balm , papaya, and 
spearm int: collaborative study, 997 

m am m alian feces in foods, identification 
by coprostanol TLC: m ethod 
developm ent, 496; collaborative 
study, 499

Fat
adipose tissue, Florisil cartridges to 

separate fat from sem ivolatile 
organic com pounds, 100 

anim al, pesticide residue cleanup with 
assisted distillation, 862 

anim al, sweep codistillation apparatus 
optim ization for organophosphorus 
pesticide residues, 442 

em ulsion preparations, nonesterified fatty 
acids by titrim etric  m ethod, 976 

fatty extract cleanup for organophosphate 
pesticide residue determ ination, 106 

total lipids and lipid subclasses in m eat 
and m eat products, m ethods review, 
74

see also Oils and fats 
Fatty acids

2-chloroethyl esters as indicators o f  2- 
chloroethanol in black walnuts, 
seasoning mixes, and spices, 1011
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linoleic acid in infant formulas, GC 
quantitation , 702 

nonesterified, in intravenous fat
emulsions, titrim etric  m ethod, 976

Feeds
Changes in M ethods, 386
M ethods Com m ittee report, 335
referee report, 311
aflatoxin B, in, ELISA, 854
alfalfa products, carotenoids by LC, 428
am ino acid analysis, precolum n

phenylisothiocyanate derivatization 
and LC, 425

com m ercial pig feed mixes, infrared 
spectroscopy for com position 
analysis, 420

concentrates, alpha-tocopheryl acetate by 
Emmerie-Engel m ethod vs GC 
m ethod, 417

crude protein assay, HgO vs C u S 0 4/T i0 2 
catalysts in m anual Kjeldahl 
digestion: collaborative study, 907 

crude protein assay, “ LECO FP-228 
nitrogen determ inator” vs AOAC 
copper catalyst Kjeldahl m ethod, 
1028

forages, acid-insoluble lignin
determ ination using ceramic fiber 
filter aid, 423

high m ineral, chlortetracycline assay by 
AOAC m icrobial diffusion m ethod,
788

see also Antibiotics; Drugs in feeds 
Fertilizers and agricultural liming materials

Changes in M ethods, 385 
M ethods Com m ittee report, 335 
referee report, 311
water-soluble fertilizers, N, P, and K 

content by ICP emission 
spectrometry, 760 

Filter aids
ceram ic fiber, use in acid-insoluble lignin 

determ ination in forages, 423
Filth

see D ecom position and filth in foods 
(chemical methods); Extraneous 
m aterials in foods and drugs 

Finance committee 
annual report, 344 

Fish and other marine products 
Changes in M ethods, no changes 
M ethods Com m ittee report, 324 
referee report, 272
com m on fish species, LC identification, 

618
cultured fish, sim ultaneous LC o f

synthetic antibacterial residues, 714 
m ethyl m ercury in, EC-GC m ethod, 24 
m ethyl m ercury in, rapid GC m ethod: 

collaborative study, 667 
m inced fish as protein supplem ent in 

m eat products, 91 
m inced fish in m eat products, 77 
Pacific oyster (C ra sso s trea  g ig a s), fecal 

coliform enum eration, A-1M  
m ethod lim itations, 535 

SjS.S'-tri-n-butyl phosphorotrithioate 
extraction and GC determ ination,
103

Flavors
Changes in M ethods, no changes 
M ethods C om m ittee report, 327

referee report, 290
adulterated natural b itter alm ond oil, 14C 

analysis, 175 
Fluoride

in m arket m ilk and infant form ulas in 
Canada, 754 

Fluorometry
aflatoxin M, in cheese, 472 

Focus papers
quality assurance in C anadian pesticide 

analysis, 941
regulatory perspective o f pesticide

analytical enforcem ent m ethodology 
in U.S., 937

Folpet
phase solubility analysis, 638 

Food additives
Changes in M ethods, 387, 388 
M ethods Com m ittee report, 324 
referee report, 273
benzoic and sorbic acids, sim ultaneous 

LC m ethod, 892
1,3-butadiene in rubber-m odified plastics 

and foods, headspace GC 
determ ination, 18 

calcium propionate in bread, GC 
determ ination, 763

ethyl carbam ate in alcoholic beverages, 
G C/M S confirm ation, 749 

in m eat products, 77 
m elam ine in beverages, LC m ethod, 457 
m ultiple substances, reverse phase LC, 

578
natam ycin in cheese and cheese rind, 

spectrophotom etric and LC 
m ethods, 944

natam ycin in cheese and cheese rind: 
interlaboratory collaborative study, 
949

nonfat dry milk, determ ination as lactose 
in m eat products, m ethod 
com parison, 1063

saccharin in beverages and sweets, LC 
method: N M K L collaborative study, 
58

sodium  dioctylsulfosuccinate in dry 
beverage bases, LC m ethod, 15 

soy protein in m eat products, im proved 
ELISA, 582

sulfites, by differential pulse
polarography: collaborative study, 
572

sulfites, by modified M onier-W illiam s 
distillation and polarography, 114 

Food adulteration
beef and poultry detection by serological 

field screening tests (ORBIT and 
PROFIT): collaborative study, 230 

bitter alm ond oil, 14C analysis, 175 
phytosterols in butter, capillary GC, 912 
potato in prepared horseradish, 

m icroscopic detection, 502 
see also specific analyte or m atrix 

Food and Drug Administration 
pesticides m onitoring program, 591 
Total D iet Study, 1961-87, history, 772 

Food microbiology 
Changes in M ethods, 393 
M ethods Com m ittee report, 334 
referee report, 305 
see also Microbiological m ethods

Food packaging
rubber-m odified plastic containers,

headspace GC determ ination o f  1,3- 
butadiene m igration from, 18

Foods
see specific analyte, food, or food class 

For Your Information, 15A, 42A, 66A,
92A, 139A, 164A 

Forensic sciences 
Changes in M ethods, no changes 
M ethods Com m ittee report, 323 

Fruits and fruit products 
Changes in M ethods, 389 
M ethods Com m ittee report, 327 
referee report, 290 
apples and peaches, 1,1-

dim ethylhydrazine residues by new 
GC m ethod, 718

canned fruit juices, cordials, and soft 
drinks, ascorbic acid determ ination 
by spectrophotom etry with Fe(III) 
and 1,10-phenanthroline as reagents, 
518

citrus juices, furfural by im proved 
colorim etry, 601 

juices, m elam ine by LC, 457 
m ultifum igant determ ination, 734 
red raspberry juice, anthocyanin pigment, 

nonvolatile acid, and sugar 
com position by LC, 1036 

W ellspur apples, m onitoring
carbendazim  and thiabendazole, 596 

see also specific crop or product 
Furfural

in citrus juices, im proved colorim etry, 
601

Gas chromatography
am ino acids as A-heptafluorobutyryl 

isobutyl esters, 151
am ino acids as iV-trifluoroacetyl «-butyl 

esters, 160
calcium propionate added to bread, 763 
capillary colum n, am ino acids, 253 
capillary colum n, am ino acids by 

enantiom er labeling, 234 
capillary colum n, ethyl carbam ate in 

alcoholic beverages, 749 
capillary colum n, phytosterols in butter, 

912
capillary colum n, trace chlorsulfuron 

levels in agricultural runoff water,
745

capillary colum n with ECD o f
halogenated fum igants in cereal 
products, 446

capillary colum n with splitless injection, 
to determ ine solvent effects on 
response factors o f  PAHs, 929 

capsaicinoids in green C a p s icu m  fruits, 
926

cyperm ethrin in pesticide form ulations: 
collaborative study, 51 

cyromazine and m elam ine in Chinese 
cabbage, 455

1,1 -dim ethylhydrazine in apples and 
peaches, 718

electron capture, m ethyl m ercury in fish 
and shellfish, 24

electron capture, relative retentions o f 
organophosphorus and
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organochlorine pesticides on 9 
packed colum ns, 878 

electron capture, sulfam ethazine and 
m etabolites in anim al tissues, 546 

electron capture (halogen-specific), 2- 
chloroethyl fatty acid esters as 
indicators o f  2-chloroethanol in 
black walnuts, seasoning mixes, and 
spices, 1011

glycerin in allergenic extracts and
diagnostic antigens, com parison with 
LC and titrim etry, 825 

headspace, ethylene oxide in ethoxylated 
surfactants and demulsifiers, 796 

headspace, residual 1,3-butadiene in 
rubber-m odified plastics and foods, 
18

isofenphos, technical and in
form ulations: collaborative study, 53 

isotherm al, alachlor in
m icroencapsulated form ulations, 
1056

linoleic acid in infant form ulas, 702 
m ecarbam  and m etabolites in 

cottonseeds, 870
organophosphorus pesticides in crops,

460
perm ethrin in pesticide form ulations: 

collaborative study, 53 
propionic acid in cheese, 507 
TEA, A’-nitrosam ines in baby bottle 

rubber nipples: collaborative study, 
64

TEA, nitrosam ines (volatile) in baby 
bottle nipples and pacifiers, 434 

TEA, nitrosam ines (volatile) in drug 
form ulations, 554

TEA, A'-nitrosamines in piperazine drug 
form ulations, 840

TEA, A -nitrosodim ethylam ine in 2,4-D  
am ine form ulations, 49 

A.A.A-tri-n-butyl phosphorotrith ioate in 
fish and water, 103 

U ltra-B ond colum ns, behavior o f  78 
pesticides and som e m etabolites,
1014

uric acid in biological sam ples and food 
products, review, 1 

vs Emmerie-Engel m ethod for 
supplem ental alpha-tocopheryl 
acetate in  feed concentrates, 417 

Gas chromatography-mass spectrometry 
capillary colum n, with m ultiple ion 

detection, dim etridazole and 
ipronidazole in swine feed, 
quantitative confirm ation, 630 

erythrom ycin in beef and pork, 708 
ethyl carbam ate in alcoholic beverages, 

confirm ation, 749 
GC/CIM S, sulfam ethazine and 

m etabolites in anim al tissues, 
confirm ation, 546

macrocyclic trichothecenes detection and 
quantitation, 132

m ethylated hom ologs in trichothecene 
standards, 193

A '-nitrosodiethanolamine in dinoseb, 792 
Gel electrophoresis 

for soy protein analysis, 85 
Gel permeation chromatography

autom ated, for pesticide residues in fatty 
samples, system evaluation, 724

Gelatin, dessert preparations, and mixes 
Changes in M ethods, no changes 

General referee reports, 263 
Glucosinolates

in rapeseed and m eal digests, 
quantitation, 141 

Glucuronidase
assay in rapid  M PN  determ ination for 

recovery o f E . c o ll from  foods, 31 
Glycerin

in allergenic extracts and diagnostic 
antigens, by GC, LC, and titrimetry: 
com parative study, 825

Grains
com , trichothecenes by cell culture 

toxicity assay, 844
maize, trichothecene screening by using 

protein synthesis inhibition in 
cultured fibroblasts, 129 

m oniliform in in, stability and LC 
determ ination, 850 

whole, m illed, and low-fat products, 
m ultifum igant determ ination, 734 

Guaiacolsulfonates 
physicochemical properties and assay 

m ethod, 673

Halocarbons
in table-ready foods, purge and trap 

m ethod, 215, 68A (corr.) 
Halogenated pesticides 

see Pesticide form ulations; Pesticide 
residues

Hazardous substances
Changes in M ethods, no changes 
M ethods Com m ittee report, 337 
A'-nilrosamines in baby bottle rubber 

nipples, GC-TEA m ethod: 
collaborative study, 64 

nitrosam ines in baby bottle rubber
nipples and pacifiers, im proved GC- 
TEA m ethod, 434 

see also Industrial chemicals 
Herbicides

see Pesticide form ulations; Pesticide 
residues

Hexachlorobenzene
Florisil cartridges to separate fat in 

adipose tissue extract, 100 
Hexachlorocyclohexanes 

with PCBs and phthalates in air, 
simplified m ethod, 721 

High performance (pressure) liquid 
chromatography 
see L iquid chrom atography 

Honey
review o f  100 years o f federal research, 

181
Horseradish

potato adulteration o f  prepared product, 
microscopy, 502 

Hydralazine HC1 
in tablets, UV spectrophotom etric 

determ ination, 42 
Hydrolysis methods 

acid hydrolysis o f  proteins for
chrom atography o f  am ino acids, 147 

single oxidation-4 hour m ethod for 
quantitation  o f  am ino acids, 171 

Hydroxyproline
use for m eat protein evaluation, 80

Hygrometers
fiber-dimensional and electrical, 

evaluation for w ater activity 
determ inations, 955

Immunoassays
ELISA, benom yl and thiabendazole in 

foods, 1025
ELISA, im proved, aflatoxin B, in 

agricultural com m odities, 854 
ELISA, im proved, soy protein in m eat 

products, 582
ELISA, indirect, sim ultaneous T-2, HT-2 

determ ination, 657
ELISA, m onensin in  biological samples, 

201
enzyme, S a lm o n e lla  in low-m oisture 

foods: collaborative study, 530 
radioim m unoassays vs

radiochrom atography o f  T-2 
m ycotoxin in ra t organs, 654 

solid-phase enzyme, for 2,4-
dichlorophenoxyacetic acid in water, 
874

soy in m eat products, 85 
Industrial chemicals

chlorinated solvents in decaffeinated 
coffee, purge and trap  procedure,
176

chlorophenols in sedim ents, chemical 
derivatization, 1003

coplanar PCBs in Aroclor and Kanechlor 
mixtures, 451

ethylene oxide in ethoxylated surfactants 
and demulsifiers, headspace GC, 796 

fum igants in whole grains, legumes, 
m illed, and low-fat grain products, 
spices, citrus fruit, and beverages, 
m ultiresidue m ethod, 734 

halocarbons (volatile) and carbon
disulfide in table-ready foods, purge 
and trap  m ethod, 215, 68A (corr.) 

m elam ine in beverages, LC m ethod, 457 
PAHs in spiked soil, Soxhlet extraction, 

1018
PCBs with organochlorines in

wastewater, H 2S 0 4 cleanup and 
K O H -ethanol treatm ent, 727 

PCBs, phthalates, and BHCs in  air, 
simplified m ethod, 721 

Infant products
bottle nipples and pacifiers, im proved 

GC-TEA m ethod for volatile 
nitrosam ines, 434

food, protein content, D um as m ethod vs 
Kjeldahl m ethod, 227 

form ulas, linoleic acid content by GC, 
702

form ulas, Pb, Cd, and fluoride levels in 
Canada, 754

m ilk powders, v itam in D  assay by LC, 
802

vitam in prem ix form ulation, taurine 
assay by LC, 799 

Infrared spectroscopy 
com position o f pig feed mixes, 420 

Instructions to Authors, 23A, 53A, 78A,
119 A, 149 A, 174A

Instrumental methods and data handling
com m ittee report, 351 

Interim methods
1 9 8 7 , 18A, 68A, 94A, 144A, 170A
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Interlaboratory studies
com m ittee report, 352 

International coordination 
com m ittee report, 356 

International Office of Wine
collaborative study sum m ary, o f malic 

acid, lactic acid, citric acid, Na, K, 
Mg, Ca, and chloride in wine, 1087 

Iodine values
in edible oils, titrim etric  determ ination 

using A-chloroim ides, 762 
Ion-exchange chromatography 

am ino acids as iV-trifluoroacetyl «-butyl 
esters, 160

with postcolum n o-phthalaldehyde 
detection o f  am ino acids, 248 

Ion-selective electrode methods 
chloride in foods after isolation as HC1, 

924
Ipronidazole

in swine feed, G C /M S quantitative 
confirm ation, 630

in swine feed, rapid LC determ ination, 
626

Isofenphos
GC determ ination in technical and 

form ulated products: collaborative 
study, 53 

Isoniazid
with rifam pin in form ulations, 

spectrophotom etric assay, 679 
Isotope measurements 

o f  carbon in adulterated natural bitter 
alm ond oil, 175

Kanechlor
coplanar PCBs in mixtures, 451 

Kjeldahl methods
crude protein in feeds, AOAC copper 

catalyst vs “ LECO FP-228 nitrogen 
determ inator,” 1028 

crude protein in feeds, HgO vs CuSO ,/ 
T i0 2 as catalysts: collaborative 
study, 907

nitrogen assay, Hach and Kjeltec 
m ethods vs, 410

nitrogen in infant food, m odified Dum as 
m ethod vs, 227

sem iautom ated, nitrogen assay to 
validate analytical protocol, 405 

using peroxide and sulfuric acid, m ethod 
perform ance, 783

Laboratory quality assurance
com m ittee report, 358 

Lactose
in m eat products, m ethod com parison, 

1063
Lead

in m arket m ilk and infant form ulas in 
Canada, 754

in northern prairie wetlands sediments, 
correlations with organic m atter and 
texture, 916 

Levodopa
in solid dosage form s, LC m ethod: 

collaborative study, 987 
Liaison representatives 

1 9 8 7 , 364 
Lignin

acid-insoluble, in forages, ceramic fiber 
filter aid in determ inations, 423

Linoleic acid
in infant form ulas, GC quantitation, 702 

Liquid chromatography 
aflatoxicol in porcine liver, 475 
alum ina colum n, sulfamoyidapsone in 

swine tissues and fat, 1031 
ampicillin quantitation: collaborative 

study, 206
anthocyanin pigment, nonvolatile acid, 

and sugar com position o f red 
raspberry juice, 1036 

antibacterials (synthetic) in cultured fish, 
sim ultaneous assay, 714 

ascorbic acid in nonfat dry milk, 806 
carbam azepine, 10,11-

dihydrocarbam azepine, and related 
com pounds in form ulations, 836 

cholecalciferol in rodent baits, 1058 
classification o f octadecyl-bonded 

colum ns, 465
coum arin anticoagulants in tablets: 

collaborative study, 834 
dexam ethasone in bulk drugs and elixirs: 

collaborative study, 967 
dim etridazole and ipronidazole in swine 

feed, rapid m ethod, 626 
electrochemical detection, cysteamine 

and cysteine, possible precursors o f 
A '-nitrosothiazolidinc. in meat 
products, 1033

electrochemical detection, naptalam  and 
m etabolite in foods as 1 - 
naphthylam ine, 1021 

electrochemical detection, terbutaline 
sulfate in dosage forms, 974 

fluorescence detection, ergotamine 
tartrate  in tablets, 538 

fluorescence detection, for cinnamyl 
anthranilate  in perfum e, cologne, 
and toilet water, 958 

fluorescence detection, reserpine and 
rescinnam ine in R au w o lfia  
se rp en tin a  preparations, 540 

free and added niacin and niacinam ide in 
beef and pork, 698 

glycerin in allergenic extracts and
diagnostic antigens, com parison with 
GC and titrim etry, 825 

identification o f com m on fish species,
618

ion-pair, m elam ine in beverages, 457 
ion-pair vs ion-exchange, for assay of 

dalapon products, 47 
levodopa and levodopa-carbidopa in 

solid dosage forms: collaborative 
study, 987

ligand-exchange, cyclopiazonic acid in 
poultry m eat, 121 

m oniliform in in cereal grains, 850 
natam ycin in cheese and cheese rind, 944 
natam ycin in cheese and cheese rind: 

interlaboratory collaborative study, 
949

nivalenol and deoxynivalenol in cereals, 
479

olaquindox in swine tissues, 706 
postcolum n derivatization and

fluorometric detection, am prolium  
in poultry feed and premixes, 920 

reverse phase, nonaqueous, carotenoids 
in alfalfa products, 428

reverse phase, acetam inophen in tablets: 
collaborative study, 212 

reverse phase, aspirin and salicylic acid 
assay, 964

reverse phase, benzoic and sorbic acids 
in foods, 892

reverse phase, calcium pantothenate in 
m ultivitam in preparations and raw 
materials, 510

reverse phase, cinnam ic and benzoic 
acids in benzoin preparations, 689 

reverse phase, cyclosporin A in rice, 126 
reverse phase, dexam ethasone acetate 

and cortisone acetate in bulk drug 
substances and form ulations: 
m ethod developm ent, 829 

reverse phase, food additives (multiple), 
578

reverse phase, paraquat and d iquat in 
agricultural products, 1008 

reverse phase, penicillin V potassium  in 
dosage forms, 39

reverse phase, saccharin in beverages and 
sweets: N M K L collaborative study, 
58

reverse phase, sorbic and dehydroacetic 
acids in cheese, 507

reverse phase with fluorescence detection, 
for aflatoxin M, in cheese, 472 

reverse phase with phenylthiocarbam yl 
derivatization, for am ino acids in 
foods, 241

reverse phase with precolum n
derivatization, am ino acids in feeds 
and feedstuff's, 425

reverse phase with solid phase extraction, 
v itam in D 3 in liquid m ultiv itam in 
preparations, 599

salinom ycin sodium  in feed prem ix and 
biom ass samples, 504 

sedecamycin and m ajor m etabolites in 
swine plasm a and tissues, 818 

sodium  dioctylsulfosuccinate in dry 
beverage bases, 15

substituted urea herbicides in foods, 740 
taurine in v itam in premix form ulations, 

799
TEA, A -nitrosodiethanolam ine in 

dinoseb, 792
uric acid in biological samples and food 

products, review, 1 
v itam in D in food products, 802 

Listeria  monocytogenes 
report on current dilem m a, 769 

Long-range planning 
com m ittee report, 359

Maize, see Grains 
Mancozeb

simple m ethod for identifying, 923 
Maneb

simple m ethod for identifying, 923 
Mass spectrometry 

collisionally activated decom position 
MS/M S, o f  organophosphorus 
pesticide residues in foods, 439 

positive chemical ionization, o f
trichothecenes, m ass spectral library 
developm ent, 647

triple stage quadrupole, etrim fos and 
dim ethoate residue confirm ation,
858
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see also Gas chrom atography/m ass 
spectrom etry

Meat, poultry, and meat and poultry 
products
Changes in M ethods, 389 
M ethods Com m ittee report, 324 
referee report, 274
am ino acid analysis for m eat protein 

evaluation, 80
beef and pork, LC o f  free and added 

niacin and niacinam ide, 698 
beef and poultry detection by serological 

field screening tests (ORBIT and 
PROFIT): collaborative study, 230 

m eat foods, sym posium  on critical 
analysis o f  analytical m ethods, 69 

m eat products, chem ical analysis, 77 
m eat products, cysteamine and cysteine 

as possible precursors o f N -  
nitrosothiazolidine, LC m ethod,
1033

m eat products, im proved ELISA for soy 
protein assay, 582

m eat products, m inced fish as protein 
supplem ent in, 91

m eat products, nonfat dry m ilk content 
as lactose, m ethod com parison, 1063 

m eat products, soy content, 85 
nitrogen and protein content, m ethods 

review, 69
poultry m eat, cyclopiazonic acid by LC, 

121
rapid m ethods for determ ining 

com position, 95
total lipids and lipid subclasses, m ethods 

review, 74
see also Drug residues in anim al tissues 

Mecarbam
and m etabolites in cottonseeds, GC, 870 

Meetings, symposia, and educational 
programs
com m ittee report, 359 
see also Symposia 

Melamine
in beverages, LC m ethod, 457 
and cyromazine in Chinese cabbage, GC 

m ethod, 455 
Mercury

in northern prairie wetlands sediments, 
correlations with organic m atter and 
texture, 916

Metals and other elements
Changes in M ethods, 390 
M ethods C om m ittee report, 328 
referee report, 295
alum inum  at trace levels in foods, AAS, 

118
As in foods, sequential wet digestion, dry 

ashing, coprecipitation with 
am m onium  pyrrolidine 
d ithiocarbam ate, and  graphite 
furnace AAS, 866

As, Cd, Hg, Pb, and Se, correlations with 
organic m atter and texture in 
northern prairie wetlands sediments, 
916

m ethyl m ercury in fish and shellfish, EC- 
GC determ ination, 24 

methyl m ercury in fish and shellfish, 
rapid GC m ethod: collaborative 
study, 667

Pb, Cd, and fluoride levels in m arket

m ilk and infant form ulas in Canada, 
754

Se in  bovine blood: interlaboratory 
study, 664

Method performance
rapid m ethods for determ ining m eat and 

poultry product com position, 95 
ruggedness test, pentafluorobenzyl 

derivatization m ethods for 
chlorinated herbicide acids, 889 

system atic errors in volatile oil analysis 
o f  cassia bark, 18 A (corr.)

Methods committees 
annual reports, 318

3-Methyl-histidine
use to  estim ate m uscle m eat content of 

com m inuted m eat products, 80 
Methyl mercury 

in fish and shellfish, EC-GC 
determ ination, 24

in fish and shellfish, rapid GC method: 
collaborative study, 667 

Microbiological methods 
chlortetracycline in  high m ineral feeds, 

AOAC m icrobial diffusion m ethod 
evaluation, 788

C lo s tr id iu m  p erfr in g e n s  spores in hum an 
feces, enum eration: 4 culture m edia 
com pared, 994

E . co li in foods, glucuronidase assay :n 
rapid M PN  determ ination for 
recovery, 31

E . co tí in high-m oisture foods, 
fluorogenic enum eration, 991 

fecal coliform s in Pacific oyster
(C ra sso s trea  g ig a s), A-1M  m ethod 
lim itations for enum eration, 535 

food sam ple preparation for AOAC 
collaborative studies, 931 

L is te r ia  m o n o cy to g en es , special report, 
769

S a lm o n e lla  in foods, D N A  hybridization 
assay: collaborative study, 521 

S a lm o n e lla  in low-m oisture foods,
enzyme imm unoassay: collaborative 
study, 530

S . a u reu s  in  foods, M PN  m ethod for 
isolation and enum eration: 
collaborative study, 35 

simplified plate diffusion for microbial 
assays o f  antibiotics, 641 

see also Drug and device related
microbiology; D airy microbiology; 
Food microbiology 

Microchemical methods 
Changes in M ethods, no changes 

Micromorphology
o f  adult fragm ents o f  A h a sveru s a d ven a  

(Waltl) (foreign grain beetle) and A. 
rec tu s  (LeConte) (Coleóptera: 
Cucujidae), 484 

Microscopy
polarizing, o f  potato adulteration o f 

prepared horseradish, 502 
Microwave oven drying method 

total solids in tom atoes, survey, 758 
Milks

see D airy products 
Molds

see Analytical mycology o f foods and 
drugs

Monensin
in biological samples by ELISA, 201 

Monier-Williams method 
sulfites in foods, w ith polarographic 

detection, 114 
Moniliformin

in cereal grains, stability and LC 
determ ination, 850 

Monitoring studies 
see Biomonitoring; Chemical 

contam inants m onitoring 
Most probable number method 

E . c o li from  foods, glucuronidase assay 
for recovery, 31

S. au reu s  in foods, isolation and
enum eration: collaborative study, 35 

Multiresidue methods 
Changes in M ethods, 391 
M ethods C om m ittee report, 329 
referee report, 296 
fum igants in whole grains, legumes, 

m illed and low-fat grain products, 
spices, citrus fruit, and beverages, 
734

organophosphorus pesticides in crops, 
GC-flame photom etric detection,
460

PCBs, phthalates, and BHCs in air, 
simplified m ethod, 721 

pesticide, expanding and tracking
capabilities o f  m ethodology o f FDA 
pesticide m onitoring program s, 1072 

pesticide residues in vegetables, 
au tom ated cleanup, 109 

substituted urea herbicides in foods, LC 
m ethod, 740

Mycology of foods and drugs
see Analytical mycology o f  foods and 

drugs 
Mycotoxins

Changes in M ethods, 390 
M ethods Com m ittee report, 324 
referee report, 276
aflatoxin B,, deoxynivalenol, T-2 toxin, 

use in optim ization o f  chick 
em bryotoxicity screening test, 1049 

cyclic peptide cyclosporin A in rice, 
isolation and LC determ ination, 126 

cyclopiazonic acid and aflatoxin
production by cultures o f  A sp erg illu s  
and P e n ic illiu m  spp. isolated from 
dried foods, 123

cyclopiazonic acid in poultry m eat, LC 
determ ination, 121 

jo in t com m ittee report, 357 
m oniliform in, in cereal grains, stability 

and LC determ ination, 850 
nivalenol and deoxynivalenol in  cereals, 

sim ultaneous LC m ethod, 479 
sterigm atocystin in cheese by TLC: 

interlaboratory study, 842 
T-2 and HT-2 toxins, sim ultaneous 

determ ination by indirect ELISA, 
657

T-2 toxin in ra t organs, 
radioim m unoassay vs 
radiochrom atography, 654 

trichothecenes, dem ethylated homologs 
in standards, 193 

trichothecenes in com , cell culture 
toxicity assay, 844

trichothecenes in maize, screening by
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protein synthesis inhibition in 
cultured fibroblasts, 129 

trichothecenes, macrocyclic, detection 
and quantitation  by G C/NICIM S,
132

trichothecenes, mass spectral library 
based on PCI spectra, 647 

trichothecenes, solid phase extraction 
systems to im prove sensitivity o f 
A r te m ia  bioassays, 661 

see also Aflatoxins

Naptalam
and m etabolite in foods as 1 -

naphthylam ine, LC with oxidative 
electrochemical detection, 1021 

Natamycin
in cheese and cheese rind,

spectrophotom etric and LC 
m ethods, 944

in cheese and cheese rind: interlaboratory 
collaborative study, 949 

New Products, 10A, 38A, 70A, 90A, 132A, 160A
Niacin and niacinamide

in beef and pork, LC m ethod, 698 
Nitrites

stability in frozen m icrobial cultures and 
aqueous media, 22 

Nitrogen
assay by Kjeldahl analysis to validate 

analytical protocol, 405 
assay in various sample types,

com parison o f  Hach, Kjeltec, and 
Kjeldahl m ethods, 410 

in feeds, “ LECO FP-228 nitrogen 
determ inator” vs AOAC copper 
catalyst Kjeldahl m ethod, 1028 

in infant food, D um as m ethod vs 
Kjeldahl m ethod, 227 

in m eat and m eat products, m ethods 
review, 69

peroxide Kjeldahl digestion m ethod, 783 
in water-soluble fertilizers by ICP 

em ission spectrom etry, 760 
Nitrosamines

in baby bottle rubber nipples and 
pacifiers, im proved GC-TEA 
m ethod, 434

in baby bottle rubber nipples, GC-TEA 
m ethod: collaborative study, 64 

in cosm etics by chem ilum inescent 
determ ination o f  nitric oxide, 960 

in drug form ulations, G C /TEA  m ethod, 
554

in piperazine drug form ulations, G C / 
TEA m ethod, 840 

yV-Nitrosodiethanolaminc
in dinoseb by LC-TEA and GC/M S, 792 

(V-Nitrosodimethylamine 
in 2,4-D  am ine form ulations, GC-TEA 

determ ination, 49 
TV-Nitrosothiazolidine 

precursors in m eat products, LC m ethod, 
1033

Nivalenol
and deoxynivalenol in cereals, 

sim ultaneous LC m ethod, 479 
Nonalcoholic beverages 

Changes in M ethods, no changes 
M ethods Com m ittee report, 327 
referee report, 291

see also Beverages
Nuclear magnetic resonance spectrometry

'H , for bethanechol chloride in tablets, 
557 

Nutrients
see V itam ins and o ther nutrients 

Nuts and nut products
Changes in M ethods, no changes 
black walnuts, 2-chloroethyl fatty acid 

esters as indicators o f  2- 
chloroethanol in, 1011 

peanut butter, aflatoxin B, in, ELISA, 
854

Officers
1 9 8 7 , 363

Official methods board
annual report, 346 

Official methods committees 
1 9 8 7 , 366 
annual reports, 318 

Official Methods of Analysis 
Changes in M ethods, 385 

Oils and fats
Changes in M ethods, no changes 
M ethods Com m ittee report, 325 
referee report, 281 
edible oils, I-Br num bers using N -

chloroim ides in titrim etric method, 
762

fatty samples, autom ated G PC and 
evaporation systems for pesticide 
residues, 724 

see also Fat; Fatty  acids 
Olaquindox

in swine tissues, LC assay, 706 
Ophthalmic solutions 

polymeric quaternary am m onium
antim icrobial preservative assay by 
colorim etry, 979 

Orciprenaline sulfate 
bulk drug and dosage forms, colorim etry 

via nitrosation and difference 
spectrophotom etry, 568 

Organic acids
sim ultaneous ultrasonic extraction and 

silylation from  airborne particulate 
m atter, 897

Organic carbon analysis
as index for specification o f  water for 

injection, 681 
Organohalogen pesticides 

see Pesticide form ulations; Pesticide 
residues

Organophosphorus pesticides
see Pesticide form ulations; Pesticide 

residues
Oven drying methods

microwave, for total solids in tomatoes, 
survey, 758

Paper chromatography
uric acid in biological sam ples and food 

products, review, 1 
Paraquat

in agricultural products, reverse phase 
LC m ethod, 1008 

Peanut butter
aflatoxin B, in, ELISA, 854 

Penicillin V potassium 
in tablets and powders for oral solution, 

LC determ ination, 39

Penicillium  spp.
cyclopiazonic acid production by spp. 

isolated from dried foods, 123 
Pepper

UV spectrophotom etry o f pipeline: 
collaborative study, 112 

Permethrin
GC determ ination in pesticide

form ulations: collaborative study, 53 
Pesticide formulations 

alachlor in m icroencapsulated
form ulations, GC m ethod: m ini- 
collaborative study, 1056 

cyperm ethrin, GC determ ination: 
collaborative study, 51

2,4-D amines, GC-TEA determ ination  of 
V-nitrosodim ethylam ine levels, 49 

dalapon products, ion-pair vs ion- 
exchange LC assays, 47 

dinoseb, V -nitrosodiethanolam ine assay 
by LC-TEA and GC/M S, 792 

isofenphos, technical and in
form ulations, GC determ ination: 
collaborative study, 53 

maneb, zineb, m ancozeb, and selected 
mixtures, simple m ethod for 
identifying, 923

organochlorine fungicides, phase 
solubility analysis, 638 

perm ethrin, G C  determ ination: 
collaborative study, 53 

rodent baits, LC m ethod for 
cholecalciferol, 1058 

Pesticide formulations: carbamate and 
substituted urea insecticides 
Changes in M ethods, 385 
M ethods Com m ittee report, 318 
referee report, 264

Pesticide formulations: fungicides and 
disinfectants
Changes in M ethods, 385 
M ethods Com m ittee report, 318 
referee report, 264

Pesticide formulations: general methods
Changes in M ethods, no changes 
referee report, 264 

Pesticide formulations: herbicides I 
Changes in M ethods, no changes 
M ethods Com m ittee report, 319 
referee report, 264 

Pesticide formulations: herbicides II 
Changes in M ethods, no changes 
M ethods Com m ittee report, 319 
referee report, 265

Pesticide formulations: herbicides III
Changes in M ethods, 385 
M ethods Com m ittee report, 319 
referee report, 265

Pesticide formulations: inorganic pesticides 
Changes in M ethods, no changes 

Pesticide formulations: organohalogen 
insecticides
Changes in M ethods, 385 
M ethods Com m ittee report, 319 
referee report, 266 

Pesticide formulations: 
organothiophosphorus pesticides 
Changes in M ethods, 385 
M ethods Com m ittee report, 319 
referee report, 266
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Pesticide formulations: other insecticides, 
synergists, and insect repellants
Changes in M ethods, 385 
M ethods Com m ittee report, 320 
referee report, 266 

Pesticide formulations: other 
organophosphorus insecticides 
Changes in M ethods, no changes 
M ethods Com m ittee report, 320 
referee report, 264

Pesticide formulations: rodenticides and 
miscellaneous pesticides
Changes in M ethods, no changes 
M ethods C om m ittee report, 320 
referee report, 264 

Pesticide residues
analytical quality assurance in Canada, 

941
in anim al fats, assisted distillation 

cleanup, 862
As in foods, sequential wet digestion, dry 

ashing, coprecipitation with 
am m onium  pyrrolidine 
dithiocarbam ate, and graphite 
furnace AAS, 866

behavior on 4 U ltra-B ond GC columns, 
1014

benomyl and thiabendazole in foods, by 
ELISA, 1025

BHCs with PCBs and phthalates in air, 
simplified m ethod, 721 

carbendazim  (applied as benomyl) and 
thiabendazole, m onitoring in apples, 
596

chlorinated herbicide acids, evaluation o f 
pentafluorobenzyl derivatization 
m ethods, 889

2-chloroethanol in black walnuts, 
seasoning mixes, and spices, 2- 
chloroethyl fatty acid esters as 
indicators, 1011

chlorsulfuron in agricultural runoff water, 
capillary GC o f trace levels, 745 

coum aphos in anim al fat, optim ization 
o f sweep codistillation apparatus,
442

cyromazine and m elam ine in Chinese 
cabbage, GC m ethod, 455

2,4-dichlorophenoxyacetic acid in water,
2 enzyme im m unoassays, 874 

1,1-dim ethylhydrazine in apples and 
peaches, G C  m ethod, 718 

etrim fos and dim ethoate, confirm ation 
by triple stage quadrupole MS, 858 

expanding and tracking capabilities o f 
m ultiresidue m ethodology o f FDA 
m onitoring program s, 1072 

in fatty samples, au tom ated  G PC and 
evaporation systems for, 724 

FD A  m onitoring program , 591 
halogenated fum igants in cereal products 

by steam  distillation and capillary 
GC-ECD, 446

in Lake Albufera, Valencia, Spain, 752 
m ecarbam  and m etabolites in 

cottonseeds, GC, 870 
naptalam  and m etabolite in foods as 1- 

naphthylam ine, LC with oxidative 
electrochemical detection, 1021 

on Ontario-grown vegetables, 1980—
1985, 1081

organochlorines, and PCBs in

wastewater, H 2SO„ cleanup and 
K O H -ethanol treatm ent, 727 

organophosphates, fatty extract cleanup, 
106

organophosphates in anim al fat,
optim ization o f sweep codistillation 
apparatus, 442

organophosphates in crops, simplified 
cleanup and GC m ethod, 460 

organophosphates in foods, collisionally 
activated decom position MS/MS, 
439

organophosphates and organochlorines, 
GC-ECD relative retentions on 9 
packed colum ns, 878 

paraquat and d iquat in agricultural
products, reverse phase LC m ethod, 
1008

regulatory perspective o f  U.S. analytical 
enforcem ent m ethodology, 937 

sem ivolatile organic com pounds in 
adipose tissue, Florisil cartridges to 
separate fat, 100

substituted urea herbicides in foods, LC 
m ultiresidue m ethod, 740 

in table-ready foods, purge and trap 
m ethod, 215, 68A (corr.) 

S',S,.S'-tri-«-butyl phosphorotrithioate, 
extraction and GC determ ination in 
fish and water, 103

in vegetables, cleanup for m ultiresidue 
analysis, 109

in whole grains, legumes, m illed and low- 
fat grain products, spices, citrus 
fruit, and beverages, m ultiresidue 
determ ination, 734 

see also M ultiresidue m ethods 
Pesticide residues: organohalogen pesticides 

Changes in M ethods, 390 
M ethods Com m ittee report, 330 
referee report, 297 

Pesticide residues: organonitrogen 
pesticides
Changes in M ethods, no changes 
M ethods C om m ittee report, 331 
referee report, 298

Pesticide residues: organophosphorus 
pesticides
Changes in M ethods, no changes 
M ethods C om m ittee report, 332 
referee report, 300 

Phase solubility analysis 
o f  organochlorine fungicides, 638 

Phenols
from airborne particulate m atter,

sim ultaneous ultrasonic extraction 
and silylation, 897

chlorinated, in sediments, determ ination 
by chem ical derivatization, 1003 

Phenprocoumon
in  tablets by LC: collaborative study, 834 

Phosphorus
in water-soluble fertilizers by ICP 

em ission spectrom etry, 760 
in wines, com parison of AAS m ethods,

61
Phthalates

with PCBs and BHCs in air, simplified 
m ethod, 721 

Phytosterols
in butter, capillary GC, 912

Piperazine
in drug form ulations, GC-TEA for N -  

nitrosam ines, 840 
Piperine

in pepper preparations, UV
spectrophotom etry: collaborative 
study, 112 

Plant toxins
Changes in M ethods, no changes 
M ethods Com m ittee report, 325 
referee report, 284
glucosinolates, quantitation  in rapeseed 

and meal digests, 141
Plants

Changes in M ethods, no changes 
M ethods Com m ittee report, 336 
referee report, 312 

Polarography
differential pulse, o f  sulfites in foods: 

collaborative study, 572 
S 0 2 in foods, with modified M onier- 

W illiam s distillation, 114 
Polybrominated biphenyls 

solid phase Florisil cartridges to separate 
fat in adipose tissue extract, 100 

Polychlorinated biphenyls 
in Aroclor and Kanechlor mixtures, 451 
Florisil cartridges to separate fat in 

adipose tissue extract, 100 
with organochlorines in wastewater, 

H 2S 0 4 cleanup and K O H -ethanol 
treatm ent, 727

with phthalates and BHCs in air, 
simplified m ethod, 721 

Polycyclic aromatic hydrocarbons 
solvent effects on response factors, 

determ ined by capillary GC with 
splitless injection, 929 

Soxhlet extraction from spiked soil, 1018 
Polypeptides

recom binant-D N A -derived,
recom m endations for establishing 
reference standards, 610 

Polyvinyl pyrrolidone 
square-wave voltam m etric assay of 

acetaldehyde content, 566 
Potassium

in water-soluble fertilizers by ICP 
em ission spectrom etry, 760 

Potassium guaiacoisulfonate
physicochemical properties and assay 

m ethod, 673
Poultry and poultry products

see M eat, poultry, and m eat and poultry 
products

Preservatives and artificial sweeteners
Changes in M ethods, 387 
M ethods C om m ittee report, 327 
referee report, 291
benzoic and sorbic acids, sim ultaneous 

LC m ethod, 892
calcium propionate added to  bread, GC 

determ ination, 763
cyclamate in  foods, spectrophotom etry: 

N M K L collaborative study, 588 
natam ycin in cheese and cheese rind, 

spectropbotom etric and LC 
m ethods, 944

natam ycin in cheese and cheese rind' 
interlaboratory collaborative r  
9 4 9

saccharin, LC determ ination in
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and sweets: N M K L collaborative 
study, 58

sorbic, dehvdroacetic, and propionic 
acids in cheese by LC and GC, 507 

sulfites in foods, by differential pulse 
polarography: collaborative study, 
572

sulfites in foods, modified M onier- 
W illiam s distillation and 
polarography, 114 

Processed vegetable products 
Changes in  M ethods, 392 
M ethods Com m ittee report, 327 
referee report, 292 
tom atoes, m icrowave oven drying 

m ethod for total solids 
determ ination, survey, 758 

Propionic acid 
in cheese, LC m ethod, 507 

Protein
crude, in anim al feed, HgO vs CuSO„/ 

T iO , as catalysts in m anual Kjeldahl 
digestion: collaborative study, 907 

crude, in feeds, “ LECO FP-228 nitrogen 
determ inator” vs AOAC copper 
catalyst Kjeldahl m ethod, 1028 

hydrolysis for chrom atography o f am ino 
acids, 147

in infant food, D um as m ethod vs 
K jeldahl m ethod, 227 

in m eat and m eat products, m ethods 
review, 69

m eat, am ino acid analysis, 77, 80 
m inced fish as supplem ent in m eat 

products, 91
nonm eat, in m eat products, 77 
recom binant-D N A -derived,

recom m endations for establishing 
reference standards, 610 

Purge and trap procedures 
residual chlorinated solvents in 

decaffeinated coffee, 176

Quality assurance
C anadian pesticide analysis, 941 
com m ittee report, 358 
sam ple accountability, for “ Integrated 

A ir Cancer Project” research 
program  o f  EPA, 1069 

Quaternary ammonium compounds 
as preservative in ophthalm ic solution, 

colorim etry, 979

Radioactivity
Changes in M ethods, 397 
M ethods C om m ittee report, 332 
referee report, 303 

Radioimmunoassays 
see Im m unoassays 

Rapeseed
total glucosinolates, quantitation, 141 

Rauwolfia serpentina 
reserpine and rescinnam ine in powder 

and tablets, LC m ethod, 540 
Referees 

1 9 8 7 , 366
Reference standards

m ilk pow der certified for aflatoxin M, 
content, developm ent, 605 

recom binant-D N A -derived proteins and 
polypeptides, recom m endations for 
establishing, 610

trichothecene, dem ethylated hom ologs in 
standards, 193

see also Standard solutions and certified 
reference materials 

Reference tables
Changes in M ethods, no changes 

Regional sections 
com m ittee report, 360 

Regression analysis 
o f use-dilution disinfectant test data as 

alternative to current registration 
practices, 413 

Regulatory analysis 
pesticide, analytical enforcement 

m ethodology in U.S., 937 
pesticide, C anadian quality assurance,

941
sym posium  on critical analysis o f

analytical m ethods for m eat foods,
69

Relative retention data
for organophosphorus and

organochlorine pesticides on 9 
packed GC colum ns, 878 

PAHs, solvent effects on response
factors, determ ined by capillary GC 
with splitless injection, 929 

o f 78 pesticides and pesticide m etabolites 
on 4 U ltra-B ond GC colum ns, 1014 

Rescinnamine and reserpine 
in R a u w o lfia  se rp en tin a  preparations, by 

LC w ith fluorescence detection, 540 
Review papers 

uric acid methodology, 1 
Wiley award address: a century o f federal 

honey research, 181 
Reviewers

o f  J o u rn a l m anuscripts, 46A 
Rice, see Cereal foods 
Rifampin

with isoniazid in form ulations, 
spectrophotom etric assay, 679 

Rubber products
baby bottle nipples and pacifiers, 

im proved GC-TEA m ethod for 
volatile nitrosam ines, 434 

baby bottle nipples, GC-TEA
determ ination o f A'-nitrosamines: 
collaborative study, 64

Saccharin
LC determ ination in beverages and 

sweets: NM K L collaborative study, 
58

Safety
Changes in M ethods, no  changes 
com m ittee report, 360 

Salicylic acid
in aspirin form ulations by reverse phase 

LC, 964
Salinomycin sodium

in feed prem ix and biom ass samples, LC 
m ethod, 504 

Salmonella
in foods, DN A  hybridization m ethod: 

collaborative study, 521 
in low-m oisture foods, enzyme

im m unoassay: collaborative study, 
530

Sample preparation
food products, for v itam in D  assay by 

LC, 802

food test sam ples for AOAC 
collaborative studies o f 
m icrobiological procedures, 
recom m endations, 931 

purge and trap  m ethod for volatile
halocarbons and carbon disulfide in 
table-ready foods, 215, 68A (corr.) 

Samples and sample handling 
in am ino acid analysis for m eat protein 

evaluation, 80
m icrobial cultures and aqueous m edia, 

effects o f freezing on nitrite  stability, 
22

Seafood toxins
Changes in M ethods, no changes 
M ethods Com m ittee report, 325 
referee report, 285 

Secretary/T reasurer 
annual report, 344 

Sedecamycin
and m ajor m etabolites in swine plasm a 

and tissues, LC m ethod, 818 
Sediments

chlorinated phenol determ ination by 
chemical derivatization, 1003 

northern prairie wetlands, organic m atter 
and texture correlated with selected 
trace elem ents, 916 

Selenium
correlations with organic m atter and 

texture in northern prairie wetlands 
sediments, 916

in bovine blood: in terlaboratory study, 
664

Serological screening tests 
ORBIT and PR O FIT , for beef and 

poultry detection: collaborative 
study, 230 

Shellfish
see Fish and o ther m arine products 

Sodium dioctylsulfosuccinate
in dry beverage bases, LC determ ination, 

15
Soils and sediments

M ethods Com m ittee report, 337,.
referee report, 315
PA H  extraction, 1018 ,

Sorbic acid
and benzoic acid in foods, sim ultaneous 

LC m ethod, 892 
in cheese, LC m ethod, 507 

Soy protein
in m eat products, analysis, 85 
in m eat products, im proved ELISA 

m ethod, 582 
Species identification 

beef and poultry detection by serological 
field screening tests (ORBIT and 
PROFIT): collaborative study, 230 

fish, LC m ethod, 618 
Spectrofluorometry

enrofloxacin (BAY Vp 2674) in poultry 
tissues, 813 

Spectrometry
ICP emission, o f  N , P, and K  in water- 

soluble fertilizers, 760 
Spectrophotometry 

am inacrine HC1 in dosage forms: 
interlaboratory study, 560 

difference, colorim etry o f  terbutaline 
sulfate and orciprenaline sulfate in 
dosage forms, 568
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Fe(III) and 1,10-phenanthroline as
reagents, ascorbic acid in beverages, 
518

natam ycin in cheese and cheese rind, 944 
natam ycin in cheese and cheese rind: 

interlaboratory collaborative study, 
949

rifam pin-isoniazid in form ulations, 679 
UV, cyclamate in foods: NM K L 

collaborative study, 588 
UV, hydralazine HC1 in tablets following 

derivatization with nitrite, 42 
UV, pipeline in pepper preparations: 

collaborative study, 112 
Spectroscopy

uric acid in biological samples and food 
products, review, 1 

Spices and other condiments
Changes in M ethods, 391 
M ethods Com m ittee report, 327 
referee report, 292 
2-chloroethyl fatty acid esters as

indicators o f  2-chloroethanol, 1011 
cassia bark, volatile oil analysis, 18A 

(corr.)
green C a p s icu m  fruits, capsaicinoid 

determ ination by GC, 926 
m ultifum igant determ ination, 734 
pepper preparations, UV

spectrophotom etry o f pipeline: 
collaborative study, 112 

Standard solutions and certified reference 
materials
Changes in M ethods, no changes 
see also Reference standards 

Standing committees
1 9 8 7 , 363

Staphylococcus aureus
in foods, M PN  m ethod for isolation and 

enum eration: collaborative study, 35 
State and provincial participation 

com m ittee report, 361 
Statistical analysis 

regression analysis o f  use-dilution
disinfectant test data as alternative 
to current registration practices, 413 

Statistics
com m ittee report, 361 

Sterigmatocystin
in cheese by TLC: interlaboratory study, 

842
Sugars and sugar products

Changes in M ethods, 392 
M ethods C om m ittee report, 328 
referee report, 293
honey, review o f  100 years o f  federal 

research, 181 
Sulfamethazine

and m etabolites in anim al tissues, GC- 
ECD with GC-CIM S confirm ation, 
546

Sulfamoyldapsone
in swine tissues and fat, LC m ethod,

1031
Sulfites

in foods, differential pulse polarography: 
collaborative study, 572 

in foods, m odified M onier-W illiam s 
distillation and polarography, 114 

Sweeteners
see Preservatives and artificial sweeteners

Symposia
chrom atography o f am ino acids, 146,

234
critical analysis o f  analytical m ethods for 

m eat foods, 69
see also Meetings, sym posia, and 

educational program s

Taurine
in v itam in prem ix form ulations, LC 

assay, 799
Tea

see Coffee and tea 
Terbutaline sulfate

bulk drug and dosage forms, colorim etry 
via nitrosation and difference 
spectrophotom etry, 568 

in dosage forms, LC with electrochemical 
detection, 974 

Tetracycline HC1
in form ulations, colorim etric assay, 686 
see also Chlortetracycline 

Thermal energy analyzer (TEA) 
see Gas chrom atography; Liquid 

chrom atography 
Thiabendazole 

in apples, m onitoring, 596 
in foods, by ELISA, 1025 

Thiamine
evaluation o f enzymes for AOAC 

m ethod, 514
Thin layer chromatography

aflatoxin M, in m ilk and m ilk products 
at low levels, 470

with bioautography, antibiotics in anim al 
tissues, 197

coprostanol for identification of 
m am m alian feces in foods, 496 

coprostanol for, identification of 
m am m alian feces in  foods: 
collaborative study, 499 

dexam ethasone identification in bulk 
drugs and elixirs: collaborative 
study, 967

erythrom ycin and o ther macrolide
antibiotics in livestock products, 691 

with fluorodensitom etry, for aflatoxin M, 
in cheese, 472 

sterigm atocystin in cheese, 
interlaboratory study, 842 

uric acid in biological samples and food 
products, review, 1 

Titrimetric methods 
C 0 2 in wine: collaborative study, 1060 
glycerin in allergenic extracts and

diagnostic antigens, com parison with 
LC and GC, 825

nonesterified fatty acids in intravenous 
fat em ulsions, 976

using A'-chloroimides, o f I-Br num bers o f 
edible oils, 762 

Tobacco
Changes in M ethods, no changes 
M ethods C om m ittee report, 336 
referee report, 312 

Tocopherols
alpha-tocopheryl acetate in feed 

concentrates, Emmerie-Engel 
m ethod vs GC m ethod, 417 

Total Diet Studies
FD A  pesticide m onitoring program , 591 
FD A pesticide m onitoring programs,

expanding and tracking capabilities 
o f  pesticide m ultiresidue 
m ethodology, 1072 

history, 1961-87, 772 
Total solids

in tom atoes, m icrowave oven drying 
m ethod survey, 758

Toxins
see Aflatoxins; M ycotoxins; Plant toxins; 

Seafood toxins 
Transactions, 317 
Treasurer 

annual report, 344 
Trichothecenes

in com , cell culture toxicity assay, 844 
dem ethylated homologs in standards,

193
macrocyclic, detection and quantitation 

by GC/N ICIM S, 132 
in maize, screening by protein synthesis 

inhibition in cultured fibroblasts,
129

m ass spectral library based on PCI 
spectra, 647

T-2 and HT-2 toxins, diacetoxyscirpenol, 
and deoxynivalenol, solid phase 
extraction systems to im prove 
sensitivity o f  A r te m ia  bioassays, 661 

T-2 and HT-2 toxins, sim ultaneous 
determ ination by indirect ELISA,
657

T-2 toxin in ra t organs, 
radioim m unoassay vs 
radiochrom atography, 654 

see also M ycotoxins; specific toxin 
Trichuris  spp.

eggs, diethyl ether vs ethyl acetate as 
extractants for recovery, 1000

S.A.A-Tri-n-butyl phosphorotrithioate 
in fish and water, extraction and GC 

determ ination, 103

Uric acid
in biological samples and food products, 

m ethodology review, 1 
Use-dilution method

evaluation o f bacterial attachm ent on 
and surface texture o f penicylinders, 
903

regression analysis as alternative to 
current disinfectant product 
registration practices, 413 

standardization o f bacterial num bers on 
penicylinders: interlaboratory study, 
635

Vegetables
autom ated cleanup for pesticide 

m ultiresidue analysis in, 109 
Chinese cabbage, GC m ethod for 

cyromazine and m elam ine, 455 
legumes, m ultifum igant determ ination, 

734
Ontario-grown, 1980-1985, pesticide 

residues, 1081
see also Processed vegetable products 

Veterinary analytical toxicology
Changes in M ethods, 397 
M ethods Com m ittee report, 336 
referee report, 312
aflatoxicol in porcine liver, LC m ethod, 

475



bovine blood selenium determ inations: 
interlaboratory study, 664 

Vitamins and other nutrients 
Changes in M ethods, no changes 
M ethods C om m ittee report, 328 
referee report, 294 
alpha-tocopheryl acetate in feed 

concentrates, Emmerie-Engel 
m ethod vs G C  m ethod, 417 

am ino acids in feeds and feedstuffs, 
derivatization for LC, 425 

ascorbic acid in beverages,
spectrophotom etry with Fe(III) and 
1,10-phenanthroline as reagents, 518 

ascorbic acid in nonfat dry milk, 
stabilization and LC, 806 

calcium  pantothenate in m ultivitam in 
preparations and raw materials, LC 
m ethod, 510

carotenoids in alfalfa products, LC 
m ethod, 428

D.„ LC quantitation  in liquid
m ultivitam in preparations, 599 

D, in food products, sample preparation 
and LC assay, 802
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E, in feed concentrates, Emmerie-Engel 
m ethod vs GC m ethod, 417 

niacin and niacinam ide in beef and pork, 
LC m ethod, 698

protein in infant food, D um as m ethod vs 
Kjeldahl m ethod, 227 

sym posium  on chrom atography, 234 
taurine in v itam in prem ix form ulations,

LC, 799
thiam ine determ ination, evaluation of 

enzymes by AOAC m ethod, 514 
Voltammetry

square-wave, o f  acetaldehyde in 
povidone, 566

Warfarin sodium
in tablets by LC: collaborative study, 834 

Waste materials 
M ethods C om m ittee report, 337 
referee report, 315 

Water
agricultural runoff, trace levels o f

chlorsulfuron by capillary GC, 745 
2,4-dichlorophenoxyacetic acid

INDEX: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70,

determ ination by 2 enzyme 
imm unoassays, 874 

for injections, total organic carbon 
analysis for purity, 681 

Lake Albufera, Valencia, Spain, pesticide 
residues, 752

S.S.S-tri-n-butyl phosphorotrith ioate in, 
extraction and GC determ ination, 
103

wastewater, H,SO„ cleanup and K O H - 
ethanol treatm ent for confirm ation 
of organochlorine pesticides and 
PCBs. 727 

Water activity
evaluation o f 1 fiber-dimensional and 4 

electrical hygrometers, 955 
Water: drinking, ground, and surface 

Changes in M ethods, no changes 
M ethods Com m ittee report, 337 

Ways and means 
com m ittee report, 361 

Wine
see Alcoholic beverages 

Zineb
simple m ethod for identifying, 923
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