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FR O M  O N E  P O U N D  O F 
G R A IN  T O  A  
R E P R E S E N T A T IV E  
A N A L Y T I C A L  S A M P L E  IN 
O N E  M IN U T E

NO MORE RIFFLING 
WITH A 
RÖMER 
MILL

•  EFFICIENT: Simultaneously Grinds &
Subsamples 1 Lb. Per Minute

•  ACCURATE: Prepares 25 g. Representative
Analytical Sample From 5 Lb. 
of Aflatoxin Contaminated Corn

•  VERSATILE: Can Be Used For Mycotoxins,
Pesticides, Fumigants, 
Antibiotics, Drugs, Vitamins, 
Mineral & Proximate Analyses

EASY TO CLEAN: Can Be Thoroughly Cleaned 
in One Minute

FLEXIBLE: Will Grind High Moisture Corn 
DUST FREE: Little or No Dust Generated 
PORTABLE: 40 Lb. - 26” x 20” x 10” 
CAPACITY: 100 g to 15 Lb.

RÖMER LABS, INC.
P.O. BOX 2095 
WASHINGTON, MO 63090 (314) 239-300E
n r m  / ir > r  n  a n n
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TALANTA
The International Journal of Pure and Applied 
Analytical Chemistry
Editor-in-Chief: R A CHALMERS, Department of Chemistry, University of 
Aberdeen, Old Aberdeen, Scotland, UK
North American Editor: G D CHRISTIAN, Department of Chemistry BG-tO, 
l diversity of H ashington, Seattle, H A 98195, USA,

Aims and Scope
T a l a n t a  provides a forum  fo r the rapid pub lica tion  o f o rig ina l research papers, 

p re lim in a ry  com m unications, fu ll reviews and m in i-rev iew s. O ther features are 
annotations (c ritica l com m entaries), ana lytica l data (stab ility  constants etc.) and 
letters to the editor.
In addition to pub lish ing  papers in the trad itiona l fields o f pure and applied analytica l 
chem istry, and in  o rder to provide an interface between those doing research and 
those applying the results o f research in analytica l chem istry, the editors encourage 
subm ission o f reports on developm ents and new techniques in fie lds such as:

T oxic  Im purities  in B iological Systems . Food Additives . Pharm aceutical and Drug 
Analysis . Pesticides and Fungicides . C lin ica l Chem istry . M aterials, Science and 
Engineering  . G eochem istry . E nvironm enta l Analysis.

A Selection of Papers
JU N ’IC H I T O E I (Japan), Potential o f the flow -grad ien t function  in FI A w ith  a 
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characteristics and perform ance in poorly-buffered waters.
R M O R ALES, C S B A R T H O L D I & P T  C U N N IN G H A M  (USA), HPLC separation o f 
heterocyclic  beta-diketonates o f actin ide, lanthanide and transition  metals.
A P A R C ZE W SK I (Poland), D eterm ination  o f two metals from  a single potentiom etric  
titra tio n  curve. The application o f two ind ica to r electrodes.

A Software Survey section is included in this journa l.

In d e x e d / A bstracted  in : C u r r e n t  C o n t e n t s ,  C h e m i c a l  A b s t r a c t s ,  B I O S I S  D a t a b a s e ,

A  q u a l i n e  I b s t r a c t s

Subscription Information
1989: Volum e 36 (12 issues)
Annual subscrip tion  (1989) D M  1100.00
Tw o-year rate (1989/90) D M  2090.00
ISSN: 0039-9140
Advertising rale card available on request. Back issues and current subscriptions are also available in microlorm.
The German Mark (DM) prices shown include postage and insurance, and apply in Kuropc, Africa, Asia/Australasia (w ill) Ihe 
exception of Japan). Kor the rest or Ihe world including Japan apply to the nearest I’ergamon off ce. Prices are subject to change 
without notice.

Pergamon Press pic
Headington H ill Hall 
Oxford OX3 0BW UK

Pergamon Press Inc
Fairview Park, Elmsford 

New York, 10523 USA
5V1H/4/X7

CIRCLE 84 ON READER SERVICE CARD



FOOD LABORATORY NEWS
This publication, previously called Food Laboratory Newsletter, is distributed 
to 152 countries and serves laboratories engaged in chemical or microbiological 
analysis of food and drinking water. Its purpose is to publish brief reviews and 
notes of importance for food laboratories, particularly in developing regions 
of the world. The editors welcome questions and reports of relevance to these 
topics.

CONTENTS
News from UN-Organizations -  NGO News -  Food and Nutrition -  
Laboratory News -  Composition of Foods -  Food Processing -  Food Additives 
-  Food Contaminants -  Microbiology -  Drinking-Water

EDITORS
Bengt v Hofsten, Barbro Blomberg, Reggie Vaz, National Food 
Administration, SWEDEN.

ADVISERS
M. Amador, Cuba 
P. Biacs, Hungary 
Chen Changjie, China 
H.B. Conacher, Canada 
H. Greenfield, Australia 
V. Iyengar, USA

SUBSCRIPTION
INFORMATION
1989: Vol. 5 (4 issues) 200 pp per vol. 
US$ 20 or SEK 125 inch postage. 
Payment through subscription agents or 
banque cheque directly to the address 
below (please add US$ 8 for bank 
charges).
Payment by American Express card or 
Visa card is also possible.
Free of charge for laboratories in 
developing countries if you write to the 
Editors.

ADDRESS
Food Laboratory News/SLV 
Box 622
S-751 26 Uppsala 
SWEDEN

ISSN 1 100-3227

A. Khan, Pakistan 
D.J. McWeeny, P.G. Martin, UK 
S. Ranganna, India 
H. Schmandke, DDR 
C.R. Temalilwa, Tanzania 
R. Thiel, FRG
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BETTER THAN OTHER QUICK TESTS
•  AOAC INTERIM OFFICIAL METHOD 
O SIMPLER AND FASTER
•  DISTINCT COLOR CHANGE 
O LOWER COST

FIVE MINUTE
a fla to x in u h ^ h

RÖMER LABS, INC.
P.O. BOX 2095 
WASHINGTON, MO 63090 
PHONE: (314) 239-2708
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Keep Essential 
Analytical Information 

At Your Fingertips

□  Use o f  Statistics to D evelop  and 
Evaluate Analytical M ethods

By G.T. Wernimont. Ed. by W. Spendlev. 
1985. 199 pp. Index. Figures. Tables. 
Glossary. Softbound. ISBN 0-935584-31-5. 
Members: S44.55; Nonmembers: $49.50; 
plus handling and shipping: S4 U.S.;
S8 outside U.S.
A basic reference for evaluating collaborative 
studies and a natural extension to the 
Statistical Manual o f :be AOAC.

□  Statistical Manual o f  the AOAC
By W.J. Youden and E.H. Steiner. 1975.
96 pp. Softbound. Illustrations.
ISBN 0-935584-15-3.
Members: S17.55; Nonmembers: S19-50; 
plus handling and shipping: $4 U.S.;
S8 outside U.S.
A do-it-vourself manual for statistical analysis 
of interlaboratory collaborative tests.

□  FDA B acteriological Analytical Manual, 
6th Ed.

1984. 448 pp. Looseleaf. ISBN 0-935584-29-3. 
Members: $41.85; Nonmembers: $46.50; 
plus handling and shipping: S4 U.S.;
S8 outside U.S.
Provides regulatory and industry laboratories 
with methods for detection of micro
organisms. Includes one Classification o f 
Visible Can Defects poster. 24" x 36". in 
color, with photographs.

ORDER 
THESE AOAC 

PUBLICATIONS 
TODAY!

□  Classification o f  V isible Can 
D efects—poster/pam phlet

1984. 24" x 36" chart. In color with 
photographs. Minimum order, 1 package 
of 10 charts, $40.00; 2nd package of .0, 
$30.00; each additional package, $25.00. 
For shipping and handling, add: $4.00 per 
package in U.S., S8.00 per package outside 
U.S.

A n d  take  ad van ta g e  of A O A C  M em bership Discounts too! To order, please note quantity desired in the box 
beside each title; then complete and mail this page 
(or photocopy ) and payment to:

AOAC
Suite 400-J, 2200 Wilson Boulevard 
A rlington, VA 22201-3301 USA

Total Amount of Order: $ ___________
1 US Funds drawn on US Banks only)

Please Print 
Send to:

Name
□  Principles o f  Food Analysis for  

Filth, D ecom position , and 
Foreign Matter— FDA Technical 
Bulletin No. 1

1981.286 pp. 2nd printing 1985. 
Illustrated. Softbound.

□  K ey for Identification o f  
M andibles o f  Stored-Food  
Insects

1985. vi+ 166 pages. Illustrated. 125 
photographs. Softbound.
ISBN 0-935584-32-3.

Organization

Street Address

Members: $39-60; Nonmembers: 
$44.00; plus handling and shipping:
S4 U.S.; $8 outside U.S. 
Comprehensive laboratory manual/text 
on basic concepts of food sanitation 
analysis.

Members: $40.50; Nonmembers: 
$45.00; plus handling and shipping: 
$4 U.S.; $8 outside U.S.
Enables food sanitation analysts to 
identify species from all major stored- 
food insect pest groups.

State (Country) Zip
VM______________________________________
Member No. (to qualify fo r  member price, in
clude Member Number with order.)
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Overview o f  Sam pling

399 Sampling and Sample Preparation for Detection and Quantitation of Natural 
Toxicants in Food and Feed 
D o u g la s  L . P a r k  a n d  A l b e r t  E . P o h la n d  

405 Sampling in the Analytical Scheme 
F r e d e r ic k  M . G a r f i e ld

A lcoholic Beverages

412 Spectrofluorometric Determination of Histamine in Wines and Other Alcoholic 
Beverages
M . C . V id a l - C a r o u ,  M . L . I z q u ie r d o - P u l id o ,  a n d  A .  M a r in e -F o n t

Chem ical C ontam inants M onitoring
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Drug Formulations

432 Derivative Spectrophotometric Determination of Clotrimazole in Single 
Formulations and in Combination with Other Drugs 
M o n a  M . B e d a ir ,  M o h a m e d  A .  K o r a n y ,  M . A b d  E l - H a d y  E l s a y e d ,  

a n d  O s s a m a  T . F a h m y
436 Determination of Size Distribution of Fat Globules in Intravenous Fat Emulsions 

by Photon Correlation Spectroscopy 
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445 Liquid Chromatographic Determination of Sulfamethazine in Milk 
J o h n  D . W e b e r  a n d  M ic h a e l  D . S m e d l e y

447 Direct Competitive Enzyme-Linked Immunosorbent Assay for Sulfamethazine 
Residues in M ilk
D e b o r a h  E . D ix o n - H o l la n d  a n d  S t a n l e y  E . K a t z  

E xtraneous M ateria ls

451 Extraction of Light Filth from Spirulina Powders and Tablets: Collaborative Study 
M a r v in  J . N a k a s h im a

Feeds

454 Improved Turbidimetric Assay of Tylosin in Premix and Animal Feeds Not 
Containing Urea 
M a r k  R .  C o le m a n

457 Determination of Ergosterol in Cereals, Mixed Feed Components, and Mixed Feeds 
by Liquid Chromatography 
K la u s  S c h w a d o r f  a n d  H a n s - M . M u l l e r

463 Determination of Water-Insoluble Cell Walls in Feeds: Interlaboratory Study 
B e r n a r d  C a r r e  a n d  J e a n - M a r c  B r i l lo u e t

Food A dditires

468 Liquid Chromatographic Determination of Residual Reactants and Reaction By- 
Products in Polyethylene Terephthalate 
T im o th y  H . B e g le y  a n d  H e n r y  C . H o l l i f i e l d  

470 Optimized Monier-Williams Method for Determination of Sulfites in Foods: 
Collaborative Study
B a r b a r a  R .  H i l l e r y ,  E d g a r  R .  E lk in s ,  C h a r le s  R .  W a r n e r ,

D a n  D a n ie ls ,  a n d  T h o m a s  F a z io

476 Determination of Sulfites in Foods by Simultaneous Nitrogen Purging and 
Differential Pulse Polarography 
W a lte r  H o l a k  a n d  J o h n  S p e c c h io

F ood Com position
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A n n a  B ir th e  M o r te n s e n  a n d  H a r r i e t  W a ll in

M eta ls  and O ther E lem ents

484 Determination of Arsenic and Selenium in Whole Fish by Continuous-Flow 
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M eth o d  Evaluation

487 Criteria for the Detection of Analytes in Test Samples
W il le m  G . d e  R u ig ,  R a in e r  W . S t e p h a n y ,  a n d  G e o  D i j k s t r a
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498

Pesticide

Determination of Iodine Value by Bromine/Instrumental Neutron Activation 
Analysis
Felib Y. Iskander 

and Industrial Chemical Residues

501 Levels of Polychlorinated Biphenyls and Pesticides in Bluefish Before and After 
Cooking
William J. Trotter, Paul E. Corneliussen, Ronald R. Laski, 
and Joseph J. Vannelli

503 Determination of Fluoroacetate in Biological Matrixes as the Dodecyl Ester 
Daniel G. Burke, Dennis K. T. Lew, and Xenophon Cominos

Pesticide Formulations

508 Rapid Gas Chromatographic Method Using Nitrogen-Phosphorus Detection for 
Af-Nitrosodimethylamine in 2,4-D and MCPA Herbicide Formulations 
Ronald R. Scharfe and Charles C. McLenaghan

512 Detection and Separation of Fenpropathrin, Flucythrinate, Fluvalinate, and PP 321 
by Thin-Layer Chromatography 
Rajesh Khazanchi and Swadesh K. Handa

Technical Communication

515 Diazomethane Derivatization of Sulfamethazine: Formation of Isomeric Products 
Vernon J. Fell, Gaylord D. Paulson, and Anders L. Lund

Symposium on Pesticides in Foods

517 Symposium on Pesticides in Foods: Coping with the Issue
Paul E. Corneliussen

518 The FDA Pesticides Program: Goals and New Approaches
Pasquale Lombardo

521 Changing Pesticide Technology in Meat and Poultry Products 
Richard L. Ellis

525 State Programs for Pesticide Residues in Foods
James P. Minyard, Jr, W. Edward Roberts, and William Y. Cobb 

533 Effect of Commercial Processing on Pesticide Residues in Selected Fruits and 
Vegetables 
Edgar R. Elkins

536 Tolerance Setting Process in the U.S. Environmental Protection Agency 
Charles L. Trichilo and Richard D. Schmitt 

538 Codex Alimentarius Approach to Pesticide Residue Standards 
Ronald B. Maybury
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NEW PRODUCTS

Preparative Steel Columns for Liquid
Chromatography

A new line of preparative steel col
umns for LC purification and isola
tion of a variety of compounds offer a 
range of stationary phases, particle 
sizes, particle shape, and pore size 
options. Separations can be scaled 
throughout the different preparative 
column geometries. The columns are 
prepacked with a variety of popular 
materials including Bondapak Cis on 
2 different particle sizes. Used with 
preparative systems such as the Wa
ters Delta Prep 3000 or Waters Kilo- 
prep 250, the columns permit femto- 
gram-to-gram quantity isolations in 
a single run. Waters Chromatogra
phy Division.
Circle No. 313 on reader service 
card.

Quick Seal: Ultra-low Mass Column
Connector

Chrompack introduces a connector 
for fused silica columns that in fact 
only consists of a small piece of ta
pered glass tubing. Thanks to its ex
tremely low mass it has hardly any 
influence on the performance of the 
column. The dead volume of the con
nector is negligible, avoiding peak 
broadening. The universal Quick 
Seal connector fits any column with 
an inside diameter between 0.15 and
0.53 mm. Chrompack, Inc.
Circle No. 314 on reader service 
card.

CP-Wax 58 CB
A new polar bonded stationary phase 
is added to the Chrompack capillary 
column program. It is a high polarity 
esterified polyethvleneglycol, char
acterized as CP-Wax 58 CB. The po
larity index is 58 (on a scale of 0- 
100) compared with 52-55 for other 
bonded PEG phases. This means that 
the new phase is the most polar bond
ed phase available. Chrompack, Inc. 
Circle No. 315 on reader service 
card.

Affi-Gel Hz Immunoaffinity Kit
Affi-Gel Hz hydrazide gel is a new 
affinity chromatography support 
which achieves the optimal orienta
tion of coupled antibody. The new 
Affi-Gel Hz immunoaffinity kit, 
which contains everything necessary 
to exchange buffers, and oxidize, de
salt, and couple purified 1 gG to Affi-

Gel Hz, is a unique approach to lgG 
coupling and achieves a more uni
form orientation of antibody than 
conventional affinity supports. Bio- 
Rad Laboratories.
Circle No. 316 on reader service 
card.

CP 9000W Gas Chromatograph
Chrompack’s CP 9000W gas chro
matograph is the first dedicated wide 
bore gas chromatograph on the mar
ket. Modeled on the recently released 
Model CP 9000 GC, this unique in
strument is specifically designed for 
wide bore applications. Chrompack, 
Inc.
Circle No. 317 on reader service 
card.

DESIGN-EASE™ and DESIGN-
EXPERT™

Stat-Ease Inc. now issues site li
censes for its experimental design 
software, DESIGN-EASE™ and 
DESIGN-EXPERT™. These pro
grams help engineers and scientists 
to efficiently set up and analyze ex
periments with powerful statistical 
tools. DESIGN-EASE features 
easy-to-use menus and effective use 
of visual graphical techniques. DE
SIGN-EXPERT offers response sur
face and mixture design capabilities. 
Stat-Ease, Inc.
Circle No. 318 on reader service 
card.

QN1000 Near Infrared Analyzer
The QN1000 combines Oxford’s ex
perience of industrial quality control 
instrumentation with its expertise in 
microprocessor technology. The 
QN1000 has an advanced processor 
with extensive memory, which means 
that sophisticated processing can be 
carried out within the instrument it
self. The QN1000 automatically 
stores in memory the results of the 
last 100 analyses. Trend graphs can 
be displayed on the LCD screen and 
printed graphically on the built in 
printer. Oxford Analytical Instru
ments, Ltd.
Circle No. 319 on reader service 
card.

Interactive 3D Analysis Tools for
Chemical Research

New computer software using inter
active 3D graphs and statistics for 
interpreting data are now available

to chemical researchers. Interactive 
3D analyses of molecular dynamics, 
QSAR, and synthetic polymer re
sults are all options with SYBYL 5.2 
software. Tripos Associates, Inc. 
Circle No. 320 on reader service 
card.

Labconco Laboratory Carts
The Labconco Laboratory Cart can 
hold up to twenty-four 500 or 800 
mL flasks either upright or neck 
down, for easy draining. Two shelves 
are designed with vinyl-coated steel 
neck supports to help secure flasks 
during transport. A drip pan is in
cluded to minimize clean-up. Lab
conco Corp.
Circle No. 321 on reader service 
card.

DB-FFAP Column
The new DB-FFAP Column is now 
available for GC analysis of C3-C 18 
free fatty acids. DB-FFAP features 
an acidified (TPA) polyethylene gly
col phase, cross-linked and surface 
bonded to increase both its chemical 
and thermal stability. A wide range 
of organic acids can be analyzed with 
DB-FFAP, such as phenol, creosol, 
and xylenol, along with acidic phar
maceuticals and other acidic com
pounds of interest. J & W Scientific. 
Circle No. 322 on reader service 
card.

Adsorbent for Proteins and Peptides
A new chromatographic adsorbent 
with a large pore size that makes it 
excellent for protein and peptide 
work has been added to the Bio- 
Beads SM line. Bio-Beads SM adsor
bents are neutral, macroporous poly
meric beads of high surface area. The 
new Bio-Beads SM-16 adsorbent is a 
macroreticular styrene-divinylben- 
zene copolymer with an average pore 
diameter of 144 A. The new resin is 
comparable to Bio-Beads SM-2 and 
SM-4 adsorbents, except for its larg
er pore diameter and higher surface 
area. Bio-Rad Laboratories.
Circle No. 323 on reader service 
card.

Model AS-100 Refrigerated Automatic
Sampler

Bio-Rad’s completely new Model 
AS-100 Refrigerated Automatic 
Sampler automatically injects up to 
1 0 0  individual chrom atographic 
samples, and allows up to 216 unat-
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NEW PRODUCTS

tended multiple injections of each 
sample, with excellent accuracy and 
reproducibility. The versatile sam
pler allows both variable volume and 
fixed looped filling, for injection vol
umes from 1 to 500 ¿¿L. For samples 
with different viscosities, the sample 
draw rate can be varied to optimize 
injection reproducibility. Bio-Rad 
Laboratories.
Circle No. 324 on reader service 
card.

Radial Chromatography Columns
As a bioseparations alternative, the 
new Superflo Columns offer faster, 
more convenient high-speed, low 
pressure separations of vaccines, 
antibodies, and proteins. Radial flow 
columns have applications in biore
search laboratories, including life 
science institutions performing pro
tein purification, cell culture, tissue, 
or plant extracts work, pharmaceuti
cal laboratories, and research centers 
where small radial chromatography 
columns are required for sample sep
aration. Beckman Instruments, Inc. 
Circle No. 325 on reader service 
card.

170 Sample Loader
The 170 Sample Loader allows auto
mated, repetitive injections of one 
sample onto any analytical or semi
preparative column. As little as 250 
uL or as much as 50 mL of your 
sample can be conveniently injected 
up to 99 times. Millipore Corp.
Circle No. 326 on reader service 
card.

TLC Plates
A flexible, binderless technology for 
TLC has been introduced by 3M. A 
revolutionary departure from stan
dard TLC plates, the product was de
veloped with chemically modified 
sorbents to provide chrom ato- 
graphers the advantages of enhanced 
separation characteristics such as 
greater selectivity, efficiency, ease of 
component recovery, and high sam
ple capacity. 3M.
Circle No. 327 on reader service 
card.

Research Purity Helium
Scott Specialty Gases has introduced 
Research Purity Helium with total 
impurities guaranteed to be less than
1.0 ppm, which allows lowest opti
mum limits of detectability with ana

lytical instruments. Scott Specialty 
Gases.
Circle No. 328 on reader service 
card.

Purifier Total Exhaust Safety Cabinet
Labconco Corporation offers a Puri
fier Total Exhaust Safety Cabinet 
designed for labs working with low to 
moderate risk biological agents, in
cluding those treated with toxic 
chemicals and radionuclides. To pro
vide maximum protection, air is fil
tered through easily replaceable 
HEPA filters with no recirculation 
into the cabinet or laboratory Each 
cabinet uses an external blower sys
tem. Labconco Corp.
Circle No. 329 on reader service 
card.

VERSAPrep Controller/Data
Acquisition Software

The Varex Corp. has just released 
the high resolution EGA graphics 
version of their VERSAPrep Con- 
troller/Data Acquisition Software. 
This software additionally has new 
features such as the display of a sec
ond detector signal and the ability to 
loop and link stored methods. Varex 
Corp.
Circle No. 330 on reader service 
card.

Cut Tubing with Ease and Speed
A new capillary tube cutter makes 
clipping of stainless steel capillary 
tubing easy, fast, and clean. This 
tube cutter leaves no burr nor does it 
crimp the opening. Tubing up to '/i6 
in. od with 0.1 - 0 .8  mm id may be cut 
by this uniquely designed tool mak
ing this a necessary tool for any chro- 
matographer. DyChrom.
Circle No. 331 on reader service card.

Ductless Workstation for Unpleasant
or Toxic Fumes

The Mystaire 1000 is a portable lab
oratory workstation designed to pro
vide protection from unpleasant or 
toxic fumes, and is suitable in a wide 
range of applications. The compact 
design allows the unit to be moved 
easily and the high efficiency filtra
tion system avoids the need for 
ductwork or expensive installation 
costs. A high air velocity assures effi
cient fume capture, and a 19 lb filter 
provides for a large contaminant ca
pacity. Heat Systems-Ultrasonics, 
Inc.
Circle No. 332 on reader service card.

Nitrogen in 
Wastewater.

Fast —
Automatic — 

Space-Saving.
We have taken Johan 
Kjeldahl’s invention 
and transformed it into 
modem technology. 
Today’s water labs pre
fer to use our Kjeltec 
Distillers and Digestion 
Blocks for nitrogen 
analysis*.

Why don’t you 
modernize your lab 
with Tecator water 
analysis equipment?

* Call today for a re
print describing the use of 
the Tecator Kjeltec Auto 
for the determination of 
nitrogen in a water labora
tory.

tecator
WE MAKE ROUTINE ANALYSIS SIMPLE.

Tfecator Inc., P.O. Box 405, Herndon, 
Virginia 22070. Phone (703) 4353300. 

Tblex 903034.
In the USA distribution exclusively 

by Fisher Scientific Company.

CIRCLE 77 ON READER SERVICE CARD
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International Meeting ^  \
and Exposition /
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---------y  Environmental Safety—A Morality Play for the
Next Century.
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Advance Registration Deadline: at AOAC by September 10, 1989 FOR MAXIMUM SAVINGS REGISTER BEFORE JULY 1!

Please sign me up for the 103rd AOAC Annual International M eeting & Exposition, at The Clarion Hotel, St. Louis, Missouri,
Septem ber 25-28, 1989.

(Please print or type) D a t e  _________________________

N a m e ___________________________________________________________________________  T . t l e ______________________

O rgan iza tion_____________________________________________________________________________

Is this C  private industry, □  a government agency, □  academia, or □  other?

Street A ddress________________________________________________________________________________________________

C ity __________________________________________________________  State (C o u n try )___________________  Postal Code

Telephone (office)____________________________________________________  (h o m e)________________________________

Is this your first AOAC meeting? ED Yes ED No

Accompanying G u e s t_______________________________________________________________________________________ _
Name City Statc/Country

r a t io n  Fees
Early-Bird—full meeting

Members* Nonmembers Amount Enclosed

$130 $175 $
Advance—full meeting $155 $200 $
On-Site—full meeting $180 $225 $
Early-Bird—one day** $ 85 $ 95 $
Advance—one day** $100 $110 $
O n-Site—one day** $115 $125 $
Antibiotic & D rug W orkshop—

Sun & M on, an additional $ 45 $ 50 $
*Day(s) I ’ll attend: D M D T D W D T h

Fees per person

Mississippi G am blers’ N ight—-Tuesday 
Daytime Tours:

$35.00 $

M onday— St. Louis of Yesteryear $17.00 $
Tuesday— M eet M e In St. Louis $13.50 $
Wednesday— Busch Brewery and Union Station $15.00 $

Please circle applicable fees and fill in TOTAL A M O U N T  EN C LO SED $

Payment Or Credit Card Information Must Accompany Registration Form.
□  I am enclosing a check payable to AOAC. (US funds drawn on US banks only)

D  Charge my D VISA □  M asterC ard. C ard N u m b e r______________________

E xpires___________________________  S ig n a tu re__________________________________________________________________________________

*AOAC M em ber N um ber V M - _______________________________________. To be eligible for discounted m em ber registration fee, you must
include your Individual M em ber num ber or apply for mem bership by checking the following option and completing the blanks. M em ber 
discounts are intended for individual members only and are not transferable.

□  I would like to become an AOAC m em ber and take advantage of the m em ber discount. I am adding the $45 AOAC mem bership fee to 
the mem ber registration fee.

Education (Specify subjects and levels of degrees)____________________________________________________________________________________

Present position (title & brief descrip tion )_____ ______________________________________________________________________________________

I hereby apply for membership in the Association of Official Analytical Chemists, and, if accepted, agree to abide by its rules.

S ig n a tu re_______________________________________________________________________ _________________________________________________

Please mail com pleted form  with paym ent to:
AOAC, 1989 Annual International Meeting, Suite 400-J, 2200 Wilson Boulevard, Arlington, VA 22201-3301 USA

Credit card orders may be placed by phone (703-522-3032) or FAX (703-522-5468).
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BOOKS IN BRIEF

Introduction to Inductively Coupled 
Plasma Atomic Emission Spectros
copy. By G. L. Moore. Published by 
Elsevier Science Publishers. PO Box 
221, 1000 AE Amsterdam, The 
Netherlands, 1989. 340 pp. Price US 
$92.75/Dfl. 190.00. ISBN 0-444- 
43029-6.

This book introduces the analytical 
techniques of atomic emission spectros
copy, outlining the principles, history, 
and applications. It discusses spectros
copy, excitation sources, inductively 
coupled plasmas, instrum entation, 
nebulization, sample dissolution and in
troduction, accuracy and precision, in
ternal standardization, plasma optimi
zation, line selection and interferences, 
and inductively coupled plasma mass 
spectroscopy. Understanding of the 
material is aided by 128 illustrations, 
including 11 photographs. References 
follow each chapter, and an extensive 
index completes this useful work.

Chromatographic Enantioseparation: 
Methods and Applications. By Stig 
G. Allenmark. Published by John 
Wiley & Sons, Inc., 1 Wiley Dr, 
Somerset, NJ 08875-1272,1988.224 
pp. Price: $64.95. ISBN 0-470- 
21080-X.

In recent years, there has been rapid 
development in chromatographic meth
ods for optical resolution, which has led 
to a proliferation of the number of ap
plications of such techniques and the 
potential of an even greater increase in 
the future. The purpose of this book is 
to chart the accumulated knowledge of 
the prerequisite for chiral recognition 
leading to enantioseparation, and to 
provide a comprehensive treatment of 
chiral chromatography, including basic 
theory and methodology.

Practical HPLC Method Development.
By Lloyd R. Snyder, Joseph L. 
Glajch, and Joseph J. Kirkland. Pub
lished by John Wiley & Sons, Inc., 1 
Wiley Dr, Somerset, NJ 08875- 
1272, 1988. 260 pp. Price: $45.00. 
ISBN 0-471-62782-8.
High performance liquid chromatog

raphy has been in use since the late 
1960s. Since that time, chemists have 
learned much about the fundamentals 
of HPLC separations, but the practical 
application of this knowledge has 
lagged. This book presents the first sys

tematic, practical scheme for develop
ing effective HPLC separations. For 
the HPLC user, “ Practical HPLC 
Method Development” simplifies and 
organizes the somewhat confusing as
pects of controlling the many important 
separation variables into an easily un
derstood pattern of method develop
ment. Specific guidelines are presented 
to permit users to approach a separa
tion problem with a high probability of 
success, with minimum effort.

Quantitative Gas Chromatography for 
Laboratory Analyses and On-Line 
Process Control. By G. Guiochon 
and C. L. Guillemin. Published by 
Elsevier Science Publishers, PO Box 
221, 1000 AE Amsterdam, The 
Netherlands, 1988. 798 pp. Price
U.S. $ 165.75/Dfl. 315.00. ISBN 0- 
444-42857-7.

This book provides a complete dis
cussion of all the problems involved in 
the achievement of quantitative analy
sis by gas chromatography, whether in 
the research laboratory, in the routine 
analysis laboratory, or in process con
trol. For this reason, the presentation of 
theoretical concepts has been limited to 
the essential, while extensive explana
tions have been devoted to the various 
steps involved in the derivation of pre
cise and accurate data This starts with 
the selection of the instrumentation and 
column, continues with the choice of 
optimum experimental conditions, then 
calibration, and ends with the use of 
correct procedure for data acquisition 
and calculations. Finally, there is al
most always a way to reduce errors and 
an entire chapter deals with this single 
issue. Numerous relevant examples are 
presented.

Electron Capture Negative Ion Mass 
Spectra of Environmental Contami
nants and Related Compounds. By
Elizabeth A. Stemmier and Ronald 
A. Hites. Published by VCH Pub
lishers, Inc., Suite 909, 220 E 23rd 
St, New York, NY 10010-4606, 
1988. 390 pp. Price: $65.00. ISBN 0- 
895-73708-6.

This book contains the ECNI mass 
spectra of 361 compounds selected to 
include the major classes of environ
mental contaminants, such as those 
found on the EPA priority pollutant 
list. Compound classes of environmen

tal importance include halogenated 
benzenes and phenols, nitrobenzenes 
and the related dinitro herbicides, poly
cyclic aromatic hydrocarbons, DDT de
rivatives, hexachlorocyclopentadiene 
pesticides, halogenated biphenyls, diox
ins, and ditenzofurans. The spectra are 
reported graphically. In addition, com
pound name, Chemical Abstract Ser
vice registry number, molecular weight, 
and structure are given.

Advances in Electrophoresis, Volume 1.
Edited by A. Chrambach, M. J. 
Dunn, and B. J. Radola. Published 
by VCH Publishers, Inc., Suite 909, 
220 E 23rd St, New York, NY 
10010-4606, 1988. 441 pp. Price: 
$110.00. ISBN 0-895-73669-1.

The purpose of this series is to assem
ble from a wide variety of sources a 
central review data bank that is avail
able to everyone using electrophoretic 
methods. It will provide a forum for 
authoritative voices in each specialized 
field of electrophoresis and serve to uni
fy research areas whose results are pub
lished in a wide range of journals, for 
example those of the two most challeng
ing substances, proteins and nucleic ac
ids.

Analvis of Carbohydrates by GLC and
MS. Edited by Christopher J. Bier- 
mann and Gary D. McGinnis. Pub
lished by CRC Press, Inc., 2000 Cor
porate Blvd, NW, Boca Raton, FL 
33431, 1988. 304 pp. Price: U.S. 
$149.95/O utside U.S. $176.00. 
ISBN 0-8493-6851-0.

This textbook is a comprehensive 
guide to analysis of carbohydrates by 
gas-liquid chromatography and mass 
spectrometry. In addition to explaining 
the facets of carbohydrate analysis and 
their relation to each other, the text also 
contains in-depth reference informa
tion useful to practitioners in the field. 
Improvements in carbohydrate meth
odology during the past 6 years are also 
highlighted.

CRC Handbook of Data on Organic 
Compounds, 2nd Edition. Edited by 
Robert C. Weast and Jeanette G. 
Grasselli. Published by CRC Press, 
Inc., 2000 Corporate Blvd, NW, 
Boca Raton, FL 33431, 1988. Price: 
U .S. $ 2 ,0 0 0 .0 0 /O u tside  U .S. 
$2,350.00. ISBN 0-8493-0420-2.
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The new nine-volume 2nd edition of 
the “CRC Handbook of Data on Or
ganic Compounds” (HODOC II) is a 
massive revision of the two-volume 1st 
edition. With over 25,000 organic com
pounds covered, HODOC II not only 
features the most frequently used phys
ical and chemical data but presents for 
the first time in a single source, exten
sive spectral data. Additionally, HO
DOC II provides 21 exhaustive indexes 
which allow immediate identification of 
a compound if one or more spectral, 
physical, and/or chemical properties 
are known.

Chemical Structure Software for Per
sonal Computers. Edited by Daniel E. 
Meyer, Wendy A. Warr, and Rich
ard A. Love. Published by American 
Chemical Society, 1155 16th St, 
NW, Washington, DC 20036, 1988. 
107 pp. Price: U.S. and Canada 
$49.95/Export $59.95. ISBN 0- 
8412-1538-3.

This unique 107-page volume is a 
user’s guide to software packages that 
create and use chemical structure dia
grams on personal computers. It pro
vides a wealth of practical, up-to-date 
information on more than 70 software 
packages for use in chemical word pro
cessing, graphics terminal emulation, 
chemical database management, mo
lecular modeling, and special applica
tions.

Electrochemical Detection Techniques 
in the Applied Biosciences, Volume 2 
Fermentation and Bioprocess Con
trol, Hygiene, and Environmental 
Sciences. Edited by Guy-Alain 
Junter. Published by John Wiley & 
Sons, Inc., 1 Wiley Dr, Somerset, NJ 
08875-1272, 1988. 196 pp. Price: 
$79.95. ISBN 0-470-21227-6.

This is the second volume in a new 2- 
part investigation into the expanding 
topic of electrochemical detection tech
niques (EDTs), showing a wide range 
of techniques for the main electrochem
ical sensors. Volume 2 covers the im
portant areas of fermentation and bio
process control, and hygiene and envi
ronmental issues: the work is divided 
into 2 separate sections, each with its 
own references. In Part One of this 
book, the authors show how the main 
elements of sensor technology have re
mained unchanged until quite recently, 
often due to a lack of reliable monitor
ing devices. They indicate how the sup
ply of reliable devices will encourage 
the demand and growth of markets, ful
filling a need in the literature for a book 
that outlines and explains new electro
chemical devices, elucidating conven
tion and new instrumentation. Part 
Two comprises a review of the multipli
cation, diversification, and accumula

tion in the environment of solid, liquid, 
or gaseous waste products which en
danger the entire biosphere through the 
toxic agents they convey. The authors 
use electrochemical detection tech
niques for the determination of pollut
ants in foods and environmental sam
ples, and employ the same techniques 
for use in conjunction with liquid chro
matography.

Kinetic Methods in Analytical Chemis
try. By D. Perez-Bendito and M. Sil
va. Published by John Wiley & Sons, 
Inc., 1 Wiley Dr, Somerset, NJ 
08775-1272, 1988. 330 pp. Price: 
$74.95. ISBN 0-470-21181-4.

Reaction-rate methods, increasingly 
important in modern analytical chemis
try, rely on recent developments in in
strument design and the use of micro
computers. This book fills a gap in the 
literature, providing comprehensive 
English language coverage of the evolu
tion of reaction-rate methods, concern
ing itself with every relevant aspect of 
kinetic methods, and presents the dif
ferent methodologies on the basis of ap
propriate mathematical support. It ful
fills 2 functions: a reference tool for 
researchers, and a guide for those 
studying the theory and application of 
reaction-rate methods in analytical 
chemistry.

UPCOMING AOAC ANNUAL MEETINGS

103rd AOAC Annual International Meeting in St. Louis, 
Missouri —  September 25-28, 1989

104th AOAC Annual International Meeting in New Orleans, Louisiana
September 9-13, 1990
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Meetings
June 11-13,1989: Midwest Regional 

Section Meeting, The Concourse Hotel 
& Convention Center, Madison, WI. 
Contact: David Zoromski, Wisconsin 
Animal Health Laboratory, 6101 Min
eral Point Rd, Madison, WI 53705, 
telephone 608/266-2465.

June 29-30,1989: Pacific Northwest 
Regional Section Meeting, Evergreen 
State College, Olympia, WA. Contact: 
Steve Pope, Environmental Protection 
Agency, PO Box 549, Manchester, WA 
98353, telephone 206/442-0370.

June 13, 1989: Southeast Regional 
Section Meeting, University of Geor
gia, Athens, GA. Contact: Martha Hu- 
dak-Roos, National Marine Fisheries 
Service, 3209 Frederik, Pascagoula, 
MS 39568-1207, telephone 601/762- 
7402.

July 11-12, 1989: AOAC Short 
Course—Quality Assurance for Ana
lytical Laboratories, Arlington, VA. 
Contact: AOAC Short Courses, Suite 
400, 2200 Wilson Blvd, Arlington, VA 
22201-3301, telephone 703/522-3032.

August 2-7, 1989: 32nd IUPAC 
Congress, Stockholm. Sweden. Con
tact: 32nd IUPAC Congress, c /o  
Stockholm Convention Bureau, PO 
Box 6911, S-102 39 Stockholm, Swe
den, telephone +46 8 23 09 90.

September 23-24, 1989: AOAC 
Short Course—Improving Sampling 
for Analysis of Food, Drugs and Agri
cultural Materials, St. Louis, MO, at 
the 103rd AOAC Annual International 
M eeting. C ontact: AOAC Short 
Courses, Suite 400, 2200 Wilson Blvd, 
Arlington, VA 22201-3301, telephone 
703/522-3032.

September 23-24, 1989: AOAC 
Short Course—Laboratory Safety and 
Health, St. Louis, MO, at the 103rd 
Annual International Meeting. Con
tact: AOAC Short Courses, Suite 400, 
2200 Wilson Blvd, Arlington, VA 
22201-3301, telephone 703/522-3032.

September 24-25, 1989: AOAC 
Short Course—Antibiotics and Drugs 
in Feeds Workshop, St. Louis, MO, at 
the 103rd AOAC Annual International 
M eeting. C ontact: AOAC Short 
Courses, Suite 400, 2200 Wilson Blvd, 
Arlington, VA 22201-3301, telephone 
703/522-3032.

September 25-28, 1989: 103rd An
nual International Meeting and Exposi
tion. The Clarion Hotel, St. Louis, MO. 
Contact: Margaret Ridgell, AOAC, 
Suite 400, 2200 Wilson Blvd, Arling

ton, VA 22201-3301, telephone 703/ 
522-3032.

September 28-29, 1989: AOAC 
Short Course—Quality Assurance for 
Analytical Laboratories, St. Louis, 
MO, at the 103rd AOAC Annual Inter
national Meeting. Contact: AOAC 
Short Courses, Suite 400, 2200 Wilson 
Blvd, Arlington, VA 22201-3301, tele
phone 703/522-3032.

October 1-4, 1989: International 
GPC Symposium. Marriott Hotel, Bos
ton (Newton), MA. Contact: Carole 
Wade-Clark, Waters Chromatography 
Division of Millipore. 34 Maple St, 
Milford, MA 01757, telephone 508/ 
478-2000.

October 18-20, 1989: Workshop on 
Screening Methods for Veterinary 
Drugs and Natural Contaminants in 
Food Animal Production. Capitol Hil
ton, Washington, DC. Contact: Alex 
MacDonald, Hoffmann-La Roche, 
Bldg 86, 4th Floor, Nutley, NJ 07110, 
telephone 201 /235-4641.

October 18-21, 1989: 1989 Pacific 
Conference on Chemistry and Spec
troscopy. Pasadena Hilton, Pasadena, 
CA. Contact: Gordon Bixler, Secretari
at, American Chemical Society, 1155 
16th St, NW, Washington, DC, 20036, 
telephone 202/872-4600.

November, 1989: AOAC Central 
Regional Section Meeting. Contact: 
Tom Bell, R&D Laboratory, 2331 Sul- 
livant Ave, Columbus, OH 43204, tele
phone 614/274-6467.

November 13-14, 1989: AOAC 
Short Course—Quality Assurance for 
Analytical Laboratories, Arlington, 
VA. Contact: AOAC Short Courses, 
Suite 400, 2200 Wilson Blvd, Arling
ton, VA 22201-3301, telephone 703/ 
522-3032.

April 8-11, 1990: 7th International 
Symposium on Preparative Chroma
tography. Gent, Belgium. Contact: M. 
Verzele, RUG-LOS, Krijgslaan 281 
(S4), B-9000 Gent, Belgium, telephone 
091-225715.

September 10-13, 1990: 104th An
nual International Meeting and Exposi
tion. The Clarion Hotel, New Orleans, 
LA. C ontact: M argaret R idgell, 
AOAC, Suite 400, 2200 Wilson Blvd, 
Arlington, VA 22201-3301, telephone 
703/522-3032.

Harvey W. Wiley Awards Fund 
Contributors

The following members of AOAC 
have contributed to the Harvey W. Wi

ley Awards Fund between October 
1988 and March 1989: Thomas G. Al
exander, Charlie J. Barnes, Ben Borsje, 
Charlotte A. Brunner, Charles S. 
Chang, Kathleen K. Cook, Linda En
glish, Michael G. Goergen, Herman 
Arthur Pierce, and Odette L. Shotwell. 
The Harvey W. Wiley Awards Fund 
was established in 1956 to honor Har
vey W. Wiley, “Father of the Pure 
Food Laws” and a founder of AOAC. 
This fund supports the Harvey W. Wi
ley Award for the Development of Ana
lytical Methods and the Harvey W. Wi
ley Scholarship Award. Contributions 
to sustain the Harvey W. Wiley 
Awards Fund will be appreciated and 
should be sent to AOAC.

Interim Methods
The following methods have been ap

proved interim official first action by 
the appropriate General Referee and 
Methods Committee and by the Chair
man of the Official Methods Board: by 
the Methods Committee on Foods I— 
Enzyme-Linked Immunosorbent Assay 
of Aflatoxins B|, B2, and Gi in Corn, 
Cottonseed, Peanuts, and Peanut But
ter, submitted by M. W. Trucksess, M.
E. Stack, S. Nesheim, and A. E. Poh- 
land (Food and Drug Administration, 
Washington, DC) and D. L. Park (Uni
versity of Arizona, Tucson, AZ); by the 
Methods Committee on Residues— 
Liquid Chromatographic-Atomic Ab
sorption Spectrophotometric Determi
nation of Methyl Mercury in Seafood, 
submitted by W. Holak (Food and 
Drug Administration, New York Re
gional Laboratory, Brooklyn, NY); by 
the Methods Committee on Microbiol
ogy and Extraneous Materials—Hy
drophobic Grid Membrane F ilter/ 
MUG Method for Total Coliform and 
Escherichia coli Enum eration in 
Foods, submitted by P. Entis (QA Lab
oratories, Toronto, Ontario, Canada); 
and by the Methods Committee on 
Feeds, Fertilizers, and Related Materi
als—(7) Crude Protein Determination 
by Generic Combustion Method Based 
on Current Leco Analyzers, submitted 
by R. A. Sweeney (Experiment Station 
Chemical Laboratories, University of 
Missouri, Columbia, MO), and (2) Gas 
Chromatographic Determination of 
Nicotine in Environmental Tobacco 
Smoke, submitted by M. W. Ogden (R.
J. Reynolds Tobacco Co., Winston-Sa
lem, NC).
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The methods will be submitted for 
adoption official first action at the 
103rd AOAC Annual International 
Meeting, September 25-28, 1989, at 
St. Louis, MO. Copies of the methods 
are available from AOAC Scientific 
Publications.

Correction
J. Assoc. Off. Anal. Chem. (1989) 

72, 197 and 313. Change 46.E03(b) (2) 
to read: “ (2) Sour cream, . .  .Proceed 
as in ( 7) . . .  with 1.0N NaOH .. 
Change 46.E03(b) (5) to read: “ (3) 
Buttermilk.—Make 1:10 diin (11 g/99 
mL diln H2O). Adjust pH to 6.6-7.2 
with 1.0N NaOH (ca 0.1 mL/g sam
ple). Mix well..

Tuberculocidal Activity of 
Disinfectants

The Board of Directors, in session 
March 1, 1989, and after due consider
ation of previously undisclosed infor
mation, has ordered that the repeal 
action taken at the 1988 meeting re
garding the Tuberculocidal Activity 
method, 4.036-4.041, be set aside pend
ing reconsideration at the 1989 annual 
meeting.

ISO Standards Published
The following standards have been 

published by the International Organi
zation for S tandardization (ISO), 
Technical Committee 34—Agricultur
al Food Products. The standards are 
available, at the prices indicated, from 
the American National Standards In
stitute, Inc., 1430 Broadway, New

York, NY 10018, telephone 212/354-
3300.

ISO 729-1988: Oilseeds—Determina
tion of acidity of oils. $18.00.

ISO 5943-1988: Cheese and processed 
cheese products—Determination of 
chloride content—Potentiometrie ti
tration method. $14.00.

ISO 6391-1988: Meat and meat prod
ucts—Enumeration of Escherichia 
coli—Colony count technique at 
44°C using membranes. $20.00.

ISO 6949-1988: Fruits and vegeta
bles—Principles and techniques of 
the controlled atomsphere method of 
storage. $20.00.

ISO 7558-1988: Guide to the prepack
ing of fruits and vegetables. $20.00.

ISO 8197-1988: Milk and milk prod
ucts—Sam pling—Inspection by 
variables. $20.00.
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RADIOACTIVITY

•  Gamma-Ray Spectroscopic Determination of Iodine-131 and Cesium-137 in Foods: Two Collabora
tive Studies—by Edmond J. Baratta and David G. Easterly

DRUG FORMULATIONS
•  Reverse-Phase Liquid Chromatographic Determination of Clioquinol in Cream and Ointment 

Preparations: Collaborative Study—by Edward J. Wojtowicz
•  Polarographic Determination of Famotidine in Dosage Forms—by Juan A. Squella, Gladys 

Valencia, Igor Lemus, and Luis J. Nuhez-Vergara
•  Determination of Enantiomeric Purity of Tranylcypromine Sulfate by Proton Magnetic Resonance 

Spectroscopy with Chiral Lanthanide Shift Reagent—by George M. Hanna and Cesar A. Lau-Cam
•  Determination of Diastereomeric Purity of Tranylcypromine Sulfate by Proton Magnetic Reso

nance Spectroscopy with Lanthanide Shift Reagent—by George M. Hanna and Cesar A. Lau-Cam

MYCOTOXINS
•  Visual and Semiquantitative Spectrophotometric ELISA Screening Method for Aflatoxin Bj in 

Corn and Peanut Products: Follow-up Collaborative Study—by Douglas L. Park, Brinton M. 
Miller, Stanley Nesheim, Mary W. Trucksess, Alan Vekich, Barbara Bidigare, James L. McVey, 
and Lois H. Brown

•  Simulation of Aflatoxin Testing Plans for Shelled Peanuts in the United States and in the Export 
M arket—by Thomas B. Whitaker and J. W. Dickens

ENVIRONMENTAL ANALYSIS
•  Evaluation of Modifications to Extraction Procedures Used in Analysis of Environmental Samples 

from Superfund Sites—by Cornelius A. Valkenburg, William D. Munslow, and Larry C. Butler
•  Evaluation of EPA Method 8120 for Determination of Chlorinated Hydrocarbons in Environmental 

Samples—by Viorica Lopez-Avila, TV. S. Dodhiwala, June Milanes, and Werner F. Beckert
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OVERVIEW OF SAMPLING

Sampling and Sample Preparation for Detection and Quantitation of Natural Toxicants in 
Food and Feed

DOUGLAS L. PARK1 and ALBERT E. POHLAND
Food and Drug A dm inistration , Division o f  Contaminants Chemistry, W ashington, DC 20204

The primary goal of a sampling plan for natural toxins, i.e., mycotox- 
ins and seafood toxins, is to obtain a sample that accurately repre
sents the concentrations of individual components of a given lot. 
Factors affecting the ability of the sampling plan to accomplish this 
goal include: (/) nature of the analyte of interest; ( 2)  distribution of 
the analyte throughout the lot, (J) physical characteristics of the 
product, ( 4)  accessibility of the product to random representative 
sampling, (5) sampling procedure, and ( 6)  size of sample. Sampling 
plans are composed of 3 distinct components: (a) sampling, (b) 
sample preparation, and (c) analysis. Normally, sampling contributes 
the largest relative error while analysis comprises the least. Automat
ic, continuous stream samplers provide the most representative sam
ples for commodities such as nuts, cottonseed, and cereal grains. 
Good sample preparation equipment is currently available for these 
commodities; the use of this equipment to obtain a representative test 
sample is discussed.

A well designed sampling plan will provide, within given 
limitations, an account of the concentration(s) of specific 
components/analytes for a specified lot of material. An accu
rate and precise estimate of the true concentration of a given 
component in a lot is dependent on at least 3 factors: (a) 
sampling, (b) sample preparation, and (c) analysis (1). Rela
tive errors associated with these factors are by far the largest 
for sampling, with analysis playing a relatively minor role 
( 2).

In the development of a sampling plan, one must consider 
several factors, including the purpose or potential use of the 
analytical result. For example, will the test result be used as a 
decision factor in an in-house production scheme, acceptance 
of a raw ingredient, final acceptance of the product prior to 
marketing, or as a control sample used by a regulatory agen
cy? In addition, costs associated with taking the sample, 
sample preparation, and analysis must be factored into the 
sampling plan.

This discussion will address primarily problems associated 
with sampling and sample preparation. The primary objec
tive of a sampling plan for a given lot of material is to obtain a 
sample of that product that accurately represents the concen
trations of individual components. Whether a given sample 
meets this goal is dependent on a variety of factors including: 
(a) the nature and distribution of the contamination or ana
lyte throughout the lot; (b) the characteristics of the product 
being sampled, i.e., coarse or finely ground granular materi
al, liquid, paste, etc.; and (c) the procedure used in sampling 
as well as the accessibility of the product to random represen
tative sampling. Although our discussions will focus on my- 
cotoxins (specifically aflatoxin) and seafood contamination, 
the theory could apply to other analytes and commodities.

Nature and Distribution of Analyte
Soon after the discovery that aflatoxin could be a major
1 Present address: University of Arizona, Department of Nutrition and 

Food Science, Tucson, AZ 85721.
Received August 9, 1987. Accepted December 19, 1988.
This paper was presented at the symposium on Field and Laboratory 

Sampling of Food, Drugs, and Agricultural Materials, 100th Annual Inter
national AOAC Meeting, September 15-18, 1986, at Scottsdale, AZ.

contaminant in feed without visible evidence of mold con
tamination, the heterogeneous nature of the contamination 
was recognized. Cucullu et al. (3) reported aflatoxin concen
trations ranging from a trace to 1 100 000 fig aflatoxin/kg in 
individual peanut kernels. Similar findings were observed 
with Brazil nuts, in which 5% of 100 individual kernels con
tained aflatoxin at levels ranging from 50 to 25 000 fig/kg 
(4). Individual cottonseed kernels contained aflatoxin at lev
els ranging from 150 to 5 750 000 ycig/kg (see Table 1). Lee et 
al. (5) reported extremely heterogeneous distribution of afla
toxin contamination (ranging from 100 to 80 000 /zg/kg) 
among individual kernels of corn on intact ears. Except for 
contamination with mycotoxins in fluid and paste products 
such as milk and peanut butter, mycotoxin contamination in 
animal feeds and human feeds is usually heterogeneous, with 
a reduction in this heterogeneity observed as the product is 
reduced in particle size, i.e., ground into flour or made into a 
paste.

Shellfish and finfish can become toxic through the inges
tion of toxigenic, microscopic algae (dinoflagellates), which 
results in the accumulation of toxins in various edible tissues. 
Algal toxin contamination in seafoods varies from relatively 
uniform contamination to highly variable depending on the 
commodity and the source of the contaminant, i.e., shellfish 
vsjeef fish. Since shellfish are immobile in the environment, 
and the source of the toxins—dinoflagellate blooms (red 
tide)—covers a relatively large area, the sampling plan for 
monitoring paralytic shellfish poisoning (PSP) in molluscs is 
much easier to develop than for finfish and ciguatera. For 
monitoring PSP contamination, samples of shellfish are col
lected along coastal areas and analyzed for toxicity using a 
mouse bioassay, and the results are a good indication of the 
contamination levels of the shellfish remaining in the har
vesting areas. In the case of ciguatera, however, the toxigenic 
microscopic dinoflagellates grow in areas such as reefs, and 
herbivorous fish feed on these organisms, thus becoming 
toxic. These fish are harvested for food or fall prey to carni
vores. The toxins accumulate in the fish tissues and are 
passed along the food chain. As the toxin passes up the food 
chain, it becomes concentrated in the larger fish species. The 
general location of the toxigenic fishing areas is usually well 
known by local fisherman. However, the larger fish travel 
over wider ocean areas and can enter fish harvesting areas 
that are considered safe. Then, a fisherman’s catch could 
contain a small number of highly toxic fish. A sampling plan 
to be able to monitor this type of contamination must take 
into account the heterogeneous nature of the catch. Also, the 
nature or distribution of the contaminant within the individ
ual fish is an important factor to consider. PSP toxins are 
water-soluble and usually concentrate in the dark (hepato- 
pancreas) gland and are excreted once the dinoflagellate 
bloom dissipates. Ciguatoxins, on the other hand, are lipid- 
soluble and are more evenly distributed throughout the fish 
tissues and appear to remain in the fish over a long period of 
time.
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Table 1. Evidence of heterogeneous contamination with aflatoxins

No. o f 

ind iv idua l C on ta m ina tion , C on ta m ina tion Av. co ncn ,

C o m m o d ity n u ts /k e rn e ls % ra ng e , ju g /kg AQ/kg Ref.

Peanuts visually selected 50 trace-1 100 000 112 000 3
suspect nuts 
from 2 lots

Brazil nuts 
Cottonseed

t o o 5 50-25 000 — 4

kernels 771 18 150-5 750 000 — 6
Corn 72 analyses in — 0-376 (1st) 21 7

each of 2 bins — 0-332 (2nd) 15

Physical Characteristics of the Product
Success in obtaining representative samples of food or feed 

for analysis is directly dependent on the physical characteris
tics of the product (whole kernel, flour, liquid, whole fish, 
etc.) and the type of the contamination (PSP, ciguatoxin, 
mycotoxin). Instructions for sampling most commodities are 
not available. The variation within a given lot can be ex
tremely large (Table 1), and sampling error is directly pro
portional to the variation among individual particles in the 
sample, i.e., the smaller the size of the individual components 
the smaller the error. The effect of sample size on the varia
tion among test sample aflatoxin concentrations has been 
determined for peanuts (8), cottonseed (9), and corn (10). 
The nature of complex food matrices has a significant influ
ence on the analyst’s ability to obtain representative samples, 
particularly at extremely low contaminant levels and/or 
when the contamination is not homogeneous throughout the 
lot. It is usually easier to obtain a representative sample of 
foods that are either liquids, e.g., milk or beer, or made into 
pastes or powders by grinding, e.g., smooth peanut butter or 
flour, than bulky foods made up of larger, irregularly shaped 
components, e.g., grains, whole nuts, mixed feeds, etc.

With respect to the amount of sample needed, an increase 
in volume usually results in an increase in the reliability of 
the results, i.e., reduction of the number of good lots rejected 
and reduction of the number of bad lots accepted. The sample 
size, however, must remain (a) representative of the lot, (b) 
manageable for sample preparation and analysis, and (c) cost 
effective. Table 2 presents sample sizes used by the Food and

Drug Administration (FDA) for regulatory control of afla
toxin in foods and feedstuffs (Sample Schedule, Chart 6, in 
ref. 11). Recent advances in analytical methods, immuno
chemical assays for the determination of aflatoxins in agri
cultural commodities (12-15), can pose new problems with 
respect to sampling procedures. Advantages offered by these 
assays include simplified extraction procedures, reduced 
amount of test material required, shortened analytical time, 
and the capability to routinely screen large numbers of test 
samples. Any reduction in the sample size used for mycotoxin 
analyses will increase the relative error associated with this 
phase of the sampling plan.

Representative Sampling Procedures
The method of collecting a sample is very important. Ideal

ly, to be most effective, equal portions must be taken at 
random points, throughout the entire lot, with a sufficient 
number of points sampled. Automatic stream samplers or 
similar devices are the most effective devices for most agri
cultural commodities. Care must be taken, however, to keep 
the amount collected manageable for subsequent preparation 
of the laboratory sample for analysis. Cross-cut mechanical 
samplers are commercially available for sampling granular 
or liquid products. When cross-cut mechanical sampling is 
not possible, e.g., bulk lots in bins, trucks, piles, etc., probe 
samples should be taken. Sampling probes currently in use 
and under evaluation in Arizona for cottonseed products 
include (a) Prob-O-Vac, with different style probes for short 
and long staple cottonseed and (b) Shop-Vac, which uses a

© © ©
© © ©  ©

© © ©

Figure 1. Sampling patterns used tor sampling cottonseed for aflatoxin determination (from Arizona Commercial Feed Law, ref. 16).
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Table 2. Product sample sizes used by FDA for mycotoxin determination

No. o f To ta l
P roduct P a cka ge  typ e L ot s ize sa m p le  u n its3 U nit s ize sa m p le  s ize

(minimum) (minimum) (minimum)
Peanut butter, consumer NA6 24 8 oz 12 lb

smooth bulk NA '2 1 lb 12 lb
Peanut butter, consumer NA initial sample

crunchy,
Peanuts, shelled,

or bulk ■o 1 lb 10 lb

roasted, or 
unroasted

Peanuts, ground as followup to positive analysis
for topping 
Initial sample

48 1 lb 48 lb

Peanuts, roasted consumer Initial sample
in-shell (only 
for domestic

or bulk 15 1 lb 15 lb

runner variety) as followup to positive analysis 75 lb
75 1 lb (composite)

Tree nuts (except consumer NA initial sample
in-shell Brazil or bulk 10 1 lb 10 lb
and all pistachio as followup to positive analysis
nuts in import 
status), in-shell 
shelled slices, or 
flour

50 1 lb 50 lb

Tree nuts, paste 12 1 lb 12 lb
(minimum) (minimum) (minimum)

Brazil nuts, in- bulk <200 bags 20 1 lb 20 lb
shell (in import 201-800 bags 40 1 lb 40 lb
status) 801-2,000 bags 60 1 lb 60 lb

(minimum)
Pistachio nuts bulk <75,000 lb 20% of units shelled 25 lb

(in import status)
(minimum)

in-shell 50 lb

Pistachio nuts bulk 75,000- 20% cf units shelled 50 lb
(in import status) 150,000 lb in-shell 100 lb

Corn, shelled, consumer NA 10 1 lb 10 lb
meal, flour, 
or grits

or bulk

Cottonseed bulk NA 15 4 lb 60 lb
(minimum) (minimum) (minimum)

Oilseed meals, bulk NA 20 1 lb 20 lb
peanut meal, 
cottonseed meal

Edible seeds, bulk NA 50 1 lb 50 lb
pumpkin, melon, 
sesame, etc.c

Ginger root, dried, bulk "n ”  units n 15 lb
whole, ground consumer NA 16 16 X 1 oz 1.0 lb

Milk, whole, low bulk NA 10 lb
fat, skim consumer NA 10 1 lb 10 lb

Small grains, e.g., bulk NA 10 1 lb 10 lb
sorghum, wheat, 
barley

Dried fruit consumer NA 50 1 lb 50 lb

e.g., figs or bulk
(minimum) (minimum) (minimum)

Mixtures containing
commodities 
susceptible to 
mycotoxin 
contamination

Commodity particles consumer NA 50 1 lb 50 lb

relatively large 
Commodity particles

or bulk 10 1 lb 10 lb

finely ground

a To be collected from random sites in the lot. 
b NA =  Not applicable.
c Optional sampling program for seeds or dried fruits with a low incidence of contamination: Take initial 10 X 1 lb sample. If any aflatoxin is detected, resample 50 X 1 lb for a 

determination of contamination on which to base a regulatory judgment.
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Table 3. Sample preparation equipment for mycotoxin analysis of selected commodities

Equipment3 Commodity
Sample
weight

Subsample 
weight, g Comments

A =  Dickens-Satterwhite sub
sampling mill

peanut kernels 22 kg 1100 Use screen with 3.2 mm openings. Sol
vent-extract entire subsample or 
make slurry (see Waring blender).

corn kernels 5 kg" 500 Use screen with 3.2 mm openings. Sol- 
vent-extract entire subsample or grind 
entire subsample to pass 1 mm open
ing and extract 50 g portion (see Wi
ley mill).

cottonseed (de- 
hulled)

9 kg6 200 Use screen with 1.6 mm openings. See 
Bauer attrition mill for dehulling pro
cess.

B =  Hobart vertical cutter mix
er (VCM)

pistachio nuts (in
shell)

23-68 kg 200 Grind all samples for about 3 min. Sam
ple weight depends on lot size. Com
pute aflatoxin concentration based on 
100 g kernels in 200 g subsample.

pistachio kernels 12-34 kg 200 Add equal weight of oyster shells to fa
cilitate grinding. Treat sample same 
as in-shell nuts.

Brazil nuts 9-27 kg 200 Treat same as pistachio nuts.
Brazil nut kernels 5-14 kg 200 Treat same as pistachio kernels.

almonds (in
shell)

23 kg 100 Treat same as pistachio nuts except 
subsample w II consist of 50-60% 
kernels, depending on variety.

almond kernels 14 kg 50 Usually almonds may be ground without 
addition of oyster shells or other 
grinding aid. When grinding aid is nec
essary, subsample weight should 
compensate for it.

C =  Wiley mill (std Model 4) coarsely 
ground corn 
cottonseed, 
whole

500 g 50 Use screen with 1 mm openings to grind 
500 g subsample from Dickens-Sat- 
terwhlte mill.

D, E, F =  Hammer mill (Model 
10 with 3 hp motor)

corn kernels 
peanut meals 
copra 
coconut

5 kg 100 Use screen with 1.3 mm openings. Use 
shop-type vacuum cleaner to collect 
discharge from mill (W. W. Grainer 8 
gal. Shop-Vac Cat. No. 22982). Use 
Kol Mixal M-58 1/4 to blend ground 
sample for 3 min, then remove 100 g 
subsample for analysis.

G =  Bauer attrition mill cottonseed 
cereal grains 
peanuts, meal 
and kernels

18 kg 9000 After treatment, separate kernels from 
hulls by screening and grind all ker
nels with Dickens-Satterwhite mill.

H =  Waring blender comminuted 
peanuts 
fish products 
egg products 
pistachio nuts 
(with oyster 
shells)

1100 g 55 See indicated references on production 
of slurry to provide finer comminution 
of material ard thus justify solvent ex
traction of smaller quantity of materi
al.

I =  Retsch ultracentrifugal mill raw peanuts, 
peanut cakes, 
pellets 
cottonseed 
corn, mixed 
feed

500 g 50 Several different size screens available.

J =  Romer mill corn 2.5 kg 125 Can vary opening in collection chute to 
vary subsample weight.

a Listing of these sources is for information only and does not imply endorsement of these sources over other sources of similar equipment. 
A =  Federal State Inspection Service, PO Box 3050, Albany, GA 31706.
B =  Hobart Corp., World Headquarters, Troy, OH 45347.
C =  Arthur H. Thomas, Third and Vine St, Philadelphia, PA 19105.
D = C. S. Bell Co.. PO Box 291, Tiffin, OH 44883.
E =  W. W. Grainger, Inc., 5959 Howard St, Chicago, IL 60648.
F =  ManuFab, Inc., 3737 3rd St, NE, Minneapolis, MN 55421.
G = The Bauer Bros Co., 1717 Sheridan Ave, Springfield, OH 45500.
H =  Dynamics Corp. of America, Rt 44, New Hartford, CT 06057.
I =  Brinkmann Instruments, Inc., Cantiaque Rd, Westbury, NY 11590.
J =  Römer Labs, Inc., PO Box 2095, Washington, MO 63090.

b This sample weight provides about the same sampling accuracy as the three 22 kg samples presently used for peanuts in the United States
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smaller diameter probe (1 in. vs 3 in.) (J.H. Paulson, Office 
of Arizona State Chemist, Mesa, AZ, private communica
tion, 1988). Figure 1 shows the sampling patterns used by the 
State of Arizona for sampling large lots of cottonseed for 
aflatoxin determination (16). The maximum lot size permit
ted under this program is 100 tons. For this program all lots 
must be sampled by taking at least 10 equally spaced probes. 
All probes must penetrate at least 50 in. (127 cm), picking up 
approximately 3 lb (1.36 kg) product each time. The total 
sample must be >30 lb (13.6 kg). If, after 10 probe samples 
are taken, the sample is <30 pounds, it must be discarded and 
a new set of 10 or more probes must be taken. When the lot to 
be analyzed consists of bagged material, ideally, samples 
should be taken while bags are being filled or emptied. When 
this is not possible, randomly selected bags should be sampled 
either by taking “grabs” of opened bags or by using small 
triers or probes. The distribution of the contaminant within 
an individual bag must be considered.

Preparation of Test Portion
Most of the time, the amount of sample material taken 

from a lot is more than is required for analysis; therefore, it is 
necessary to thoroughly mix this material and subdivide it 
using mechanical dividers or by applying the “quartering” 
technique to obtain the laboratory sample. A simple shop- 
built device has been used for subdividing pistachio nuts (17). 
Large, irregularly shaped products, i.e., grains, nuts, etc., 
must be reduced in particle size and blended to distribute the 
analyte as evenly as possible in the product prior to subsam
pling. For mycotoxin analyses, it is recommended that the 
degree of size reduction for dry commodities must allow the 
product to pass a No. 20 sieve.

The next step in the scheme is to prepare the laboratory 
sample for analysis. Several pieces of equipment used in 
comminuting and preparing test samples for analysis are 
listed in Table 3(18). Comminuted material should be subdi- • 
vided into analytical test samples using a riffle-type divider 
or similar device. The Dickens-Satterwhite (19) and Romer
(20) mills automatically take test samples of approximately 
the size needed for analysis. When commodities are commi
nuted in a Flobart vertical cutter-mixer, a paste is often 
formed, which is usually sufficiently homogeneous for an 
analytical sample. The Waring blender is very versatile and 
can be used for many materials, particularly for preparation 
of a slurry to provide finer comminution (21-23). In addi
tion, the ultracentrifugal mill has been demonstrated to be 
applicable to a wide range of uses, from cereal grains to 
peanut meal pellets and dehulling cottonseed (without 
screen) (D. L. Park, unpublished data). Chapter 26 in Offi
cial Methods o f Analysis (24) provides an excellent section 
on sample preparation.

Selected Sampling Plans
The sampling and analysis program for aflatoxins in pea

nuts in the United States is well documented (8, 25-27) and 
techniques used in this program can be used for other com
modities and analytes. Since there is no practical way of 
determining the actual (“true”) concentration of a given 
contaminant except by extraction of the entire lot, the sam
pling plan is a practical means of minimizing the risk to the 
consumer due to the acceptance of bad lots (2). The plots of 
these risks (probabilities) vs the concentration of the contam
inant is called an operating characteristics curve, which will 
vary according to a particular sampling plan and will have to

be determined for each commodity and analyte. The operat
ing characteristics curve for aflatoxin is presented in Figure 2 
( 2).

The State of Arizona’s sampling program for aflatoxin in 
cottonseed (16) is designed to handle large volume lots, of
tentimes with unusual configurations, that require analysis. 
The maximum lot size permitted under this program is 100 
tons. Should this approach be inadequate, i.e., the lot is too 
large or inaccessible for the probe to adequately penetrate 
the commodity and obtain a representative sample of the lot, 
specific sampling procedures must be developed. Additional 
sampling plans have been developed which can be used as 
guidelines including those developed by the Federal Republic 
of Germany for aflatoxins (1, 28), the U.S. Department of 
Agriculture for residue testing in meat (29), the Nebraska 
State Agricultural Laboratory for supplements in animal 
feeds (M. L. Hasselberger, Nebraska State Agricultural 
Laboratory, Lincoln, NE, personal communication, 1987), 
and the well established plans provided by the U.S. Depart
ment of Defense for food products (30, 31). Sampling proce
dures have been developed for monitoring microbial con
tamination in foods (11, 32) and air and water (33-36). 
Several international organizations have published instruc
tions on sampling techniques (37-39).

Sampling Plan Costs
Often costs associated with sampling, sample preparation, 

and analysis are substantial. In addition to the cost of the 
material analyzed, there are expenses for personnel involved 
in the collection of the sample, preparation of the test portion, 
and the analysis itself. Equipment necessary for each of these 
operations can require a sizeable investment, i.e., mills, 
blenders, laboratory glassware and instrumentation, etc. If 
samples are analyzed at a location other than the sampling 
site, shipping cost of the test material must be considered. 
The largest potential cost, should the sample not be represen
tative of the lot, is selling or purchasing the product at below

Figure 2. Typical operating characteristics curve for evaluating 
aflatoxin testing programs. (Reprinted from ref. 2 with permission 

from the publisher.)
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or above the true economic value. This error could be enor
mous should the product reach the retail market and later be 
found to be unacceptable by either the consumer, manufac
turer, or regulatory agency responsible for that product.

Conclusions/Summary
The diversity in the types of materials to be sampled, 

analytes of interest, sampling situations, and newer methods 
of analysis highlight the complexity of preparing sampling 
plans. More research is required to determine the role that 
rapid immunochemical methods will play in the analytical 
scheme and the appropriateness of a smaller sample size with 
an increase in the number of analyses vs the traditional 
procedure used. Also, the relative distribution of other ana
lytes in target commodities, if economically important, must 
be determined in order to develop suitable sampling plans. 
Sampling plans are available for some commodities and ana
lytes, i.e., aflatoxin contamination in peanut products, and 
these can be used as a guide for other products and contami
nants. With respect to seafoods and seafood toxin contamina
tion, shellfish monitoring programs can be used as a model, 
provided the characteristics of the contamination are similar. 
Ciguatera toxin(s) contamination in reef fish, however, high
lights the need to do more research to determine the nature 
and distribution of the toxin in affected fish species before an 
appropriate sampling/monitoring program can be estab
lished. Unfortunately, 100% sampling is not a practical possi
bility.

Costs can be relatively large and should be considered 
when developing the plan. The potential cost should be a 
major consideration in cases where results of the analysis 
play a role in determining the market value of the commod
ity. This is irrespective of the actual costs incurred in sam
pling, sample preparation, and analytical procedures.

Organizations such as AOAC can play lead roles in the 
establishment of guidelines for sampling and sample prepa
ration procedures. These guidelines should be organized ac
cording to commodity, analyte, type of container, and lot 
size. The sampling procedure should also be able to address
(а) the concentration of the analyte based on a representative 
sample and (b) the degree of variation of the analyte concen
trations within the lot being sampled.
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The general principles of sampling in the analytical scheme, sampling 
definitions, and sampling planning are considered. Statistical consid
erations are stressed with attention to sampling by attributes and 
variables and the use of sampling control charts. Sampling tech
niques, records and chain-of-custody procedures, sample handling, 
laboratory sampling, and sample preparation for analysis, as well as 
reasons and causes of sampling errors, are discussed.

Four basic elements must be considered in solving analytical 
problems: (7) sample collection; (2) sample preparation for 
analysis; (5) sample analysis; and (4) report preparation. 
These elements are both independent and system interactive. 
Sampling, in particular, and sample preparation for analysis 
are often the least considered steps in solving analytical prob
lems in spite of the fact that they may be the most significant 
factors and the largest source of error.

Sampling is a complex subject. Quackenbush and Rund
(1) recognized that “ . . . sampling presents one of the oldest 
basic problems in regulatory work. The problem transcends 
all products with which the AOAC concerns itself: foods, 
drugs, feeds, fertilizers, pesticides, residues, etc.” They then 
pointed out that “ . . .  the basic reason for the problem is 
heterogeneity (variable distribution of the component of in
terest within the product).” Certainly heterogeneity is one of 
the principal reasons, but there are others that may contrib
ute to the problem.

A considerable amount of information on sampling is 
available in the technical literature: Kratochvil and Taylor
(2) cite an extensive list of annotated sampling references. 
The information may be found under the product or analyte 
name, or it may be incidental to other problems. Acceptance 
sampling is extensively covered in many references but is not 
usually applied to materials investigations. Many studies 
have also been conducted and published on mycotoxin sam
pling and sampling plans (3-11), and on microbiological 
sampling, especially on sampling for determination of Sal
monella (12-17).

Several national and international consensus standards 
organizations, such as the American National Standards 
Institute (ANSI), International Organization for Standard
ization (ISO), Association of Official Analytical Chemists 
(AOAC), International Dairy Federation (IDF), and the 
International Commission on Microbiological Specifications 
for Foods (ICMSF) of the International Union of Microbio
logical Societies (IUMS), have published texts or individual 
commodity monographs or “standards” on sampling. Mono
graph listings can be found in catalogs of these organizations 
(18-20).

The Codex Committee on Methods of Analysis and Sam
pling (CCMAS) of the Codex Alimentarius Commission 
has, for several years, studied the relationship of a Codex 
Standard and the method of sampling. As a result of its 
deliberations, the Committee published “General Principles 
for the Establishment or Selection of Codex Sampling Proce
dures” together with “General Principles for the Establish
ment or Selection of Codex Methods of Analysis” (21).

Sam pling D efin itions

In general, sampling can be defined as the act or process of 
selecting a representative portion of material, in some man

ner, to represent a larger body of material, presumably for 
testing or analysis. No universally accepted definition for this 
term or other nomenclature in this area exists. Sampling can 
mean one thing to a statistician and have some other connota
tion to a technician collecting a sample, an analyst examining 
a sample, or an administrator determining if a sample meets 
the requirements of a law or a contract. Definitions of terms 
have always been a matter of concern in sampling, and efforts 
are being made to clarify the situation. For example, the 
International Union of Pure and Applied Chemistry 
(IUPAC) has prepared a document “Nomenclature of Sam
pling in Analytical Chemistry” (22) intended “ . . .to furnish 
concepts, terms, and definitions in the field of sampling rele
vant to analytical chemistry and that are generally applicable 
regardless of what sampling objective, commodity, location, 
quantity, or form is involved.” The Codex Committee on 
Methods of Analysis and Sampling has also addressed the 
problem in a paper, “Instructions on Codex Sampling Proce
dures” (23). The Codex publication is intended to guide 
Codex Committees in applying the general principles for 
establishment or selection of Codex sampling procedures. 
These definitions are, in some instances, different from those 
of IUPAC, and several terms, not defined by IUPAC, are 
covered.

Sam pling Planning

Most sampling is done for a specific purpose, and the 
purpose may dictate the nature of the sampling approach. 
Inspection and sampling are necessary in production, pro
cessing, manufacturing, or regulatory control. During the 
growing season, crops must be inspected and sampled to 
ascertain pesticide residue levels, insect damage, disease, 
maturity, and adherence to grade or quality standards or 
specifications. At food packaging houses, sizing, sorting, and 
weighing provide desirable and necessary information (40).

For processed food, there is economic sampling of raw 
materials, correlation of raw product quality with processed 
product quality, control to ensure adherence to process re
quirements, and inspection and sampling to determine such 
factors as fill of container, net weight, and organoleptic and 
microbiological quality.

For drugs, the quality of raw materials is important. Batch 
variations must be established, specifications must be de
fined, and in-line and finished articles must be analyzed for 
conformance with in-house specifications and regulatory re
quirements.

Regulatory samples are collected to determine if a com
modity is safe for consumption, wholesome, estheticallv ac
ceptable, contaminated with another product, contaminated 
with a deleterious substance, or in compliance with labeling 
claims or tolerance requirements. Consideration must also be 
given to the need for representative sampling or selective 
sampling, homogeneity of the product, budget including 
sample and travel costs, personnel requirements, suitability 
of sampling equipment, program objectives, and the level of 
quality control necessary. All of these factors, and others, 
must be assessed and brought together in a sampling plan or 
program.

The IUPAC paper, “Nomenclature of Sampling in Ana
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lytical Chemistry” (22), defines a sampling plan as “a prede
termined procedure for the selection, withdrawal, preserva
tion, transportation, and preparation of the portions to be 
removed from a lot as samples, whereby mathematical treat
ment of the test values or observations yields an estimate for 
the concentration of an analyte or for a property determined 
with a degree of uncertainty at a specific confidence level. 
Such a plan includes the designation of the numbers, loca
tion, and size of the portions, and instructions for the extent 
of compositing and for reduction (in amount and fineness) of 
the portions to a laboratory sample and to test portions. It 
may also contain acceptance criteria.” The document then 
points out, “Some sampling plans do not include more than 
instructions for the statistical selections of portions to be 
removed.” Other definitions are more or less broad in con
cept and may include such items as management policy, 
objectives, and procedures for producing quality information 
or data on the various commodities to be sampled.

Regardless of the definition, the sampling plan serves sev
eral important purposes: It requires thorough consideration 
of numerous elements before the plan is written; it requires 
agreement among the persons concerned with the plan; it 
serves as a reliable reference source; it provides the means for 
operating on a planned basis; it may be used as a training 
source; and it can be a foundation for comparison of perfor
mance and objectives.

Various approaches to sampling planning are used depend
ing on the purpose of sampling, type and size of organization 
or agency, management approach, and the autonomy of the 
units in the organizational structure. A new product manu
factured commercially in a complex process may require a 
sampling planning group composed of production managers, 
engineers, laboratory representatives, statisticians, quality 
experts, and others. Usually a plan is developed by a principal 
investigator in collaboration with others. In some situations, 
especially when interdisciplinary aspects are involved, the 
persons responsible for certain operations may each develop a 
portion of the plan. The separate parts are then coordinated 
by the principal investigator. A statistician may cooperate 
with the principal investigator and with each of the other plan 
participants. In some organizations where strong central con
trol exists, a planning unit may be responsible for all plan
ning. Programs produced in such a unit are likely to be 
formal, following an established format. Programs tend to be 
well written and detailed, they use statistical approaches, and 
performance and results are reviewed with feedback into 
programs. This approach may stifle the initiative of some 
sampling personnel and may be resented by others as bureau
cratic control. Programs prepared in decentralized units tend 
to lack uniformity, are less detailed, and may lack attention 
to statistical and other disciplinary considerations. On the 
other hand, they may be more practical and acceptable to 
operating personnel. In either of the above situations, re
sources and cost constraints may become critical factors in 
the planning process and may lead to reduced sampling 
schedules and departures from statistical or other desirable 
considerations.

Plan format is important because it provides a standard 
model of the major items that need consideration in formu
lating the sampling plan. The plan should be a no-nonsense 
“how to do it” document that establishes the required, ap
proved, and authorized procedures for accomplishing the 
program’s objectives. It should consider the interrogatives of 
who, what, when, where, why, and how.

The ISO monograph, identified as ISO/TC34, ISO/DIS

7002.2, “Agricultural Food Products—Layout for a Stan
dard Method of Sampling from a Lot” (20), suggests a 
format that deserves serious consideration. It certainly can 
serve as a starting point or check list for developing a suitable 
sampling plan for most commodities. The headings, from 
sections in the monograph, are as follows:

(1) Title
(2) Introduction
(3) Scope
(4) Field of application
(5) References
(6) Definitions
(7) Principle (of the method of sampling)
(8) Administrative arrangements

(8.1) Sampling personnel
(8.2) Representation of parties concerned
(8.3) Health, safety, and security precautions
(8.4) Preparation of the sampling report

(9) Identification and inspection o’ the lot prior to sampling
(10) Sampling equipment and ambient conditions
(11) Sample containers and packing
(12) Sampling procedures

(12.1) Sample size
(12.2) Taking of the sample
(12.3) Preparation of bulk samples and reduced samples
(l 2.4) Selection of samples of prepackaged products

(13) Packing, sealing, and marking of samples and sample containers
(13.1) Filling and sealing of sample containers
(13.2) Marking
(13.3) Packing samples for storage and/or transportation

(14) Precautions during storage and transportation of samples
(15) Sampling report

(15.1) Administrative details
(15.2) Details of unit packs or enclosure containing the lot
(15.3) Material sampled
(15.4) Marking and sealing of samples

(16) Annexes

In the production of a plan, each item in the ISO proposal 
need not be addressed, but each item requires consideration.

Sam pling M eth ods and S ta tis tic a l C onsiderations

In many sampling programs, statistical approaches are not 
always given the attention they deserve. The old and often 
used square root sampling method is now being discarded 
because it has questionable application. Percentage sampling 
systems that specify a fixed percentage of a lot, say 5 or 10%, 
do not provide the quality protection often assumed.

Uncertainty is an inherent part of all measurements and 
evaluations. Sample-to-sample differences are inevitable. 
Statistical sampling theory provides the means to analyze the 
relationship between a lot or population and the sample 
drawn from it. Statistics can be used to estimate population 
parameters (variance, correlation) from a knowledge of cor
responding sample quantities (24). One of the goals of a 
statistical approach to sampling is to identify causes of varia
tion, to evaluate their significance, and to draw conclusions 
or make inferences from the sample to the population. Simple 
and intuitively acceptable statistical techniques, however, 
are desirable. Presentation of evidence before a court or to a 
producer that a product is defective or in violation of a law or 
contract is more convincing if the statistics used are under
standable to all persons concerned.

P ro bab ility  Sam pling

A number of sample selection methods are used in survey 
sampling of food, drugs, and agricultural commodities. 
These can be grouped into 3 broad types: probability sam
pling, nonprobability sampling, and bulk sampling.

Probability sampling is used when a representative sample 
is desired, and the sample is selected in accordance with the 
principles of statistical sampling and probability. Three ap
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proaches can be used: simple random sampling, stratified 
random sampling, and systematic sampling. In simple ran
dom sampling (24), any portion or any unit has an equal 
chance of being selected by using a random selection system, 
e.g., a random number table, a bowl of numbered chips, or a 
random number die. The method is not the same as selecting 
units haphazardly. In stratified random sampling (22), the 
lot is first stratified or subdivided into sub-lots or sub-parts, 
and a simple random sample is selected from each stratum in 
accordance with its size relative to the entire lot. The purpose 
of taking a stratified sample is to obtain a more representa
tive sample than would result from simple random sampling. 
This procedure can be used, for example, when the lot is 
known to be made up of different codes of canned goods, and 
it is desirable to learn about the composition of the lot, as well 
as individual codes. In systematic sampling (24), units are 
selected on a systematic basis by selecting the first unit at 
random and then every 5th or 10th item or some other num
ber thereafter. The spacing can be chosen on the basis of the 
size of the lot and the predetermined number of units to be 
taken. Bias can exist in the selection process. Previewing the 
lot can influence the spacing among units drawn, especially 
when defective units are obvious.

M onprobability Sam pling

Nonprobability sampling is used when a representative 
sample cannot be collected or it is not desired to do so. In 
certain types of adulteration as rodent or insect contamina
tion in a commodity, the objective may be to highlight the 
adulteration rather than to obtain a representative sample 
that would dilute the objectionable characteristics of the 
material. Three general approaches are used in this type of 
sampling: judgment sampling, convenience sampling, and 
restricted sampling.

In judgment sampling, the sampler uses personal judg
ment and experience in selecting units or portions from the 
lot. The process is non-uniform, and statistical techniques 
cannot be used to judge the product. In convenience sam
pling, a sample is chosen on the basis of accessibility, expedi
ency, cost, or other reasons not directly concerned with statis
tical sampling parameters. In restrictive sampling, a sample 
is taken of a portion of the lot that is readily accessible, e.g., 
sampling a carload of grain or fertilizer when the sampler 
cannot reach certain areas in the car, or sampling cans in a 
warehouse when it would be difficult to reach cans in the 
bottom back part of a large stack. In some situations, it might 
be possible to take a restricted random sample on a portion of 
the lot.

Bulk Sam pling

Bulk sampling (24, 25) poses special problems. This type 
of sampling involves the taking of a sample in some fashion 
from a lot of material that does not consist of discrete, identi
fiable, or constant units. Bulk materials may be gaseous, 
liquid, or solid in form, may be homogeneous or segregated, 
and may require sampling in static or dynamic situations. 
Because of the complex nature of bulk sampling, planning 
may require the assistance of a statistician. When a sampling 
plan of this type is designed, such questions as the following 
must be addressed: How many increments should be taken? 
What size should they be? Where in the pile or stream should 
increments be collected? What sampling device should be 
used? Should a composite be made? How should the sample 
be reduced to a reasonable size for delivery to the laboratory?

A cceptance Sam pling

Acceptance sampling (26) differs from survey sampling. 
Acceptance sampling involves the application of a predeter
mined plan to decide whether a lot of goods meets defined 
criteria of acceptance. The risks of accepting “bad,” or re
jecting “good” lots are stated in conjunction with one or more 
parameters, e.g., quality indices of the plan. Statistical plans 
can be designed to regulate the probabilities of rejecting good 
lots or accepting bad lots.

The 2 broad categories in acceptance sampling are inspec
tion or sampling by attributes (27), in which the unit of 
product is classified simply as defective or nondefective, or 
the number of defects in the unit of product is counted with 
respect to a given requirement or set of requirements; and 
inspection or sampling by variables (28), where a specified 
quantity characteristic or a unit of product is measured on a 
continuous scale, e.g., pounds, inches, feet per second, and a 
measure is recorded.

Horwitz et al. (29) provide examples of both attribute and 
variable sampling plans in a rather concise statement: 
“ . . .  in performing an examination for net weight, every unit 
that weighs one pound or over is accepted and every unit that 
weighs less than one pound is rejected. When the quality of 
the lot is determined by the number or fraction of defectives 
in the lot, the sampling is said to be by ‘attributes.’ If the 
actual weights are averaged, a standard deviation [is] calcu
lated, and the acceptability of the lot determined on the basis 
that the ‘average’ meets or exceeds the declared weight with 
no unreasonable shortages as judged by the standard devi
ation, the sampling is said to be by variables.”

L o t Sam pling Plans

Single, double, multiple, or sequential sampling plans can 
be used. In a single sampling plan, a single sample of “n” 
units is taken and if the number of defectives found is equal to 
or less than the acceptance number, the lot is accepted. If the 
number is equal to or more than the rejection number, the lot 
is rejected. In a double sampling plan, a sample of units is 
taken and a decision is made to accept, reject, or take a 
second sample if no decision can be made from the first 
sample. The cumulative results of the first and second sam
ples are then used to determine the acceptability of the lot. 
Similar reasoning applies in multiple plans. In sequential 
sampling (22), units, increments, or samples are taken one at 
a time or in successive predetermined groups until the cumu
lative result of their measurements, as assessed against pre
determined limits, permits a decision to accept or reject the 
lot or to continue sampling. The number of determinations 
may or may not be set in advance.

O perating C h aracteristic  Curves

Operating characteristic (OC) curves are used extensively 
in acceptance sampling. The OC curve shows the relationship 
between the quality and percent of lots expected to be accept
able for the quality characteristic inspected. In other words, 
the OC curve is a graph of lot defectives against the probabil
ity that the sampling plan will accept the lot. Figure 1 (24) 
shows an OC curve for an ideal sampling plan where all lots 
3.0% or less defective will be accepted 100% of the time, and 
all lots more than 3.0% defective will be rejected 100% of the 
time. Figure 1 also shows an OC curve for an actual sampling 
plan where rejecting a good lot or accepting a bad lot is a risk.

United States Military Standard— 105D (MIL-STD- 
105D), “Sampling Procedures and Tables for Inspection by
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Figure 1. OC curves for ideal and actual sampling plan.

Attributes” (27), has gained international recognition as a 
“standard” for inspection or sampling by attributes. It con
tains a variety of tables and operating characteristic curves. 
It provides 7 inspection levels covering varying levels of dis
crimination, i.e., “tightness” or “steepness” of OC curves 
and 3 levels of inspection in terms of severity of inspection,
i.e., “normal,” “tightened,” and “reduced.” The usual proce
dure is to start with a normal inspection plan and, if the 
quality of the lot is shown to be poor, the inspector or sample 
collector switches to a tightened level plan. If the quality is 
shown to be good, a reduced level plan is used. The sampling 
plans in MIL-STD-105D are applicable, but not limited to, 
end items (finished products), components and raw materi
als, operations, supplies in storage, maintenance operations, 
data records, and administrative procedures. The plans are 
intended primarily for sampling continuing series of lots or 
batches, but they can be used on single lots or batches.

MIL-STD-414, “Sampling Procedures and Tables for In
spection by Variables for Percent Defective” (28), is also 
universally accepted for examining lots by variables. It pre
sents curves for a variety of plans, but the plans do not match 
MIL-STD-105D.

Both MIL-STD-105D and MIL-STD-414 standards 
should be consulted before an attributes or variables plan is 
initiated. This can save a great deal of development time. If a 
suitable plan cannot be found in MIL-STD-105D to fit a 
particular situation, one can be prepared. Wiesen (26) and 
Puri (24) suggest procedures that can be followed.

A number of published sampling plans have special appli
cation for lot-by-lot sampling or inspection in attribute sam
pling. They can be applied when rejected lots can be 100% 
inspected, when production is continuous and inspection is 
not destructive, or when quality level is high and inspection is 
costly or destructive. An extensive discussion of these plans 
and others is made by Wiesen in the Quality Control Hand
book (26).

C ontro l C harts

Control charts are a useful tool in tracking quality control 
efforts in process sampling and end product sampling, as well 
as in laboratory measurements. These charts provide the 
means to display data in a form that compares variability of 
test results with the average or expected variability of small 
groups of data (30,31). The results of tests are plotted on the

Figure 2. X-chart for net weight.

vertical axis of the chart in units of the test results against 
time on the horizontal axis in hours or days. Each chart can 
provide a means to determine trends and lack of randomness, 
and can trigger timely diagnosis and feedback for appropri
ate action to correct unsatisfactory conditions. Control limits 
(UCL (upper), LCL (lower)) are often set at ± 3 standard 
deviations, and warning limits (UWL, LWL) are often set at 
±  2 standard deviations. Standard deviations of ±  2 in a 
normally distributed variable will provide a distribution 
range of 95.5%, and standard deviations of ±  3 will provide a 
distribution range of 99.7%. Figure 2 shows a variable control 
chart for mean: X-chart for net weight with upper and lower 
warning and control limits.

Sampling control charts (24), are generally classified in 2 
main groups: control charts for attributes and control charts 
for variables. Attribute control charts are used to plot frac
tion defective (p-chart), number defective (np-chart), and 
number of defects (c-chart). Variable control charts are used 
to plot mean (X-chart), range (R-chart), and standard devi
ation (sigma-chart).

Sam pling Techniques

Every material to be sampled presents a challenge. It is not 
possible to provide 100% confidence that any given sample, 
even when taken in conformance with a sound statistical 
sampling plan, will represent the lot being sampled. Al
though random sampling is the most reliable approach, in 
reality, implementation of the sampling plan depends in some 
measure on the skill and expertise of the sample collector.

Samples are useful for their intended purpose when they 
are taken in a manner consistent with generally recognized 
good sampling techniques or good sampling practices. Sound 
sampling technique means more than just collecting a repre
sentative sample (32). It calls for: (7) inspecting lots prior to 
sampling; (2) accurate reporting of the condition of the lot at 
the time of sampling; (3) maintaining sample integrity; (4) 
using sampling devices that have been found to be suitable 
for the particular commodity; (5) taking adequate precau
tions in packing and delivering the sample to the analyzing 
laboratory; and (6) use of suitable containers and adequate 
preservation of the commodity if it is not prepackaged.

A number of procedures or guidelines should be followed, 
especially in finished product and/or regulatory sampling 
(32):

(7) A predetermined sampling plan is followed in sam
pling.

(2) As a general rule, sample collection is entrusted only 
to trained personnel.

(3) Samples are taken from original, previously un
opened shipping cases or containers.

(4) Frozen product samples are kept frozen, and refrig
erated product samples are “iced” prior to delivery to the 
laboratory.
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(5) Representative sampling is used unless there is justi
fication to do otherwise.

(6) Lots are restored to original conditions, and not al
lowed to be slack-filled or short weight.

(7) Care is exercised to avoid contamination or cross 
contamination of lots from the use of unclean or non-steril- 
ized equipment.

(8) If dealer balances or scales are used in weight deter
minations, they are checked for accuracy and sensitivity.

(9) Plastic bags are avoided as containers for foodstuffs 
to be examined for pesticide residues.

(10) Bulk drugs in tablet, capsule, or powder form are 
placed in tight, light-resistant containers to avoid adverse 
effects of moisture and light.

(11) A suitable label is affixed to each case or bulk con
tainer showing that a sample was taken (some warehousers or 
wholesalers may object to this practice).

(12) A duplicate or photographic copy of labels on con
tainers is submitted as part of the collection record.

Sam pling E quipm ent

A variety of commercially available devices and powered 
equipment can be used for sampling commodities in the plant 
and in commercial channels. The physical form of the prod
uct, and its state of homogeneity, can affect the choice of the 
sampling device. A number of firms around the world manu
facture devices that range from disposable plastic tubes to 
hand-held probes (triers) and pneumatic samplers.

Bin and bag cereal probes are double tube brass or stainless 
steel, with various diameters, lengths, and numbers of open
ings. Special purpose triers for sampling seeds, rice, or nuts 
can be used. These are sharp-pointed, hollow probes of 
lengths from 5 to 13 in. and diameters from V21° 1V2 in. The 
sharp point is used to puncture bags with minimum damage, 
and the sampled product is allowed to pour through the 
hollow tube into the sample receptacle.

For grain sampling, long partition type probes with sepa
rate compartments can be used. The sample is emptied from 
the probe onto a sampling canvas for inspection of grain 
quality in each of the compartments (33).

Butter and cheese samplers are smooth and tapering with a 
sharp end and edge to cut through the product. Power drilling 
augers and cylindrical hollow probes are available with a 
saw-tooth end for sampling frozen foods.

As a last resort, a sample collector can utilize the “grab” 
method to sample dry products that are boxed, bagged, or in 
piles by grabbing handfuls of product. This technique can be 
justified when the product is homogeneous, but few products 
are. The procedure is questionable at best, but it may be the 
only choice possible in some situations.

R ecords

Attainment of quality in sampling requires a system of 
creating, using, storing, and disposing of records. Records are 
essential in establishing facts about who, what, when, where, 
and how. For quality assurance purposes, or when litigation 
is a possibility as a result of sampling, then chain-of-custody 
procedures (34) must be followed. Chain-of-custody can be 
defined as procedures and traceable records that demon
strate an unbroken control over or custody of a sample from 
collection through its final disposition. The chain-of-custody 
concept establishes that the sample came from the source at 
which it was collected. It also verifies that the sample was not 
contaminated, altered, or tampered with during collection, 
handling, shipment, and analysis.

All persons in the analytical system need to understand the 
importance of records and why each record must reconcile 
with every other with no disagreements. Management must 
provide the system, arrange for safe storage, and dispose of 
samples anc records when their retention is no longer neces
sary. For each sample, records to be maintained should in
clude, but not be limited, to the following: (7) project plan or 
program; (2) sample collection assignment (if assignments 
are prepared); (5) sample collection report; (4) field exami
nation report or field measurements; (5) carrier bills, in
voices, post office receipts, and so forth; (6) sample identifi
cation tags or stickers; (7) seals; (8) laboratory accountabil
ity record; (9) analytical report (in notebook or on work 
sheet); (10) photographs, sample label and labeling, instru
ment charts, and so forth; (11) action papers (report to 
customer, legal action papers, and so forth); (12) sample 
disposition record.

Sam ple P reservation , Preparation, and Transport

It is axiomatic that a sample is not worth testing or analyz
ing unless it arrives at the laboratory in “good order” (1). 
Ideally, a sample should be examined promptly after collec
tion, but rarely is this possible. Therefore, precautions are 
required to avoid or prevent sample change in composition 
before analysis. This then calls for the use of suitable contain
ers to hold the sample and to protect it from moisture loss or 
gain, oxidation, contamination, decomposition, or breakage 
during shipment.

Some foods are perishable, while other foods, as well as 
drugs and agricultural commodities, have the potential to 
deteriorate if they are not preserved or held under conditions 
to slow the process. Many foods and drugs have substances 
added to them during production to preserve or to extend 
their shelf lives. Generally these latter products do not need 
further preservation, but they might need some temperature 
control. Acetic acid, ascorbic acid, propionic acid, or sorbic 
acid and some of their salts, as well as sulfur dioxide, sodium 
sulfite, alcohol, and formaldehyde are commonly used to 
preserve certain types of samples after collection (32). When 
samples are treated with these chemicals, containers must be 
clearly labeled to show their presence. Obviously, if a preser
vative is likely to interfere with an analysis, it is not to be 
used.

Samples collected for insect infestation, or suspected of 
such adulteration, need to be fumigated immediately to stop 
the continued increase in the infestation. Chloroform is the 
fumigant of choice; paradichlorobenzene can also be used. If 
it is necessary to show the presence of “live” infestation, the 
addition of a fumigant is contraindicated. Refrigeration (ic
ing) and freezing (dry ice) are suitable preservative proce
dures for commodities that cannot or should not be preserved 
or fumigated by chemical means.

Aseptic sampling and sample preservation require special 
techniques and specially treated containers and sampling 
equipment. Whenever possible, unopened containers are col
lected. When bulk containers are encountered, samples must 
be drawn aseptically and packaged and handled under condi
tions that will prevent multiplication or undue reduction in 
the bacteriological population. Equipment and containers 
used must be clean, sterilized, and of suitable material and 
size. Samples require prompt delivery to the laboratory with 
original storage conditions maintained as closely as possible.

Special packaging and labeling of packages are necessary 
to protect samples and personnel from contact with dry ice or 
from released carbon dioxide. Adequate quantities of icing
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materials and dry ice must be used to provide adequate 
preservation for the time it takes for the sample to be deliv
ered to the laboratory. Compliance with shipping regulations 
must be observed. Suitable storage is also required once the 
sample reaches the laboratory. Even during what appears to 
be proper storage, especially during long-time storage, 
changes in composition of some constituents can occur. Ex
perimentation may be indicated in some situations to deter
mine the extent of change. Sometimes a control sample can 
be fortified or spiked to assist in deciding on the extent of 
change (29).

L abora tory  Sam pling and S am ple Preparation  for A nalysis

Almost without exception, the sample delivered to the 
laboratory is greater in quantity than the amount required 
for analysis, and it is likely to require treatment to achieve 
some degree of homogeneity. In both cases, some care is 
necessary during sample preparation to prevent changes in 
composition.

Another problem occurs when more than one unit is sub
mitted. The question that must be resolved is whether a 
composite should be made or individual units should be ana
lyzed. Compositing can best be justified when homogeneity is 
not a significant problem. Compositing saves analytical time, 
but it does not establish the variability of the sample or the 
parent lot. If the total number of determinations must be 
fixed, multiple independent units are preferred over replicate 
aliquots from a single sample. If only a single analysis is 
possible, a composite sample is indicated over a single ran
dom sample (35). Other factors that influence sampling for 
analysis and the procedure used in sample preparation are 
nature of the analyte of interest, distribution of the analyte, 
chemical and physical characteristics, size, and homogeneity 
or heterogeneity.

Reduction in volume of a dry particulate material can be 
achieved by coning and quartering, or rolling and quartering, 
or by use of a splitter, such as a riffle (36). A variety of 
implements and machines are available for sample disinte
gration, such as mills, grinders, and cutters. Care in their use 
is desirable to prevent loss of dust and change in product 
composition through the partial separation of components. 
Screening can be used to improve the efficiency of disintegra
tion and to attain homogeneity. Loss of moisture during 
manipulations can be minimized by keeping samples covered 
with plastic or aluminum foil. Pick up of moisture by cold 
products is avoided by allowing samples to reach room tem
perature before preparation begins.

As a general guide, food samples should be analyzed in the 
form in which they are commonly consumed (29). Inedible 
portions, such as peel, nut shells, and fish bones should be 
removed and discarded prior to analysis, and suitable notes 
and quantitative data should be recorded on how the sample 
is prepared.

Trace metals analyses present problems, e.g., metals distri
bution can be unequal between liquid and solid phases in 
canned vegetables and canned fruits. Most people do not 
consume the vegetable brine, but the liquid portion of the 
canned fruits is generally eaten. Obviously, this irregular 
distribution of metals can pose problems for the analyst in 
establishing the level of the metal residue in the product, and 
for administrators concerned with setting tolerances for met
als in canned foods (37).

One of the most difficult sampling situations for lot and 
laboratory sub-sampling is encountered in trying to obtain a 
representative sample for aflatoxin analysis in raw agricul

tural commodities. Aflatoxin contamination has a highly 
erratic distribution. The contamination is heterogeneous, 
with a reduction in heterogeneity as the food or feed is 
reduced in particle size. In early studies of the occurrence of 
aflatoxin in agricultural products, the sampling and sub
sampling errors were shown to be as high as 90% of the total 
analytical scheme (38). After recognizing the high level of 
variability between and within lots, researchers began to use 
larger and larger samples in an effort to improve results. For 
peanuts, the sample size started at 1 kg, and the size in
creased when more reliable results were insisted upon by food 
producers who were aware that increasing sample size re
duced the number of good lots rejected and the number of 
bad lots accepted.

At the present time in the United States, the sample taken 
from a lot of shelled peanuts is 144 lb—three 48 lb samples— 
with portions taken at random from the lot. In the laboratory, 
the sample is examined by sequential analysis with the first 
48 lb sample ground in a sub-sampling mill and test portions 
examined in duplicate. If the average of the test portions is 
below the established tolerance (set by the Food and Drug 
Administration), the lot is passed. If the average is above the 
acceptance level, the lot is rejected. If the finding falls be
tween the 2 figures, the second 48 lb sample is comminuted, 
and the analysis is repeated. A decision is then made on the 
combined findings. If a decision cannot be made to accept or 
reject the lot, the third 48 lb sample is prepared and assayed, 
and the cumulative figures are used as the basis for accep
tance or rejection. For a finely comminuted bulk lot of 
smooth peanut butter, the sample size is much reduced. Gen
erally, 12 sample units of 1 lb each are taken at random and 
submitted to the laboratory for analysis.

The example of aflatoxin just cited points out dramatically 
the need for attention to lot sampling and laboratory sub
sampling. While this is an extreme case, the necessity for 
attention to sampling cannot be ignored or treated indiffer
ently. A good quality control program can help to reduce 
sampling uncertainty.

Sam pling E rrors

Sampling errors may occur for a variety of reasons and 
causes. Errors can be minimized or controlled if planners and 
operating personnel understand the causes and sources of 
error. This calls for appropriate attention to such factors as 
(39): (7) sampling source (site, time, shipment identifica
tion); (2) method of sampling (technique and equipment);
(5) sample preservation (use of preservatives, temperature 
control); (4) sample preparation (identification, proper con
tainers, packing); (5) storage of samples (prior to and follow
ing analysis); (6) personnel errors (inadequate training, care
lessness); (7) sample preparation for analysis (size reduction, 
homogeneity); (5) records (chain-of-custody, carelessness, 
loss).

Conclusion

Many laboratories consider sampling beyond their control. 
This attitude must change. It can change if laboratory man
agement and analysts understand the complexity of the sam
pling process and then exert their special knowledge to influ
ence and improve all aspects of sampling.
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ALC O H O LIC  BEVERAGES

Spectrofluorometric Determination of Histamine in Wines and Other Alcoholic Beverages
M. C. VID A L-CA RO U , M. L. IZQ U IER D O -PU LID O , and A. M A R IN É -FO N T
University o f  Barcelona, N utrition and Food Science Unit, Faculty o f  Pharmacy, Avgda. Diagonal s/n., 
08028-Barcelona, Spain

The spectrofluorometric determination of histamine in wines, other 
alcoholic beverages, and vinegars is described. Histamine is extracted 
with n-butanol, transferred to hydrochloric acid, and subjected to a 
condensation reaction with o-phthalaldehyde (OPT). The method 
was tested for sensitivity (0.03 ppm limit of detection and 0.08 ppm 
limit of determination), precision (6.4% CV for a content of 1.25 ppm 
and 19.5% CV for a content of 0.25 ppm), accuracy (97.1%), recov
ery (90.6-96.9%), and lack of interference by histidine. The method 
can be applied to wine, must, beer, champagne, cider, vermouth, and 
vinegar with satisfactory results.

Histamine is a biogenic amine found in many animal and 
plant tissues as well as in various foods and beverages. It is 
generally accepted that histamine presence in food products 
is due to microbial activity on its precursor amino acid, 
histidine. This activity may be related to the fermentation 
processes involved in food production or to processes of dete
rioration and spoilage.

In wines, a relationship has been established between his
tamine appearance and the yeasts used in the alcoholic fer
mentation, between histamine and malo-lactic fermentation 
bacteria (1 -3), and even between histamine and contaminat
ing microorganisms (3, 4), basically Enterobacteriaceae 
(Klebsiella and Proteus).

The study of histamine in wines is interesting from both a 
technological and a toxicological point of view. From a tech
nologic viewpoint, it should be noted that certain authors 
have related high levels of biogenic amines, in particular, 
histamine, to a low quality index of the product or to a 
defective elaboration (5, 6). The toxicological interest in 
histamine in foods is based on the development of direct 
toxicological problems such as “histamine poisoning” (7-9), 
and indirectly related problems such as interaction with 
monoamine oxidase-inhibiting drugs (MAOI) (10, 11), in
teraction with alcohol (1, 11), and interaction with other 
nonvolatile amines (1, 6, 12). An increase in the toxic effect 
of histamine has been noted in all of these interactions.

As a result, some national governments have implemented 
legal regulations or, at least, recommended a maximum his
tamine content of certain foods. These recommendations 
apply to fish and marine products in which the content of this 
amine is used as an index of microbial spoilage (7-9). Certain 
recommendations for wines also exist.

Therefore, it is important to know the biogenic amines 
content of food in general and, in particular, the histamine 
content of wines, considering that it is a widely consumed 
product in many countries and histamine content may be 
regulated in the future.

To date, a wide range of methods for the identification 
and/or analytical determination of histamine in foods has 
been described. For wine, the number of methods is lower: 
biological methods (4), thin-layer chromatographic methods 
(1, 5), spectrofluorometric methods (3, 13, 14), and liquid 
chromatographic methods (6, 15, 16) are available.

Received May 23, 1988. Accepted December 5, 1988.

In the present paper, we propose a method for the spectro
fluorometric determination of histamine, based on previous 
techniques (17, 18) which have been modified for wines, 
other alcoholic beverages, and vinegars. The amine is isolated 
by liquid-liquid extraction in separatory funnels, thus elimi
nating the need for ion-exchange resins or centrifugation. 
The proposed method is simple, relatively rapid, and low- 
cost. Data are provided in support of its performance in terms 
of sensitivity (detection and determination limits), precision, 
recovery, accuracy, and lack of interference by histidine.

METHOD

A pparatus

(a) Spectrofluorometer.—Kontron SFM-25, with Kon- 
tron 800 printer/plotter.

(b) Test-tube shaker.—Heidolph-reax 2000.
(c) pH meter.—Crison digit 501.

R eagents

(a) o-Phthalaldehyde (OPT) solution.—Merck, 1% (w/ 
v) in methanol.

(b) Histamine standard solutions.—(/) Stock solution: 1 
mg/mL (1000 ppm) as free base. Accurately weigh 165.6 mg 
histamine dichloride (Merck) into 100 mL volumetric flask 
and dissolve and dilute to volume with 0.1N HC1. (2) Inter
mediate solution-. 30 ppm. Pipet 3 mL stock solution into 100 
mL flask and dilute to volume with 0.1N HC1. (3) Working 
solutions: Dilute intermediate solution to 0.5, 1.0, 1.5, 2.0, 
and 15 ppm (w/v).

S tandard  Wine

Some analytical tests were carried out using a simulated 
and synthetic wine of known composition relatively similar to 
the composition of authentic wine. The standard wine was 
prepared on the basis of data available on the composition of 
Spanish wines (19), as follows: 127 mL ethanol, 8.02 g glyc
erol, 1.85 g glucose, 3 g tartaric acid, 1.35 g citric acid, 0.5 g 
acetic acid, 1 g succinic acid, 170 mg o-phosphoric acid, 1.80 
g tannic acid, 0.3 mL acetaldehyde, 10 mL anthocyanine 
grape extract (Enocolor Liquid, EEC-163/Reggiana Eno- 
cianina), and histidine and histamine required in each case. 
The mixture was diluted to 1000 mL with water and adjusted 
to pH 3.5 with NaOH.

E xtraction  and Separation

Pipet 5 mL wine into 250 mL separatory funnel and add 10 
mL 0.4N HCIO4, ca 8 mL IN NaOH (to obtain pH 12-13), 
and ca 4 g NaCl (to saturation). Extract 5 times with succes
sive 25-30 mL portions of n-butanol. Shake each extraction 2 
min. Collect all butanolic phases in a second separatory 
funnel and wash with 10 mL IN NaOH saturated with 
NaCl. Remove aqueous phase. Add 25 mL petroleum ether 
to butanolic phase, shake, and let separate. Remove liberated
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Figure 1. Graphic representation of matrix interferences in rela
tive intensity fluorescence of histamine. ▼ ------ ▼  in 0.1N HCI;
A --------A  in acidic extract from water; • -------•  in acidic extract

from standard wine without histamine.

Table 1. Precision of method for determination of histamine 
content of authentic wines

Histamine content, ppm

Detn W hite wine Red wine

1 0 .3 0 1.25
2 0 .2 5 1.15
3 0 .2 5 1,35
4 0 .3 5 1.25
5 0 .2 0 1.30
6 0 .3 0 1.35
7 0 .2 0 1.15
8 0 .2 5 1.35
9 0 .3 0 1.15

10 0 .2 0 1.25

X 0 .2 5 1.25
S D  (n —  1) 0 .0 5 0 .0 8
C V , % 19.5 6 .4
C L (9 5 % ) 0 .2 5  ± 0 . 0 4 1 .2 5  ± 0 . 0 6

Also, a qualitative verification is done by comparing exci
tation and emission spectra with those of histamine standard 
solution.

Calculations

Calculate histamine content of wine from intercept of cali
bration curve on horizontal axis. Point of intersection corre
sponds to concentration of histamine (Q ) in 5 mL of final 
solution, without added histamine (4 mL aqueous acid ex
tract and 1 mLO.INHCl). Calculate concentration of hista
mine in wine (C) from calibration curve as follows:

C, ppm = (C ; X 50)/4 

Results and Discussion
Because of interferences, the histamine content in wine 

must be calculated by means of calibration curves obtained

aqueous phase. Extract histamine from butanolic phase in 
separatory funnel with 5 portions of 10 mL 0.1N HCI. Col
lect aqueous-acid phases in 50 mL volumetric flask. Add 30- 
40 mL petroleum ether to butanolic phase and add liberated 
aqueous phase to 50 mL volumetric flask. Adjust aqueous 
extract to 50 mL with 0.1N HCI.

Preparation o f  Solutions for Calibration Curve

Into five 5 mL volumetric flasks, pipet 1 mL 0.1N HCI, 1 
mL standard solution containing 0.5 ppm histamine, 1 mL 
standard solution containing 1.0 ppm histamine, 1 mL stan
dard solution containing 1.5 ppm histamine, and 1 mL stan
dard solution containing 2 ppm histamine. Dilute each to 5 
mL with aqueous-acid extract obtained from wine.

Condensation Reaction

Transfer 2 mL of each calibration solution to test tubes. 
Add 4 mL 0. IN NaOH and shake. Add 0.2 mL OPT solution 
immediately, mix thoroughly, and let stand 5 min for reac
tion. Add 2 mL 0.2M citric acid to each tube and shake.

Spectrofluorometric Determina tion

Record fluorescence intensity using excitation wavelength 
of 340 nm and emission wavelength of 425 nm. Set instru
ment to zero with 0.1N HCI blank, to which all the reagents 
used in condensation reaction with OPT have been added.

Table 2. Accuracy of method applied to standard wine

Histamine Histamine Average, %
content, ppm found, ppm Accuracy, % ± S D ( %  CV)

0 .3 0 0 .2 5 0 .2 7 8 3 .5 9 0 .0 9 6 .2  ± 9 . 5

0 .2 9 0 .2 8 9 6 .7 9 3 .5 (9 .8 7 )

0 .31 0 .3 3 1 0 3 .0 11 0 .0

0 .8 0 0.81 0 .7 7 1 0 1 .2 9 6 .2 9 9 .5  ± 3 . 7

0 .8 3 0 .7 7 1 0 3 .7 9 6 .2 (3 .7 5 )

1.60 1.40 1.38 8 7 .5 8 6 .2 9 1 .8  ±  9 .6

1.70 1.40 1 0 6 .2 8 7 .5 (1 0 .4 )

2 .4 0 2 .3 0 2 .4 0 1 0 0 .0 9 5 .8 9 4 .4  ± 5 . 2

2 .2 6 2 .1 0 9 4 .2 8 7 .5 (5 .5 )

4 .0 0 3 .5 0 3 .9 5 8 7 .5 9 8 .7 9 4 .4  ± 5 . 4

3 .7 1 3 .9 5 9 2 .7 9 8 .7 (5 .7 )

8 .0 0 7 .1 5 8 .3 0 1 0 3 .7 8 9 .4 9 4 .5  ± 5 . 7

7 .1 5 7 .7 0 8 9 .4 9 6 .2 (6 .0 )

1 2 .0 0 1 2 .5 0 1 1 .6 0 10 7 .5 9 6 .7 1 0 1 .0  ± 4 . 6

1 1 .7 0 1 2 .5 0 1 0 4 .2 9 7 .5 (4 .6 )

2 0 .0 0 2 1 .5 0 2 0 .4 0 1 0 7 .5 1 0 2 .0 1 0 1 .6  ±  6 .5

2 0 .9 0 1 8 .5 0 10 4 .5 9 2 .5 (6 .4 )

4 0 .0 0 4 2 .1 0 1 0 5 .2 1 0 2 .5  ±  5 .2

4 1 .3 0 10 3 .2 (5 .1)

O v e ra ll a c c u ra c y , % 97 .1

S D (n  —  1) 7 .0

C V , % 7 .2

Variance analysis: F(exp) —  1.13 F<tab) =  3.23 
(P =  0.05; DF =  8; 27)
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Figure 2. Relative intensity fluorescence of histidine and hista
mine complexes with OPT. ■ ------■  Histamine (y = 231.8x +  4.4; r
= 0.9966; P <  0.001); □ ------O histidine (y = 52.38x +  1.0;

r = 0.9976; P <  0.001).

by adding histamine standard solutions to the final extract of 
the test wine. The interference was verified by comparing 
relative intensity fluorescence (RIF) obtained from standard 
solutions of histamine in 0.1N HCl, histamine dissolved in 
the acidic solution obtained by extraction from water, and 
histamine dissolved in the acidic extract of a standard wine 
without histamine. Figure 1 shows that RIF values of hista
mine standard solutions dissolved in HCl are higher than 
RIF values for the same concentration of histamine in the 
final solutions extracted from water and/or standard wine 
without histamine. Apparently, interferences in the matrix 
diminish the fluorescence of the OPT-histamine complex.

The correlation between histamine concentration and RIF 
value is acceptable in the concentration range 0 to 1.5 ppm (r

Table 3. Recovery of method applied to authentic wines

Recovery, %

Detn W hite w inea Red w ine"

1 8 9 .3 9 7 .0

2 9 0 .0 9 5 .7

3 9 0 .0 9 6 .8

4 9 0 .0 90.1

5 9 9 .3 90.1

6 8 9 .3 9 7 .6

7 8 9 .3 98.1

8 9 2 .0 9 3 .3

9 9 1 .3 10 0 .3

10 9 0 .7 9 4 .3

X, % 91.1 9 5 .3

S D (n  —  1) 3.01 3 .3 7

C V , % 3 .3 3 .5

Variance analysis: F(exp) =  3.65 F(tab) =  4.41 
(P= 0.05; DF =  1; 18)

a Histamine content was 0.25 ±  0.05 ppm for white wine and 1.25 ±  0.08 ppm for 
red wine.

Table 4. Recovery of method for authentic wines with different 
histamine contents

Sample

W hite wines Rosé wines Red wines

ppm % ppm % ppm %

1 0 .2 0 8 8 .0 0 .2 0 8 8 .0 0 .4 0 9 0 .5

2 0 .3 0 9 1 .5 0 .2 5 101.1 0 .4 5 10 1 .0

3 0 .4 0 9 8 .5 0 .3 0 8 5 .0 0 .7 5 8 8 .5

4 0 .5 5 8 9 .0 0 .4 0 9 6 .0 1.32 9 7 .0

5 0 .7 0 9 5 .5 0 .5 0 8 8 .5 2 .6 5 9 8 .0

6 1.15 8 4 .5 0 .5 0 8 7 .0 3 .8 0 9 2 .0

7 2 .6 0 9 6 .5 1.25 9 2 .0 4 .3 0 8 7 .0

8 2 .7 5 9 8 .0 1.60 9 0 .0 6 .0 0 9 2 .5

9 4 .6 0 9 3 .5 3 .2 0 9 3 .0 1 2 .5 0 9 7 .5

10 4 .8 0 9 0 .0 4 .0 0 8 5 .5 12 .90 9 3 .0

X, % 9 2 .5 9 0 .6 9 3 .7

SD (n —  1) 4 .7 5 .0 4 .5

C V , % 5 .0 5 .6 4 .8

= 0.9994; P < 0.001). The fluorescent histamine-OPT com
plex is stable at least 30 min.

To determine the sensitivity of the method, the detection 
limit (DL) and the determination limit (DtL) were calculat
ed (20). Ten extractions from standard wine without hista
mine and the corresponding reactions with OPT were carried 
out, and the results were calculated. The DL was 0.03 ppm 
and the DtL was 0.08 ppm. We tested this DtL by applying 
the method to a standard wine with 0.1 ppm histamine. For 3 
determinations, the average content was 0.11 ppm, with a 
standard deviation, Sn-i = 0.03. This corresponds to an 
accuracy of 110 ± 30% which, according to the FDA (U.S. 
Food and Drug Administration) criteria set out by Horwitz
(21), is an acceptable level. The excitation and emission 
spectra obtained coincided qualitatively with those of hista
mine.

To examine method precision, 10 determinations of hista
mine in an authentic white wine and 10 in an authentic red 
wine were carried out. The determinations were performed 
on successive days but with the same reagents and apparatus. 
The results obtained from each determination are shown in 
Table 1. The coefficients of variation were acceptable, ac
cording to the Horwitz formula (21), for both wines.

The accuracy of the method was tested using standard 
wines with 9 different but known concentrations of hista
mine: 0.3, 0.8, 1.6, 2.4, 4.0, 8.0, 12.0, 20, and 40 ppm. The 
results of this study are shown in Table 2. Analysis of vari
ance (22) showed no significant statistical differences (P = 
0.05). Thus, the overall accuracy of the method can be estab
lished at 97.1% with a coefficient of variation of 7.2%.

Recovery from authentic wines was calculated by using the 
standard additions method: 15 ng histamine was added to 5 
mL aliquots of 2 wines (one white and one red). A second 
calibration curve is necessary to calculate recovery, and it 
must be verified that the slopes of both curves (wine y = 
141.lx +  12.9, r = 0.9991, P <  0.001; added wine y =  138.8x 
+ 43.4, r = 0.9999, P < 0.001) are equal. We tested this 
equality by analysis of covariance with a degree of signifi
cance of P = 0.05 (Fexp = 0.5875; Flab. = 5.99; DF = 1; 6). 
Ten determinations were carried out for each wine. The 
results obtained are shown in Table 3. By analysis of variance 
(P = 0.05), we verified that there were no significant statisti
cal differences in the recovery values for the 2 types of wine.

We also determined the recovery of the method for differ
ent authentic wines (white, rosé, and red) with different 
histamine contents. The results were satisfactory as can be
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Table 5. Interference of histidine in determination of histamine in 
standard wine

Histamine content, Histidine content, Relative intensity
ppm ppm fluorescence*

1 0 3 8 .7 5  ±  1.91
1 2 8 .5 3 9 .5 0  ±  1.00
1 1 2 0 .0 3 7 .5 0  ±  1.29

* N = 3.

observed in Table 4. Thus, our results demonstrate no signifi
cant differences in recoveries for the various types of wine. 
Similarly, we concluded that the values obtained for the 
accuracy of the method and those obtained for its recovery do 
not differ. This demonstrates the validity of the standard 
wine which we used in testing the method.

The amino acid histidine, which can be found with hista
mine in wines, likewise reacts with OPT to form a fluorescent 
complex with maximum fluorescence at the same wave
lengths as histamine (Figure 2). Therefore, this amino acid 
must be eliminated during extraction. To test our method for 
this interference, we carried out an assay in which histidine 
was added to a standard wine, along with 1 ppm histamine, at
28.5 and 120 ppm. These values exceed the expected histidine 
content of wine. From 3 tests, we observed no effect from the 
presence of histidine (Table 5).

Finally, the method was applied to other alcoholic bever
ages (beer, champagne, vermouth, cider), musts, and vine
gars. The recovery obtained with these samples is presented 
in Table 6. The results were likewise satisfactory.
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Survey of Lead in Canned Evaporated Milk
STEPHEN G. CAPAR
Food and Drug Administration, 200 C St, SW, Washington, DC 20204 
EDDIE J. RIGSBY
Food and Drug Administration, 4298 Elysian Fields Ave, New Orleans, LA 70122

A Food and Drug Administration survey of lead in canned evaporated 
milk conducted in fiscal year 1985/86 found a mean level of 0.006 pg 
P b /g . This level is much lower than that found in previous surveys and 
is attributed to the use of nonlead-soldered cans for packaging evapo
rated milk.

The Food and Drug Administration (FDA) has a continuing 
objective to reduce the lead content in the diet, especially in 
that of very young children, who are more susceptible to the 
effects of lead. Domestic evaporated milk manufacturers 
previously used vent-hole-type lead-soldered cans, which fre
quently contributed lead to the product. Evaporated milk is 
occasionally fed to young children as a substitute for moth
er’s milk or processed infant formula products. Therefore, 
evaporated milk is one possible source of lead in the diet of 
young children. FDA, in cooperation with the manufacturers 
of evaporated milk, has sought to reduce the lead contribu
tion from this source.

Since 1972, the evaporated milk industry has undertaken 
comprehensive programs to reduce the level of lead in their 
products. These efforts, coordinated by the Evaporated Milk 
Association, included evaluating milk throughout the pro
cessing line, evaluating the can-making process (can materi
als, can-forming construction), and establishing critical con
trol points and incorporating them into quality control pro
grams. These efforts have resulted in significant reductions 
of lead levels and culminated when the industry switched 
from vent-hole lead-soldered cans to forge-welded or wire- 
welded cans in 1986.

In 1973, FDA initiated a quality assurance program with 
the evaporated milk industry to ensure compliance with a 
temporary FDA guideline of 0.5 pg/g for load in evaporated 
milk. In 1974 FDA proposed a tolerance of 0.3 pg/g for lead 
in evaporated milk (1). The proposed tolerance was based on 
the levels attained by the evaporated milk industry and an 
FDA fiscal year (FY) 1974 survey (2) of major evaporated 
milk producers. In 1979, FDA published an advance notice of 
proposed rulemaking on lead in foods (3). In this document, 
FDA stated its intention to withdraw its 1974 proposed toler
ance for lead in evaporated milk in favor of establishing an 
appropriate action level that would take into account the 
further reductions of the amounts of lead in evaporated milk.

The FY 1974 survey of evaporated milk (2) found that 83 
samples from 10 producers of evaporated milk had a mean 
lead level of 0.12 pg/g. An FDA FY 1981 survey (4) collect
ed evaporated milk and infant formula samples in concert 
with the FDA FY 1981 Total Diet Study. The 104 samples of 
evaporated milk from the FY 1981 survey had a mean lead 
level of 0.06 pg/g. Infant formula samples had mean lead 
levels of 0.012 and 0.026 pg/g for 110 ready-to-feed products 
and 30 concentrated products, respectively. At the time of 
the FY 1981 survey, the infant formula industry had partial
ly converted from lead-soldered cans to 2-piece drawn steel 
or wire-welded cans. The evaporated milk industry was then
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using vent-hole lead-soldered cans.
In FY 1985/86, FDA conducted a survey of canned evapo

rated milk to determine the levels of lead in domestic evapo
rated milk packed in nonlead-soldered cans. A brief descrip
tion of the survey and its findings are reported here.

Experimental

Sam ple C ollection

Samples of evaporated milk were collected by FDA inves
tigators from all 12 known evaporated milk manufacturing 
sites representing 5 different manufacturers. Four samples 
were collected from each of 11 sites and 5 samples were 
collected from one site. Each sample was taken from a differ
ent lot and consisted of 3 wire-welded 12 oz cans.

A nalysis

All samples were analyzed by the FDA New Orleans Dis
trict Laboratory. One can from each laboratory sample was 
analyzed for lead by a dry ash-differential pulse anodic strip
ping voltammetric method (5). The remaining 2 cans were 
kept in reserve for confirmatory analysis if the lead level 
exceeded 0.1 pg/g. Because of the relatively simple evaporat
ed milk matrix, the method was modified as described here to 
enhance the lead quantitation limit.

After the outside of the can was cleaned and the can was 
shaken, the can was opened and a 25 g test portion of evapo
rated milk was weighed into a quartz vessel. The test portion 
was dried in an oven at 110-120°C and then ashed at 500°C 
in a furnace. The ash was dissolved by adding 1 mL concen
trated nitric acid and 15 mL water and gently warming the 
mixture. The solution was quantitatively transferred to a 50 
mL volumetric flask and diluted to volume. A 10 mL aliquot 
of the solution was transferred to an electrolysis cell for direct 
quantitation of lead by the method of standard additions with 
a 2-5 min deposition time.

Table 1. Results from FY 1985/86 survey of lead in canned 
evaporated milka

Sampling
site11

Found, 
pg Pb/gc

Mean, 
pg  Pb/g

A 0 .0 0 6 0 .0 0 8 0 .0 1 5 0 .0 0 8 0 .0 0 9
B 0 .0 0 7 0 .0 0 6 0 0 .0 0 6 0 .0 0 5
C 0 0 0 .0 0 8 0 .0 0 7 0 .0 0 4
D 0 .0 0 7 0 .0 0 7 0 0 .0 0 6 0 .0 0 5
E 0 .0 0 6 0 .0 1 7 0 .0 0 5 0 .0 0 7 0 .0 0 9
F 0 .0 0 8 0 .0 0 9 0 .0 0 8 0 0 .0 0 6
G 0 .0 0 8 0 0 .0 0 6 0 .0 0 6 0 .0 0 5
H 0 .0 0 9 0 .0 1 2 0 .0 0 5 0 .0 1 2  0 0 .0 0 8
1 0 .0 1 9 0.0 11 0 .0 0 9 0 .0 1 0 0 .0 1 2
J 0 .0 0 6 0 0 0 .0 1 1 0 .0 0 4
K 0 0 0 .0 0 7 0 .0 0 6 0 .0 0 3
L 0 0 0 0 0

O v e ra ll m e a n 0 .0 0 6

a Forty-nine samples, each from a different lot, were analyzed. 
b Five different manufacturers were represented.
c Results below the limit of quantitation (0.005 pg Pb/g) are reported as zero.
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Figure 1. Frequency distribution of lead levels in canned evapo
rated milk from FDA surveys; LOQ = limit of quantitation.

Results
The mean lead level in the 49 samples analyzed was 0.006 

Pg/g. The highest lead level found was 0.019 pg/g . Lead in 
15 samples was below the quantitation limit of 0.005 pg /g  
(1 0  times the standard deviation of the blank); a value of zero 
was used for these samples in computing the mean lead level 
(using zero was not materially different from using one-half 
the quantitation limit). Individual results and means are 
listed by sample site in Table 1. The mean recovery of lead 
from canned evaporated milk spiked at 0.1 pg Pb/g was 99% 
(n = 5), and agreement was good between duplicate analyses.

Discussion and Conclusion
The mean finding of 0.006 pg Pb/g is 1 /20th of the mean 

finding obtained in the FY 1974 evaporated milk survey

(0.12 fig Pb/g) and 1/1 Oth of the mean finding in the FY 
1981 evaporated milk survey (0.06 fig Pb/g). The highest 
finding of 0.019 fig Pb/g is less than 1 /10th of the 0.3 fig 
Pb/g tolerar.ee proposed by FDA in 1974. A frequency dis
tribution for each FDA survey is presented in Figure 1. The 
findings indicate that the conversion to wire-welded cans has 
greatly reduced the level of lead in evaporated milk.

The levels found in FY 1985/86 in evaporated milk pack
aged in wire-welded cans are comparable to levels of lead 
found in infant formula that were reported to FDA by the 
Infant Formula Council in 1982 and found in the FDA FY 
1981 infant formula survey. These infant formula studies did 
not identify the type of can seam; however, at the time of the 
studies, only á small percentage of infant formula was pack
aged in lead-soldered cans, and many of these cans had an 
interior coating protecting the infant formula from the lead 
solder.

Mean lead levels in market milk are generally less than 
0.005 fig/g (6 ). When the concentration factor for milk/ 
evaporated milk, which is approximately 2 (7), is considered, 
the lead levels in evaporated milk arising from the milk itself 
are generally less than 0.010 fig/g. The mean finding of 
0.006 fig Pb/g in evaporated milk is consistent with this 
projected level, indicating that the process of producing evap
orated milk is not a major contributor of lead.
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DAIRY PRODUCTS

Differential Characteristics of Fatty Acids in Cheese from Milk of Various Animal Species 
by Capillary Gas Chromatography

M A N FR E D  J. PR A G ER
U.S. Customs Laboratory, New York, N Y  10048

T h e  kind o f  m ilk  used  in th e  m anu factu re o f  ch eese  h as been  id entified  
by a n a ly sis  o f  the fa tty  a c id s . T h e  m ilk  fa t  is ex tra c ted  from  the  
ch eese  and sa p o n ified . T h e  m eth yl e s ter s  o f  the fa tty  a c id s are pre
pared and determ ined  by cap illary  colum n g a s  ch rom atograp h y . S ev
en m ajor fa tty  a c id s  are sep ara ted  and q u an tita ted , n am ely , C 8:0 , 
0 0 : 0 ,  0 2 : 0 ,  0 4 : 0 ,  0 6 : 0 ,  0 8 : 0 ,  and 0 8 : 1 .  M a n y  o f  the 21  
sim p le  ra tio s  th a t can  be form ed  from  th e se  7 q u an tities  are ch arac
ter ist ic  o f  th e  typ e  o f  m ilk  from  w hich  th e  fa tty  a c id s w ere obtained . 
T h e  m eth od  a llo w s th e  id en tifica tio n  o f  ch eese  prepared w ith  the m ilk  
o f  c o w s , b u ffa lo , sh eep , or g o a ts . S u b stitu tio n  or ad u ltera tion  o f  m ilk  
ca n  a lso  be d etected .

Cheeses made wholly or in part from cow’s milk are subject 
to import quota restrictions (1). Cheeses made solely with 
other milk, for example, from water buffalo, sheep, or goats, 
are not controlled in this manner. Also, the duty imposed on 
importations of cheeses may depend on the milk used in their 
preparation. Chemists in Customs laboratories must, there
fore, analyze cheeses for the type of milk used in their manu
facture, especially for the presence of cow’s milk. Polyacryl
amide gel electrophoresis has been used to distinguish the 
milk from buffalo (2, 3), sheep (4-6), or goats (7, 8 ) from 
cow’s milk. An alternative method which is less laborious and 
allows easier quantitation is gas chromatography (GC). Dif
ferentiation is based on differences in the fatty acid profiles 
of milk from cows (9-15), buffalo (2,3,9, 10, 16-18), sheep 
(9-12, 16, 19, 20), and goats (10, 11, 16, 18). The acids are 
prepared by saponification of the extracted fat from the 
cheese and then determined as the methyl esters. Previous 
workers invariably used packed columns for separation of the 
methyl esters of the fatty acids and usually studied no more 
than 2 types of milk. Identification was based on comparison 
of the percentages of the fatty acids and, in some cases, on 
comparison of one or a few of the ratios of these percentages.

In the present work, all types of milk of concern were 
analyzed by capillary column gas chromatography. All inde
pendent ratios of major fatty acid concentrations were calcu
lated, which allowed the detection of the addition of cow’s 
milk to other types, as well as the identification of the milk in 
buffalo and cow’s milk cheeses and often also in sheep and 
goat’s milk cheeses. Commercial and a few certified cheeses 
were used to perform this work.

E x p e r im e n ta l

Apparatus and Reagents
(a ) GC column.— 30 m X 0.25 mm id SP-2340 (Supelco, 

Inc., Bellefonte, PA 16823) fused silica column, film thick
ness 0 .2 0  jim.

(b) Gas chromatograph.—H-P (Hewlett-Packard, Avon
dale, PA 19311) Model 5890 equipped with flame ionization 
detector. Operating conditions: initial column temperature 
30°C, hold for 4 min, then program at 4°/min to 250°C, and 
hold at final temperature for 10 min; injector 250°C; detec
tor 275°C; nitrogen carrier gas flow 30 mL/min; hydrogen 
30 mL/min; and air 300 mL/min.
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(c) Integrator.—H-P Model 3390.
(d) Blender.—Waring Model 791 IS 2-speed commercial 

blender.
(e) Heater.—Blok Heater (Supelco, Inc.), Cat. No. 3- 

3315.
(f) Tétraméthylammonium hydroxide.—Prepare 25 mL 

of 2M stock solution in methanol using “Baker Grade” tétra
méthylammonium hydroxide 5-hydrate and reagent grade 
methanol.

(g) GC standard.—Mix fatty acid methyl esters (Alltech 
Associates, Inc., Deerfield, IL 60015) to approximate com
position of samples to be analyzed.

(h) Cheese samples.—Imported samples submitted for 
Customs examination and claimed to be made from milk of 
cows, buffalo (Mozzarella), sheep (Pecorino Romano and 
Feta), or goats. Also several Italian Mozzarella cheeses ob
tained by U.S. government officials and certified to be made 
from milk of water buffalo.

Procedure
Inject 0.2 mL GC standard solution to establish retention 

data and verify that chromatograph is operating properly. 
Mix 5 g portion of cheese with 100 mL dichloromethane for 
30 s in blender. Filter mixture under suction into filter flask 
containing small amount of anhydrous sodium sulfate. De
cant filtrate into evaporating dish and evaporate almost to 
dryness on steam bath. Transfer 10 pL residue to 1 mL 
crimp-top vial and add 1 mL 2M tétraméthylammonium 
hydroxide in methanol. Heat sealed vial on heating block 
until content is completely dissolved. Inject 0.2 mL solution 
into chromatograph. Acquire peak area percentages for ma
jor components and directly calculate all possible indepen
dent ratios.

Results and Discussion
Chromatograms for the various types of milk were very 

similar and exhibited 7 major peaks with areas of about 1% or 
greater and accounting for more than 80% of the total peak 
area on average. A typical chromatogram is shown in Figure 
1 with peak identification obtained from retention times of 
standard samples. Response factors obtained with the cali
bration standards were very close to unity. Subsequent evalu
ation of GC data from cheese samples was based on area 
percentages. Peaks for the C4:0 and C6:0 acid esters, ac
counting for about 3% of the total peak area on average, were 
ignored because of likely errors due to the relatively high 
volatility of these methyl esters (15). Most of the remaining 
peak area could be attributed to 16 peaks which averaged 
from 0.2 to 1.5%. The data for these peaks were usually too 
variable to provide useful information. Ranges and averages 
for peak areas corresponding to the fatty acids C8:0, C l0:0, 
C12:0, 0 4 :0 , C16:0, 0 8 :0 , and 0 8 :1  are listed in Table 1 
for the 4 different kinds of milk. Only a few ranges for cow’s 
milk concentrations do not overlap at all with those for other 
types of milk, i.e., 0 0 :0  for sheep milk and C8:0 and 0 0 :0  
for goat milk. Some other ranges show only slight overlap
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Figure 1. Typical chromatogram of methyl esters of fatty acids of 
milk in cheese. Peak identification: A, caprylate (C8:0); B, caprate 
(C10:0); C, laurate (012:0); D, myristate (C14:0); E, palmitate 

(C16:0); F, stearate (C18:0); G, oleate (C18:1).

between cow’s milk acid concentrations and the correspond
ing ones for other types, for example, C l0:0  for buffalo and 
C8:0 for sheep milk. Most of these parameters, however, are 
too similar to permit distinguishing buffalo, sheep, or goat 
milk from cow’s milk.

On the other hand 21 independent ratios can be formed 
from the 7 concentrations and these allow for much more 
reliable identification of the type of milk present in a cheese. 
The ranges and averages obtained are given in Table 2. 
Unlike cheeses claimed to be made from other kinds of milk, 
there is no reason to suspect that those said to be manufac
tured from cow’s milk are not genuine. The data shown for 
the 28 cow’s milk cheeses analyzed also agree reasonably well 
with those in the literature ( 10 , 12 , 14) and are, therefore, 
considered satisfactory criteria for the identification of cow’s 
milk.

Buffalo Milk
The data in Table 2 for cheeses claimed to be made with 

milk from buffalo were obtained from 22 samples. Compari
son of the ranges found for the cow’s milk cheeses and for 
these samples shows 2 ranges, for ratios 0 4 : 0 / 0 0 :0  and 
0 8 :0 /0 0 :0 ,  which do not overlap at all. Additional ratios 
can also be used to aid in the identification. For at least 20 of 
the 22 samples, the ratios 0 6 :0 /0 0 :0 ,  0 4 :0 /0 2 :0 ,  
0 6 :0 /0 2 :0 ,  and 0 8 : 0 / 0 2 :0  fall outside of the ranges for

cow’s milk given in Table 2. These 6 ratios will, therefore, 
serve to distinguish cheeses made from the milk of cows and 
buffalo. Furthermore, for 16-17 of these 22 samples, the 
ratios C18:0/C8:0 and 0 8 : 1 / 0 0 :0  also fall outside the 
ranges for cow’s milk; these can be considered secondary 
criteria, which in addition to the 6 previous primary criteria, 
can be used to identify buffalo milk cheeses. Two of these 22 
samples have been certified to be manufactured with buffalo 
milk only. All 8 distinguishing ratios were outside the cow’s 
milk ranges by more than 20% for these 2 samples. It is 
concluded that all 22  samples contain buffalo milk and that 
the 8 ratios mentioned in this section suffice to identify 
samples containing such milk.

Sheep Milk
Data for sheep milk cheeses given in Table 2 result from 

the analysis of 34 samples claimed to be made from sheep 
milk. It is easier to distinguish sheep and cow’s milk than to 
distinguish buffalo and cow’s milk. Of the 21 ratios, 7 are 
outside the ranges of those for cow’s milk for all 34 samples, 
namely, C12:0/C8:0, C14:0/C8:0, C16:0/C8:0, C12:0/ 
0 0 :0 ,  0 4 :0 /0 0 :0 ,  0 6 :0 /0 0 :0 ,  and 0 8 :1 /0 0 :0 .  For 
28 and 25 of these samples, respectively, the 0 8 :0 /0 0 :0  
and C18:l/C8:0 ratios also are outside the ranges for cow’s 
milk. These 2 ratios can serve as secondary criteria for the 
identification of sheep milk cheeses. It is concluded that all 
34 samples contain sheep milk and that identification can be 
made by means of the 9 ratios cited herein.

Goat Milk
Of the milks under consideration, goat milk is easiest to 

distinguish from cow’s milk, as seen by a comparison of the 
fatty acid ratios in Table 2. Goat milk response ratios result
ed from the analysis of 15 samples. Of the 21 ratios, 10 do not 
overlap at all and 2 others overlap only slightly. The former 
are C10:0/C8:0, C12:0/C8:0, C14:0/C8:0, C16:0/C8:0, 
C l8:1 /C8:0, C12:0/C10:0, C14:0/C10:0, C16:0/C10:0, 
C18:0/C10:0, and C18:l/C10:0; the 2 latter are C18:0/C8:0 
and C14:0/C12:0. All 15 samples are considered to contain 
goat milk as claimed.

Adulterated Cheeses
Occasionally, cheeses have been analyzed and found to 

contain milk other than that claimed. Table 3 presents fatty 
acid response ratios for a number of these samples. For 
buffalo milk cheeses, we have found 6 fatty acid concentra
tion ratios that serve as primary criteria and 2 others that are 
secondary criteria for distinguishing such cheeses from those 
that are made with cow’s milk. For the first 2 samples listed 
in this table, at least 6 of these 8 ratios fall outside the buffalo 
and generally within the cow’s milk ranges. It is concluded

Table 1. Fatty acid peak area response ranges and averages

Acid

Cheeses made w ith m ilk from

Cows Buffalo Sheep Goats

Range, % A v„ % Range, % A v„ % Range, % A v„ % Range, % Av., %

C 8:0 0 .7 2 - 1 .4 0 1 .0 4 0 .5 7 - 1 .0 5 0 .7 9 1 .2 1 - 2 .7 2 1 .94 2 .0 7 - 2 .7 8 2 .3 2

C 10:0 2 .2 0 - 3 .3 7 2 .8 0 1 .2 4 - 2 .3 8 1 .66 3 .7 6 - 8 .2 0 6 .01 7 .5 3 - 9 .8 9 8 .61

C 12:0 2 .6 3 - 4 .2 2 3 .3 0 1 .3 9 - 3 .0 8 2 .1 8 2 .5 3 - 5 .3 4 3 .6 7 3 .4 8 - 4 .7 7 4 .1 6

C 14:0 9 .3 1 - 1 3 .3 10 .6 8 .4 1 - 1 2 .4 9 .9 6 6 .5 7 - 1 2 .5 9 .4 7 8 .0 9 - 1 1 .6 9 .9 4

C 16:0 2 2 .6 - 3 6 .1 2 7 .7 2 6 .4 - 3 4 .5 3 0 .5 1 3 .8 - 2 8 .9 2 1 .7 2 2 .2 - 3 1 .4 2 6 .0

C 18:0 6 .8 0 - 1 3 .2 10 .6 9 .0 0 - 1 8 .0 13 .2 6 .8 3 - 1 3 .7 10 .4 7 .5 6 - 1 2 .6 9 .8 7

C 18:1 1 9 .9 - 2 8 .8 2 4 .6 1 8 .3 - 3 1 .8 2 5 .0 1 8 .4 -2 8 .1 2 3 .8 1 8 .5 -2 5 .1 2 1 .9
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Table 2. Fatty acid peak area response ratio ranges and averages

Ratio

Cheese samples made w ith m ilk from

Cows Buffalo Sheep Goats

Range, % A v„ % Range, % Av., % Range, % Av., % Range, % Av., %

C10:0/C8:0 2.05-3.10 2.73 1.77-2.35 2.07 2.56-3.89 3.23 3.26-4.15 3.72
C12:0/C8:0 2.85-4.22 3.17 2.43-3.46 2.76 1.44-2.73 1.94 1.47-2.24 1.80
C14:0/C8:0 7.68-12.5 9.93 10.5-19.7 13.3 3.48-6.86 5.12 3.15-5.12 4.31
C16:0/C8:0 19.7-37.9 27.2 25.7-55.4 37.3 6.81-18.0 12.1 8.49-13.0 11.1
C18:0/C8:0 5.48-14.9 10.4 12.4-21.9 17.0 3.05-9.45 5.70 3.09-5.50 4.27
C18:1/C8:0 15.3-33.1 24.2 23.6-43.5 32.0 8.38-20.4 12.9 7.95-10.9 9.49
C12:0/C10:0 1.02-1.40 1.18 1.09-1.51 1.32 0.52-0.73 0.61 0.44-0.57 0.48
C14:0/C10:0 3.10-4.67 3.84 5.02-7.17 6.06 1.18-2.23 1.62 0.94-1.31 1.16
C16:0/C10:0 7.66-13.1 10.0 13.0-23.9 18.2 2.42-5.85 3.78 2.58-3.72 3.03
C18:0/C10:0 2.46-5.08 3.79 6.39-10.9 8.21 0.88-3.11 1.85 0.83-1.67 1.16
C18:1/C10:0 5.96-12.2 8.99 11.1-20.0 15.4 2.55-5.72 4.07 1.95-3.19 2.56
C14:0/C12:0 2.62-4.03 3.26 3.94-5.33 4.55 2.16-3.58 2.64 2.14-2.75 2.39
C16:0/C12:0 6.10-10.7 8.48 9.55-17.7 12.9 4.16-9.39 6.13 5.28-8.16 6.29
C18:0/C12:0 1.93-4.37 3.23 3.62-9.33 6.01 1.33-4.93 3.03 1.68-3.52 2.41
C18:1/C12:0 5.61-10.6 7.87 8.06-15.1 11.5 3.49-9.32 6.69 3.88-6.70 5.39
C16:0/C14:0 2.15-3.00 2.60 2.09-3.59 2.86 1.82-2.76 2.30 2.37-2.78 2.57
C18:0/C14:0 0.56-1.34 1.01 0.73-1.81 1.26 0.55-1.70 1.14 0.71-1.44 1.01
C18:1/C14:0 1.67-3.09 2.36 1.60-3.69 2.48 1.50-3.62 2.57 1.64-3.10 2.23
C18:0/C16:0 0.19-0.52 0.39 0.26-0.87 0.47 0.24-0.64 0.49 0.24-0.56 0.39
C18:1/C16:0 0.66-1.27 0.91 0.58-1.27 0.87 0.64-1.52 1.13 0.66-1.13 0.85
C18:1/C18.0 1.26-3.10 2.31 1.46-2.69 2.01 1.65-3.02 2.31 1.90-2.57 2.20

that these 2 samples contain cow’s milk. For sample 3, only 2 criteria are outside the sheep milk ranges and within or near
of the primary and one of the secondary criteria fall outside the cow’s milk ranges. These cheeses are considered to be
the buffalo and within the cow’s milk ranges. However, 4 of made from cow’s milk. For the 3 samples supposedly manu-
the other 5 distinguishing ratios fall at or near the lower ends factured from goat milk, at least 10 of the 11 main distin-
of the buffalo and also within the cow’s milk ranges. It is guishing ratios are not in the goat milk ranges. For samples 7
believed that this sample contains at least some cow’s milk. and 8 , most of these ratios are within the cow’s milk ranges

For sheep milk cheeses, identification is based primarily on and it is concluded that these samples are made from cow’s
the values of 7 ratios; 2 other ratios provide additional but milk. For sample 9, the ratios that fall outside the goat milk
less definite evidence of the nature of the milk used. For ranges are either in the cow’s milk ranges or between the
sample 4, three primary criteria and one secondary criterion ranges for these 2 types of milk. This sample may contain
fall outside the sheep milk ranges, while one additional pri- some goat milk in addition to cow’s milk.
mary one is at the very end of the sheep milk range and all of This method provides a simple and rapid means for identi-
these are in or close to the cow’s milk ranges. This sample is fying the type of milk used in the manufacture of cheeses. It is
believed to contain at least some cow’s milk. For the other 2 also possible to qualitatively detect the adulteration of cheese
samples claimed to be made with sheep milk, all 7 primary by substitution or mixing of different kinds of milk.

Table 3. Fatty acid ratios for cheese found to contain cow’s milk

Cheese samples purported to  be made w ith m ilk from

Buffalo Sheep Goats

Ratio 1 2 3 4 5 6 7 8 9

C10:0/C8:0 2.44 2.42 2.80 5.71 2.42 2.35 2.35 2.50 2.47
C12:0/C8:0 2.69 2.77 3.31 4.15 3.67 2.75 2.78 3.03 1.67
C14:0/C8:0 9.63 6.63 13.1 9.33 8.78 9.58 9.62 10.4 5.71
C16:0/C8:0 27.8 26.9 36.3 23.5 19.8 27.4 28.3 30.3 13.6
C18:0/C8:0 10.9 8.19 12.8 4.88 8.09 5.83 8.71 6.52 10.1
C18:1/C8:0 26.4 21.1 29.6 20.7 17.7 18.1 22.5 18.7 18.3
C12:0/C10:0 1.10 1.15 1.18 0.73 1.52 1.17 1.18 0.86 0.67
C14:0/C10:0 3.94 2.74 4.67 1.63 3.63 4.08 4.09 4.17 2.31
C16:0/C10:0 11.4 11.1 13.0 4.10 8.20 11.7 12.0 12.1 5.49
C18:0/C10:0 4.46 3.39 4.58 0.85 3.34 2.48 3.70 2.60 4.08
C18:1/C10:0 10.8 8.74 10.6 3.62 7.32 7.70 9.55 7.47 7.42
C14:0/C12:0 3.58 2.39 3.96 2.25 2.39 3.48 3.46 3.45 3.43
C16:0/C12:0 10.4 9.69 11.0 5.65 5.41 9.97 10.2 10.0 8.13
C18:0/C12:0 4.05 2.95 3.88 1.18 2.20 2.12 3.13 2.16 6.04
C18:1/C12:0 9.82 7.61 8.96 4.98 4.82 6.58 8.08 6.18 11.0
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Rapid Determination of Total Cholesterol in Homogenized Milk

IDA C. TSUI
Kraft, Inc., 801 Waukegan Rd, Glenview, IL 60025

A rapid method that is amenable to automation has been developed 
for the determination of total cholesterol in homogenized milk. The 
milk sample is saponified in ethanolic KOH in the presence of an 
internal standard, cholestane. Cholesterol and the internal standard 
are then isolated by solid-phase extraction on a nonpolar adsorbent 
and eluted with organic solvent. The evaporated extract is derivatized 
and analyzed by capillary gas chromatography. Average recovery of 
cholesterol acetate added to milk prior to saponification was 95%. 
The average relative standard deviation for repeated analyses was 2%. 
The limit o f detection for this method is 2 m g/100 g. Twenty samples 
can be analyzed by one analyst in a normal work day if the gas 
chromatograph is equipped with an autosampler. This method has 
been compared with a modified AOAC method for the determination 
of total cholesterol. At a confidence level o f 95%, no difference was 
observed between the 2 methods.

Many methods have been published in the last 3 decades for 
the determination of cholesterol. Naito and David (1) and 
Zak (2) reviewed the available methodology in great detail. 
The determination of cholesterol often involves an organic 
solvent extraction. Components of the extract can be further 
separated by thin-layer chromatography (3, 4) or can be 
analyzed directly by colorimetric determination (5), enzy
matic determination (6 , 7), liquid chromatography (8-11), 
or gas chromatography (12, 13). Since no saponification step 
is involved, the cholesterol esters and free^holesterol natural
ly present in the sample are extracted together. Depending on 
the experimental parameters, one can measure the cholester
ol esters, the free cholesterol, or both. An alternative ap
proach, used frequently in the study of food composition, 
includes a saponification step before the organic phase ex
traction. The esters are hydrolyzed during saponification to 
free cholesterol, and then the organic solvent extracts the 
total cholesterol. Because repeated extractions are necessary

Received August 5, 1988. Accepted December 15, 1988.

for complete extraction of cholesterol, and because the sam
ples must be extracted individually, the procedure is time 
consuming and has little potential for automation.

Due to the increasing interest in the possible link between 
arteriosclerotic diseases and cholesterol, a rapid method is 
necessary to assist in the research toward a low-cholesterol or 
cholesterol-free diet; many samples may be generated during 
such a project. Developments in the area of an enzymatic 
determination of cholesterol are extremely encouraging. In 
these procedures, the enzyme cholesterol esterase replaces 
the chemical saponification of the esters, and then the choles
terol oxidase oxidizes cholesterol to cholest-4-en-3-one and 
hydrogen peroxide. The hydrogen peroxide reacts with phe
nol and 4-aminoantipyrine in the presence of a peroxidase to 
form a dye which is easily measured spectrophotometrically. 
The entire process is carred out batchwise, in disposable 
tubes, enabling a tremendous increase in sample throughput. 
However, a positive error is possible due to turbidity, and a 
negative error is likely if species are present which will de
plete the amount of hydrogen peroxide.

The present communication describes an alternative to the 
enzymatic method and the solvent extraction method for 
total cholesterol in homogenized milk. Saponification is car
ried out as described by Kovacs et al. (14). Many samples can 
be saponified simultaneously because saponification is car
ried out on a small scale in culture tubes. Instead of isolation 
by repeated extraction, cholesterol and the internal standard 
are isolated by solid-phase extraction on a nonpolar adsor
bent, such as C l8 packed in disposable polypropylene tubes 
(Bond-Elut). The isolates are then eluted in batches from the 
sorbent, dried with sodium sulfate, derivatized with BSTFA 
containing 10% TMCS, and analyzed by gas chromatogra
phy. All glassware used is disposable. The amount of solvent 
used in the extraction is reduced by 90% compared to the 
methods using solvent extraction. This method is also safer
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with respect to fire hazard and explosion because a mixture 
of methanol and chloroform is used as the solvent instead of 
ether. In addition to cost reduction for each analysis and the 
safety factor, the method lends itself to automation with 
subsequent gain in productivity, and avoids some of the inter
ferences that may affect the enzymatic methods.

Experimental

Apparatus
(a) Capillary column gas chromatographic system .— 

Hewlett-Packard Model 5890 equipped with split injector 
and 30 m X 0.25 mm id fused silica capillary column, DB 1 (J 
& W Scientific), with 0.25 ¿¿m film thickness. Column tem
perature, 245°C programmed at 5°/min to 285°C and held 
at that temperature for 17 min; helium carrier gas at 1 mL/min 
measured at 160°C; helium make-up gas at 18 mL/min; 
detector gases, hydrogen at 50 mL/min and air at 300 
mL/min; injection port temperature, 280°C; detector tem
perature, 300°C; split ratio, 1:25.

(b) Culture tubes.— 16 X 125 mm with Teflon-lined screw 
caps.

(c) Test tubes.—Disposable, 16 X 125 mm.
(d) Solid-phase extraction cartridges.—C l8 adsorbent 

(Bond-Elut), 6 mL (Analytichem International, Harbor 
City, CA 90710).

(e) Solid-phase extraction vacuum manifold.—Supelco 
(Bellefonte, PA).

(f) Heating block.—Reacti-Therm III™ heating/stirring 
module (Pierce Chemical Co., Rockford, IL).

Reagents
( a )  Cholesterol standard.—Prepare ethanol solution con

taining 1.4 mg/mL of cholesterol (>99% purity, Sigma 
Chemical Co., St. Louis, MO). Store at room temperature 
and prepare fresh weekly.

(b) Cholestane internal standard.—Prepare ethanol solu
tion containing 1.4 mg/mL of cholestane (>99% purity, 
Aldrich). Prepare fresh weekly and store at room tempera
ture.

(c) Potassium hydroxide solution.—Dissolve 80 g AR 
grade KOH pellets in 50 mL water.

(d) Hydrochloric acid solution.—7.5N. Dilute 125 mL 
concentrated HC1 to 200 mL with water.

(e) Ethyl alcohol.—Dehydrated and 200 proof.
(f) Chloroform.—Contains 1% ethanol as preservative 

(Burdick and Jackson).
(g) Methanol.—LC grade (Burdick and Jackson).
(h) Mobile phase.—5% (v/v) methanol in chloroform.
(i) Derivatization agent.—BSTFA containing 10% 

TMCS (Regis Chemical Co., Morton Grove, IL).

Preparation of Calibration Standard
Pipet 1 mL each of cholesterol and cholestane standard 

solutions into culture tube fitted with Teflon-lined screw cap. 
Evaporate mixture to dryness under nitrogen and derivatize 
with 1 mL BSTFA containing 10% TMCS. Inject 2 pL 
calibration standard between every 5 samples.

Preparation of Samples
Accurately weigh homogenized milk samples (1 ±0.1 g) 

into culture tubes fitted with Teflon-lined screw caps. Pipet 1 
mL aliquot of internal standard solution into each sample 
followed by 3 mL ethanol and 1 mL KOH solution. Place '/2 
in. stirring bar into each tube. Seal culture tubes and saponify 
contents 1 h on heating/stirring block at 100°C behind safe

ty shield. Let cool 5 min, and transfer 1 mL aliquot from each 
tube to disposable test tubes. Add 0.4 mL aliquot of 7.5N 
HC1 into each test tube and mix on vortex mixer. Remove 
drop of each solution, using capillary tubes, and test with pH 
paper to assure that pH is between 2 and 5. If not, adjust with 
an extra drop of HC1 solution or dilute KOH solution.

Add 1 mL water to each mixture with vortex-mixing to 
dissolve potassium chloride formed during acidification. 
Transfer each solution to C l8 cartridges which have been 
conditioned with 5 mL methanol, followed by 5 mL water. 
(Do not discard pipets and test tubes at this point.) When all 
solutions have been transferred onto cartridges, which are 
attached to vacuum manifold, adjust vacuum line to pressure 
of 10 in. Hg. Let solutions elute dropwise. When all solutions 
are eluted, dry cartridges by pulling air through them for at 
least 5 min.

Discard eluates and replace receiving tubes inside vacuum 
manifold with clean culture tubes. Rinse test tubes saved 
previously with three 1 mL portions of 5% methanol in chlo
roform, transferring each rinse with original Pasteur pipets 
to corresponding cartridges. Collect each rinse solution 
through cartridges in culture tube. Place an additional 12 mL 
mobile phase directly onto each cartridge so that total of 15 
mL eluate is collected in each tube.

Dry each solution with 4 g anhydrous granulated Na2S 0 4 
for at least 15 min on mechanical shaker. Transfer superna
tant liquid into clean culture tube, evaporate under nitrogen 
to dryness, and derivatize 20 min at 70°C with 0.3 mL 
BSTFA containing 10% TMCS. Inject 2 gh  of each sample 
into gas chromatograph. (Perform steps involving methanol 
and chloroform in fume hood due to toxicity of both sol
vents.)

Results and Discussion

This rapid method was used to analyze 45 homogenized 
milk samples. Each milk sample was also analyzed by a 
modified AOAC method. In the latter method, behenyl alco
hol was used as an internal standard and was added prior to 
the saponification and extraction. In the unmodified AOAC 
method (15), 5a-cholestane is used instead and is added after 
saponification and extraction. When the modified AOAC 
method was used to determine the cholesterol level in Na
tional Institute of Standards and Technology Standard Ref
erence Material 1563, composed of cholesterol added to co
conut oil at a level of 64.2 mg/100 g, recovery was 99-101%. 
The results of the analyses on homogenized milk using both 
the rapid method and the modified AOAC method are listed 
in Table 1. Using the Student /-test to analyze the data, no 
difference between the 2 methods was observed at a 95% 
confidence level when used to examine milk samples with a 
cholesterol level of 2 - 1 2  mg/1 0 0  g.

Even though saponification is carried out at 100°C for 1 h, 
no detectable degradation was observed for either cholesterol 
or cholestane. A 1 mL aliquot of cholesterol acetate in 
ethanol was spiked into 4 different samples prior to saponifi
cation. The recoveries of the acetate spiked at levels of 16 and 
130 mg/1 0 0  g and the relative standard deviations for repli
cate analyses of each sample are tabulated in Table 2. An 
average recovery of 95% and an average relative standard 
deviation of 2% were obtained using the short method. The 
limit of detection of this method is 2 mg/1 0 0  g when sample 
size is 1 g. The sample size cannot be increased because of the 
limited volume of the culture tube. Below the level of 2 mg/ 
100  g, the signal-to-noise ratio is too low for an accurate 
determination.

To obtain reproducible results, the solid-phase adsorbent,
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Table 1. Analysis of homogenized milk for cholesterol content 
by rapid method and modified AOAC method

Sample

Cholesterol content, mg/100 g

Rapid method Modified AOAC method

F04320 11.33 11.07
F04321 10.70 10.44
F04322 6.40 6.17
F04323 4.00 3.79
F04797 11.47 11.39
F04798 10.40 10.96
F04799 11.14 11.28
F04800 11.40 11.13
F04801 10.87 11.47
F04802 11.49 11.38
F04803 11.10 11.47
F04804 11.16 11.15
F04805 10.59 10.78
F04806 9.65 10.53
F04807 10.87 10.97
F04808 10.09 10.89
F04810 11.57 10.97
F04982 11.85 11.04
F04983 7.21 8.26
F04984 11.78 11.35
F04985 11.77 11.62
F04986 11.03 11.24
F04987 11.41 11.67
F04988 10.38 11.49
F04989 11.05 11.60
F04990 9.49a 11.07
F05146 9.27 10.26
F05147 10.41 9.58
F05148 10.59 10.09
F05149 9.69 9.68
F05150 10.00 8.89
F05151 9.29 9.91
F05152 8.48 9.19
F05153 8.47 10.03
F05154 9.23 8.71
F05156 10.10 9.54
F05157 11.05 10.89
F05158 10.87 11.33
F05159 11.18 10.70
F05160 10.16 9.98
F05459 9.84 10.65
F05460 10.87 8.70
F05461 2.27 2.07
F05689 11.44 10.90
F05690 11.28 10.90

a Average of 3 determinations.

C l8 , must be properly solvated with methanol and then 
water. Even after the solvation procedure, if the adsorbent is 
allowed to dry under a strong vacuum prior to the adsorption 
of the samples, loss of cholesterol and cholestane is signifi
cant.

The solid-phase extraction cartridge used in the study 
contains 1 g adsorbent. The capacity for strongly adsorbed 
species on C l8 is about 5 m g /100 mg of adsorbent. If the 
adsorbent is overloaded, the compounds of interest may elute 
prematurely. In the milk sample, overloading is not a major 
problem because of the low fat content in the milk. The 
sample size must be kept below 1 g to avoid diluting the 
ethanolic base significantly and consequently reducing the 
efficiency of the saponification. To ensure that both the 
cholesterol and cholestane remain dissolved in solution until 
the solid-phase extraction step, it is also crucial to maintain a

Table 2. Recoveries of cholesterol from spiked, homogenized 
milk samples by rapid method

Sample
Cholesterol content, 

mg/100 g

F03590 10.90
10.60
10.80
10.60
10.70

Mean 10.72
RSD, % 1.08
F03590 spike 27.20
Rec., % 96.6
F04990 9.25

9.35
9.96

Mean 9.48
RSD, % 2.9
F04990 spike 138.37
Rec., % 96.0
F05149 9.74

10.20
Mean 9.97
RSD, % 2.3
F0514S spike 18.09
Rec., % 91.0
F05969 11.47

11.65
11.62
11.44
11.56

Mean 10.77
RSD, % 0.7
F05969 spike 21.10
Rec., % 95.4
Overall mean RSD, % 2.0
Overall mean rec., % 95.0

high percentage of ethanol in which both compounds are 
soluble. In addition, the aliquots from the saponified samples 
must be adjusted to between pH 2 and 5. The presence of 
ionic surfactant formed from the potassium hydroxide and 
the fatty acids generated during the saponification of the 
lipids may radically alter the properties of the sorbent. Acidi
fying the samples before the solid phase extraction suppress
es ionization of the fatty acids to minimize interference with 
the adsorption of cholesterol and cholestane. The chromato
grams of homogenized milk and and coconut oil spiked with 
cholesterol indicate that the sample extraction and purifica
tion by C18 is sufficient to provide a sample relatively free of 
interference (Figures 1 and 2, respectively).

A milk sample with a cholesterol level of 11 m g /100 g 
exhibited an erroneous result of 18 mg/ 100 g when only the 
supernatant liquid of an acidified aliquot with no added 
water was used for the determination of cholesterol. Water 
must be added to facilitate the adsorption of the nonpolar 
analytes such as cholestane and cholesterol onto the nonpolar 
adsorbent. After the addition of water, a small amount of 
cholesterol and cholestane precipitate from the solution. The 
rinsing of the test tubes and the quantitative transfer of the 
rinse onto the sorbent are extremely important steps to assure 
complete recovery of both analytes.

Except for using a maximum sample size of 0.5 g, this
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Figure 1. Separation of cholesterol in milk.

E l u t i o n  t irre
Figure 2. Separation of Standard Reference Material No. 1563.

!

Table 3. Cholesterol analyses of samples other than milk

Type of sample

Cholesterol content, mg/100 g

Short method Modified AOAC method

Salad dressing 42.47 39.32
39.27 39.00

Dehydrated yogurt 76.00 75.00
Yogurt 7.82 7.33
Cream cheese 101.77 102.30
Pasta 91.41 90.00
NIST Ref. Std 66.00 64.70

method has been extended without modification to other 
samples such as salad dressing, mayonnaise, yogurt, cream 
cheese, pasta, and the reference standard mentioned earlier. 
The results are tabulated in Table 3. The difference between 
the data from the fast and modified methods is about 0.5-4%. 
Even though the data are insufficient to make a statistical 
comparison of the 2  methods, the new, rapid method has 
great potential to become the method of choice for measuring 
cholesterol in various food matrixes.
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Ion Chromatographic Determination of Lactose, Galactose, and Dextrose in Grated Cheese 
Using Pulsed Amperometric Detection

ROGER M. POLLM AN
Department o f  Agriculture and M arkets, New  York S ta te  Food Laboratory, A lbany, N Y  12235

A  m ethod  is  presen ted  to  determ in e la c to se , g a la c to se , and d ex tro se  
in g rated  c h eese  u sin g  ion  ch rom atograp h y  w ith  pulsed  am perom etric  
d etec tio n  ( I C /P A D ) .  T h e  m ethod  is  sp e c ific , sen sitive , rapid , and  
p recise . S u g a r  levels a s  low  a s  0.01%  are  d e tec ta b le , and recoveries  
ranged from  114%  a t th e  0.1%  level to  93 .3%  a t the 2.0%  level. T h e  
p recision  ex p ressed  a s  c o e ff ic ie n t  o f  varia tion  (C V ) w as 2.3%  for  
la c to se , 2.1%  fo r  g a la c to se , and 3.1%  fo r  d ex tro se . L a c to se , g a la c 
to se , and d ex tro se  levels are given for  4 5  a u th en tic  hard ch eeses  and  
2 6  a u th en tic  s o f t  ch eeses .

Sugars in food products can easily be quantitated by numer
ous AO AC methods (1) including copper reduction (sec. 
16.297), gas chromatography (GC) of silyl derivatives (sec. 
22.078), and liquid chromatography using refractive index 
detection (LC/RI) (sec. 31.145). However, no official 
AOAC method exists to quantitate lactose and its hydroly
sates, galactose and dextrose, in grated cheese.

The quantitation of sugars is important both from a manu
facturing and a regulatory standpoint. Sugars can be used to 
monitor curing and aging procedures in an attempt to mini
mize browning caused by the Maillard reaction (2) between 
various sugars and protein. The presence of sugars can also 
be used to detect adulteration of grated cheese with cheese 
whey and other cheese varieties (3). The standard of identity 
for grated cheese (4) permits the use of both hard and soft 
cheeses, provided the product is labeled accordingly. Soft 
cheese may contain sugars whereas hard cheese contains 
little or insignificant levels (5). The presence of sugars in 
products labeled as grated hard cheese would indicate in 
most cases the presence of soft, unaged cheese.

The AOAC copper reduction method for lactose in pro
cessed cheese can be used for grated cheese and is sensitive to 
about 0.1%. However, the method is time consuming and, 
because numerous sugars reduce copper, the method is non
specific. GC methods, although specific, are also time con
suming and are subject to matrix interferences. The LC/RI 
method (3) used until recently by the author was adequate 
but dilution factors limited the detection limits to about 1%. 
Matrix interferences in the galactose/dextrose region and 
poor resolution between galactose and fructose made all 
these sugars difficult to identify and quantitate.

Ion chromatography using pulsed amperometric detection 
(IC/PAD) (Dionex Corp., Tech. Note 20,1987) was investi
gated as a quantitative technique. The procedure is specific 
and is 100 times more sensitive than conventional LC/RI 
procedures (6 ). A method using IC/PAD is presented in the 
present paper along with analytical data on authentic 
cheeses.

METHOD

Apparatus
(a ) Chromatograph.—Dionex 4000i ion chromatograph.
(b) Detector.—Dionex pulsed amperometric detector with 

gold electrode. Detector voltages: El = 0.10 V, T1 = 300 ms; 
E2 = 0.60 V, T2 = 120 ms; E3 = -0.80 V, T3 = 300 ms. 
Range = 30 K.
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(c) Integrator.—Spectra Physics 4100 computing integra
tor. Input = 0.1 V; attenuation = 8 ; offset = —110. Integrate 
by peak area.

(d) Column.—Dionex AS6A column with AG6A guard 
column.

(e) Filter.—0.45 pm (Gelman Sciences, ACRO LC25, or 
equivalent).

Reagents

(a) NaOH solution.—50% (Fisher Scientific, SS254, or 
equivalent).

(b) Mobile phase A.—Water. Degas deionized distilled 
water by bubbling He gas through water at 100 mL/min for 
0.5 h/L  water.

(c) Mobile phase B.—0.2M NaOH. Weigh 16 g 50% 
NaOH (a) into 1 L volumetric flask. Dilute to volume with 
mobile phase A (b).

(d) Concentrated sugar standards.—2% lactose, 1% ga
lactose, 1% dextrose. Individual sugars available from Al
drich Chemical Co. Dry individual sugars 12 h at 60° C under 
vacuum. Weigh 2.000 g lactose, 1.000 g galactose, and 1.000 
g dextrose into single 100 mL volumetric flask. Dilute to 
volume with water. Add 2-3 drops of chloroform as preserva
tive.

(e) Working standards.—40 ppm lactose, 20 ppm galac
tose, 20 ppm dextrose. Dilute 2 mL concentrated standard (d) 
to 1 L with water. Prepare daily.

Operating Conditions

Maintain He pressure over mobile phase reservoirs to pre
vent CO2 absorption. Establish flow of 0.8 mL/min with 18% 
mobile phase B and 82% mobile phase A. Galactose and 
dextrose elute with nearly baseline separation in 6-7 min. 
Lactose elutes at approximately 16 min. Sweep absorbed 
CO2 from column by increasing mobile phase B to 100% after 
lactose elution. Maintain for 3 min and return to original 
conditions. Maintain original conditions for 3 min prior to 
next injection. If baseline rises more than 20% during gradi
ent, polish gold electrode according to manufacturer’s in
structions.

Sample Preparation

Prepare cheese samples according to sec. 16.258 (1). Mix 
thoroughly and pass through No. 8 sieve. Weigh, to nearest 
mg, 3 g cheese into 250 mL beaker. Add 100 mL water and 
heat with stirring on hot plate just to boil. Cool to room 
temperature and transfer to 100 mL glass-stopper cylinder. 
Dilute to volume and mix. Transfer 5 mL to 25 mL volumet
ric flask. Dilute to volume and mix. Filter through 0.45 ¿¿m 
filter prior to chromatography. Final dilution represents ap
proximately 3 g sample in 500 mL assay and is based on 
individual sugar levels of 1% galactose and dextrose and 2% 
lactose in cheese. If sugar levels exceed these, dilute assay 
accordingly.

Chromatography

Integrate peaks by peak area. Inject 50 pL standards and 
samples. Repeat 1 or 2 injections of standard until retention
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times stabilize. Determine concentration of sugars in assay 
by comparing peak area of sugar in assay with corresponding 
peak area in standard. Repeat standard after 5 samples. 
Calculate % sugars in cheese as follows:

S = (Z X D)/(W  X 20)

where S = sugar content in %; Z = concentration (ppm) of 
sugars in assay; D = dilution factor of filtered assay if need
ed; and W = weight of cheese in g. Report sugar levels to 
0.01% .

R e s u lts  a n d  D is c u s s io n

The New York State Food Laboratory first became inter
ested in the analysis of sugars in grated cheese when certain 
samples were found to be adulterated with whey solids. Lac
tose as determined by LC/RI analysis (3), using an amine- 
based column, was used as the index of adulteration. The 
limited sensitivity of the procedure did not hinder the detec
tion of whey solids in adulterated products since lactose is a 
major component. Difficulty was experienced in interpreting 
data when the sugar content was well below the 1% level. 
Copper reduction indicated the presence of sugars ranging 
from 0.1 to 1.6%. However, LC/RI indicated that almost 
none of these cheeses contained lactose at levels in excess of 
1% .

The presence of the hydrolysates of lactose, galactose, and 
dextrose was a logical explanation. However, a large peak 
with similar retention times to dextrose was found in many 
cheese assays, despite the fact that no reducing sugars (i.e., 
dextrose) were present. Salt, a common ingredient in hard 
cheese, has been reported to cause interference with dextrose 
analysis performed with amine-based columns (7). Further 
analytical work revealed that galactose and fructose were not 
resolved on this column. The problems encountered with 
matrix interferences and poor resolution made quantitation 
of galactose and dextrose difficult.

The use of IC/PAD resolved many of these problems. Ion 
chromatography provides a powerful separatory tool where 
isocratic separations of many complex mixtures of sugars can 
be obtained simply by adjusting the mobile phase strength.

Galactose, dextrose, fructose, and lactose are easily separat
ed (6). Electrochemical detection using a gold electrode pro
vides a highly sensitive tool for detecting hydroxyl groups 
common to sugars. Sensitivities approaching 30 ppb are re
ported (6). The combination provides a fast, selective, and 
sensitive means of analyzing a variety of matrixes for sugars. 
For this method, a simple aqueous extraction followed by 
dilution proved to be adequate. Figure 1 is a series of chro
matograms of standards, an authentic hard cheese, and a 
spiked hard cheese. It demonstrates the selectivity and sensi
tivity of the method. Galactose, dextrose, and lactose are 
easily identified with background levels in hard cheese ap
proaching 0.01%.

A few minor problems were encountered during the evalu
ation of the IC/PAD technique. First, the gold electrode 
must be polished periodically. After its cleaning and through
out its use, the sensitivity gradually increases. This increase 
can be as much as 10% during a day’s use. This change in 
sensitivity can be offset by injecting standards after every 
fifth sample. Second, the resolving power of the column 
increases as mobile phase strength decreases. The absorption 
of dissolved carbonates and other matrix components ad
versely affects the resolving power of :he column. Most can 
be removed by flushing the column with stronger mobile 
phase after each analysis. After many months of use, the 
resolving power of the column will be reduced. A decrease in 
the initial strength of the mobile phase can restore the resolu
tion. Finally, the capacity of the column appears to be about 
200 ppm. Assays with sugar levels in excess of this tend to 
have reduced retention times. The use of peak area for quan
titation compensates for this change but if sugar levels are 
very high, dilution is necessary for accurate peak identifica
tion.

Tests to determine linearity, recover.es, and precision were 
conducted on the method. A series of standards ranging from 
5 to 60 ppm galactose and dextrose and from 10 to 120 ppm 
lactose were injected, and both peak areas and peak heights 
were determined. A linear regression analysis was performed 
for each sugar. All sugars quantitated by peak area for these 
ranges were linear with correlation coefficients >0.9999. 
Galactose and, to a lesser extent, dextrose, were linear when

Figure 1. (A) Sugar standard containing 10 ppm galactose (1), 10 ppm dextrose (2), and 20 ppm lactose (3). (B) Authentic Parmesan con
taining 0.02% galactose, 0.03% dextrose, and >0.01%  lactose. (C) Spiked authentic Parmesan containing 0.17% galactose, 0.17%

dextrose, and 0.33 % lactose.
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Table 1. Recoveries8 of sugars added to 3 g grated cheese

Statistic Galactose Dextrose Lactose

Added, % 0 .1 0 0 0 .5 0 0 1 .0 0 0 0 .1 0 0 0 .5 0 0 1 .0 00 0 .2 0 0 1 .0 00 2 .0 0 0

Recovered, % 0 .1 0 8 0 .5 1 2 0 .9 6 0 0 .1 1 4 0 .5 1 8 0 .9 6 7 0 .2 01 1 .0 07 1.867

Recovery, % 1 0 8 .0 1 0 2 .4 9 6 .0 1 1 4 .0 1 0 3 .6 9 6 .7 10 0 .5 10 0 .7 9 3 .3

a Average of 2 determinations.

Table 2. Study of precision on naturally occurring sugars in 
grated cheese

Statistic Lactose Galactose Dextrose

Range 1 .7 2 -1 .8 6 0 .5 5 -0 .5 8 0 .7 2 -0 .7 8

Mean8 1.78 0 .5 6 0 .7 5

Std dev. 0.0 41 0 .0 1 2 0 .0 2 3

CV, % 2 .3 2.1 3.1

a Mean of 8 determinations.

quantitated by peak height but lactose was not. The ranges 
studied correspond to levels of up to 1% galactose and dex
trose and up to 2% lactose in cheese. Additional dilution steps 
are necessary to extend this range.

Recovery studies were performed on 2 grated cheeses with 
insignificant levels of sugars. The cheeses were spiked at 3 
different levels by adding sugar solutions to 3 g cheese and 
proceeding with the method. Recoveries were determined for 
one set of cheese spikes on one day and for the second set on 
the next day. The results are shown in Table 1. Recoveries 
ranged from 93.3 to 114.0% with values in excess of 100% at 
the lowest levels spiked.

The precision of the method was evaluated by determining 
sugars naturally present in a grated cheese. A sample was 
analyzed 8 times. The results are shown in Table 2. The 
coefficients of variation (CV) ranged from 2.1 to 3.1% and 
indicate an acceptable level of precision.

Literature sources (5, 8) indicate that no lactose is present

in ripened cheese but few data are available on galactose and 
dextrose. Forty samples of authentic bulk hard cheese were 
obtained and analyzed. The samples consisted of 9 imported 
Parmesan, 9 domestic Parmesan, 17 imported Pecorino Ro
mano, and 5 domestic Romano. The results are shown in 
Table 3. There were no levels of sugars in excess of 0.03% in 
any authentic hard cheese except one. A domestic Romano 
contained 0.45% galactose and no dextrose or lactose. The 
explanation for this one sample was found after conversa
tions with cheese manufacturers. They indicated that alter
native salting procedures were being tried for the manufac
ture of hard cheese and that cheese made by these procedures 
contained galactose. Six domestic Parmesan cheeses were 
obtained from 2 manufacturers that used alternative manu
facturing procedures. The results, found in Table 1, indicate 
that galactose can be present in hard cheese made by alterna
tive procedures. However, there were no levels of lactose or 
dextrose in excess of 0.03%.

Twenty-three samples of fresh soft cheese were also ob
tained and analyzed. The samples consisted of 8 whole milk 
Ricotta, 6 whey Ricotta, 5 Mozzarella, and 4 washed curd. In 
addition, one processed American, one Provolone, and one 
Swiss were analyzed. The results are shown in Table 4. Lac
tose was the only sugar present in excess of 0.07% in the 
Ricotta cheese. Of these, 4 whole milk Ricotta and 2 whey 
Ricotta were placed in cheese cloth and dried at room tem
perature to approximately 20% moisture. They were then 
grated and stored at room temperature for one week and re
analyzed. The results in Table 4 show that the level of lactose

Table 3. Sugar analysis ( % ) of grated hard cheese

V a rie ty

No.

ana lyzed

G a la c tose D ex trose L a cto se

Range Av. Range Av. Range Av.

Imp. Parmesan 9 0.00-0.03 0.01 0.00-0.D1 0.01 0.00-0.01 0.00
Dorn. Parmesan 9 0.00-0.03 0.01 0.00-0.01 0.00 0.00-0.01 0.00
Pec. Romano 17 0.00-0.02 0.02 0.00-0.01 0.01 0.00-0.01 0.01
Dom. Romano 4 0.00-0.01 0.01 0.00-0.01 0.01 0.00 0.00
Dom. Romano8 1 0.45 0.00 0.00
Dom. Parmesan6 6 0.00-0.56 0.18 0.00-0.03 0.01 0.00 0.00

a Domestic Romano suspected of being made by alternative salting procedure. 
b Domestic Parmesan made by alternative salting procedure.

Table 4. Sugar analysis ( % ) of grated soft cheese

Variety
No.

analyzed

Galactose Dextrose Lactose

Range Av. Range Av. Range Av.

Milk Ricotta 8 0 ,0 0 -0 .0 5 0.01 0 .0 0 -0 .0 1 0 .0 0 1 .0 4 -3 .0 2 2 .0 7

Whey Ricotta 6 0 .0 0 -0 .0 7 0 .0 3 0 .0 0 -0 .0 2 0.01 0 .2 4 -3 .6 4 2 .1 5

Dried Ricotta8 . 6 0 .0 0 -0 .4 6 0 .2 4 0 .0 0 -0 .3 3 0 .1 8 1 .0 2 -3 .8 2 2 .5 3

Mozzarella 5 0 .0 0 -1 .1 9 0 .4 7 0 .0 0 0 .0 0 0 .0 0 -1 .3 6 0.31

Washed curd 4 0 .0 1 -0 .0 2 0 .0 2 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Proc. American 1 0 .0 8 0.01 1.20

Provolone 1 0 .0 4 0 .0 2 0 .0 0

Swiss 1 0.01 0.01 0 .0 0

Dried in laboratory.
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increased due to moisture loss but, more important, the levels 
of galactose and dextrose increased. In all cases, galactose 
exceeded dextrose. Analysis of the remaining cheeses showed 
that, when sugars were present, either lactose or galactose 
predominated. Only one Mozzarella had levels of both lac
tose and galactose in excess of 0.10%. No dextrose levels in 
excess of 0.02% were found.

S u m m a r y

Sugar levels in grated cheese can easily be determined at 
levels about 0.01% using IC/PAD. The method is fast, accu
rate, and precise. Grated cheese made from hard cheese 
contains insignificant levels (<0 .10%) of lactose and dex
trose. However, if hard cheese made by alternative manufac
turing procedures is used, significant levels (>0.10%) of ga
lactose may be present. Grated cheese containing significant 
levels of lactose and dextrose contains cheese other than hard 
cheese.

A c k n o w le d g m e n ts

Appreciation is expressed to the New York State Depart
ment of Agriculture and Markets for their help in this study. 
Appreciation is also extended to Universal Food Corp., Mil
waukee, WI, and Mid-America Farms, Springfield, MO, for 
providing hard cheese made by alternative salting proce
dures.

R e f e r e n c e s

(1) O ffic ia l Methods o f Analysis (1984) 14th Ed., AOAC, Arling
ton, VA

(2) Kosikowski, F. (1977) Cheese and Fermented M ilk  Foods, 
Edwards Brothers, Inc., Ann Arbor, MI, p. 398

(3) Pollman, R. M. (1984) J. Assoc. O ff. Anal. Chem. 67, 1062- 
1066

(4) Code o f Federal Regulations, Section 21, Part 133.146
(5) Kosikowski, F. (1977) Cheese and Fermented M ilk  Foods, 

Edwards Brothers, Inc., Ann Arbor, MI, pp. 181, 189, 618
(6) Rocklin, R. D., & Pohl, C. A. (1983) J. Liq. Chromatogr. 6, 

1577-1590
(7) DeVries, J. W„ Chang, H. L., Heroff, J. C„ & Johnson, K. D. 

(1983) J. Assoc. O ff. Anal. Chem. 66, 197-198
(8) Webb, B. H., & Johnson, A. H. (1965) Fundamentals o f Dairy 

Chemistry, Avi, Westport, CT, p. 627



BHAGYALAKSHMI & NANDA KUMAR: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 3, 1989) 429

DRUG FORENSICS

Simple, Rapid, and Portable Chromatographic Tétrazolium Reduction Method for 
Detection of Potassium Cyanide in Medicinal Drugs and Confectionery

K A M ASA LA BH A G Y A LA K SH M I and N A N G U N E R I V. N A N D A  KU M AR
Sri Venkateswara University, Department o f  Zoology, Division o f  Environmental Biology,
Tirupati-517 502, India

A  sim p le , rapid , and portab le  paper ch rom atograp h ic  m ethod for  
d etec tio n  o f  p o tassiu m  cy a n id e  in m ed icin a l drugs and a few  c o n fec 
tionery  sa m p les is  d escrib ed . P o ta ss iu m  cyan id e  is  ex tra c ted  in m eth 
an ol and con cen tra ted . A c e to n e -w a te r -1 .5 %  E D T A  (4  +  5 .5  +  0 .5 )  
m ix tu re  is  used  a s  th e  so lven t sy stem  fo r  paper ch rom atograp h y . T h e  
K C N  ch rom atogram s ap p ear a s  pink sp o ts  on paper due to  reduction  
o f  th e  c h r o m o g e n ic  s a lt  2 - (4 - io d o p h e n y l) -3 - (4 -n it r o p h e n y l) -5 -  
phenyl te tra zo liu m  ch loride; ph en azon ium  m eth o su lfa te  is a ca ta ly st .  
M icro g ra m  am ou n ts o f  K C N  can  be sep ara ted  and d etected  in the  
lab ora tory  or the m ark etp lace  b eca u se  o f  th e  sim p lic ity  o f  the m eth 
od.

Potassium cyanide, a deadly poisonous compound, can be 
abused as a homicidal and suicidal agent. Tylenol caplets 
laced with potassium cyanide caused the death of 7 persons in 
the United States who had ingested the caplets (1). A simple 
and rapid method is needed for both a spot test (nonchroma- 
tographic) and a qualitative detection method that could be 
carried out in the drug store or in the laboratory with a 
minimum requirement of apparatus.

The method presented here is a nonenzymatic chromato
graphic method unlike the simple, portable, chromatograph
ic-enzymatic methods previously reported for detection of 
organophosphates and heavy metal compounds of mercury, 
copper, cadmium, and silver (2, 3). The present report de
scribes an appropriate solvent system, an extraction method, 
and the chemical reaction for the detection of potassium 
cyanide in some medicinal drugs (tablets, caplets, and cap
sules) and a few confectionery products.

M E T H O D

Apparatus and Reagents
(a) Medicinal drugs.—Caplet forms; (7) acetaminophen, 

codeine (Tylenol®, McNeilab, Inc., Fort Washington, PA 
19034); (2) phenyl propanolamine, noscapine, paracetamol 
(Contac-CC®, Eskayef Pharmaceuticals, India). Tablet 
forms; (7) paracetamol (Fepanil®, Citadel Fine Pharmaceu
ticals Ltd, India); (2) pheniramine maleate (Avil®, Hoechst, 
India); (3) multivitamin (Hexavit® [sugar-coated], Indian 
Drugs and Pharmaceuticals Ltd); (4) prednisone, theophyl
line, ephedrine hydrochloride, phenobarbitone (Cortasmyl®, 
Roussel); (5) acetylsalicylic acid (aspirin, Nicholas Labora
tories, India); (6) B complex (Becosules®, Pfizer, India); (7) 
chlorpheniramine maleate (Zeet®, Alembic Chemical Works 
Ltd, India). Confectionery: (7) cocoa-flavored sugar candy 
(Nutrine, India); (2) mentholated sugar candies (Halls®, 
Warner Hindustan Ltd, India); (3) Strepsils® (Makson 
Pharmaceuticals, India); (4) Vicks® (Richardson Hindu
stan Ltd, India).

Fortify each drug with potassium cyanide (Loba-Chemie 
Indo Austranal Co., India), either dissolved in water or in 
powder form. For aqueous solution, use syringe to dispense

Received August 15, 1988. Accepted December 2, 1988.

40 mg 0.5 mL on 10 tablets or caplets, by poking through lid 
if possible or open lid of container and dispense KCN uni
formly. In powder form, dispense 40 mg KCN directly on 
tablets. Shake container well for uniform mixing.

Fortify confectionery samples with 4 mg KCN in powder 
form for each candy or peppermint. Repack the confection
ery samples in the same cover paper. Keep all KCN-fortified 
samples for 2 weeks at laboratory temperature of 30°C.

(b) Potassium cyanide standard.—Dissolve KCN in 
methanol, 1 mg/mL.

( c )  Chromogenic reagent.—Mixture of 2-(4-iodophenyl)-
3-(4-nitrophenyl)-5-phenyl tetrazolium chloride (INT) and 
phenazonium methosulfate (PMS). Prepare INT (Loba- 
Chemie Indo-Austranal Co., India) at 0.4% in water and 
PMS (BDH, Poole, UK) at 0.1% in water. Mix 10 + 2.

(d) Solvent mixture for paper chromatography.—Ace
tone (E. Merck, India), water, and 1.5% ethylenediamine 
tetraacetic acid (E. Merck, India) in water. Mix 4 + 5.5 + 
0.5.

(e) Filter paper.—Whatman No. 3. Cut 7.5 X 2.5 cm 
strips.

Extraction Procedure
Scrape surface of medicinal drugs (tablet and caplet) with 

sharp blade. Transfer scraped powder to separate test tubes 
containing 2 mL methanol. Alternatively, transfer 10 tablets 
(fortified wkh KCN solution) to conical flask containing 10 
mL methanol. Shake contents gently 2-3 min, decant metha
nol extract into petri dish, and evaporate to 2 mL under air 
circulator. Wash each drug container with 3 mL methanol to 
extract KCN adhering to walls. This extract is essential 
because most of the KCN (powder) particles adhere to the 
walls of the container.

For confectionery products, take surface swabs of samples 
with cotton buds soaked in methanol. Dip these swabs in 
methanol (2 mL) and squeeze swabs with forceps.

Use all of the methanol extracts for chromatographic de
tection. Prepare control samples of methanol extracts of un
fortified medicinal drugs and confectionery products.

Paper Chromatography
Spot 10 /uL methanol extracts of experimental and control 

medicinal drugs and confectionery, the container wash, and 
standard KCN solution on separate Whatman No. 3 chro
matographic paper strips (7.5 X 2.5 cm) 2 cm above the base 
with fine microcapillary. Minimize spot-spreading by apply
ing extracts in gL aliquots and drying with hair dryer or 
gentle breeze. Develop strips (2-4) to 7 cm by ascending 
chromatography by placing strips in 12 X 4 cm glass jars 
containing solvent mixture.

Remove the strips, air dry, and spray with chromogenic 
reagent. Spray chromogenic mixture as fine mist, just wet
ting paper without any leaching. Place paper strips either on 
glass plate in 60°C air oven or on glass slide warmed with 
cigarette lighter for 3-4 min. Observe strips for appearance
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Figure 1. (A) Chromatograms of potassium cyanide from metha
nol extracts of 1, prednisone, theophylline, ephedrine hydrochlo
ride, phenobarbitone; 2, phenyl propanolamine, noscapine, parace
tamol; 3, paracetamol; 4, acetaminophen, codeine; 5, pheniramine 
maleate; 6, multivitamin tablets. (B) Chromatograms of potassium 
cyanide from methanol extracts of containers corresponding to 1-6. 
(C) Control methanol extracts corresponding to tablets 1-6 without

KCN.

Figure 2. (A) Chromatograms of potassium cyanide from metha
nol extracts of 1, acetylsalicylic acid (tablet); 2-5, confectionery; 6, 
chlorpheniramine maleate (tablet). (B) Chromatograms of potassi
um cyanide from methanol extracts of containers corresponding to 
1-6. (C) Control methanol extracts of tablets and confectionery 

(1 -6 ) without KCN.

of pink chromatograms at Rf 0.75 ± 0.13 cm for presence of 
KCN.

Mark pink chromatograms. After 30 min, background will 
also develop light pink color due to photochemical reaction; 
hence, original chromatograms appearing at 4-5 min must 
be marked. Compare chromatograms of samples with those 
of KCN standards. Controls should show no chromatograms.

Caution. Do not inhale dust of pharmaceutical drugs or 
vapors of methanol extracts.

R e s u lts  an d  D is c u s s io n

Methanol (100% pure) is used to extract KCN because 
most of the medicinal formulation and base remain intact 
during gentle shaking with methanol in the conical flask. The 
methanol extract along with suspended particles is decanted 
into a Petri dish and evaporated to 2 mL. This extract is used 
for chromatography.

To determine whether the medicinal ingredients have an 
artifactual effect on the KCN chromatogram, methanol ex
tracts of corresponding medicinal drugs and confectionery 
(control) which are not fortified with KCN were also ana
lyzed. None of the control drugs or confectionary products 
showed a reaction with the chromogenic reagent.

Acetone-water-1.5% EDTA (4 + 5 + 0.5) was the best 
solvent system compared with various other solvent systems 
tried. The chromatograms are compact with no trailing and 
no residue at the baseline.

In the chemical reaction, the tetrazolium salt (1NT) is an

electron acceptor; after reduction, it is converted to forma- 
zan, a pink product (5-8). Originally, this reaction was trans
ferred to a thin-layer chromatographic plate and Whatman 
No. 3 filter paper (2-4) for heavy metal analysis. The nonre
duction of tetrazolium salt (INT) due to dehydrogenase inhi
bition from heavy metal compounds caused white zones 
against the background of pink formazan color. In the chemi
cal reaction of the present method, KCN, a reducing agent, is 
converted in the presence of water to HCN; the latter reduces 
INT to formazan in the presence of PMS, which quickly 
transfers the reducing equivalents (2H_) (9) from HCN to 
INT.

Guilbault and Kramer (10) showed the reduction of tri
phenyl tetrazolium chloride (TTC) to formazan by cyanohy
drin (cyanide is allowed to react with /7-nitrobenzaldehyde to 
produce an active reductant, cyanohydrin) with regeneration 
of cyanide. INT, a highly sensitive tetrazolium salt compared 
to TTC (5) in accepting electrons, is used here for the first 
time to detect KCN on chromatographic paper along with 
PMS. Thus, wherever KCN is present, the pink chromato
grams are formed at Rf 0.75 ± 0.13 cm in the specific solvent 
system. No pink chromatograms are formed with the ex
tracts of controls. Any reducing ingredients in the medicinal 
or confectionery products might react; however, in the 12 
samples tested, such reducing agents were not detected. Even 
if reducing agents are present, the Rf values might be differ
ent from that for KCN.

The method can be used either in the laboratory or in the
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field. In the field, the glass plates can be warmed with a 
cigarette lighter or a wax candle to speed the chemical reac
tion on the filter paper. Thus, the method can be applied for 
instant testing. The limit of detection by chromatographic 
analysis is 5 Mg- By spot test, i.e., without chromatographic 
resolution, 0.1 Mg can be detected.

The paper chromatographic method reported is suitable 
for detection of cyanide in medicinal drugs. A few TLC 
(thin-layer chromatographic) methods are reported for anal
ysis of laboratory cyanide samples with qualitative and semi- 
quantitative detection limits of 20 and 40 M g ,  respectively 
(11,12). A number of sophisticated, but cumbersome instru
mental methods, have been reported, e.g., colorimetry (13), 
spectrophotometry (14), gas chromatography (15, 16), flow 
injection analysis (17), pulse polarography (18), voltam
metry (19), atomic absorption spectroscopy (20), and ion 
chromatography (21). Such methods are specific, accurate, 
and very sensitive but could not be used in small laboratories 
or as a field test due to cost and complexity.
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DRUG FORMULATIONS
Derivative Spectropfiotometric Determination of Clotrimazole in Single Formulations and in 
Combination with Other Drugs

M O N A  M . B E D A IR , M O H A M E D  A. K O R A N Y ,* 1 M . A BD  E L -H A D Y  E L SA Y E D , 
and  O S S A M A  T. F A H M Y
U n iv e r s i t y  o f  A l e x a n d r i a ,  F a c u l ty  o f  P h a r m a c y ,  A l e x a n d r ia ,  E g y p t

First (Di) and second (D;) derivative spectrophotometric methods 
are presented for the determination of clotrimazole after its acid 
hydrolysis. Mixtures of clotrimazole with azidamfenicol and dexa- 
methasone have been assayed using D2 measurement at 302 nm after 
acid hydrolysis for clotrimazole, D] measurement at 288 nm for 
azidamfenicol, and Di measurement at 436 nm after reaction with 
phenylhydrazinium sulfate for dexamethasone. Reproducible results 
with relative standard deviations of <2%  are obtained. The proposed 
method has been successfully applied to the analysis of creams, 
topical solutions, and vaginal tablets.

Use of ultraviolet spectrophotometry in the analysis of clotri
mazole has been limited due to low absorptivity of clotrima
zole (A{^m = 22 at 260 nm in methanol) and the absence of 
characteristic bands in the absorption spectrum (1). Various 
colorimetric methods based on the reaction of clotrimazole 
with bromothymol blue (2) or perchloric acid and their appli
cation in biological fluids after either solvent extraction (3) 
or extraction followed by thin-layer chromatography (4) 
have been reported. Titrimetric methods involving titrants 
such as perchloric acid (5), picric acid (6), and sodium lauryl 
sulfate (5, 7) require high clotrimazole concentration.

Although different chromatographic techniques like thin- 
layer chromatography (3), gas chromatography (8), and liq
uid chromatography (9) have been used to assay clotrima
zole, the corresponding instruments are not always available 
in many laboratories.

Clotrimazole is stable in alkaline medium but hydrolyzes 
in acid medium to (2-chlorophenyl)-diphenyl methanol plus 
imidazole (10).

Recently, derivative spectrophotometry has found wide 
application for correction of spectral interferences or resolu
tion of spectral overlapping (11,12). Such a method can also 
be used for single component assay in the presence of differ
ent matrixes (13-15). Simultaneous multicomponent assays 
(16-19) using a derivative spectrophotometric method are 
still limited.

First and second derivative spectrophotometric methods 
are described in the present report for the assay of clotrima
zole after acid hydrolysis in single formulations and in com
bination with azidamphenicol and dexamethasone.

Experimental

A pparatus and R eagents

(a) S p e c tr o p h o to m e te r .—Perkin-Elmer Model 550S UV- 
Vis spectrophotometer with fixed slit width (2 nm) and Hita
chi Model 561 recorder. Record spectra of test and reference 
solutions in 1 cm quartz cells over the range 440-220 nm. 
Suitable settings are as follows: scan speed 60 nm/min (clo
trimazole) and 120 nm /m in (azidamfenicol and dexametha
sone); chart speed 60 mm/min; derivative mode Di = dA/dX 
(first derivative) and D2 = d2A/dX2 (second derivative); 
ordinate maximum and minimum ±0.2 clotrimazole (Di) or

Received February 2, 1988. Accepted December 2, 1988.
1 Address correspondence to this author.

azidamfenicol (Di) and ±0.05 clotrimazole (D2) or dexa
methasone (Di); response time 4 s.

(b) P h e n y lh y d ra z in iu m  su lfa te  rea g en t (2 0 ) .—Dissolve 
65 mg phenylhydrazinium sulfate in sufficient volume of 
mixture of 170 mL H 2S 0 4 and 80 mL water to produce 100 
mL.

(c) C o m m e rc ia l sa m p le s .— (1) Canesten® cream, Canes- 
ten® topical solution, and Canesten® vaginal tablets—labeled 
to contain 10 m g/g, 10 m g/mL, and 100 m g/tablet, respec
tively (Alex. Co., Egypt, and Bayer, GFR). (2) Baycuten® 
cream—labeled to contain 10 mg clotrimazole, 10 mg azi
damfenicol, and 0.4 mg dexamethasone/g (Alex. Co., Egypt, 
and Bayer, GFR).

(d) A u th e n tic  d r u g s .—Clotrimazole, azidamfenicol, dexa
methasone—pure (Alex. Co., Egypt).

P reparation  o f  S tandards

D ru g  so lu tio n s  o f  c lo tr im a zo le , a z id a m fe n ic o l, a n d  d e x a 
m e th a so n e .—Prepare individual standard solutions to con
tain 100 mg of each drug in 100 mL methanol. Also prepare 
azidamfenicol and dexamethasone standard solutions in 
methanol to contain 100 mg/mL.

S o lu tio n  o f  h y d r o ly tic  p ro d u c t  o f  c lo tr im a zo le  (e q u iv a 
len t to  5 0  p g /m L  o f  c lo tr im a zo le ).—Transfer 2.5 mL (equiv
alent to 2.5 mg) from standard solution of clotrimazole to 50 
mL volumetric flask and evaporate to dryness on boiling 
water bath. Add 20 mL HC1, heat on boiling water bath 90 
min, and cool to room temperature (^ 2 5 °C ). Dilute to vol
ume with methanol.

P reparation  o f  S tan dard  Calibration Curves

(a) F o r a z id a m fe n ic o l a n d  c lo tr im a z o le .—Prepare 2 sep
arate concentration sets from azidamfenicol standard solu
tion (100 m g/m L) and clotrimazole previously hydrolyzed 
with acid (50 jug/mL). In the first set, pipet 2-5.5 mL (in 0.5 
mL steps) from azidamfenicol standard solution into a series 
of 25 mL flasks. In the second set, pipet 1-4.5 mL (in 0.5 mL 
steps for D2 measurement and in 1 mL steps for Di measure
ment) from hydrolyzed clotrimazole standard solution in 25 
mL volumetric flasks. Dilute the contents of all flasks in the 2 
sets with methanol. Measure absolute values of Di at 288 nm 
(for azidamfenicol) and Di and D2 at 302 nm (for clotrima
zole).

(b) F or d e x a m e th a so n e .—Transfer different volumes of 
1-4.5 mL (in 0.5 mL steps) of dexamethasone standard 
solution (100 ¿tg/mL) to different 25 mL volumetric flasks. 
Dilute volume in each flask to 5 mL with methanol. Add 10 
mL phenylhydrazinium sulfate reagent to each flask and mix 
well. Place in 60°C water bath for 20 min; then cool immedi
ately to room temperature (ca 25 °C). Measure absolute 
values of D] of each solution at 438 nm, using reagent blank.

Assay o f  L abora tory-P repared  3-C om ponent M ix tu res

(a) F o r c lo tr im a zo le  a n d  a z id a m fe n ic o l c o m p o n e n ts .— 
Dilute dexamethasone standard solution with methanol to
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Table 1. Preparation of synthetic mixtures containing 
clotrimazole, azidamfenicol, and dexamethasone

Drug to be 
detd in mixt.

Concn range, /rg/mL in mixt.

Clotrimazole Azidamfenicol Dexamethasone

Clotrimazole 3-9 4-9 0.12-0.4
Azidamfenicol 12-20 1-22 0.2-1.2
Dexamethasone 200-540 120-500 10-30

contain 4 p g /v d L .  Into 25 mL volumetric flasks, transfer 
different volumes of clotrimazole and azidamfenicol stan
dard solutions (each of 100 /zg/mL, prepared above) and also 
different volumes of the 4 jug/mL standard solution of dexa
methasone in ratios represented in Table 1. Dilute to volume 
with methanol and measure absolute values of Di ±  D2 at 
302 nm (for clotrimazole) and Dj at 288 nm (for azidamfeni
col).

(b) F o r d e x a m e th a so n e  c o m p o n en t.—Prepare separate 
stock solutions of clotrimazole and azidamfenicol in metha
nol, each containing 104 /rg/mL and also of dexamethasone 
in methanol containing 100 /ug/mL. Into 25 mL volumetric 
flasks, transfer different volumes of the above stock solutions 
in the ratios represented in Table 2. Continue the procedure 
as described under preparation of calibration curve for dexa
methasone, beginning “Dilute volume ..

P reparation  o f  Sam ple Solution

(a) T o p ic a l so lu tio n .—Accurately transfer volume of 
sample equivalent to 10 mg clotrimazole to 100 mL volumet
ric flask, and dilute to volume with methanol.

(b) C re a m s a n d  v a g in a l ta b le ts .—Transfer weight of 
cream or finely powdered tablets equivalent to 10 mg clotri
mazole to 30 mL screw-cap centrifuge tube. Extract with two 
20 mL aliquots of methanol by vigorous mechanical agitation 
for 10 min, followed by centrifugation. Combine and filter 
methanolic extracts into 100 mL volumetric flask. Dilute to 
volume with methanol.

Procedure

Transfer 25 mL from each of the above prepared solutions 
[(a) and (b)] into 50 mL volumetric flasks and evaporate to 
dryness on boiling water bath. Add 20 mL concentrated HC1, 
heat on boiling water bath 90 min, and cool to room tempera
ture. Dissolve and dilute to volume with methanol. Measure

X  ( nm )  X  ( nm)

Figure 1. (a) Zero order absorption spectra of 6 /tg/mL of clotrima
zole in methanol before (— ) and after hydrolysis (— ); (b) first 

derivative spectra; (c) second derivative of hydrolytic products.

absolute values of D, and D2 of each solution at 302 nm 
against solvent blank.

D e term in a tio n  o f  a z id a m fe n ic o l  in c re a m .—Transfer 
weight of cream equivalent to 10 mg azidamphenicol. Ex
tract as described under clotrimazole creams. Transfer 8 mL 
extract to 25 mL volumetric flask and dilute to volume with 
methanol. Measure absolute value of Di at 288 nm against 
solvent blank.

D e term in a tio n  o f  d e x a m e th a so n e  in c re a m .—Transfer 
weight of cream equivalent to 5 mg dexamethasone (ca 12.5 g 
cream) to 250 mL stopper conical flask. Extract 3 times, each 
with 50 mL aliquot of methanol, by vigorous mechanical 
shaking for 10 min and transfer by washing through double 
filter paper to another 250 mL conical flask. Reduce volume 
of combined methanolic extracts and washings to about 30 
mL by evaporation on boiling water bath. Cool to room 
temperature (ca 25°C) and transfer quantitatively to 50 mL 
volumetric flask with subsequent dilution, using methanol. 
Transfer 3 mL extract to 25 mL volumetric flask. Complete 
as described under dexamethasone assay, beginning “Dilute 
volume to 5 mL . . . ” .

Table 2. Preparation of laboratory-prepared mixtures of clotrimazole (Ct), azidamfenicol (Az), and dexamethasone (Dx)

Mixt.
No.

Volume taken from different standard solutions

For Ct determination For Az determination For Dx determination

Cta Aza Dx6 Cta Aza Dx" Ctc Azc Dxd

1 0.75 2.00 2.50 5.00 2.50 7.50 0.81 0.78 1.50
2 1.00 2.25 2.00 4.50 3.00 5.00 0.78 0.81 2.00
3 1.25 1.50 1.50 4.00 3.50 4.00 0.75 0.75 2.50
4e 1.50 1.50 1.50 4.00 4.00 4.00 0.75 0.75 3.00
5 1.75 1.50 1.50 4.00 4.50 4.00 0.75 0.75 3.50
6 2.00 1.00 1.25 3.50 5.00 1.25 0.60 0.30 4.00
7 2.25 1.25 0.75 3.00 5.50 2,50 0.30 0.18 4.50

* Standard solution of 100 jig/mL.
6 Standard solution of 4 M9/rnL- 
0 Standard solution of 104 lug/mL. 
d Standard solution of 100 /xg/mL.
6 Laboratory prepared mixture of the 3 drugs in the same ratio as in the commercial preparation.
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A i ' 1'")

Figure 2. (a) Absorption spectra of 8 /ig/mL of clotrimazole (— ), 8
fig/mL of azidamfenicol ( - • - ) ,  and 0.32 fig/mL of dexamethasone 
(— ) in methanol; (b) their corresponding first derivative spectra.

Figure 3. Second derivative spectra of 6 /xg/mL of clotrimazole 
(— ), 6 pg/mL of azidamfenicol ( -  • -), and 0.24 pg/mL of dexa

methasone (— ) in methanol after acid hydrolysis procedure.

Results and Discussion

Figure la  shows the zero order UV spectra of clotrimazole 
and its acid-induced hydrolytic products in methanol. After 
hydrolysis, a characteristic peak appears at 264 nm with a 
hyperchromie effect (apparent A |*m = 600). The first and 
second derivative spectra of the hydrolytic products (Figures 
lb  and lc) show a series of characteristic peaks from which 
the only wavelength at 302 nm has been selected for both D] 
and D2 (analytical wavelength).

Figure 2a shows the zero order absorption of clotrimazole, 
azidamfenicol, and dexamethasone in concentration ratio 
(1:1:0.04) equal to their existence in commercial prepara
tions. Figure 2b shows their corresponding first derivative 
curves. From this figure, it is clear that azidamfenicol can be 
determined by direct Di-peak amplitude measurements at 
288 nm. Clotrimazole has been determined in the mixture 
after its acid hydrolysis and subsequent measurement of 0 2- 
peak amplitude at 302 nm (Figure 3). Other components in 
the mixture show no contribution after hydrolysis process 
(Figure 3).

As a minor component in the test mixture, dexamethasone 
cannot be assayed using derivative spectrophotometry. But 
the color reaction with phenylhydrazinium sulfate reagent 
(20) optimized the dexamethasone assay. A calibration 
graph correlating D| measurement at 438 nm and dexameth-

asone concentration (in a range of 8-22 jxg/m L) has been 
constructed.

For clotrimazole and azidamphenicol, the correlation be
tween D] or D2 for the former, and D; for the latter, and their 
concentrations (in the range stated in Table 3) was linear 
with a negligible intercept.

Regression analysis using the method of least squares was 
done for the slope (b), intercept (a), and correlation coeffi
cient (r) values (Table 3). Separate determinations at differ
ent concentration levels were carried out for each drug to 
assess the reproducibility. The coefficient of variation was 
less than 2%, indicating good reproducibility.

To prove the validity and applicability of the proposed 
methods, 7 synthetic mixtures were prepared with different 
proportions of drug components (Table 2) and analyzed for 
each drug using the proposed procedures. The results ob
tained were both precise and accurate (Table 4).

Commercial pharmaceutical preparations (creams, topi
cal solutions, and vaginal tablets) of clotrimazole in single 
dosage forms and in combination with other drugs were 
assayed using the proposed method and the official titrimet- 
ric method (5). The 2 methods gave concordant results (Ta
bles 4 and 5).

The results obtained show the high reliability, sensitivity, 
and reproducibility of the proposed methods, which require 
simple extraction and direct measurements.

Table 3. Assay parameters for derivative spectrophotometric determination of clotrimazole, azidamfenicol, and dexamethasone

Drug
Concn range, 

pg/mL
Derivative

mode
Selected 

X, nm

Regression equation3
CV,b

%a (intercept) b (slope) r

Clotrimazole 2-10 D ic 302 -0.0030 12.259 0.9999 0.22
d 2° 302 -0.1071 11.429 0.9999 0.44

Azidamfenicol 8-22 D, 288 -0.1964 3.595 0.9996 1.19
Dexamethasone 6.7-30 D / 438 -0.3277 2.392 0.9998 1.25

‘  f(X) = a +  bC, where f(A) = D, or D2 (measured in mm), whenever applicable, and C is concentration in wg/mL. 
b Five separate determinations (at least). 
c Measured after hydrolysis. 
d Measured after derivatization.
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Table 4. Recovery results3 of clotrimazole, azidamfenicol, and 
dexamethasone in laboratory synthetic mixtures and cream

Concn
taken, MQ/mL

Laboratory mixture6 Cream

Reed,
pg/mL Rec., %

Reed,
rrg/mL Rec., %

Clotrimazole6

3 2.9 96.7 2.9 96.7
4 4.0 100.0 4.0 100.0
5 5.0 100.0 5.1 102.0
6 6.1 101.7 6.1 101.7
7 7.1 101.4 7.1 101.4
8 8.1 101.3 8.1 101.3
9 9.2 102.2 9.2 102.2

Mean 100.5 100.8
SD ±1.86 ±1.93

Azidamfenicol

10 10.0 100.0 10.0 100.0
12 12.2 101.7 11.9 99.2
14 14.0 100.0 14.1 100.7
16 15.7 98.1 15.9 99.4
18 17.9 99.4 18.3 101.7
20 20.0 100.0 20.1 100.5
22 21.8 99.1 21.9 99.6
Mean 99.8 100.2

SD ±1.10 ±0.88

Dexamethasone6

10.0 9.9 99.0 9.9 99.0
13.3 13.5 101.5 13.7 103.0
16.7 16.8 100.6 16.4 98.2
20.0 20.1 100.5 19.5 97.5
23.3 23.1 99.1 23.3 100.0
26.7 26.6 99.6 27.0 101.1
30.0 30.0 100.0 30.4 101.3
Mean 100.0 100.0

SD ±0.90 ±1.93

a Recovery from added or nominal drug content. 
b Concentration range as listed in Table 1. 
c Measured after hydrolysis. 
d Measured after derivatization.
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Determination of Size Distribution of Fat Globules in Intravenous Fat Emulsions by Photon
Correlation Spectroscopy
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
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A photon correlation spectroscopy method has been developed to 
characterize the size distribution of fat globules in intravenous fat 
emulsions (IFE) in terms o f mean diameter, standard deviation o f the 
distribution, and percentage of large particles outside the distribu
tion. Mean fat globule diameters o f samples o f all IFE products 
available in Canada were about 0.3 ¿¿m, similar to values reported in 
the literature. The methodology is sufficiently sensitive to detect the 
presence of 5% by weight of 2 fim polystyrene microspheres in an 
intravenous fat emulsion. The effect o f changes in instrument settings 
and variables on the results has been evaluated.

Intravenous fat emulsions (IFE) are an aqueous suspension 
of 10 or 20% soybean and/or safflower oil, an emulsifying 
agent which is usually a mixture of egg phosphatides, and 
glycerol for isotonicity. The individual fat globules have di
ameters in the range 0.1-0.5 jtm and are meant to mimic 
endogenous chylomicrons (1). The measurement of mean 
diameters and distributions of fat globules in IFE by photon 
correlation spectroscopy (PCS) has been reported by several 
authors (2-7). However, we did not find a comprehensive 
method supported by an evaluation specific to IFE of experi
mental and instrumental variables and the mode of calcula
tion on the results. In the present paper, the method is preced
ed by an overview of the theory of the instrument. Results 
obtained on marketed products are given, as well as evidence 
of sensitivity of the method to changes in particle size distri
bution and instrumental and experimental variables.

Theory

The general theory of photon correlation spectroscopy has 
been described elsewhere (8-10) and only a brief overview 
will be given here. The technique is based on measurement of 
the time-dependent fluctuations in laser light scattered from 
particles in suspension or molecules in solution. The scattered 
light fluctuates as a result of the constant (Brownian) ran
dom motion of the suspended particles. The instrument ana
lyzes the intensity of the fluctuations to obtain a translational 
diffusion coefficient, D, and calculates the diameter of the 
particles by using the Stokes-Einstein equation:

D = kT/3xnd

where k is the Boltzmann constant, T is the absolute tempera
ture, j; is the viscosity of the medium, and d is the spherical 
diameter of the particles.

The Coulter Model N4 photon correlation spectrometer 
used in this work treats scattering data by unimodal analysis 
or size distribution processor (SDP) analysis, at the option of 
the operator. Unimodal analysis is a cumulant process which 
interprets the data as a single set of particles with a log 
Gaussian distribution. The instrument calculates the mean 
diameter and standard deviation of the particles. SDP analy
sis uses a constrained regularization of linear equations pro
gram (11). The constraint forces the result to be positive and 
regularization effectively smooths the distribution and pro
vides the simplest solution. In the case where it is not possible 
to differentiate mathematically between a unimodal and bi- 
modal distribution, a unimodal solution is chosen. The dust 
term in the SDP analysis represents slowly decaying compo-

Received August 5, 1988. Accepted December 28, 1988.

nents of the autocorrelation function. These are due to large 
particles, gas bubbles, and convection currents in the sample. 
Histograms of the intensity and weight distribution and ta 
bles of results which include the diameter, relative amount, 
and the standard deviation of the histogram components 
from the mean value of each peak are provided. The instru
ment initially calculates an intensity vs fat globule size distri
bution from which a fat globule weight size distribution is 
determined. This last calculation uses the Mie equation (8) 
and requires the complex refractive index, as well as the 
angle of scatter. If the complex refractive index is not known, 
the instrument uses an approximate value. The intensity of 
light scattered from particles with diameters larger than 
approximately 0.2 pm is an oscillating function with angle 
and diameter dependence. For example, 0.9 /urn particles give 
maxima in scattering intensity at 52 and 87° and a minimum 
at 110°, whereas, 40 nm particles scatter light with equal 
intensity at all angles (12).

Stock and Ray (11) compared 6 mathematical methods 
for the analysis of PCS data and, although none was ideal, 
the method similar to SDP analysis was the most reliable for 
analyzing experimental data. They recommended that at 
least 2 independent methods of data analysis be used to 
confirm the calculated distributions. Because of the complex 
and varied data treatments available for PCS experiments, it 
is important that instrument manufacturers inform the user 
of the mode of calculation used, and that researchers report 
their experimental procedures in detail.

METHODS

A pparatus

(a) P h o to n  c o r r e la t io n  s p e c t r o m e t e r .— M odel N 4, 
equipped with 128 channels, detector set at 90°, sample 
compartment thermostatted at 20°C, and software version
9.1 (Coulter Electronics, Hialeah, FL 33010). Calibrate ac
cording to procedure provided by manufacturer. Instrument 
was connected to computer (Model He, Apple Computer, 
Cupertino, CA 95014) via RS-232 interface for data ma
nipulation and storage.

(b) F lu o rescen ce  c e l ls .—Optical glass (Hellma Ltd, To
ronto, Ontario, Canada).

R eagen ts and C hem icals

(a) P o ly s ty re n e  m ic ro sp h e re s .—Latex suspensions: 0.040 
and 2.02 gm (Coulter Electronics).

(b) In tra ven o u s f a t  e m u ls io n s .—(Abbott Laboratories, 
Montreal, Quebec H4P 1A5; Pharmacia (Canada) Inc., 
Dorval, Quebec H9P 1H6; Alpha Therapeutic Corp., Los 
Angeles, CA 90032; and Travenol Laboratories Inc., Deer
field, IL 60015).

(c) P h o sp h a te  b u ffe r .—Transfer 50 mL 1M potassium 
dihydrogen phosphate solution and 39.1 mL 1M sodium 
hydroxide solution to 200 mL volumetric flask, dilute to 
volume with distilled, filtered water, mix, and pass through 
0.22 /urn membrane filter (Millipore, Bedford, MA 01730).

(d) B u ffe re d  w a te r .—Pass water through ion-exchange 
cartridges, Model NANOpure II system with Organicfree 
cartridge (Barnestead, Boston, MA 02132) and filter
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Table 1. Example of raw data from single sample runa

Run

Unimodal
analysis SDP analysis

Diam., nm SOb Diam., nm SD Amount, %c Dust, %

1 284 79 318 150 100 0
2 286 64 316 46 100 0.9
3 290 62 316 46 100 0
4 286 64 316 46 100 0.9
5 289 65 316 46 100 0
6 286 67 306 46 100 1
7 282 77 456 480 100 0
8 285 67 309 100 100 0
9 284 75 303 48 100 3

10 285 71 304 47 100 2

Mean 286 69 326 105 0.8
RSD, % 1 9 14 29 132

s Sample P 20% fat.
b Mean of standard deviations of Individual particle distributions. 
c Weight percent total solids represented by first peak.
None of the runs represented in this table yielded double peaks.

through 0.22 ¿tm filter (Millipore). Add 5 mL phosphate 
buffer to each liter to give final pH of 7.8.

(e) S ta n d a r d  p re p a ra tio n s .—A: Dilute 40 nm polystyrene 
microsphere latex suspension with buffered water to ca 6 
(tg/mL. B: Add polystyrene spheres with nominal mean diame
ter in range 1.8-2.2 ftm to diluted IFE to final concentration of 
10% polystyrene spheres in total solids content of 20 jug/mL.

(f) T es t p r e p a r a tio n .—Transfer amount of IFE equiva
lent to 10 mg fat to 10 mL volumetric flask, dilute to volume 
with buffered water, and mix. Transfer 50 /xL of this solution 
to sample cuvet containing 3.5 mL buffered water, cap cuvet, 
and invert 10 times to mix contents.

S ystem  S u itab ility

Using method given in P ro ced u re , measure mean particle 
diameter of standard preparation A. Mean diameter by cu- 
mulant (unimodal) analysis must fall between 35 and 45 nm 
with relative standard deviation <3% for 10 consecutive runs 
of 400 s. Perform 10 runs of 400 s each with standard prepa
ration B and analyze results by constrained regularization 
(SDP) or similar method. Resulting distributions must be 
either single peaks with mean dust level >2% or double 
peaks.

Procedure

Mix IFE sample by inverting container 25 times. Transfer 
amount equivalent to 10 mg fat to 10 mL volumetric flask, 
dilute to volume with buffered water, and mix. Transfer 50 
/uL of this solution to cuvet containing 3.5 mL buffered 
water, cap cuvet, and invert 10 times to mix contents. Place 
cuvet in PCS instrument and allow to equilibrate to 20°C for 
15 min. Do 10 scattering experiments (runs) at instrument 
angle of 90°. Calculate mean fat globule diameter by unimo
dal and SPD data treatment procedures. Report mean diam
eters and standard deviations with their associated relative 
standard deviations and mean percentage of calculated dust.

Results and Discussion
The method requires that 10 runs be made on each sample. 

These are done without opening the sample cuvet or remov
ing it from the photon correlation spectrometer. Each indi
vidual run gives diameters and standard deviations by the 
unimodal and SDP methods of calculation. Histograms of

PARTICLE DIAMETER (nm)

Figure 1. Typical fat globule size distributions by photon correla
tion spectroscopy showing distribution curves calculated by unimo

dal (A) and SDP (B) methods.

the distributions are also given. Results obtained from a 
typical experiment of 10 individual runs are given in Table 1 
and histograms of a single, typical run are shown in Figure 1. 
The data in Table 1 show that no individual run can be relied 
on to characterize a sample. For example, compared with 
most runs in Table 1, Run 7 gave an unusually large diameter 
and standard deviation, and Run 1 a large standard devi
ation, both by the SDP method. Individual runs are subject to 
random instrumental and sample variations. Calculation of 
the standard deviation is critically dependent on an accurate 
determination of the baseline (13) and the dust level, which 
varies considerably from run to run.

Representative samples of commercial IFE products, 
available in Canada from 4 manufacturers, were analyzed by 
the method described in this paper (Table 2). These include 
10 and 20% emulsions, some of which were beyond their 
expiry date when analyzed. Mean fat globule diameters of all 
samples, by both methods of calculation, were between 234 
and 367 nm, with most less than 300 nm. The results show 
that fat globules in the 20% emulsions are significantly larger 
than in the 10% emulsions (Tables 2 and 3). Diameters 
calculated by the SDP method are usually about 15% larger 
than those calculated by unimodal analysis. No generaliza
tions can be made about differences between expired and 
unexpired samples. Mean fat globule diameters reported in 
the literature range from 184 to 400 nm (1-6). These are in 
general agreement with results obtained by transmission 
electron microscopy (14), sedimentary field flow fraction
ation (15), and fiber optic Doppler anemometry (16).

Undisturbed IFEs develop a concentrated, cream-like lay
er in the upper part of the container after a few months.
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Table 2. Photon correlation results for commercial IFE products

Sample Fat, % Expiry date

Unimodal analysis SDP analysis

Dlam., nma SD, nm6 Diam., nm SD Dust, %

P 10 05/86 242(1) 54(2) 281(1) 73(1) 0.2(176)
P 20 12/84 243(1) 55(9) 282(1) 72(2) 0.2(179)

Q 10 09/87 234(1) 52(11) 272(4) 77(36) 0.2(240)

Q 20 04/87 300(1) 74(22) 312(2) 58(33) 2.1(190)
R 10 06/85 263(1) 71(7) 290(5) 79(40) 1.7(108)°
R 20 12/87 272(1) 74(8) 303(7) 90(40) 1.5(127)
S 10 01/85 247(1) 66(8) 292(4) 72(15) 1.0(108)d
S 20 12/86 314(1) 86(8) 367(17) 161(85) 1.2(175)
T 10 11/88 276(1) 74(10) 312(8) 38(58) 1.3(157)
U 10 05/89 252(1) 60(6) 291(3) 65(11) 0.6(146)
U 20 08/89 286(1) 69(9) 326(14) 106(129) 0.8(132)

3 Values in parentheses are relative standard deviations (%). 
b Mean of standard deviations of individual particle distributions. 
c One doublet in SDP analysis: 32 nm (60%) and 300 nm (40%). 
dOne doublet in SDP analysis: 283 nm (81 %) and 1780 nm (19%).

Samples taken from this layer were analyzed and compared 
with results obtained after the total contents of the container 
were mixed. Because of the concentration difference, twice 
the volume of the mixed IFE was taken for dilution and 
analysis, although the analysis is not dependent on concen
tration (see below). Globules in the cream layer are from 8 to 
67% larger than in the mixed sample as a whole (Table 3). 
The tendency for large globules to segregate in the cream 
layer is manufacturer specific and does not appear to be 
related to the expiry date of the sample.

S en sitiv ity  o f  M eth ods to  Changes in P artic le  S iz e  D istribution

An effective standard for fat globule size distribution must 
not only yield values for the mean diameters, but must also 
respond to abnormalities in the fat globule distribution of the 
product under test. The sensitivity of the method to bimodal 
distributions was demonstrated by measurements on mix
tures of polystyrene spheres of different diameters and by 
adding polystyrene spheres to IFE samples.

Polystyrene microsphere latex suspensions used had mean

Table 3. Mean globule diameters and standard deviations of IV 
fat emulsions

Unimodal
analysis SDP analysis

Sample ------------------------------- -----------------------------------------------
(% fat) Mixed3 Diam., nm" SD, nmc Diam., nm SD Dust, %

P(10) N 280(1) 70(16) 306(5) 69(43) 1.0(137)
Y 242(3) 63(12) 284(8) 81(21) 0.7(193)

P(20) N 330(1) 91(9) 376(5) 154(42) 1.1(145)
Y 282(1) 73(9) 309(3) 81(50) 0.7(178)

Q(10) N 407(1) 122(5) 497(9) 166(14) 1.2(141)
Y 283(1) 79(11) 337(9) 141(36) 0.1(364)

Q(20) N 438(1) 130(6) 550(16) 240(40) 1.5(154)
Y 329(1) 91(6) 349(7) 120(57) 1.6(145)

R(10) N 357(2) 104(12) 415(17) 162(35) 1.3(145)
Y 268(1) 78(3) 304(7) 110(48) 1.6(117)

R(20) N 385(1) 119(4) 545(18) 309(69) 1.4(280)
Y 285(2) 76(12) 327(14) 113(92) 1.3(151)

S(10) N 275(3) 72(6) 307(6) 82(57) 0.9(140)
Y 242(3) 60(13) 280(2) 74(5) 0.8(143)

S(20) N 347(1) 97(6) 397(11) 42(15) 0.9(194)
Y 313(2) 83(7) 338(3) 23(49) 1.2(158)

a N =  analysis of cream layer before mixing: Y =  after mixing. 
b Values in parentheses are relative standard deviations (%). 
c Mean of standard deviations of individual particle distributions.

particle diameters of 0.040, 0.17, 0.31,0.50, 2.02 and 5.0 g m  
(Coulter Electronics); 0.30 and 3.0 ^m (Eastman Kodak, 
Rochester, NY 14650); 0.46 g m  (Sigma Chemical Co., St 
Louis, MO); and 0.895 Standard Reference Material 
(SRM ) 1690 (National Institute of Standards and Technol
ogy, Gaithersburg, MD 20899). The solids content of the 
polystyrene latexes were determined by evaporation to dry
ness at 60°C. Values found were 2.33% for Coulter (L)3000, 
nominal mean diameter 0.31 g m  and 2.51% for Kodak (L )l, 
nominal mean diameter 2.0 /tin. Samples for PCS measure
ment were prepared by diluting the latexes to a final total 
solids concentration of 14 g g /m L .

Particle size distribution measurements were made for 
mixtures of 0.31 and 2.0 yum polystyrene spheres over the 
entire range from 100% 0.31 ¿im spheres to 100% 2.0 g m  
spheres. Scattering levels were 119 000 and 228 000 counts/s, 
respectively. Results of analyses by the unimodal and SPD 
methods are given in Table 4. Thus, 9 runs on the sample 
containing 5% polystyrene gave a mean unimodal diameter 
of 380 nm and a mean peak standard deviation of 119. SPD 
analysis of the same 9 runs represented the data as 5 runs 
with a single peak at 387 nm and 4 runs with bimodal peaks 
at 320 and 1023 nm. Mean diameters calculated by unimodal 
analysis were a linear function (r2 = 0.997) of the weight 
percent of the 2 components in the mixture (Table 4). By 
SPD analysis, as the proportion of the larger diameter com
ponent of the mixture increases, the analysis yields an in
creasing proportion of doublet peaks. For example, at 1% of 
the larger component, there are 2 doublets in 9 runs, but at 
10% there are 8 doublets in 10 runs and at 20%, all results are 
reported as doublets. For this mixture the technique was 
sensitive to 1% of the larger particles in the suspension.

Well characterized fat emulsions containing globules of 
different sizes and distributions are not available. Attempts 
to prepare such emulsions by controlled agglomeration of fat 
globules in IFEs by freeze-thaw cycles or by addition of 
divalent calcium and magnesium ions were unsuccessful. 
Therefore, the sensitivity of the method to particles outside 
the globule size distribution in IFE was investigated by add
ing polystyrene spheres to IFE. Globule size diameter data 
from mixtures of 2.0 g m  polystyrene spheres and IFE show 
that both the diameter and peak width increase as the per
centage by weight of polystyrene spheres increases (Table 5). 
The SDP analysis of a bimodal mixture may yield results in 1 
of 3 forms: a single peak with a high percentage of dust, a 
single, broad peak with no dust, or 2 peaks. Data for both
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Table 4. Mean diameters and standard deviations of polystyrene sphere mixtures8

PS0
No. of 
runs

Unimodal analysis

SDP analysis

First peak Second peak
First

peak, % e Dust, %Diam., nmc SD, nm" Diam., nm SD Diam., nm SD

0 10 308(1) 66(26) 312(2) 46(0) __ _ 100 2(99)
1 7 330(4) 89(9) 397(27) 181(103) — — 100 3(103)

2 319 52 6600 930 40 3(141)
5 5 380(5) 119(8) 387(10) 140(20) — — 100 5(34)

4 320(3) 62(25) 1023 215 49 0(0)
10 2 420(4) 154(6) 406 150 — — 100 14(5)

8 339(11) 80(57) 2580(58) 573(70) 42 1(280)
20 10 686(49) 245(5) 467(24) 179(22) 2510(30) 710(36) 18 1(316)
50 9 1099(5) 399(3) 354(21) 105(83) 1910(22) 511(48) 8 2(229)

100 7 1743(3) 484(9) 1790(13) 400(60) — — 100 4(66)

a Mixtures of polystyrene spheres, mean diameters 0.31 and 2.0 ^m, in latex suspensions. 
b Weight percent of 2.0 ( im  polystyrene spheres in total solids. 
c Values in parentheses are relative standard deviations (%). 
d Mean of standard deviations of individual particle distributions.
® Percent of total solids represented by first peak.

types of single peaks have been combined (Table 5). At low 
levels of 2.0 /um polystyrene spheres, SDP analysis usually 
yielded a single peak with a high percentage of dust. The dust 
term is used in SDP analysis to account for slowly decaying 
components of the autocorrelation function which may result 
from large particles, gas bubbles, or convection currents. As 
the level of polystyrene spheres increases, the instrument is 
more successful in determining the bimodal character of the 
suspension. For example, of 10 runs at the 5% polystyrene 
level, 9 gave a single peak with an increased mean dust level 
and 1 gave a double peak (Table 5).

The sensitivity of the method to polystyrene spheres of 
other diameters is given in Table 6. The addition of 50% 0.33 
/¿m polystyrene spheres to an IFE had little effect on the 
results; these spheres were of similar diameter to the fat 
globules themselves. This shows that the instrument is re
sponding to the particle size distribution and not some coinci
dental factor, such as refractive index or particle agglomera
tion. Mixtures containing 10% of 0.99 and 2.95 /¿m polysty
rene spheres yielded a significant number of doublet peaks at 
the 10% level (Table 6). The larger 2.95 /um particles are near 
the upper limit of photon correlation spectrometry, where 
Brownian movement of the massive 3 ¿tm particles is slug
gish.

Instrum ental and E xperim en ta l Variables

The robustness of the method was investigated by chang
ing the instrument settings and experiment variables.

R u n  t im e .—This is the period over which data are collect
ed and is usually about 400 s. Given sufficient scattering 
intensity, the percentage error in calculated diameter is in
versely proportional to the square root of the run time. Sam
ples containing large particles and those with bimodal distri
butions require longer run times to achieve satisfactory re
producibility.

S a m p le  t im e .—The sample time is the time delay between 
products used in the calculation, usually about 40 p s  for IFE. 
It can be thought of as the time interval between measure
ments of the intensity of the scattered light and should be 
chosen to match the speed of the particles undergoing Brown
ian motion. The sample time may be entered manually, cal
culated by the instrument from a manually entered estimate 
of the particle diameter, or calculated by an autoranging 
function of the instrument. The latter method was used in 
this paper. At an angle of 90°, entering diameters of 40, 170, 
and 900 nm led to sample times of approximately 5.2,22, and 
118 ¿¿s. As the angle decreases from 90° the sample time 
increases. For the 170 nm standard, the sample times, calcu
lated from estimated diameters, for angles of 63.2, 29.8,22.9,

Table 5. Mean diameters and standard deviations of IFE-polystyrene sphere mixtures

SDP analysis

PSa
No. of 
runs

Unimodal analysis First peak Second peak
First

peak, % d Dust, %Diam., nm1’ SD, nm° Diam., nm SD Diam., nm SD

0 10 234(3) 52(9) 272(1) 77(2) — — 100 0.2(214)
5 9 237(1) 63(12) 284(4) 96(33) — — 100 0.9(109)

1 274 80 2590 820 80
10 6 243(2) 75(5) 243(2) 89(5) — — 100 8.0(19)

1 287 100 2650 800 79
20 6 263(2) 89(5) 289(8) 86(31) — — 100 8.0(19)

3 272(24) 145(36) 1316(81) 387(100) 56
50 7 397(10) broade 311(16) 123(44) 4056(60) 1106(58) 21

100 7 1740(5) 510(9) 1893(21) 433(45) — — 100 5.0(76)

a Weight percent in total solids of 2.0 f im  polystyrene spheres (Kodak) in Sample D, 10% fat, diluted to 20 /ig/mL. 
b Values in parentheses are relative standard deviations (%). 
c Mean of standard deviations of individual particle distributions. 
d Weight percent of total solids represented by first peak.
0 Coulter software term for unusually large SD.
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Table 6. Mean diameters and standard deviations of IFE-polystyrene sphere mixtures: effect of varying sphere diameter

SDP analysis

PSa
No. of 
runs

Unimodal analysis First peak Second peak
First

peak, % d Dust, %Diam., nm6 SD, nmc Diam., nm SD Diam., nm SD

0 10 242(3) 60 280(2) 74 — — 100

0.33 n m  spheres: Sigma (L)66F-0059

50 10 292(3) 67(10) 310(3) 44(26) — — 100 1.4(119)

100 10 339(2) 70(14) 338(2) 68(13) — — 100 0.4(246)

0.99 ¿¿m spheres: Sigma (L)17F-0003

10 5 240(1) 64(8) 237(7) 97(15) — — 100 0.1(223)
5 146(41) 24(65) 488(58) 70(65) 59 0.8(224)

50 10 313(1) 110(0) 177(19) 34(29) 626(37) 97(20) 31 3.8(101)
100 10 1040(2) 280(7) 1038(6) 136(69) — — 100 3.1(85)

2.95 ;um spheres: Sigma (L)105F-0711

10 8 234(1) 60(5) 287(9) 136(71) — — 100 0.6(182)
2 196 46 1000 149 100 0

50 6 261(2) 90(3) 275(4) 107(35) — — 100 9(19)
4 216(20) 65(29) 1246(48) 252(76) 35

100 10 2739(8) 918(13) 2740(22) 834(116) — — 100 15(78)

8 Percentage by weight of polystyrene spheres in IFE, Sample D, 10% fat. 
b Values in parentheses are relative standard deviations (%). 
c Mean of standard deviations of Individual particle distributions. 
d Weight percent of total solids represented by first peak.

15.6, and 11.0° were 40, 168, 284, 588, and 1203 ¿ts, respec
tively. Thus, both larger particle diameters and lower angles 
of detection require increased sample time. The sample tem
perature and diluent viscosity also affect the sample time and 
are therefore held constant.

creased from 16 000 to 1 310 000, but the unimodal diameter 
remained within the range from 171 to 179.4 nm, with a 
mean of 175.7 nm, based on 7 runs. The reproducibility of the 
method was further evaluated using the 170 nm standard at a 
sample preparation which gave about 500 000 counts/s. The

S a m p le  co n c en tra tio n .—The concentration should be cho
sen to obtain scattering intensity in the manufacturer’s rec
ommended range of 50 000 to 1 000 000 photon counts/s, 
usually between 1 and 200 n g /m L .  The intensity of scattered 
light is also dependent on the angle of scatter and the volume, 
shape, and flexibility of the particles. The instrument pro
vides a means of checking the scattering intensity at 90°. 
Counts below the recommended range result in a decreased 
signal-to-noise ratio, and high counts may result in satura
tion of the electronics. High concentrations of sample result 
in particle-particle interaction and in photons being scat
tered by more than 1 particle. When the concentration of 170 
nm polystyrene microspheres was varied from 2.5 to 200 n L

mean unimodal diameter for sets of 4 determinations per 
sample using 4 different samples over 4 consecutive days was
175.3 nm with an RSD of 1.3 and for 5 sets of 4 determina
tions per sample within 1 day was 177.9 with an RSD of 
0 .6% .

A n g le  o f  d e te c t io n .—The photon correlation spectrometer 
used for this work was equipped with a multiangle detector 
(90, 63.2, 29.8, 22.9, 15.8, or 11.6°). Particle diameters and 
distributions of 7 polystyrene sphere latexes ranging from 
0.04 to 3.0 ¿¿m were measured at the 6 angles. Mean diame
ters calculated by the unimodal procedure are compared to 
the nominal diameters in Table 7. In all cases the results 
depend on the scattering angle, especially for the larger parti-

of latex suspension in 3.5 mL water, the photon counts in- cles. A similar pattern emerges when the mean diameters are

Table 7. Mean unimodal diameters at various scattering angles

Diameter, nm6
Nominal -----------------------------------------------------------------------------------------------------------------------------------------------------------

diam., nma 90.0° 63.2° 29.8° 22.9° 15.6° 11.0°

40 42.6(0.2)c 43.1(0.6) 44.3(1.1) 44.0(2.4) 46.3(2.3) 44.8(5.6)
170 174(0.5) 172(0.8) 185(1.8) 169(2.8) 199(6.5) 188(1.4)
300 354(1.0) 373(2.4) 396(1.5) 372(16) 443(1.8) 424(7.0)
310 319(1.6) 346(2.6) 357(5.5) 341(4.0) 389(2.9) 359(8.4)
460 495(1.1) 512(1.8) 343(2.2) 487(2.5) 364(16) 379(20)
898 912(1.3) 958(2.2) 907(2.3) 1198(12) var.d 598(14)

2020 2050(2.4)° 2115(1.9) 2031(2.2) 2754(11) var. 1876(74)
3000 2645(2.0) 2986(2.3) var. 3282(8.6) var. var.

8 Samples were dilated with filtered water then sonicated 15-30 s.
b Diameters are means of 5 determinations except where indicated. Values in parentheses are relative standard deviations (%).
c Mean of 10 determinations.
d var. =  variable results, i.e., results included both large positive and negative values for diameters in 1 set of runs.
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Table 8. Mean SDP diameters at various range settings3

Range setting, nm Diam., nm6 SD, nmc Dust, %

1-10 000 309(2) 69(29) 0.4(137)
10-10 000rf 307(0.8) 81(37) 0.2(163)

100-10 000e 310(10) 129(48) 0.3(73)
3-3000 286(4) 108(29) 0.4(223)

30-3000 304(7) 105(48) 0.2(234)

* Data are means of 5 runs. !FE sample was Mfr R, 20% fat.
6 Values in parentheses are relative standard deviations (%). 
c Mean of standard deviations of individual particle distributions. 
d One doublet peak in set of 10 runs.
8 Two doublet peaks. Set limit of 100 nm encroaches on lower end of fat globule 
distribution.

calculated by the SDP method. The results at 90° are in 
closest agreement with the nominal diameters of the micro
spheres. All IFE data presented in this report were obtained 
at 90°.

D ia m e te r  ra n g e .—The particle size range over which the 
SPD calculation is made can be set between 1 and 10 000 nm. 
Changes in the range (Table 8) result in changes to the 
calculated diameter, but these are small compared with the 
diameter. The range used was 1-10 000 nm.

Conclusions
The objective of this work has been to develop methodolo

gy to serve as the basis of a test method and specifications for 
fat globule diameters and fat globule size distributions in 
IFE. We have shown that mean fat globule diameters deter
mined by the method described agree with previous results 
obtained by PCS and other techniques. The method is sensi
tive to particles outside the size distribution of fat globules in 
IFE and is not unduly sensitive to sample and instrumental 
variables.

Fat globules in IFE can be characterized by their mean 
diameter and diameter distribution. The mean globule diam
eters in all products examined were well below 500 nm. This 
would appear to be an appropriate upper value from the 
manufacturing point of view and the range is physiologically 
sound. Particles with diameters greater than approximately 7 
/im become trapped in the capillary bed of the lungs due to

mechanical filtration (17, 18). Abnormally broad fat globule 
distributions are revealed by large standard deviations of the 
mean diameter, determined by either the unimodal or SDP 
calculations, double peaks indicative of a bimodal distribu
tion, or high dust levels. Indications of abnormality would be 
standard deviations over 150 nm, double peaks, or dust levels 
above 2%.
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Liquid Chromatographic Determination of Miconazole Nitrate in Creams and Suppositories
T H E O D O R E  A. T Y L E R  and JU D IT H  A. G E N Z A L E
H e r b e r t  V. S h u s te r ,  In c ., 5  H a y w a r d  S t ,  Q u in c y ,  M A  0 2 1 7 1

A rapid method has been developed for the determination of micona
zole nitrate in creams and suppositories. The sample is dissolved in 
ethanol, diluted in acetonitrile-water (1 + 1), and injected onto a C18 
column. The mobile phase consists of 55% acetonitrile, a triethylam- 
monium phosphate buffer, and an ion-pairing agent. The total run 
time is less than 4 min, and the active ingredient is determined using 
absorbance detection at 214 nm. The mean recovery of miconazole 
from spiked placebo samples was 99.7 ± 0.7% for the cream samples 
at the 2% level and 98.8 ± 0.3% for the suppository samples at the 4% 
level.

Miconazole nitrate, l-[2-(2,4-dichlorophenyl)-2-[(2,4-dichlo- 
rophenyl)m ethoxy]ethyl]-l//-im idazole mononitrate, is 
widely used as a topical antifungal agent at a level of 2% in 
creams and 4% in suppositories. The current USP method for 
miconazole nitrate (1) requires extractions using chloroform, 
evaporation to dryness, crystallization from chloroform-pen
tane, and re-solution in chloroform-methanol. The com
pound is finally determined by gas chromatography using 
flame-ionization detection.

A search of the literature suggested that several methods 
(2-5) based on reverse-phase liquid chromatography would 
be simpler and less time consuming than the USP method. 
These methods generally have run times in excess of 5 min 
and/or use reagents such as TH F in the sample preparation. 
In addition, the published methods do not consider possible 
co-elution of BHA with miconazole.

In the procedure presented here, ethanol is used to extract 
the miconazole, the total run time is less than 4 min, and a 
wavelength of 214 nm is used to give increased response over 
the usual wavelengths of 230 and 254 nm.

METHOD

A pparatus and R eagents

(a) L iq u id  c h r o m a to g r a p h .— Model 6000A pump, or 
equivalent, operating at 2.0 mL/min; W ISP autosampler, or 
equivalent; 15 cm X 4.6 mm ¿¿Bondapak C18 analytical 
column incorporating C l8 Guard Pak; Model 441 fixed 
wavelength detector, or equivalent, operating at 214 nm and 
0.05 AUFS; and Model 730 Data Module, or equivalent (all 
equipment from Waters Associates, Inc.).

(b) C h e m ic a ls  a n d  re a g e n ts .—Organic-free water was pre
pared by passing reverse osmosis water through a Milli-Q™ 
water purification system (Millipore Co., Bedford, MA 
01730). LC quality triethylamine, LC quality acetonitrile, 
reagent grade phosphoric acid, reagent grade ethanol (Fisher 
Scientific Co.); miconazole nitrate (Sigma Chemical Co.); 
1-octanesulfonic acid Na salt (Kodak).

(c) B u ffe r  so lu tio n .—Dilute 100 mL triethylamine to ca 
900 mL with water, add 80 mL 85% phosphoric acid, mix 
cautiously, cool to room temperature, and dilute to 1 L with 
water.

(d) M o b ile  p h a s e .—Dissolve 1.00 g 1-octanesulfonic acid 
Na salt in ca 300 mL water, add 10.0 mL buffer solution and 
550 mL acetonitrile, and dilute to 1 L with water. Mix well 
and pass solution through 0.45 ;um membrane filter.

(e) S to c k  s ta n d a r d  so lu tio n s .—Accurately weigh ca 80 
mg miconazole nitrate into 100 mL volumetric flask. Dis
solve in ethanol, dilute to volume with ethanol, and mix well

Received June 29, 1988. Accepted January 5, 1989.

to prepare stock solution. Dilute stock solution 10:100 with 
ethanol to prepare intermediate solution. These solutions are 
stable for 1 week.

Stan dard  P reparation

Dilute intermediate standard solution 5:100 with acetoni
trile-water (1 +  1). Prepare this solution fresh daily.

Sam ple Preparation

Accurately weigh sufficient sample to contain 8 mg micon
azole nitrate into 100 mL volumetric flask. Add ca 80 mL 
ethanol and cautiously warm on steam bath to dissolve sam
ple. Cool to room temperature, dilute to volume with ethanol, 
and mix well. Dilute 5:100 with acetonitrile-water (1 + 1). 
Filter portion through 0.45 g m  membrane filter before injec
tion.

P rocedure

Inject equal volumes (e.g., 20 g L )  of standard and sample 
solutions. Duplicate injections of standard solutions should 
differ by less than 2%. Calculate results by using the follow
ing formula:

Miconazole nitrite, % (w/w) = (A /A ') X (C '/C ) X 100

where C ' = concentration of standard solution in m g /100 
mL; C = concentration of sample solution in mg/100 mL; A 
= area of sample solution miconazole peak; and A ' = area of 
standard solution miconazole peak. Report final results to 
0 .01% .

Results and Discussion
The absorption spectrum of miconazole (Figure 1) was 

obtained using a Hewlett-Packard Model 1040A diode array 
system. This scan shows that miconazole does not have sig
nificant absorbance at 254 nm, but as the wavelength de
creases, the absorbance increases. We chose 214 nm to allow 
use of the fixed-wavelength zinc lamp detector. Analysts in 
possession of a multi-wavelength detector may prefer to work 
at 230 nm. At 230 nm, the miconazole response is approxi
mately 70% that of the response at 214 nm, and baseline 
stability may be slightly improved.

Initial chromatographic work was done using a mobile 
phase consisting of 550 mL acetonitrile and 10.0 mL buffer 
solution diluted to 1 L with water. Unfortunately, in this 
mobile phase, miconazole and BHA co-eluted; octanesul- 
fonic acid ion-pairing agent was added to give increased 
retention to miconazole. The chromatographic scan of BHA, 
miconazole, and BHT is shown in Figure 2.

The acetonitrile concentration of the mobile phase may be 
adjusted to compensate for differences in column length. For 
example, a mobile phase containing 6 0 -6 5 %  acetonitrile 
rather than 55% acetonitrile gives excellent separation be
tween BHA and miconazole when a 30 cm column is substi
tuted for a 15 cm column. In addition, the detector attenua
tion may be adjusted to yield an optimum response.

To test response linearity, a calibration curve was con
structed in the range of 0.04-0.60 mg miconazole/100 mL; 
the correlation coefficient (r) was found to be 0.9993.

With respect to precision, this method does not use an 
internal standard, and, therefore, quantitation depends on
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Figure 1. Absorption spectrum of 0.80 mg miconazole/100 m l 
mobile phase.

injection volume reproducibility. This reproducibility must 
be checked by injecting the standard solution several times 
and determining the relative standard deviation of the result
ing peak areas. This standard deviation is always less than 
0.5% when the equipment is working properly. It is recom
mended that the analyst perform this type of test if the 
difference between duplicate injections is more than 2%.

Table 1. Recovery of miconazole added to 400 mg portions of 
placebo cream and to 200 mg portions of placebo suppository

Added,
mg

Cream Suppository

Found, mg Rec., % Found, mg Rec., %

0.8 0.800 100.0 0.936a 117.0s
0.768 96.0 0.821 102.6
0.765 95.6 0.808 101.0
0.795 99.4 0.815 101.9
0.776 97.0 0.841 105.1
0.800 100.0 0.813 101.6

Av. 0.784 98.0 0.820 102.4
SD 0.016 0.013
CV, % 2.04 1.59

4.0 3.987 99.7 4.071 101,8
4.043 101.1 4.186 104.7
4.059 101.5 4.059 101.5
4.016 100.4 4.166 104.2
4.038 101.0 4.019 100.5
3.995 99.9 4.034 100.9

Av. 4.023 100.6 4.089 102.3
SD 0.028 0.070
CV, % 0.70 1.71

8.0 7.970 99.6 7.982 99.8
7.949 99.4 8.001 100.0
8.078 101.0 8.010 100.1
7.938 99.2 8.016 100.2
6.456a 80.7a 7.959 99.5
7.944 99.3 7.954 99.4

Av. 7.976 99.7 7.987 99.8
SD 0.058 0.026
CV, % 0.73 0.33

12.0 12.016 100.1 11.766 98.1
12.005 100.0 11.806 98.4
11.976 99.8 11.887 99.1
12.005 100.0 11.856 98.8
11.979 99.8 11.788 98.2
11.987 99.9 11.857 98.8

Av. 11.995 99.9 11.827 98.6
SD 0.016 0.047
CV, % 0.13 0.40

B

Figure 2. Chromatogram of standards: A, BHA, 1.00 mg/100 mL;
B, miconazole, 0.80 mg/100 mL; C, BHT, 2.00 mg/100 mL.

Spiking recoveries were done by adding known quantities 
of miconazole to placebo samples. Recoveries from both the 
cream and the suppository showed good precision and a slight 
departure from linearity. This departure is not a problem 
because the method requires that the sample weight be taken 
to match the response of the standard. These data are shown 
in Table 1.

Assay values for a miconazole cream were 1.98, 2.00, 2.00,
2.01, 2.02, and 2.00% by weight, with average of 2.00, stan
dard deviation of 0.013, and coefficient of variation of 0.65%. 
Assay values for a miconazole suppository were 3.96, 4.01, 
4.13, 3.91, 3.95, and 3.98% by weight, with average of 3.98, 
standard deviation of 0.80, and coefficient of variation of 
2.01%. Although both samples are well within specification, 
the suppository shows a larger coefficient of variation than 
does the cream. This may be due to the smaller sample weight 
taken in the case of the suppository or possibly a less uniform 
distribution of miconazole within the suppository.

To test the variation in results by different analysts, a 
cream sample was assayed independently by 3 different ana
lysts. Each analyst ran the assay on 6 replicates as shown in 
Table 2. When all 18 results were combined, the average 
assay value was 1.969 and the standard deviation was 0.017, 
resulting in a coefficient of variation of 0.86%. An analysis of 
variance indicated that there was no statistically significant 
difference between the analysts at the 95% confidence level.

To attempt to determine the stability indicating quality of 
the method, samples of creams and suppositories were sub
jected to various stress conditions. (A) The required sample

Table 2. Comparison of miconazole assay values (%  by wt) of 
commercial sample of miconazole nitrate cream by 3 analysts

Analyst 1 Analyst 2 Analyst 3

1.970 1.962 1.993
1.976 1.959 1.966
1.980 1.984 1.968
1.986 1.962 1.961
1.985 1.958 1.950
2.012 1.951 1.958

Av. 1.985 1.957 1.966
SD 0.015 0.006 0.015
CV, % 0.76 0.31 0.76

3 Value discarded.
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weight (400 mg cream or 200 mg suppository) was heated in 
a 100 mL volumetric flask at 85°C for 72 h. (B) Then, 1.0 
mL of 2N ethanolic NaOH and 10 mL ethanol were added to 
the required sample weight. The solution was heated on a 
steam bath for 10 min and then neutralized with 1.0 mL of 
2N ethanolic HC1. (C) Next, 1.0 mL of 2N ethanolic HC1 
and 10 mL ethanol were added to the required sample 
weight. The solution was heated on a steam bath for 10 min 
and then neutralized with 1.0 mL of 2N ethanolic NaOH. 
(D) Finally, 0.5 mL of IN  aqueous K M n04 and 10 mL 
ethanol were added to the required sample weight. The solu
tion was heated on a steam bath for 10 min.

The stressed samples were carried through the method. 
Then, using the Hewlett-Packard 1040A diode array system, 
spectral scans of the miconazole peaks from the stressed 
samples were superimposed on the spectral scan of the mi
conazole standard. In all cases, the spectral scans were nearly 
identically superimposed. This stress testing suggests—but

does not confirm—that the method is stability indicating. 
We feel that to do so would require subjecting samples to a 
long-term stability study and then verifying peak purity by 
scan superposition.

This method is designed for levels of miconazole in creams 
and suppositories in the 2-4% range and not for trace or 
residue levels.
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DRUG RESIDUES IN ANIMAL TISSUES
Liquid Chromatographic Determination of Sulfamethazine in Milk
JO H N  D. W EBER and M IC H A E L  D. SM ED LEY
Food and Drug Administration, Center fo r  Veterinary Medicine, Division o f  Veterinary Medical Research 
Beltsville, MD 20705

A simple, relatively rapid liquid chromatographic method has been 
developed for the determination of sulfamethazine (SMZ) in milk at 
levels in the low ppb range. The method is based on extracting SMZ 
from milk with chloroform, evaporating the chloroform, dissolving 
the residues in hexane, extracting into buffers, and chromatograph
ing the buffer solution. The method has been shown to determine 
levels as low as 5 ppb reliably. Levels > 7  ppb have been confirmed by 
gas chromatography/mass spectrometry after derivadzation of ex
tracts from fortified, incurred, and shelf milk. Intralaboratory recov
eries and percent coefficients of variation are satisfactory. Sulfadi- 
methoxine and sulfaquinoxaline can also be determined by the meth
od. Application of the method to other dairy products is being 
investigated.

Sulfamethazine (SMZ), an antimicrobial commonly used in 
the swine and veal industries, is rapidly gaining nationwide 
attention. A recent study by the National Center for Toxico
logical Research indicates that SMZ may be a thyroid car
cinogen (1). Claims have been made that SMZ is widely used 
in the dairy industry and that SMZ residues are found in 
milk (2 ).

SMZ residues have been determined by thin-layer chro
matography (TLC) (3,4), gas chromatography (GC) (5-7), 
and liquid chromatography (LC) (8-11), as well as by other 
methods (12,13). Analytical methodology reported for SMZ 
through 1980 has been critically reviewed (12, 13). Many of 
the reported methods require elaborate preliminary workups 
or suffer from relatively low sensitivities, i.e., >30 ppb. We 
have developed a simple, relatively rapid LC procedure for 
determining sulfamethazine in the low ppb range. It is based 
on extracting SMZ from milk with chloroform in a separa
tory funnel, evaporating the chloroform, and dissolving the 
fatty residue in hexane. SMZ is concentrated 10 fold during 
the final extraction steps; it is extracted into an aqueous 
potassium phosphate solution, injected onto an LC system, 
and detected by UV absorption at 265 nm.

Experimental

Equipment
(a) Liquid chromatograph—Equipped with Perkin-Elmer 

Model LC-95 UV/Vis detector (Perkin-Elmer Corp., Instru
ment Div., Norwalk, CT 06056) and Supelco Model LC-18- 
DB column, 250 X 4.6 mm id (Supelco, Inc., Bellefonte, PA 
16823). 2 cm guard column (Supelco) and 0.5 pm precolumn 
filter (Supelco) precede the column.

(b) Rotatory evaporator.—Buchi, Laboratory Techniques 
Ltd, Flawil, Switzerland.

(c) Vortex mixer.—Genie Scientific, Fountain Valley, 
CA 92708.

(d) Polypropylene plastic tubes.—50 mL (Fisher Scientif- 
ic).

(e) Eppendorf pipettors.— 10 mL, 1 mL, 100 p.L (Brink- 
mann Instruments, Inc., Westbury, NY 11590).

(f) Fluted filter paper.—Schleicher & Schuell Cat. No. 
588, 12.5 cm (Schleicher & Schuell GmbH, Dassel, FRG).

Received May 27, 1988. Accepted November 27, 1988.

(g) Nylon-66 filter  (N66).—0.4 /am porosity (Supelco, 
Inc.)

Reagents

(a) Sulfamethazine standard.—Sigma Chemical Co. Cat. 
No. S-6256 (Sigma Chemical Co., St. Louis, MO 63178).

(b) Potassium dihydrogen phosphate.—LC grade.
(c) Methanol.—LC grade.
(d) Purified water.—Distilled and deionized.
(e) Chloroform.—Distilled in glass (Burdick & Jackson, 

Muskegon, MI 49442).
( f )  Hexane.—LC grade.

Solutions
(a) LC solutions.— Potassium dihydrogen phosphate, 

0.1 M  (PDP solution).—Dissolve 27.2 g potassium dihydro
gen phosphate in water, dilute to 2 L, mix, and filter through 
N 66  filter. Mobile phase.—Dilute 600 mL N 6 6 -filtered 
methanol to 2 L with PDP solution, and mix thoroughly. 
Flush solution.—Dilute 1200 mL methanol to 2 L with 
water, mix, and filter through N 66  filter. All LC solutions 
are stored at room temperature and have an expiration date 
of 3 months. All water is distilled and deionized.

(b) Standard solutions.—Master solution.—Weigh 100 
mg sulfamethazine standard at room temperature in glass 
weighing boat and transfer to 100 mL volumetric flask, dis
solve in methanol, dilute to volume with methanol, and mix 
thoroughly. Intermediate solution, 10 000 ng/mL sulfa
methazine solution.—Measure 1.0 mL master solution with
1.0 mL volumetric pipet into 100 mL volumetric flask, dilute 
to volume with water, and mix thoroughly. Fortification 
solution, 1000 ng/mL sulfamethazine solution.—Transfer 
10 mL intermediate solution to 100 mL volumetric flask with 
10 mL volumetric pipet, dilute to volume with water, and mix 
thoroughly. All standard solutions have an expiration date of 
3 months after date of preparation of master solution. Store 
all standard solutions below 10°C.

Standards
(a) Use 1000 ng/mL fortification solution as 100 ppb stan

dard.
(b) Prepare 200 ng/mL solution (equivalent to 20 ppb 

standard) by diluting 20 mL fortification solution to 100 mL 
with water, and mix thoroughly.

(c) Prepare 100 ng/mL solution (equivalent to 10 ppb 
standard) by diluting 10 mL fortification solution to 100 mL 
with water, and mix thoroughly.

(d ) Prepare 50 ng/mL solution (equivalent to 5 ppb stan
dard) by diluting 5 mL fortification solution to 100 mL with 
water, and mix thoroughly.

Samples
Milk is stored below 10°C. However, milk that will not be 

analyzed within a few days is subdivided into about 50 mL 
volume lots in polypropylene plastic tubes and stored below 
-40°C . Raw bulk tank milk, shelf milk, or thawed frozen
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Table 1. Recoveries of sulfamethazine added to milk at 0, 5, 10, 
and 20 ppb and incurred in milk*

5 ppb 10 ppb 20 ppb Incurred

Rec.,
ppb

Rec.,
%

Rec.,
ppb

Rec.,
%

Rec.,
ppb

Rec.,
%

Found,
ppb

3 .9 9 7 9 .8 7.51 75 .1 14 .89 7 4 .5 4 .4 6

4 .2 3 8 4 .6 7 .2 2 7 2 .2 15 .07 7 5 .4 4 .6 4

4 .4 0 8 8 .0 7 .9 8 7 9 .8 15 .19 7 6 .0 4 .2 9

3 .4 7 6 9 .4 7.51 75 .1 14 .07 7 0 .4 4 .3 5

4 .0 5 8 1 .0 7 .9 2 7 9 .2 1 3 .8 4 6 9 .2 4 .5 2

A v. 8 0 .6 7 6 .3 73.1 4 .4 5

SD 7 .0 3 .2 3.1 0 .1 4

C V , % 8.7 4 ,2 4 .2 3.1

‘  SMZ not detected in the 5 control samples.

milk is gently mixed before sampling. Fortified milk is pre
pared from milk that has been analyzed and found free of 
SMZ. Milk portions fortified at 5, 10, and 20 ppb are pre
pared by adding 50, 100, or 200 pL fortification solution for 
each 10 mL milk sample and by mixing thoroughly.

Analytical Methodology
First, place fluted filter paper into 75 mm funnel, wash 

paper with 5 mL chloroform, and discard chloroform. Place 
100 mL pear-shape flask under funnel as receiver. Next, 
pipet 10 mL milk sample into 125 mL separatory funnel, and 
add 50 mL chloroform. Shake milk and chloroform mixture 
vigorously for 1 min, and then carefully vent through stopper. 
Shake for 1 min, vent, and let phases separate for 1 min. 
Again, shake for 1 min, vent, and shake for 1 min. Vent and 
let phases separate for a minimum of 5 min. Draw off chloro
form, and filter it into pear-shape flask. Rinse filter paper 
twice with 5 mL chloroform, and collect washings in pear- 
shape flask.

Evaporate chloroform solution in pear-shape flask just to 
dryness on rotatory evaporator at 32 ±  2°C. Add 5 mL 
hexane to flask, stopper, and dissolve residue by agitating 
vigorously on vortex mixer about 1 min. Immediately add 1.0 
mL PDP solution to hexane in flask, agitate vigorously on 
vortex mixer 3 or 4 times at intervals of approximately 1 min. 
over a minimum of 15 min. Using Pasteur pipet, transfer 
aqueous layer. Store sample in glass test tube or autoinjector 
vial. Sample is now ready for injection.

Chromatographic Conditions
With UV detector at 265 nm, inject 100 pL  of both stan

dards and samples with isocratic flow of mobile phase at 1.5 
mL/min. Set run time at 15 min with 1 min equilibration 
between runs; adjust column heater to 35.0 ± 0.2°C. Use 
flush solution to rinse autoinjector and to clean up LC system 
and column. Quantitate compounds by measuring peak 
heights. Chromatograph at least 3 levels of standards and use 
linear regression analysis of the standard curve to calculate 
concentrations. Each ppb SMZ in milk results in 1 ng/mL in 
final PDP extract injected onto LC system. Standard concen
trations in ng/mL are, thus, equivalent to ppb level of SMZ 
in milk, uncorrected for recovery. Typical retention time for 
SMZ is approximately 5 min.

Results and Discussion

Percent recoveries from an intralaboratory study using 
raw bulk tank milk are presented in Table 1. One example 
from an incurred milk (12) study is also included in Table 1.

Figure 1. Chromatograms of control milk and control milk fortified 
at 3 levels.

Figure 1 shows chromatograms of control milk and control 
milk fortified at 3 levels. The tracing from 0 to 3 min was not 
recorded because the dynamic range of the integrator will not 
simultaneously accommodate the relatively large negative 
inflection at the injection front and the low signal levels of the 
analyte. We confirmed SMZ in spiked and incurred milk by 
the gas chromatographic/mass spectrometric method of Ma- 
tusik et al. (5, 7). Both raw bulk tank milk and pasteurized, 
homogenized milk, with fat content ranging from 1 to 4%, 
have been successfully examined using this method. Applica
tion of the method to other dairy products is being investigat
ed.

At such low residue levels, cross contamination becomes a 
major concern (10). To eliminate this possibility, all previ
ously cleaned glassware is rinsed before use with IN HC1, 
then thoroughly rinsed with water, and finally rinsed with 
methanol.

Two critical steps, venting during extraction and contact 
time during extraction with the PDP solution should be care
fully noted. Venting through the stopper is required because 
venting through the stopcock often caused clogging with milk 
solids, resulting in sample loss. Also, a contact time of at least 
15 min is required for optimum transfer of sulfamethazine 
from the organic to aqueous phase.

The initial stages of an interlaboratory study of the method 
are under way. Preliminary results have already shown that 
sulfadimethoxine (retention time 18 min) and sulfaquinoxa- 
line (retention time 21 min) can be determined by this meth
od by increasing the run time to about 30 min.

Acknowledgments

The authors thank the following members of their labora
tory for assistance: Herbert F. Righter who dosed the cow 
and supplied the incurred milk; Michael H. Thomas for 
helpful discussions and suggestions; and Valerie B. Reeves 
for intralaboratory validation of the method.

R e f e r e n c e s

(1) Fed. Regist., 53FR 9492, March 23, 1988. NCTR Technical 
Report For Experiment Number 418, March 1988 NCTR,



D IX O N -H O LLA N D  & KATZ: J. ASSOC. OFF. A N A L. C H EM . (VOL. 72, NO. 3, 1989) 447

Jefferson, AR 72079
(2) Brady, M. S„ & Katz, S. E. (1988) / .  Food Prot. 51, 8-11
(3) Krisner, M. (1982) Zentralbl. Veterinaermed. Riehe A  29, 

767-778
(4) Thomas, M. H., Soroka, K. E., Simpson, R. M., & Epstein, R. 

L. (1981) J. Agric. Food Chem. 29, 621-624
(5) Matusik, J. E., Guyer, C. G., Geleta, J. N., & Barnes, C. J. 

(1987) J. Assoc. Off. Anal. Chem. 70, 546-553
(6) Holtmannspotter, H., & Thier, El. P. (1982) Dtsch. Lebensm. 

Rundsch. 78, 347-350

(7) Manuel, A. J., & Steller, W. A. (1981) J. Assoc. Off. Anal. 
Chem. 64, 794-799

(8) Petz, M. (1983) Z. Lebensm. Unters. Forsch. 176, 289-293
(9) Malisch, R. (1986) Z. Lebensm. Unters. Forsch. 182,385-399

(10) Aliwi, M. A., & Rüssel, H. A. (1981) Fresenius Z. Anal. 
Chem. 307, 382-384

(11) Schlatterer, B. (1983) Z. Lebensm. Unters. Forsch. 176, 20- 
26

(12) Elorwitz, W. (1981) J. Assoc. Off. Anal. Chem. 64,104-130
(13) Elorwitz, W. (1981) J. Assoc. Off. Anal. Chem. 64, 814-824

Direct Competitive Enzyme-Linked Immunosorbent Assay for Sulfamethazine Residues 
in Milk

DEBO R A H  E. D IX O N -H O L L A N D * 1 and STA N LEY  E. K A TZ2
Rutgers University, New Jersey Agricultural Experiment Station, Cook College, Department o f  Biochemistry 
and Microbiology, New Brunswick, N J  08903

A direct competitive enzyme-linked immunosorbent assay (ELISA) 
is described for the detection and estimation of sulfamethazine resi
dues in milk. Samples are cleaned up rapidly by acidifying and 
centrifuging the milk, adjusting the supernatant liquid to pH 7.0, and 
centrifuging again. The supernate is then assayed using set points to 
estimate sulfamethazine levels in the sample in the range of 1 ppb to 1 
ppm. Multiple samples of milk can be screened in 1.5-2 h by this 
ELISA method.

Sulfonamide residues may occur in milk for any of several 
reasons, such as use in mastitis therapy, deliberate feeding, 
inadvertent feeding, or use of sulfamethazine-containing bo
luses to prevent infection in cows that have calved. Brady and 
Katz (1) found that 64% of milk sampled in the New York 
City area, central New Jersey, and eastern Pennsylvania 
contained one or more antibiotic/antimicrobial residues; sul
fonamide residues appeared in 42% of the samples. Collins- 
Thompson et al. (2) and Wehr (3) found similar frequencies 
of residues in milk. In a limited survey in 10 U.S. cities, the 
U.S. Food and Drug Administration found that over 50% of 
the milk samples contained measurable amounts of sulfon
amide residues (unpublished milk survey, Food and Drug 
Administration, Washington, DC, 1988).

Because sulfamethazine has been shown to cause neo
plasms in mice and rats (4), a rapid screening assay is needed 
to ensure that milk is as free of sulfamethazine residues as 
possible. With the exception of the receptor assay (5), no 
procedures are available to screen milk for antibiotic/antimi
crobial residues. Systems currently used to analyze products 
for sulfonamide residues include gas chromatography (6-9), 
liquid chromatography (10-15), colorimetry (16-18), and 
tandem mass spectrometric (MS) systems (19, 20). These 
systems are time consuming and labor intensive, and require 
extensive sample cleanup. Except for procedures that use MS 
confirmation, these analyses are relatively nonspecific and 
can detect and measure only about 0.1 ppm sulfonamide 
residue. The receptor assay can detect residue levels of 10 
ppb. Confirmation by other procedures is usually desirable.

Although a direct competitive enzyme-linked immunosor
bent assay (ELISA) was developed for sulfamethazine resi
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dues in the blood of swine, no similar assay has been devel
oped for milk (21). The procedure presented herein utilizes 
an ELISA system which provides excellent sensitivity, a 
specificity similar to that for enzymatic systems, speed, and 
practicality.

METHOD

Equipment
(a) Enzyme immunoassay reader.—Model EL307 (Bio- 

tek Instruments, Inc., Burlington, VT), or equivalent.
(b) Centrifuge.—Sorvall RC-3, (Sorvall Inc., Norwalk, 

CT).
(c) Microtiter plates.—NUNC polystyrene 96-well 

(Vanguard International, Neptune, NJ).
(d) Spectrapore membrane tubing.—Molecular weight 

cutoff 12 000-14 000 (Spectrum Medical Industries Inc., 
Los Angeles, CA).

Chemicals
(a) For substrate and conjugate preparation.—Tween 

20; 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) 
(ABTS); bovine serum albumin Fraction V (BSA); rabbit 
serum albumin Fraction V; ovalbumin Grade II (OA); horse
radish peroxidase Type VI (HRP); and glutaraldehyde 
Grade II (Sigma Chemical Co., St. Louis, MO).

(b) Protein-A-agarose.—(Pierce Chemical Co., Rock
ford, IL).

(c) Complete and incomplete Freund’s adjuvant.— 
(Difco Laboratories, Inc., Detroit, MI).

(d) Sulfam ethazine  (S M Z ).—(U.S. Biochemicals, 
Cleveland, OH).

(e) Dioxane.—(Fisher Scientific Co., Fairlawn, NJ).
All other chemicals used were reagent grade or better.

Reagents
Use deionized water throughout.
(a) Phosphate buffer (PB).—(1) pH  7.0.—Mix 390 mL 

0.2M NaH 2P 0 4, 610 mL 0.2M Na2H P 0 4, and 1000 mL 
water. (2) pH  7.2.—Mix 190 mL 0.2M NaH 2P 0 4, 810 mL 
0.2M Na2H P 0 4, and 1000 mL water.

(b) Phosphate buffer and saline (PBS).—(7) pH  6.8.— 
Mix 51 mL 0.1M KH2P 0 4, 49 mL 0.1M Na2H P 04, and 100 
mL 0.15M NaCl. (2) pH  7.0.— Mix 390 mL 0.2M 
N aH 2P 0 4, 610 mL 0.2M Na2H P 0 4, and 1000 mL 0.15M
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NaCl. (3) pH  7.2.— Mix 480 mL 0.1M KH2P 0 4, 1520 mL 
0.1M Na2P 0 4, and 2000 mL 0.15M N a d .

(c) Normal saline.—Dissolve 8.5 g N a d  in 1 L water.
(d) Coating buffer.—0.15M bicarbonate buffer, pH 9.0. 

Add 2.93 g N aH C 0 3 and 1.59 g Na2C 0 3 to 1 L water.
(e) Washing solution.—0.2% Tween 20 in PBS, pH 7.2.
(f) Blocking solution.— 1% ovalbumin in PBS, pH 7.2. 

Dissolve 1 g crude ovalbumin in 100 mL PBS, pH 7.2. Filter 
solution through Whatman No. 1 paper and store filtrate at 
4°C.

(g) Enzyme-labeled conjugate (SM Z.H RP).—Dilute 
400 pL sulfamethazine-horseradish peroxidase conjugate 
(see Preparation o f Sulfamethazine Conjugates (c)) in 9.6 
mL 1% OA-PBS, pH 7.2 (i).

(h) ABTS substrate.—(/) 0.05M citrate buffer.—Add 
9.6 g citric acid to 500 mL water. Adjust pH to 4.0 with IN 
NaOH and dilute to 1 L. (2) ABTS stock solution.—Dis
solve 45 mg ABTS in 15 mL water.

Prior to use, add 5 pL 30% H20 2 to 11 mL pH 4.0 citrate 
buffer (7) and 1 mL ABTS stock solution (2).

(i) Stopping reagent.—Add 63 g citric acid monohydrate 
and 1 g sodium azide to 1 L water.

(j) Sulfamethazine stock solution.— 10 mg/mL. For 
preparation of standard curve. Weigh 10.0 mg sulfametha
zine into 10 mL volumetric flask and add 5 mL 0.1M PBS, 
pH 7.2. Add 1 mL 1N NaOH to dissolve drug, and then add 1 
mL IN HC1 to lower pH to ca 7.2. Dilute to volume with 
PBS. Prepare standard solutions just before use.

(k) Sulfamethazine conjugation solution.—5 mg/mL. 
Add 5.0 mg sulfamethazine to 0.50 mL normal saline. Add 
100 pL  IN NaOH to dissolve drug; pH is lowered to approxi
mate neutrality when 100 pL  NaOH is added. Adjust Final 
volume to 1.0 mL by adding 0.30 mL physiological saline.

(l) Carbonate-bicarbonate buffer.—pH 9.5. Mix 13.0 
mL 1.0M Na2C 0 3, 37.0 mL 1M N aH C 03, and 150 mL 
water.

Animals
New Zealand female white rabbits (Davidson Mills 

Farms, South Brunswick, NJ).

Preparation of Sulfamethazine Conjugates
(a) Sulfamethazine-bovine serum albumin conjugate.— 

Dissolve 350 mg sulfamethazine and 600 mg bovine serum 
albumin in 75 mL phosphate buffer-dioxane (2 + 1). Add 
0.35 mL 25% glutaraldehyde to mixture. Stir solution 3 h at 
room temperature. Dialyze against phosphate buffer, pH 7.0, 
for 6  days with 2 buffer changes each day using Spectrapore 
membrane tubing. Lyophilize dialyzed solution and store 
light orange conjugate in desiccator at 4°C (22). Use this 
conjugate to immunize rabbits for antibody production.

(b) Sulfamethazine-rabbit serum albumin conjugate.—  
Prepare a similar conjugate by using 350 mg sulfamethazine 
and 600 mg rabbit serum albumin as a solid phase antigen to 
coat ELISA plates for identification of antisulfamethazine 
antibody.

(c) Sulfamethazine-horseradish peroxidase conju
gate.—Prepare enzyme-labeled conjugate of sulfamethazine 
and horseradish peroxidase by using 2-step glutaraldehyde 
procedure of Avrameas (23) as follows: Dissolve 10.0 mg 
horseradish peroxidase in 0.2 mL 0.1M PBS pH 6 .8  contain
ing 1.25% glutaraldehyde. Incubate mixture overnight at 
room temperature and dialyze against normal saline (3 
changes) using Spectrapore membrane tubing to remove free 
glutaraldehyde. Dilute dialyzed solution to 1.0 mL with nor

mal saline. Add sulfamethazine conjugation solution to acti
vated HRP solution and add 0.10 mL carbonate-bicarbonate 
buffer, pH 9.5. Let mixture stand 24 h at 4°C. To this 
solution, add 0.10 mL 0.2M lysine. Incubate mixture 2 h at 
room temperature. Dialyze mixture against PBS, pH 7.2, 
using Spectrapore membrane tubing. Store solution at 
—20°C.

Antiserum Production
Immunize rabbits with sulfamethazine-bovine serum al

bumin conjugate by intradermal-intravenous route (23). De
termine serum titer by ELISA (21, 24).

Purify antibodies by ammonium sulfate precipitation fol
lowed by further purification using protein-A-agarose affini
ty chromatography column (A. D. Voller, D. Bidwell, & A. 
Bartlett, “The Enzyme Linked Immunosorbent Assay (ELI
SA),” Dynatech Laboratories, Inc., Chantilly, VA, 1979). 
Verify antibody activity in fractions by ELISA. Pool frac
tions that show maximum activity, and store at —80°C in 
small portions (0.5 mL).

Determination
(a) Preparation o f microtiter plates.—Dilute purified 

antibody 1 /20 in coating buffer. Add 50 pL  diluted antibody 
to wells of 96-well microtiter plate. Place microtiter plate in 
40°C drying oven for 4 h. Remove microtiter plates and wash 
each well 3 times with 250 pL  PBS-Tween to remove any 
unbound antibody. Add 300 pL  1% OA-PBS to each well. 
Incubate 30 min at 37°C to complete blocking reaction. 
Wash wells 4 times with PBS-Tween to remove any remain
ing unbound blocking agent.

(b) Preparation o f standards.—Supplement another set 
of milk samples with sulfamethazine to contain final concen
trations of 0.0, 1.0,10,100, and 1000 ng sulfamethazine/mL 
milk.

Mix samples well and acidify with 0.5N HC1 to pH 4.5 
(pH meter). Place acidified milk samples in 250 mL centri
fuge bottles and centrifuge at 6000 rpm (3200g) for 20 min. 
Decant supernatant liquid and readjust pH to 7.0 (pH meter) 
with IN NaOH. Centrifuge pH-adjusted solutions as previ
ously described. Use these extracts to prepare standards in 
assay.

(c) Enzyme immunoassay.—Mix 100 pL  enzyme-labeled 
conjugate with 100 pL  cleaned-up m:lk sample or milk stan
dard. Add 50 pL  aliquots of each mixture to each of duplicate 
wells for both standards and samples. Incubate plates 1 h at 
37°C. Wash plates 8 times with PBS-Tween to remove any 
unbound reactants. Add 100 pL  substrate and incubate 15 
min at 37°C. Add 100 pL  stopping reagent to each well. 
Measure absorbance of each well at 405 nm using EIA 
reader. Average the absorbance measurements for samples 
and for standards. There should be 3 replicates for each 
standard; for each, calculate average and determine lower 
value of 95% confidence limits as follows:

Set point = av. absorbance -  (std dev. X 2.484)

Factor 2.484 is derived from dividing (-value for 2 degrees of 
freedom by square root of 3 (number of determinations).

If absorbance of milk sample is less than set point for 
concentration being used as lower limit of estimation, sample 
contains concentration of sulfamethazine greater set point 
concentration.

Results and Discussion

Immunological determination of sulfonamide residues in 
milk offers several advantages. Antibodies are rather specific
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Table 1. Sensitivity and repeatability of the direct competitive ELISA  for sulfamethazine residues: absorbance values for standards
and reagents

S u lfa m e th a z in e  co n cn , n g /m L

Repl. Day 1000 100 10 1.0 0.10 0.05 0.01 0.00

1 1 0 .3 6 8 0 .3 7 5 0 .4 9 2 0 .4 9 4 0 .6 0 0 0 .8 6 0 0 .9 0 5 1.012
1a 1 0 .3 1 9 0 .4 2 2 0 .4 8 7 0 .4 9 6 0 .4 9 7 0 .8 0 2 0 .8 8 8 1.0 60
A v . 0 .3 4 4 0 .3 9 9 0 .4 9 0 0 .4 9 5 0 .5 4 8 0 .8 3 1 0 .8 9 6 1.086

2 2 0 .3 6 6 0 .3 8 4 0 .3 9 0 0 .5 3 0 0 .6 41 0 .9 3 6 0 .9 3 5 1.031

2a 2 0 .2 9 4 0 .3 6 1 0 .5 0 8 0 .5 9 6 0 ,6 2 2 0 .7 7 5 0 .8 9 0 1.0 68
A v . 0 .3 3 0 0 .3 7 3 0 .4 4 9 0 .5 5 3 0 .6 3 1 0 .8 5 5 0 .9 1 2 1 .0 5 0

3 3 0 .3 0 6 0 .3 4 0 0 .3 8 8 0 .5 2 4 0 .6 4 5 0 .8 3 0 0 .8 3 6 1 .1 1 4

3 a 3 0 .3 7 2 0 .3 8 6 0 .4 6 9 0 .4 6 9 0 .5 4 5 0 .7 7 2 0 .9 2 0 1 .0 0 4
A v . 0 .3 3 9 0 .3 6 9 0 .4 2 9 0 .4 9 7 0 .5 9 5 0 .8 0 6 0 .8 7 8 1.0 59

4 4 0 .2 9 7 0 .3 7 2 0 .4 0 5 0 .4 5 5 0 .6 3 4 0 .9 61 0 .9 3 6 0 .9 7 5
4 a 4 0 .3 4 2 0 .3 8 1 0 .4 0 2 0 .4 9 7 0 .6 9 2 0 .6 9 0 0 .8 8 8 0 .9 5 6
A v. 0 .3 2 0 0 .3 7 7 0 .4 0 3 0 .4 7 6 0 .6 6 3 0 .8 2 0 0 .9 1 2 0 .9 6 5

A v . A a t e a c h  c o n c n 0 .3 3 3 0 .3 7 9 0 .4 4 3 0 .5 0 5 0 .6 0 9 0 .8 2 9 0 .8 9 9 1 .0 40

S td  de v. 0 .0 1 1 0 .0 1 3 0 .0 3 6 0 .0 3 3 0 .0 4 9 0 .0 2 0 0 .0 1 6 0 .0 5 2

C V , % 3 .1 7 3 .5 4 8 .2 8 6 .5 7 8 .0 5 2 .4 4 1.78 5 .0 3

Correlation =  0 .998 over concn range 1 .0 -1 0 0 0  ng SM Z/m L 

0.9E9 over concn range 0 .1 -1 0 0 0  ng SM Z/m L 

0.9C8 over concn range 0 .0 5 -1 0 0 0  ng SM Z/m L 

0 .920 over concn range 0 .0 1 -1 0 0 0  ng SM Z/m L

reagents and react almost exclusively with those structures 
against which they were raised. The sulfamethazine molecule 
was derivatized at the N-4 position and coupled with a bridg
ing agent to the bovine serum albumin. For this reason, 
reactivity is unrelated to the aromatic amine function. The 
antibodies raised react to the substituted sulfonic acid por
tion of the molecule and, hence, react equivalently to both 
sulfamethazine and sulfamerazine. With sulfanilamide, the 
antibodies react at a level of 5% of the reaction with sulfa
methazine; the antibodies do not react with sulfathiazole, 
other sulfonamides, procaine penicillin, chlortetracycline, or 
/7-aminobenzoic acid. The equivalent reaction with sulfamer
azine and sulfamethazine is not surprising since the mole
cules differ by one methyl group. Sulfamerazine is rarely 
used, if at all, in dairy animals, so the procedure can be 
considered reasonably specific for sulfamethazine.

This screening procedure allows rapid estimation of the

concentration of sulfamethazine in milk samples by estab
lishing the absorbances for various levels of concentration.

Table 1 shows the absorbance values obtained for the assay 
system over the range 0.01-1000 ng sulfamethazine/mL us
ing standards and reagents. Correlation over the 105-fold 
range was 0.930; correlation over the range 1-1000 ng sulfa- 
methazine/mL was excellent. The latter is an extremely 
useful range for residue measurement because it corresponds 
to 1 ppb-1 ppm. Standard response lines determined on 4 
different days using different reagents (excepting the anti
body) yielded good reproducibility. The coefficients of varia
tion for the concentrations of 0.01-1000 ng sulfamethazine/mL 
ranged from 1.78 to 8.28% and between 3.17 and 8.28% over 
the range 1-1000 ng sulfamethazine/mL. These data are 
averages for 2 wells on 4 different days. For determinations 
on single wells, coefficients of variation were considerably 
greater; similarly, using 3 wells lowered the CV values fur-

Table 2. Sensitivity and repeatability of absorbance values at 405 nm in direct competitive ELISA  for sulfamethazine in milk

Sulfamethazine added, ng/m L

Repl. Day 1000 100 10 1 Blank

1 1 0 .2 4 3 0 .3 6 7 0 .5 0 2 0 .5 5 8 0 .7 7 6

1a 1 0 .2 2 3 0 .3 9 8 0 .6 0 0 0 .6 1 4 0 .7 0 6

A v. 0 .2 3 3 0 .3 8 2 0.5 51 0 .5 8 6 0 .7 41

2 2 0 .2 7 5 0 .3 9 8 0 .5 4 4 0 .5 5 3 0 .6 3 7

2a 2 0 .2 6 5 0 .3 4 4 0 .5 0 5 0.5 71 0 .6 3 0

A v . 0 .2 7 0 0 .3 7 1 0 .5 2 4 0 .5 6 2 0 .6 3 4

3 3 0 .2 2 4 0 .4 0 6 0 .5 4 2 0 .5 6 7 0 .5 71

3a 3 0 .2 0 4 0 .3 4 6 0 .4 8 0 0 .5 5 0 0 .6 3 0

A v. 0 .2 1 4 0 .3 7 6 0 .5 11 0 .5 5 9 0 .6 0 0

A v . A a t e a c h  c o n c n 0 .2 3 9 0 .3 7 6 0 .5 2 9 0 .5 6 9 0 .6 5 8

S td dev. 0 .0 2 8 0 .0 0 6 0 .0 2 0 0 .5 6 9 0 .0 7 3

C V , % 1 1 .9 2 1.46 3 .8 6 2 .6 0 11 .09

R ang e  o f 9 5 %  c o n f. 

lim its

0 .2 3 9  ±  0 .0 6 9 0 .3 7 6  ±  0 .0 1 5  0 .5 2 9  ±  0 .0 5 0 0 .5 6 9  ±  0 .0 3 7

A b s o rb a n c e  s e t p o in t 0 .1 7 0 0 .3 6 1 0 .4 7 9 0 .5 3 2
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Table 3. Adherence of direct competitive ELISA  for 
sulfamethazine in milk to calculated set point (A at 405 nm)

Sulfam ethazine added, ng/m L

Detn 1000 100 10 1 Blank

1 0 .2 5 6 0 .3 6 6 0 .5 2 0 0 .5 4 9 0 .6 4 9

2 0 .2 5 0 0 .4 0 6 0 .5 2 9 0 .5 4 5 0 .6 2 6

C a lc u la te d

s e t p o in t 0 .1 7 0 0 .3 6 1 C .479 0 .5 3 2

ther but not sufficiently to warrant the extra effort (data not 
shown).

Table 2 shows the range and repeatability of the absor
bance measurements for direct ELISA in milk samples sup
plemented with sulfamethazine at levels from 1 to 1000  ng 
sulfamethazine/mL (equivalent to 1 ppb to 1 ppm). Repeat
ability between days as measured by coefficients of variation 
were between 1.46 and 11.92%; this range is quite typical for 
ELISA-based assays. By calculating the 95% confidence lim
its for the absorbance at each level of supplementation, it is 
possible to establish the lower limits of measurement for a 
concentration. The calculated absorbance values for each of 
the concentrations used are shown in Table 2. To establish 
the validity of the set point determination, assays were per
formed on 2 different days on milk supplemented with levels 
from 1 to 1000 ng sulfamethazine/mL. Table 3 shows the 2- 
well average absorbance for each level of supplementation. 
None of the determinations performed exceeded the lower 
range of values calculated for the respective concentrations. 
These analyses, 2 at each concentration, are far from a defin
itive statistical study, yet, none of the 8 supplemented milk 
samples yielded absorbances that exceeded the set points for 
the concentrations.

There is an obvious difference in the absorbance measured 
for a given concentration in milk vs PBS. The milks were 
obtained from commercial sources and were assayed to en
sure that no residues were present. However, the lower range 
of detection using a Bratton-Marshall determination was 
limited, 25-50 ppb. If the milk samples did indeed contain 
sulfamethazine residues, then the differences could be ex
plained. This is a very strong possibility because sulfonamide 
residues are being found with relatively high frequency in 
market milk. At the same time, milk is a complex mixture 
which might react with the reagents in a nonspecific fashion 
to cause lower absorbance values. Without solid evidence to 
support either or both possibilities, both sources should be 
considered contributory .

In comparison, the receptor assay is reported to be capable 
of routinely detecting 10 ppb sulfamethazine (5). That assay, 
which is used to screen milk for several families of antibiot- 
ics/antimicrobials, must be performed in a laboratory. A 
field assay is being developed to determine sulfonamides on 
the farm (private communication, S. Charm, 1988). FDA

has available a chemical assay procedure using a chloroform 
extraction followed by liquid chromatographic determina
tion which appears to be capable of measuring < 1 0  ppb 
sulfamethazine. This procedure is labor intensive, and only 
about 8 assays can be completed in a day. Furthermore, the 
assay must be carried out in a laboratory (J. D. Weber & M.
D. Smedley, unpublished data, 1988).

The direct competitive ELISA can be used for estimating 
sulfamethazine in multiple samples of milk in 1.5 to 2 h. For 
small laboratories or those not equipped with a microtiter 
plate reader, visual determinations of color intensity can be 
used to estimate the levels of sulfamethazine contamination 
in milk samples.
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EXTRANEOUS MATERIALS

Extraction of Light Filth from Spirulina Powders and Tablets: Collaborative Study

MARVIN J. NAKASHIMA
Food and Drug Administration, Division o f Microbiology, Washington, DC 20204

Collaborators: S. Angold; B. B. Beavin; R. B. Bradicich; S. J. Decker; G. R. Dzidowski; E. Levesque; R. G. Locatelli;
M. Mably; A. Paredes; M. Roberson; A. Sonneville; G. Wright; J. C. Atkinson and S. W. Butler (Statistical Consultants)

Results are reported for a collaborative study of a method for the 
extraction of light filth from spirulina (a blue-green alga) powder and 
tablets. A 50 g portion of either powder or tablets is dispersed in 
water, and then boiled with dilute HC1 solution. Hairs and insect 
fragments are isolated by wet sieving on a No. 230 sieve, flotation 
with mineral oil, and washings of the mineral oil in a percolator. 
Average recoveries by 12 collaborators for tablets and powders were
70.6 and 70.2%, respectively, for 10 rat hair spikes and 68.3 and 
84.4%, respectively, for 20 insect fragment spikes. The method has 
been approved interim official first action.

Spirulina, a blue-green alga found in alkaline lakes, is used as 
a food supplement by many people. Spirulina is being com
mercially produced in the United States, Mexico, Japan, 
Israel, and Taiwan. The most common retail forms of the 
product are powders, tablets, and capsules, although flake 
and granular forms are also produced. Spirulina may also be 
added to pasta and candy bars or used in the coating of 
multiple vitamins.

Because this alga is produced in open ponds and is thus 
susceptible to contamination, a method was developed to 
detect light filth in spirulina powders and tablets. The meth
od consists of dispersing 50 g spirulina powder or tablets in 
water, boiling with dilute HC1 solution, and wet sieving on a 
No. 230 screen. The residue is transferred to a beaker with 
water and brought to a boil. Mineral oil is added to the 
mixture, which is magnetically stirred and transferred to a 
percolator where the product is removed and the mineral oil 
is filtered and the filth is counted.

Collaborative Study
The study included thirty-six 50 g test portions each of 

spirulina tablets and powders. Three of each form were sent 
to 12 collaborators. All test samples were spiked with 10 rat 
hairs (about 1 mm long) and 20  insect fragments (abdominal 
squares or rectangles of Musca domestica, the common 
house fly, about 0.5 sq mm). The collaborators were instruct
ed to report their analytical times and to return the extraction 
papers so that their results could be checked by the Associate 
Referee.

Light Filth in Spirulina Powders and Tablets 

Flotation Method 

Interim First Action
Method Performance (expert’s counts in parentheses):

Submitted for publication September 26, 1988.
This report was presented at the 100th AOAC Annual International Meet

ing, September 15-18, 1986, at Scottsdale, AZ.
The recommendation has been approved interim official first action by the 

General Referee, the Committee on Microbiology and Extraneous Materials, 
and the Chairman of the Official Methods Board. The method will be 
submitted for adoption official first action at the 103rd AOAC Annual 
International Meeting, September 25-28, 1989, at St. Louis, MO. Associa
tion actions will be published in “Changes in Official Methods of Analysis,” 
J. Assoc. Off. Anal. Chem. (1990) 73, January/February issue.

Rat hairs, 10 added:
Tablets:

sr = 2.6(2.7); sR = 3.2(2.8); RSDr, % = 41.9(38.0);
RSDr , % = 51.6(39.4)

Powders:
sr = 2 .5 (1 .8); sR = 3.0(2.4); RSDr, % = 39.7(25.7);
RSDr, % = 47.6(34.3)

Insect fragments, 20 added:
Tablets:

sr = 3.7(3.1); sR = 5.4(4.7); RSDr, % = 30.8(22.6);
RSDr, % = 45.0(34.3)

Powders:

sr = 2.7(3.4); sR = 5.0(4.4); RSDr, % = 16.7(20.1);
RSDr, % = 30.9(26.0)

A. Principle
Spirulina powder or tablets are dispersed in water, boiled 

with dilute HC1, and wet sieved on a No. 230 screen. Residue 
is brought to boil in water, then mineral oil is added. After 
stirring, the product is removed by washings in the percola
tor, mineral oil is filtered, and filth is counted.

B. Pretreatment
In 1 L beaker, thoroughly mix with spoon 50 g spirulina 

powder or tablets with portions of 500 mL tap water, reserv
ing amount to rinse spoon.

(a) Powders.—Proceed to isolation.
(b) Tablets.—Magnetically stir on hot plate at low setting 

until tablets are completely dispersed. Proceed to isolation.

C. Isolation
Note: Use tap water throughout isolation step.
Add 0.3 mL antifoam A solution, 44.003(e), and then add 

15 mL HC1 in increments with magnetic stirring on cool hot 
plate to disperse foam; if no foam occurs, add remaining HC1. 
Bring mixture to boil on hot plate and boil 30 min with 
magnetic stirring, 44.002(n). Clean beaker sides with rubber 
policeman. Gently sieve (No. 230), 44.005(a), beaker con
tents with hot water (>50°) until washings are clear. Use 
water to quantitatively transfer residue back to 1 L beaker, 
and then fill beaker to 500 mL with water. Bring mixture to 
boil with magnetic stirring, but do not boil. (Caution: Boiling 
some tablet mixtures may cause gummy residue to form on 
beaker sides.) Immediately add 150 mL mineral oil, 
44.003(p), and magnetically stir, 44.005(c), 10 min on cool 
hot plate. Let stand 5 min. Add beaker contents to percolator, 
44.002(h)(2), containing ca 250 mL H 2O. Rinse beaker and 
stirring bar with hot water (>50°) and add washings to 
percolator. Retain beaker. Fill percolator to 1700 mL with 
water. Stir percolator contents with glass rod 2-3 s, then 
rinse rod into percolator with hot water (>50°). Let stand 3
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Table 1. Collaborative results for recovery of 10 rat hair spikes 
(blind triplicates) from spirulina tablets and powders

Coll. Tablets Powders

1 5  (6 )a 0 ( 2 ) 2 ( 7 ) 2 ( 8 ) 1 (3 ) 4 ( 7 )

2 8 ( 9 ) 5 ( 6 ) 9 ( 7 ) 5 ( 6 ) 4 ( 6 ) 6

3 9 5 ( 7 ) 9 10 1 0 (8 ) 8

4 1 1 (9 ) 10 6 ( 7 ) 9 ( 1 0 ) 10 7

5 8 7 ( 8 ) 7 4 ( 5 ) 5 ( 6 ) 6 ( 7 )

6 4 ( 7 ) 1 (3 ) 3 ( 9 ) 3 ( 5 ) 2 ( 4 ) 4 ( 6 )

7 1 4 (1 5 )  3 ( 2 ) 2 ( 4 ) 8 3 ( 7 ) 1 0 (9 )

8 10 7 ( 8 ) 9 5 8 6 ( 9 )

9 7 8 8 ( 9 ) 6 9 4

10 6 ( 1 0 )  7 ( 6 ) 8 ( 1 0 ) 9 ( 1 0 ) 10 9 ( 1 0 )

11 6 6 5 8 ( 9 ) 7 9

12 1 (4 ) 0 5 1 3 (0 ) 3 ( 7 ) 1 (4 )

X 6 .2  (7 .1 1 6 .3  (7 .0)

x , % 6 1 .4 (7 0 .6 ) 6 3 .2  (7 0 .2 )

S r 2 .6  (2 .7 ) 2 .5  (1 .8 )

S r 3 .2  (2 .8 ) 3 .0  (2 .4 )

R S D r 4 1 .9 (3 8 .0 ) 3 9 .7  (2 5 .7 )

R S D r 5 1 .6 (3 9 .4 ) 4 7 .6  (3 4 .3 )

* Associate Referee counts are in parentheses if different from those of collabora- 
tor.

min. Drain percolator to 250 mL level. Repeat fill and drain 
until lower aqueous phase is clear or free of suspended mate
rial. Drain oil layer into retained beaker, then rinse glass rod 
into beaker with isopropanol. Wash percolator sides succes
sively with hot water (>50°), isopropanol, and 1% Na lauryl 
sulfate, 44.003(i). Boil beaker contents 2 min (without boiling 
over). Immediately filter beaker contents and wash beaker 
successively with hot water (>50°), isopropanol, and 1% Na 
lauryl sulfate; filter washings. Examine paper microscopical
ly at 30X.

Ref.: JAOAC 72, May/June issue (1989).

Results and Discussion

Results for recoveries of rat hairs are given in Table 1. A 
Student’s i-test based on the Associate Referee’s counts 
showed no significant difference (P >0.05) between the 
mean percentage recoveries for tablets and powders. The 
slightly higher and less variable Associate Referee’s counts 
reflect better recognition of the spike by the Associate Refer
ee than by the collaborators. Collaborators 1 and 6 , and to a 
lesser degree Collaborator 12, overlooked rat hair spikes 
consistently.

The data for insect fragment recoveries are summarized in 
Table 2. Unlike rat hairs, there was a significant difference 
between the mean percentage recoveries for tablets and pow
ders (P <0.05). One problem that arose with the tablets, and 
reduced the counts, was breakage of the spikes by contact 
with the product during shipping. Since the resulting pieces 
were smaller than the specified spike size, all collaborators, 
with the exception of Collaborator 7, did not count small 
pieces of shattered spike material. Counting of smaller pieces 
by Collaborator 7 resulted in inflated numbers that were 
outliers by the Dixon test (W. J. Youden and E. H. Steiner, 
Statistical Manual o f the AOAC (1975) AOAC, Arlington, 
VA) and were not included in the statistical analysis. Exami
nation of the collaborators’ papers showed that some shat
tered spike material, although not of the specified size, 
should be counted. Therefore, the Associate Referee includ
ed only fragments with at least 2 straight edges and greater 
than one-half of the intact fragment in the counts. Thus, 
23.2% of the Associate Referee’s 68.3% average count (Table

Table 2. Collaborative results for recovery of 20 insect fragment 
spikes (blind triplicates) from spirulina tablets and powders

Coll. Tablets Powders

1 14 (1 3 )a 0 ( 6 ) 6 ( 9 ) 16 ( - 5 ) 10 14

2 1 4 (1 8 ) 1 5 (1 6 ) 17 (20) 19 16 1 4 (1 6 )

3 1 4 (1 8 ) 6 ( 1 6 ) 1 1 (1 7 ) 2 0 19 19

4 13 9 ( 1 1 ) 20 19 (20) 1 8 (1 7 ) 21 (2 0 )

5 1 5 (1 8 ) 19 1 9 (1 8 ) 1 6 (1 5 ) 21 (20) 20

6 9 ( 1 5 ) 4 ( 1 1 ) 8 ( 1 2 ) 8 ( 1 0 ) 6 ( 7 ) 1 4 (1 7 )

7 6 8 ^ (1 7 ) 4 4 *  (13) 18* (8) 2 6 *  (19) 3 3 *  (1 8 ) 3 2 6 (1 8 )

8 6 ( 1 0 ) 1 0 (1 4 ) 1 0 (1 2 ) 20 1 9 (2 0 ) 20

9 14 1 8 (1 9 ) 14 19 20 20

10 1 7 (1 3 ) 1 6 (9 ) 1 7 (1 8 ) 1 7 (1 8 ) 1 8 (1 9 ) 19 (20)

11 1 4 (1 7 ) 1 6 (1 7 ) 1 5 (1 4 ) 1 9 (1 8 ) 17 17

12 3 ( 4 ) 1 1 1 (8 ) 2 ( 0 ) 1 3 (1 9 ) 5 ( 1 2 )

X 1 2 .0 (1 3 .7 ) 1 6 .2 (1 6 .9 )

x , % 5 9 .8  (6 8 .3 ) 8 1 .0  (8 4 .4 )

S r 3 .7  (3 .1 ) 2 .7  (3 .4 )

Sr 5 .4  (4 .7 ) 5 .0  (4 .4)

RSDr 3 0 .8  (2 2 .6 ) 16 .7  (2 0 .1 )

R S D r 4 5 .0  (3 4 .3 ) 3 0 .9  (2 6 .0 )

8 Associate Referee counts are in parentheses if different from those of collabora
tor.

b Outlier by Dixon test; not included in calculations.

2) were insect fragments using this criterion. Since 68.3% 
represents an artificially low number, an in-house study, 
using the same lots of each product and the same spikes as 
were used in the collaborative study, was conducted to dem
onstrate that insect fragment recoveries were comparable to 
those obtained for powders. The results (Table 3) support the 
conclusion that 68.3% was lower than would be expected. 
Insect fragment recoveries were 94.5% for tablets and 98.5% 
for powders. The standard deviations were different, but the 
coefficient of variation of 3% for insect fragments from pow
ders was exceptionally low for a particulate filth method. The 
performance parameters obtained fall well within acceptable 
limits for such methods.

The collaborators took an average of 3.3 h (range 2-5.8 h) 
to perform the extraction and 1.1 h (range 0.1-3 h) to count 
the plates.

Some collaborators had dirty and/or excessive numbers 
(>2) of papers for 1 or 2 of the 3 tablet test portions. A cause 
of excessive numbers of papers for Collaborators 3, 4, 7, 9, 
and 11 was clogged filter papers. The reason for this was that, 
in the filtration step, bringing the beaker contents to a full' 
boil did not sufficiently reduce the viscosity of the mineral oil. 
To remedy this, the method was changed from “Bring beaker 
contents to a full boil without boiling over.” to “Boil beaker 
contents for 2 min (without boiling over).” A second reason 
for large numbers of papers with tablets was excessive 
amounts of trapped product. The solution to this problem is 
less clear because of inconsistencies in the results. For exam
ple, Collaborators 3, 7, 8 , and 10 experienced problems with 
excessive trapped product for 2 test portions (av. 5.75 pa
pers), yet each had a third portion which required only 1 or 2 
papers. The order in which the clean test portions were exam
ined did not indicate that performance of the method im
proved with analyst experience. Insufficient removal of all 
fine particles is a potential factor, but all collaborators stated 
that they performed the sieving procedures as directed.

An important observation was made by Collaborators 7, 8 , 
and 10, who noted the incomplete dissolution of the tablets, 
even after the 30 min acid digestion and sieving. Collaborator 
10 could, in fact, associate specific test portions of undis-
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Table 3. In-house results for recovery of 10 rat hair (RH) and 20 
Insect fragment (IF) spikes from spirulina tablets and powders

Repl.

Tablets Powders

RH IF RH IF

1 9 21 5 19

2 10 20 9 20

3 10 17 9 20

4 9 19 10 20

5 10 2 0 10 21

6 7 19 10 19

7 10 20 6 20

8 9 17 9 20

9 10 20 6 19

10 7 17 9 20

X 9.1 19 8 .3 19 .8

x, % 91 9 4 .5 83 9 8 .5

SD 1.3 2 1.8 0 .6

cv, % 14 .3 10.5 2 1 .7 3

solved tablets with dirty papers. It is conceivable, then, that 
undissolved tablets could disintegrate further during the 
“Bring mixture to boil. . period before adding the mineral 
oil, and as a consequence fine material that would have been 
removed by sieving was present for trapping in the mineral 
oil. The postcollaborative in-house study confirmed this. In 4 
of 10 replications, >2 papers were required. Incompletely 
dissolved tablets were noted in 2 of these replicates and the 
amount of product on the papers was noticeably greater than 
for the other 2 replicates. To emphasize the need for total 
dissolution of the tablets, the word “completely” is italicized 
in the pretreatment section for tablets.

For powders, 34 of 36 test portions required only 1 filter 
paper, although the debris on Collaborator l ’s paper could 
have been spread onto 2 papers. Of the 2 test portions needing

> 1 paper, only Collaborator 11 had excessive debris, while 
Collaborator 3 had filtering problems.

Recommenda tion
On the basis of acceptable analyte recoveries and post- 

collaborative clarifications of the method to emphasize tablet 
dissolution and sieving techniques, both of which should re
sult in more uniformly clean papers with tablets, it is recom
mended that the proposed method for extraction of light filth 
from spirulina powders and tablets be adopted official first 
action.
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FEEDS

Improved Turbidimetric Assay of Tylosin in Premix and Animal Feeds Not Containing Urea

M A RK  R. C O LEM A N
L illy  Research Laboratories, Division o f  E li L illy  and Co., Agricultural Analytical Chemistry,
Greenfield, IN  46140

A turbidimetric method is described for the determination of tylosin 
in premix and animal feeds not containing urea. This method includes 
several modifications of existing tylosin turbidimetric and AOAC 
plate assays to remove interferences from the feed, to concentrate low 
levels of tylosin, and to reduce the variability of the assay results. An 
acidic alumina column cleanup step has been incorporated into the 
method to remove interferences from feed ingredients. A disposable 
C18 column was used to concentrate the tylosin from low-level feeds, 
and the use of a larger analytical sample size has decreased the 
variability of the assay results. Average recoveries of tylosin added to 
chicken and swine rations were 98 and 101%, respectively.

Tylosin is the major macrolide antibiotic produced by a 
strain of the actinomycete, Streptomyces fradiae. The phos
phate salt of tylosin is marketed as Tylan® premix (tylosin, 
Elanco) for disease contol and/or improved feed efficiency in 
swine, poultry, and cattle feeds.

The use of a microbiological turbidimetric assay for tylosin 
in feeds has been described (1-4) as an alternative to the 
AOAC plate assay (5). This turbidimetric procedure has 
been used routinely by Eli Lilly and Co. laboratories, as well 
as many other laboratories. Several problems have been iden
tified with the turbidimetric method, especially when feeds 
containing tylosin levels less than 100  g/ton are assayed. 
These problems included assay interferences from feed com
ponents and other feed additives, plus the relatively high 
variability of the assay results. In addition, the turbidimetric 
assay for tylosin did not exhibit sufficient sensitivity for feeds 
containing less than 10 g tylosin activity per ton. In the past, 
these samples still required the use of the plate assay, which 
can be very labor-intensive and less precise than the turbidi
metric assay for tylosin.

An additional problem has been identified with the assay 
of cattle feeds containing urea. The presence of urea results 
in the formation of a tylosin urea adduct which is not active in 
the standard tylosin method. A hydrolysis step is required to 
free the tylosin activity for assay. An alternative method for 
the analysis of feeds containing urea will be available in the 
near future (manuscript in preparation).

The revised turbidimetric assay discussed here includes 
steps to remove assay interferences and reduce variability of 
assay results, and outlines a simple procedure to concentrate 
tylosin from feeds containing low levels of tylosin.

METHOD

Apparatus
(a) Autoturb® system .—Microbiological assay system 

(Elanco) including diluter module, water bath (37°C), and 
reader module.

(b) Water bath.—80°C, or steam sterilizer.
(c) Feed grinder.—Brinkmann centrifugal grinding mill 

(3 mm screen), or equivalent.
(d) Feed mixer.—Hobart Model C100T, or equivalent.
(e) Chromatographic columns.—Glass, plain, ca 19 mm

Received May 19, 1988. Accepted December 19, 1988.
Presented at the 1983 AOAC Spring Workshop, Indianapolis, IN.

id X 500 mm, with glass wool plug; or Analytichem Interna
tional 75 mL reservoir with frit (20 gxn pore).

(f) Gyratory shaker.—New Brunswick Scientific, Model 
G-33, or equivalent.

(g) Filter paper.—Whatman No. 4, or equivalent; Schlei
cher and Schuell prepleated filters, or equivalent.

(h) Spectrophotometer.—Spectronic 20, or equivalent.
(i) Extraction apparatus.—Sep-Pak, or equivalent.

Reagents
(a) Solvent.—Reagent grade methanol.
(b) Phosphate buffers.—Prepare pH 8 and pH 7 phos

phate buffers according to 42.204(b) and (c), respectively (5).
(c) Extraction solution.—Methanol-pH 8 phosphate 

buffer (1 + 1 v/v).
(d) Chromatographic phases.—Sep-Pak C l8 cartridges 

(Waters Associates) and Alumina Woelm A, Akt. 1 (acidic 
alumina).

(e) Tylosin reference standard.—Dry standard material 3 
h in 60°C vacuum oven. Accurately weigh dried standard to 
obtain 1000 jug tylosin activity/mL. Dissolve in methanol (1 
mL methanol/10 mg standard) and dilute to volume with pH 
7 phosphate buffer (stock standard solution).

(f) Standard solutions.—On day of assay, pipet 5 mL 
stock standard solution into 50 mL volumetric flask. Add 25 
mL methanol and dilute to volume with pH 8 phosphate 
buffer. Prepare chromatographic column with ca 20 mL 
acidic alumina and pour contents of volumetric flask over 
column. Prepare dilutions of column effluent, using metha
nol-phosphate buffer pH 8 (1 + 1) as diluent, to contain 2.0,
3.0, 4.0, and 5.0 gg tylosin activity/mL.

Microorganism and Media
Maintain Staphylococcus aureus ATCC 9144 on Anti

biotic Medium 1 slants. Use slants to inoculate Difco Antibi
otic Medium 3. Incubate 16-18 h at 37°C on gyratory shak
er. Filter Antibiotic Medium 3 through prepleated paper. 
Inoculate Antibiotic Medium 3 with ca 20 mL inoculum/L.

Rations
Compositions of basal chicken and swine rations are listed 

in Table 1.

Feed Sampling
Collect composite sample from bulk feed, whether it be in 

a bag, feed bunker, or feed bin. Use a feed scoop, probe, or 
other suitable sampling device to collect subsample (at least 
500 g) from minimum of 3 locations with bulk feed. Submit 
entire sample to assay laboratory for analyses.

Feed Sample Preparation
Finely mill all feed samples and thoroughly mix prior to 

assay. Grind feed samples in mill with 3 mm screen. Mix 
entire feed sample for 10 min in mixer.
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Table 1. Composition ( % ) of poultry and swine rations

Ingredient Poultry Swine

G round y e llo w  co rn 5 3 .4 2 6 9 .9 0

S o yb e a n  m e a l 3 1 .7 3 2 6 .0 0

A n im a l fa t 2 .8 3

F ish  m e a l— m e n h a d e n 5 .0 0

C o rn  d is t i lle rs  d r ie d  s o lu b le s 4 .0 0

D ic a lc lu m  p h o s p h a te 1.28 1.90

G ro und  lim e s to n e 0 .6 2 0 .8 0
V ita m in  p re m ix 0 .5 0 0 .5 0

S a lt (N aC I) 0 .3 0 0 .5 0

T ra c e  m in e ra ls  p re m ix 0 .1 0 0 .1 0

M e th io n in e  h y d ro x y  a n a lo g 0 .1 7

S e le n iu m  p re m ix 0 .0 5 0 .1 5

L-L ys in e 0 .1 5

Extraction and Cleanup
(a )  Premix.— Extract 10 g premix sample with 200 mL 

extraction solution in suitable container, such as Mason jar, 
by mixing on gyratory shaker for 1 h. Filter extract through 
No. 4 paper. Prepare chromatographic column with ca 20 
mL acidic alumina and pour 50 mL extract over column. 
Collect effluent and dilute to assay level of 3.0-4.0 pg tylosin 
activity/mL.

(b) Feeds.—  Tylosin levels greater than 100 ppm: Extract 
50 g feed sample with 200 mL extraction solution by mixing 
on gyratory shaker for 1 h. Filter extract through No. 4 
paper. Prepare chromatographic column with ca 20 mL acid
ic alumina and pour 50 mL extract over column. Collect 
effluent and dilute to assay level of 3.0-4.0 pg tylosin activi
ty/ mL.

Tylosin levels less than 100 ppm and greater than 10 ppm: 
Extract 100 g feed sample with 400 mL extraction solution 
by mixing on gyratory shaker for 1 h. Filter extract through 
No. 4 paper. Prepare chromatographic column with ca 20 
mL acidic alumina and pour 50 mL extract over column. 
Collect effluent and dilute to assay level of 3.0-4.0 pg tylosin 
activity/mL.

Tylosin levels less than 10 ppm: Extract 100 g feed sam
ple, filter, and clarify on acidic alumina column as described 
above. Dilute 25 mL effluent from acidic alumina column 
with 25 mL phosphate buffer, pH 8 . Condition C18 cartridge 
by pumping 10 mL methanol through cartridge, followed by 
10 mL phosphate buffer, pH 8 . Pass diluted extract through 
C 18 cartridge. Rinse sample vessel with buffer and add rinse 
to C l8 cartridge. Elute tylosin from C l8 column with metha
nol into volumetric glassware and dilute to volume. Dilute 
concentrated sample to assay level of 3.0-4.0 pg tylosin activ
ity/mL.
Quantitation

The Autoturb automated turbidimetric system has been 
previously described (6 ). Calculations for sample results may 
be performed by computer, using appropriate programming, 
or may be determined according to the following: Average 
turbidities of each pair of duplicate tubes (0.10 and 0.15 mL 
loops) for both sample and standards. Prepare 2 dose-re
sponse curves with averaged turbidities of standard curve 
levels, one each for 0.10 and 0.15 mL loops. Determine 
corresponding tylosin level in each sample directly from cor
responding dose-response curves by entering curve via tur
bidity reading and determining concentration. Obtain poten
cy of sample assayed by multiplying average of the 2 tylosin 
concentrations, determined from the 2 dose-response curves, 
by dilution factor of sample.

Table 2. Extraction of tylosin from Tylan 40 premix

Extraction soin Range, g /lb a Mean, g /lb  CV, %

M e th a n o l +  b u ffe r0 4 0 .0 -4 7 .5 43 5 .3

M e th a n o l (2 0 0  m L) 3 7 .1 - 4 2 .3 40 4.1

M e th a n o l-w a te r  ( 9 + 1 ) 4 0 .1 -4 3 .9 41 3 .2

M e th a n o l-b u ffe r  (1 +  1) 3 5 .2 -4 4 .8 41 3 .8

M e th a n o l-w a te r  (1 +  1) 4 0 .0 -4 3 .0 41 2.3
B u ffe r 3 7 .5 -4 0 .5 39 2 .4

W a te r 3 5 .3 -3 9 .4 3 7 3 .4

* Twelve analyses for each range: 3 weighings per day for 4 days.
6 100 mL methanol, mix for 30 min; 100 mL pH 8 phosphate buffer, mix for 30 min.

Results and Discussion

Previous tylosin methods (1-4) and the current AOAC 
method (5) require that tylosin be extracted from premix and 
feeds with hot pH 8 phosphate buffer solution. This step was 
necessary when tylosin was gelatinized, but is no longer re
quired by the revised method. Tylosin can be extracted from 
premix and feed by a variety of extraction solutions as out
lined in Table 2. Tylan 40 premix (40 g/lb) was extracted 
with 200 mL of the indicated extraction solution. The ranges, 
means, and coefficients of variation for the 12 determinations 
suggest that tylosin is easily extracted from premix.

Most laboratories which have evaluated this revised meth
od have adopted the use of methanol-pH 8 phosphate buffer 
(1 + 1), or methanol-water (1 + 1), because these diluents 
were routinely used to dilute standard solutions. The use of 
methanol-water (9 + 1) solvent possesses another advan
tage; this extraction solvent could be used with feeds contain
ing both Tylan and Rumensin® (monensin sodium, Elanco), 
resulting in a single extraction of sample for 2 separate 
analyses. A solution of buffer or water alone is not recom
mended for the extraction of tylosin because the lower recov
eries observed and the many water-soluble components 
which are co-extracted with the tylosin. Methanol alone as 
the extraction solution required an additional dilution of the 
extract prior to Autoturb analyses to reduce the methanol 
concentration.

The removal of matrix interference by the use of an acidic 
alumina column is demonstrated in Table 3. A nonmedicated 
chicken ration (Table 1) resulted in a positive bias of the 
assay on the order of 50-60 ppm. This high bias was observed 
with several other rations, including swine and cattle feeds. 
The interference was removed by purification of the extract 
with an acidic alumina column, but was not removed with 
either basic or neutral alumina. In addition, the bias was not 
observed when the extract was concentrated on a C 18 column 
prior to assay. The recovery of tylosin from tylosin-fortified 
swine and chicken feeds ranged from 95 to 101.4%. The feed 
components responsible for the high bias observed in the

Table 3. Removal of matrix Interference by alumina column

Tylosin activity, Observed activity,

Ration Alum ina column pg /m L /¿g/mL

C h ic k e n __ 0.0 5 0 - 6 0

C h ic k e n b a s ic 0.0 1 5 -6 5

C h ic k e n n e u tra l 0.0 3 - 1 0

C h ic k e n a c id ic 0.0 <  2a

C h ic k e n a c id ic 10 .0 9 .5

C h ic k e n a c id ic 5 0 .0 5 0 .5

S w in e a c id ic 2 0 .0 2 0 .3

S w in e a c id ic 1 0 0 .0 1 0 1 .4

a Test sensitivity.
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Table 4. Identification of feed components responsible for 
observed assay Interference6

Feed
com ponent6 Alum ina colum n

Tylosin activity, 
/zg/mL

Observed activity, 
fig /m L

S O M _ 0 .0 <  2 C

S O M a c id ic 0 .0 <  2

S O M a c id ic 3 .0 3.1

C D D S — 0 .0 <  2

C D D S a c id ic 0 .0 <  2

C D D S a c id ic 3 .0 3 .0

FM — 0 .0 2 5 - 3 0

FM a c id ic 0 .0 <  2

FM a c id ic 3 .0 3.1

A F — 0 .0 2 5 -3 5

AF a c id ic 0 .0 <  2

A F a c id ic 3 .0 3.1

a Each result is the average of 3-6 determinations.
6 SOM = soybean oil meal; CDDS = corn distillers dried solubles; FM = fish meal;

AF =  animal fat.
“ Test sensitivity.

chicken ration were identified by evaluating each component 
of the ration for observed bias. Fish meal and animal fat were 
the major components of the chicken ration that contributed 
to the observed interference (Table 4). The addition of the 
acidic alumina column purification of feed extracts removed 
the observed interference. The recovery of tylosin from tylo- 
sin-fortified fish meal and animal fat averaged 103%.

The effect of analytical sample size on the precision of the 
tylosin assay is demonstrated in Table 5. Studies were per
formed with Tylan 40 premix and swine rations containing 
20 and 100 g tylosin activity/ton. Previous tylosin methods 
(2-4) recommend the use of 20-50 g analytical feed samples. 
These data indicate that a 100 g analytical sample could 
reduce the observed variation for low-level feeds by nearly 
50%. A 50 g sample is recommended for feeds containing 
greater than 100  ppm tylosin, and a 10 g sample is recom
mended for premix assays. Accuracy and precision data for 
the method are listed in Table 6 . Two analysts performed the 
assays independently over 2 time periods. Accuracy data

Table 5. Effect of analytical sample size on tylosin assay 
precision

Sample Sample size, g CV, % a

T y la n  4 0  p re m ix 5 2 .5

(4 0  g / lb ) 10 1.8

20 1.6

S w in e  ra tio n 50 2 4 .0

(2 0  g /to n ) 100 12 .5

S w in e  ra tio n 20 10 .3

(1 0 0  g /to n ) 5 0 8 .8

a N =  3 weighings per day for 3 days.

Table 6. Accuracy and precision of the revised tylosin assay

Ration N Anticipated level3 Observed mean CV, %

C h ic k e n 32 10 g /to n 8 .9  g /to n 18 .2

36 10 p p m 9 .5  p p m 6 .6

35 5 0  g /to n 4 9 .3  g /to n 11 .4

36 5 0  p p m 5 0 .5  p p m 6 .3

S w in e 35 20  g /to n 19 .3  g /to n 15.1

35 2 0  p p m 2 0 .3  p p m 8 .2

3 6 100 g /to n 9 9 .6  g /to n 11.1

36 100 p p m 1 0 1 .4  p p m 5 .3

IC S 6 36 3 p p m 3 .0 4  p p m 5 .6

a g/ton = feed containing Tylan premix; ppm =  feed fortified with tylosin standard. 
6 ICS =  Internal control standard.

were obtained by fortifying chicken and swine rations with 
tylosin standard to the desired levels. The precision data were 
obtained by medicating the chicken and swine rations with 
Tylan premix. Recoveries of tylosin ranged from 95 to 
101.5%. Coefficients of variation ranged from 11.1 to 18.2% 
for the medicated feeds.

The relatively high coefficients of variation associated 
with the analysis of medicated feeds, as opposed to the recov
ery samples, indicate that the nature of the collection, han
dling, and processing of the sample prior to assay may be a 
major factor in the observed variation of the assay result. As 
stated previously, a recommendation has been made to col
lect a composite sample from the bulk feed. In the laboratory, 
milling and mixing of the samples prior to assay can also 
greatly affect the observed variation. Another recommenda
tion is to report the final result as a mean of the analysis of 
multiple weighings. One such process would be to analyze 2 
weighings a day for 2 days and report an average of the 4 
results. This process will result in increased confidence in the 
reported values.
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Determination of Ergosterol in Cereals, Mixed Feed Components, and Mixed Feeds 
by Liquid Chromatography

KLAUS SC H W A D O R F and H A N S-M . M Ü LLER
University o f  Hohenheim, Institute o f Animal Nutrition, Emil-Wolff-Str. 10, D-7000 Stuttgart 70, FRG

A sensitive, rapid, reproducible, and reliable liquid chromatographic 
(LC) method is described for determination of ergosterol in feed- 
stuffs. The sample is saponified directly and the saponified mixture is 
extracted with n-bexane. Ergosterol is determined without further 
purification or cleanup steps by using a liquid chromatograph with a 
250 X 4.6 mm column packed with LiChrosorb Si 60, 5 fim, and a 
high pressure column prefilter. The ultraviolet detector is set at 282 
nm. The limit of detection was 0.1 ppm; recovery ranged between 96.7 
and 102.2%. Diode array technology is used for identification and 
peak purity control. Under strong UV irradiation (254 nm) and 
oxygen or nitrogen atmosphere ergosterol was converted almost 
quantitatively to ergocalciferol. Under the described conditions of the 
method, ergosterol proved to be stable. Ergosterol was determined in 
cereals, mixed feeds (e.g., for swine and poultry), and their compo
nents of plant and animal origin. It was not found in carcass meal, 
meat-and-bone meal, citrus pulps, or molasses; only traces were 
detected in fish meal.

Mold invasion of foods and feedstuffs is generally quantified 
by using microbiological methods such as plate counting and 
determination of infection rate (percentage of seed that 
yields fungi after surface disinfection) (1,2). These methods 
are time consuming, poorly reproducible, and, in the case of 
infection rate, not applicable to mealy samples. The most 
important disadvantage of these methods is their failure to 
assess nonviable mycelia, and plate counting may reflect only 
the content in viable mold spores, and not in nonsporulating 
mycelia (1, 3, 4).

Within the past years, chemical methods have been devel
oped which avoid these disadvantages because they are based 
on the determination of mycelial constituents such as chitin 
and ergosterol.

Chitin is a polymer of TV-acetyl-D-glucosamine and is one 
of the most frequently occurring polymers in fungal walls. It 
is found in mycelia and spores of fungi, but also in the 
exoskeleton of insects. It can be assayed by colorimetric 
measurements of glucosamine released by acid (5, 6), alka
line (7,8), or enzymatic hydrolysis, by measurement of chito- 
san (9, 10) produced by incomplete hydrolysis of the poly
mer, or by estimation of total hexosamine using ion-exchange 
column chromatography (11). The disadvantages of these 
methods are their low sensitivity and reproducibility, as well 
as interference by glucosamine or acetyl glucosamine of bac
terial, plant, or insect origin.

Seitz et al. (12, 13) proposed ergosterol as a measure of 
fungal growth. It is the predominant sterol of fungi (molds 
and yeasts) except in certain aquatic phycomycetes and rust 
fungi (14-16), and plays an essential role as a component of 
cell membranes and other cell constituents (14, 17). It is 
probably formed by some bacteria, but, compared to fungi, 
only in very small amounts (18). In plants, it is not formed or, 
if so, only in traces; the main sterols of plants are /3-sitosterol 
and stigmasterol (19, 20). Some members of Gramineae 
contain low concentrations of cholesterol; animals usually 
contain this compound as the major sterol (20). Ergosterol 
has been analyzed by colorimetry, thin-layer and gas chro
matography, infrared and ultraviolet spectroscopy, and liq
uid chromatography (LC) (21-24). The latter method has 
allowed for considerable reduction in the time required for

Received August 9, 1988. Accepted December 2, 1988.

sterol analysis, without sacrificing efficiency of sample re
covery and resolution. The correlation of mycelium dry 
weight with ergosterol is better than the correlation with 
chitin (13, 25, 26).

So far, ergosterol has been determined in cereals. Seitz et 
al. ( 12 , 13) used a procedure consisting of methanol extrac
tion, saponification, reextraction with petroleum benzine, 
and liquid chromatography. We have found that LC condi
tions described by these authors cannot be applied to mixed 
feed components such as rapeseed meal, carcass meal, fish 
meal, and others, or to mixed feeds. This prompted us to 
develop a LC method which can be used for ergosterol assay 
in these commodities as well. Zill et al. (27) described a 
method for the extraction of bound ergosterol from fungal 
mycelia by direct saponification followed by n-hexane ex
traction. These authors found that the yield of ergosterol was 
increased considerably compared to the procedure described 
by Seitz et al. (12). Therefore, we applied direct saponifica
tion to agricultural commodities. In the present paper, this 
procedure is described, and results are given with respect to 
sample handling, endurance of LC columns, recovery of er
gosterol, and identification by diode array detection. We also 
studied the stability of this compound.

Experimental

Apparatus
(a) Liquid chromatograph.—Constametric III metering 

pump; Spectro monitor TMD variable wavelength detector; 
C l-10 integrator; Model SEK plotter (LDC/Milton Roy, 
Riviera Beach, FL). Floppy 2031 LP (Commodore Business 
Machines, Inc., Frankfurt, FRG).

(b) Diode array detector.—2140 Rapid Spectral Detector; 
LKB Wavescan EG software (LKB Produkter AB, Bromma, 
Sweden). Nelson Spectral Search software (Nelson Analyti
cal, Inc., Cupertino, CA). IBM PC AT (IBM Corp.).

(c) Sample injector.—Model 7125 syringe loading sam
ple injector with 20,50, and 100 pL  sample loops (Rheodyne, 
Inc., Cotati, CA).

(d) Sample syringes.—25 and 100 yuL (Hamilton, Bona- 
duz, Switzerland).

(e) LC columns.—LiChrosorb Si 60,250 X 4.6 mm, 5 pm 
(Merck, Darmstadt, FRG). Hypersil MOS, 125 X 4.6 mm, 5 
yum (Shandon Southern Products Ltd, Cheshire, UK).

(f) High pressure column prefilter.—Prefilter disc, 2 yum 
(Scientific Systems, Inc., State College, PA).

(g) UV light box.—UV-Betrachter Series 29230,254 and 
366 nm. Sylvania F8T5/BLB, steril air 6-9, 220 V, 0.04 W 
(Camag, Berlin, FRG).

(h) Blender.—MoulinetteS (Moulinex, France).
(i) Rotary shaker.—Gerhardt GmbH & Co. KG, Bonn, 

FRG.
(j) Rotary evaporator with heating bath.—Rotavapor-R 

110 (Biichi AG, Flawil, Switzerland).
(k) Heating block.—TCS-Metallblock-Thermostat, Va- 

potherm Mobil I (Labortechnik Barkey, Bielefeld, FRG).
(l) Ultrasonic unit.—Sonorex TK 52 (Bandelin Electron

ic, Berlin, FRG).
(m) Water bath.—GFL, Burgwedel, FRG.
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(n) Filters fo r  extraction.—Filter paper circles, 90 mm 
diameter; folded filters, 150 mm diameter (Schleicher & 
Schuell, Dassel, FRG).

Reagents
(a) Solvents for LC.—LC grade (Rathburn Chemicals 

Ltd, Walkerburn, Scotland).
(b) Mobile solvents for LC.—Methanol-water (95 + 5); 

n-hexane-isoamyl alcohol (95 + 5).
(c) Chemicals and other solvents.—Merck, Darmstadt, 

FRG.
(d) Standards.—Ergosterol, ergocalciferol, cholesterol, 18- 

sitosterol, campesterol, stigmastanol, stigmasterol (Sigma 
Chemical Co., St. Louis, MO).

Extraction
Blend 30 g representative sample (particle size ca 0.3 mm) 

each for extraction method A and B.
Extraction method A: (Sample extraction modified from 

that described by Zill et al. (27).) Weigh 20 g into 500 mL 
round-bottom flask. Add 75 mL methanol, 50 mL ethanol, 
and 10 g KOH. Reflux exactly 30 min at 80°C. Cool mixture 
and filter sample with suction through fluted paper into 300 
mL Erlenmeyer flask; rinse reflux flask and filter with addi
tional 25 mL methanol. Transfer mixture to 250 mL separa
tory funnel and rinse flask with 25 mL water.

Extraction method B: (Sample extraction is similar to that 
described by Seitz et al. (12, 13).) Weigh 20 g into 250 mL 
screw-cap bottle. Add 75 mL methanol and extract 10 min on 
rotary shaker. Filter sample with suction through fluted pa
per into 500 mL flask; rinse bottle and filter with additional 
25 mL methanol. To filtrate, add 10 g KOH and 25 mL 
ethanol and reflux exactly 30 min at 80°C. To dilute KOH, 
shake from time to time. Cool mixture and transfer to 250 
mL separatory funnel. Rinse flask with 25 mL water.

Shake saponified mixture from A or B ca 1 min with 50 
mL, and then 40 mL portions of «-hexane. In a second 
experiment, shake with portions of petroleum benzine (60- 
80° C). Let stand 15 min to allow complete separation of 
layers. Filter upper layer (n-hexane or petroleum benzine) 
over anhydrous NazSCL into 250 mL round-bottom flask. 
Rinse original container and filter with additional 5 mL «-

hexane or petroleum benzine. Discard lower layer. Evaporate 
combined n-hexane or petroleum benzine extracts (up to 
40° C bath temperature) to ca 2 mL, and transfer quantita
tively to 5 mL snap-cap bottles. Use heating block and gentle 
stream of nitrogen at 40°C to evaporate to dryness. By brief 
sonication, dissolve residue in 1-5 mL solvent, depending on 
concentration of ergosterol expected. For normal-phase sys
tem, use n-hexane for dissolution; for reverse-phase system, 
use methanol.

Liquid Chromatography
Recrystallize ergosterol twice from absolute ethanol and 

dry under vacuum 3 h at room temperature. Prepare 2 stock 
solutions of ergosterol in absolute ethanol and in n-hexane, 
each containing 1000 and 50 gg/mL.

Adjust flow rate of mobile phase to 2.0 mL/min for 
LiChrosorb Si 60 column, or 1.5 mL/min for Hypersil MOS. 
Set wavelength of UV detector at 282 nm. Select “external 
standard method” and “valley-to-valley” integration and set 
integration parameters as required. Perform chromatogra
phy at room temperature. Inject 20 gL ergosterol analytical 
standard (50 ng/gL)  as calibration amount (1000 ng) fcr 
computation of concentrations. Recheck calibration from 
time to time.

Inject 10-100 gL sample solution, within linear response 
(10-2500 ng, see Results and Discussion). On LiChrosorb Si 
60 column, retention time of ergosterol is about 3.9 min; on 
Hypersil MOS column, retention time is about 2.5 min.

Identification, Peak Purity Control, Spectral Search
Use diode array technology for identification and peak 

purity control. Inject sample solution to enable (via IBM PC) 
continuous spectral acquisition over complete UV spectrum 
during elution. For positive ergosterol identification, use 
spectrum, isogram, and/or topogram mode. For purity con
trol, acquire spectra on upslope, apex, and downslope of peak. 
Differences in curve shape indicate presence of an impurity. 
For further identification of unknown peaks, compare spec
tra to library, custom-created from Wavescan files.

Recovery Experiments
Blend about 30 g sample. Weigh 20 g blended sample into 

250 mL round-bottom flask and add known amount of ergos-

Figure 1. Absorption spectra of different sterols and cutoff of CH 2CI2.
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terol in ethanolic solution (e.g., 500 ng). Extract according to 
procedure A and determine recovery.

S ta b ility  E xperim ents

Select parameters to test stability of ergosterol with regard 
to sample handling and analytical procedure. For stability 
experiments, use standard ergosterol solution, kernels and 
flour of cereals (wheat, barley, oats), and sample extracts. 
Enclose solid samples in thin leaves of aluminum and sheets 
of polyethylene; contain liquids in snap-cap bottles of glass 
and polypropylene. Determine effects of vigorous agitation, 
temperature (4°C, 40°C), oxygen, illumination, and ultravi
olet irradiation (UV light box, 254 nm, 366 nm), and 2 or 
more of these parameters combined.

Results and Discussion
The UV absorbance spectrum of ergosterol can be used for 

identification and confirmation (12, 28). Sterols with conju
gated double bonds (A5’7-unsaturation) are characterized by 
strong absorbance at high UV wavelengths; those lacking 
this configuration, such as ^-sitosterol, stigmasterol, and 
cholesterol, absorb only weakly above 240 nm (28, 29) (Fig
ure 1). The specific UV absorbance spectrum of ergosterol 
with maxima at 282, 271, 293.5, and 262 nm differs from 
that of all other sterols, including ergocalciferol (vitamin D2) 
(Figure 1).

To control purity of the ergosterol peak received from the 
UV detector, we use diode array technology. Various possi
bilities of manipulating the results of a personal computer 
allow detection of the interfering substances masking the 
presence of ergosterol. In Figure 2, a topogram of malt sprout 
extract drawn in the spectrum mode demonstrates the sepa
ration (see time and wavelength axis) which is required for 
accurate quantification. With regard to spectrum, isogram, 
and topogram mode, the solvents in the mobile phase should 
exhibit UV absorbance cutoffs below 210 nm. For this rea
son, methylene chloride is not favorable (cutoffs: water < 
190 nm, n-hexane 190-210 nm, methanol 205-210 nm, pe
troleum benzine and isoamyl alcohol about 210, methylene 
chloride 230-245 nm).

For determining ergosterol in cereals, the resolution of 
reverse-phase columns, e.g., packed with Flypersil MOS (C8 
chains), is completely satisfactory (Figure 3). However, Hy- 
persil MOS column as well as LC column types and separa
tion conditions described by Seitz et al. (12, 13), are not

applicable to mixed feeds and their components other than 
cereals. This is due to interfering peaks which do not allow a 
reliable integration of the ergosterol peak and hence prevent 
accurate quantification (Figure 4). Unsatisfactory perfor
mance was also observed using the columns LiChrosorb RP- 
18,10 pm, 250 X 4 mm (Merck, FRG); Superspher RP-18,4 
jum, 250 X 4 mm (Merck, FRG); Hypersil ODS, 5 pm, 125 X 
4.6 mm (Shandon, England); and appropriate mobile sol
vents.

We have found that the use of a normal-phase column

Hypers i l  MOS L i Chrosorb  Si 60

Figure 3. Determination of ergosterol in barley: LC columns Hy
persil MOS and LiChrosorb Si 60, injection volume 20 pL  each.
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H y p e r s i l  M O S  L i C h r o s o r b  Si  6 0

Figure 4. Determination of ergosteroi in molded mixed feed for 
pigs: LC columns Hypersil MOS and LiChrosorb Si 60, injection 

volume 20 /iL each.

(LiChrosorb Si 60, 5 ¿an, 250 X 4.6 mm) is well adapted to 
the determination of ergosteroi not only in cereals, but also in 
other mixed feed components and mixed feeds. Values ob
tained by this method for mixed feed components and mixed 
feeds are from 1.6 to 2.7 as high as those found with a 
Hypersil MOS column (extraction method B). For cereals 
the difference between the 2 column types is within the 
repeatability of the method (Figure 3).

In agricultural commodities, ergosteroi can be converted 
to ergocalciferol (see below) by sunlight, e.g., by hay making. 
This leads to erroneous values if the Hypersil MOS column is 
used since this column does not separate the 2 substances. 
The molar extinction coefficient (e) of ergocalciferol (18300 
at X(max) 265 nm) is considerably higher than that of ergos
teroi (11900 at X(max) 282 nm). Therefore, the formation of 
ergocalciferol from ergosteroi and an incomplete separation 
of these 2 substances simulate a higher ergosteroi content 
than is actually present. To avoid this overestimation, we 
prefer the normal-phase column LiChrosorb Si 60,5 ¿¿m, 250 
X 4.6 mm for determination of ergosteroi in all agricultural 
commodities.

Ergosteroi is detected with a variable wavelength spectro
photometer, operated at 282 nm. The limit of its detection is 
10 ng injected into the liquid chromatograph, and 0.1 ppm 
for the method. The linear range for the estimation of ergos
teroi is from 10 to 2500 ng. It is nearly the same for LiChro
sorb Si 60 and Hypersil MOS.

Seitz et al. (12) and Cahagnier et al. (30) have recom
mended various cleanup procedures prior to LC determina
tion. We have tested some purification methods employing 
thin-layer chromatographic plates (pre-coated TLC plates 
SIL G-25HR, Macherey-Nagel, Diiren, FRG), silica gel

Table 1. Increase of ergosteroi value (% ) determined for 
method A compared to method B

Sample Increase, % s

C e re a ls :

W h e a t 3 5 .0

B a rle y 2 7 .6

O ats 4 5 .0

C o rn 5 5 .7

M ixe d  fe e d  c o m p o n e n ts :

S o yb e a n  m e a l (to a s te d ) 12 .4

S o yb e a n  fla k e s  (to a s te d ) 3 2 5 .7

S u n flo w e r m e a l 2 0 5 .5

W h e a t b ran 2 5 7 .7

W h e a t re d  d o g s 13 1 .8

M a lt s p ro u ts 1 1 2 .3

M a ize  g lu te n  fe e d 1 8 3 .7

M a ize  g lu te n 13 9 .3

M a ize  g e rm  m e a l 9 0 .2

M a n io c  m e a l 1 5 1 .7

R a p e se e d  m e a l 3 7 2 .6

F ie ld  p e a s 7 6 .6

B ro a d  b e a n s 1 6 5 .9

C o c o n u t e x tra c tio n  m e a l 1 7 8 .6

P a lm  k e rn e l e x tra c tio n  m e a l 9 3 .7

B e e t p u lp 6 2 .5

B e e t p u lp  w ith  m o la s s e s 1 9 1 .0

L in s e e d  c a k e 27 9 .1

G ra ss  m e a l 1 3 7 .3

A lfa lfa  m e a l 3 1 4 .7

M ixe d  fe e d s :

C o m p le te  fe e d  fo r  fa t te n in g  p ig s 1 7 3 .7

C o m p le te  fe e d  fo r  p re g n a n t s o w s 9 9 .9

C o m p le te  fe e d  fo r  la c ta tin g  s o w s 1 1 7 .3

P ig s ta r te r 1 3 3 .2

A ll-m a s h  fe e d  fo r  la ye rs 1 7 2 .4

A ll-m a s h  fe e d  fo r  c h ic k e n s 1 7 2 .8

A ll-m a s h  fe e d  fo r  b ro ile rs 1 4 8 .5

A ll-m a s h  fe e d  fo r  p u lle ts 1 4 9 .5

P ro te in  s u p p le m e n ta ry  fe e d  fo r  la ye rs 1 0 4 .6

a Each value is the mean of 4 or more samples analyzed in duplicate (full method).

glass columns (silica gel 60, 70-230 mesh ASTM, Merck, 
Darmstadt, FRG), or Sep-Pak silica and C-18 cartridges 
(Waters Associates, Inc., Milford, MA). These procedures 
proved to be time consuming, unsuitable for routine use, and 
leading to some loss of ergosteroi. Both extraction methods 
described above did not require any purification step prior to 
LC. Likewise, the use of precolumns packed with normal- 
phase or reverse-phase materials was not advantageous.

In order to extend lifetime and to ensure high performance 
of the analytical LC column, we use an in-line high pressure 
column prefilter which protects against particles introduced 
with the sample. The filter discs are made of stainless steel. 
After about 200 injections, the back pressure may increase 
and their low-cost replacement is due.

After about 400-500 injections, the analytical packing 
should be regenerated by a special ablution procedure. To 
resolve particulates and sample constituents that irreversibly 
bind to the column sorbent, and to restore particles to prima
ry swelling, the LC columns are eluted successively with the 
following solutions of a flow rate of 1.5 mL/min: 30 mL 
tetrahydrofuran, 30 mL methanol, 30 mL tetrahydrofuran, 
30 mL dichloromethane, and 30 mL «-hexane (31).

With regard to sample extraction and practical experi
ments, both columns withstand more than 1000 injections.

Testing the effect of the extraction solvents «-hexane and
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Table 2. Reproducibility of ergosterol determination by method A

Extract o f 
portion

Retention tim e, 
min

Ergosterol, 
m g /kg  dry m atter

W heat Broad beans Wheat Broad beans

1 3 .9 6 3 .9 3 7 .9 9 1.03

2 3 .9 6 3 .9 3 7 .6 3 1.05

3 3 .9 3 3 .9 3 7 .6 9 1 .0 4
4 3 .9 6 3 .9 4 7 .8 2 1.03

5 3 .9 2 3 .9 5 7 .7 9 1.01

X 3 .9 4 6 3 .9 3 6 7 .7 8 4 1 .0 3 2
SD 0 .0 1 9 5 0 .0 0 8 9 0 .1 3 8 1 0 .0 1 4 8

C V , % 0 .4 9 0 .2 3 1.77 1.43

9
petroleum benzine on the yields of ergosterol, there was no 
difference in extraction method B. However, for extraction 
method A, the yields with «-hexane were higher by about
10.4-32.9% than with petroleum benzine. Compared to ex
traction method B (methanol extraction prior to saponifica
tion and reextraction with petroleum benzine), method A 
(direct saponification with «-hexane extraction) yielded a 
higher ergosterol content with all feedstuffs currently investi
gated. For individual samples, the yield increased by 25-71% 
with 4 cereals, 12-377% with 20 mixed feed components, and 
67-257% with 9 types of mixed feeds for swine and poultry. 
Means are shown in Table 1.

Recovery ranged from 96.7-102.2% with extraction meth
od A.

Reproducibility of method A was tested with wheat and 
broad beans. A representative sample was blended and divid
ed into 5 homogeneous portions. Each portion was extracted 
and 20 juL of the extract was injected into the liquid chro
matograph. As shown in Table 2, the standard deviation of 
the sample expressed as a percentage of the sample mean is 
very low, indicating a good reproducibility.

Some modifications of the extraction step of method A 
(32, 33) proved not to be successful. An acid hydrolysis (6M 
HC1) of the sample followed by alkaline saponification, 
yielded products that no longer absorbed at 282 nm, nor did 
they exhibit the characteristic spectrum of ergosterol. These

products might be formed by rearrangements, degradations, 
or other reactions. A mild acid hydrolysis (0.1M HC1) for 
labilization of sterols did not increase the ergosterol value 
significantly.

Ergosterol is unstable under the influence of oxygen and 
UV light. Visible light might produce bisteroids in the ab
sence, and ergosterol peroxide in the presence of oxygen. 
Under UV irradiation, a great number of products regularly 
arise from ergosterol. The principal reaction product is ergo- 
calciferol, which is probably formed via several active inter
mediates, e.g., previtamin D2. Minor by-products might be 
lumisterol and tachysterol (20, 34).

This poses the question of ergosterol stability during sam
ple handling and analysis. During storage of a stock solution 
(initial content: 1 mg/mL ethanol absolute) in the dark at 
4°C under air for 7 days, there was no measurable decrease 
of ergosterol. This was also true for storage under oxygen at 
40°C and under daylight (in glass tubes and polypropylene 
snap-cap bottles); all these conditions were combined with 
and without vigorous agitation. These results indicate that, 
under the given conditions of analysis, no ergosterol is lost. 
This is in accordance with the recovery of ergosterol of about 
100%.

When the stock solution was stored in the dark at 4°C 
under air for 100 days, a decrease of 23% was observed. 
Because of this instability, it is necessary to determine ergos
terol concentration again prior to each LC run. Likewise, 
when wheat kernels were stored in the dark at 4°C under air 
for 2 years, ergosterol content decreased by about 30%. This 
means that samples which can not be analyzed for ergosterol 
immediately should be stored in the freezer.

Ergosterol proved to be extremely unstable both in stock 
solution (under oxygen and nitrogen) and in naturally mold
ed material (under air) during strong UV irradiation (254 
nm).

As can be seen from Figure 5, about 97% of ergosterol in 
the stock solution disappeared within 16 h. Under the condi
tions employed, the conversion rate to ergocalciferol under 
both nitrogen and oxygen atmosphere was about 100%.

Figure 6 represents ergosterol decomposition in naturally 
molded kernels and flour of wheat, barley, and oats. Samples

Figure 5. Decrease of ergosterol (full symbols) and increase of ergocalciferol (open symbols) in stock solution (initial content: 62.5 /¿mol/L) 
under UV irradiation (254 nm). Solution was kept in polypropylene snap-cap bottles under nitrogen (circles) or oxygen (diamonds) 

atmosphere at room temperature. Each value represents concentration in separate bottle.
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Figure 6. Decrease of ergosterol (mg/kg dry matter) in wheat, 
barley, and oats (diamond = kernels; circle = flour) under UV 
irradiation (254 nm). Naturally molded samples were enclosed in 
polyethylene sheets (layer about 0.5 cm) and stored at room tem

perature under air.

were enclosed in polyethylene sheets and stored at room 
temperature under air. Decomposition rate was less in ker
nels than in wheat and barley flour but not in oats flour. This 
was possibly due to UV absorbance by the spelts of the oats. 
Decrease in decomposition rate during irradiation can be 
explained by the absorbance of UV in superficial layers.

Because of the instability of ergosterol under shortwave 
UV, sunlight illumination might cause a loss of this com
pound during production and storage of feedstuffs. It is 
known that hay making under direct sun strongly favors the 
production of ergocalciferol, compared to drying of grass at 
high temperature. Preliminary results of our investigations 
have shown that, under diffuse daylight, ergosterol in cereals 
decreases only slightly. This, along with modern methods of 
harvesting (combines, etc.), suggest only a slight decrease of 
ergosterol during harvest and storage.

Employing the method described (direct saponification, n- 
hexane extraction, and LC with LiChrosorb Si 60 column), 
we encountered no problems in detecting and quantifying 
ergosterol in cereals (wheat, barley, oats, corn), in a diversity 
of mixed feed components of plant origin, in some mixed 
feeds for swine and poultry, and in CCM silage. Ergosterol 
was not found in carcass meal, meat-and-bone meal, citrus 
pulps, and molasses; only traces were detected in fish meal. 
All samples were obtained from either farms or a feed fac
tory, and exhibited a good mycological quality. Ergosterol

was also determined in samples inoculated with different 
mold species.

The entire ergosterol analysis requires about 4 h for 3 
samples, all done in duplicate along with a separate blank. 
Thus, the degree of mold invasion of a feedstuff sample can 
be assayed much more rapidly than by a biological method 
such as plate count.

Because different extraction methods, LC columns, sam
ple handlings, etc., lead to different ergosterol values, its 
determination must be considered as a conventional method. 
Therefore, values can only be interpreted if the same methods 
have been used.
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A collaborative study was conducted to test a new rapid procedure for 
determination of water-insoluble cell wall (WICW) content in feeds. 
In the method, starch is solubilized near boiling temperature with 
Termamyl, a heat-stable alpha-amylase, and proteins are solubilized 
at 40°C with sodium dodecylsulfate and Pronase. Then, the organic 
matter of the residue is determined by incineration. Three hours were 
required to treat 12 different samples, including solubilization treat
ments, filtrations, and rinses. Eleven unknown products including 9 
common feedstuffs of various origin and 2 mixed diets for poultry 
were analyzed by 7 analysts in France. Coefficients of variation 
ranged from 2.3 to 6.1%. The results were compared to those for 
water-insoluble dietary fiber (WIDF), total dietary fiber, and neutral 
detergent fiber. Agreement was best with the water-insoluble dietary 
fiber procedure. For most samples, the ratios of WIDF/WICW 
ranged from 0.981 to 0.842. The differences between WICW and 
WIDF values correspond to cell wall protein which is accounted for in 
WICW, but not in WIDF.

Water-insoluble plant cell walls (WICW) include water- 
insoluble nonstarch polysaccharides, lignin, and cell wall pro
teins, according to previous works performed on pure cell 
wall materials (1-5). This definition differs slightly from 
that given for water-insoluble dietary fiber which includes 
water-insoluble nonstarch polysaccharides and lignin, but 
not cell wall proteins (6-8). Complete solubilization of non
cell wall proteins is not needed in the dietary fiber determina
tion because a correction for total residual protein is applied
(8), according to the definition of dietary fiber (6).

Complete solubilization of non-cell wall proteins is re
quired for the gravimetric determination of water-insoluble 
cell walls (3, 4). However, exhaustive solubilization of non
cell wall proteins is difficult and requires long treatments (3- 
5, 9). The use of a detergent, first introduced by Van Soest
(10), speeds up the protein solubilization (5) and shortens the 
procedure. However, the neutral detergent fiber, determined 
according to Van Soest and Wine (10), does not include the 
water-insoluble pectic substances which, in dicotyledonous 
plant materials, represent a major part of water-insoluble cell 
walls (4). This is due to the use of ethylenediaminetetraace- 
tate (EDTA), a chelating agent able to solubilize the water- 
insoluble pectic substances (10), in Van Soest and Wine’s 
procedure. The use of sodium dodecylsulfate (SDS), the 
detergent introduced by Van Soest, has been reassessed re
cently for the determination of water-insoluble cell walls (5). 
The combination of SDS and Pronase was able to solubilize 
nearly all non-cell wall proteins within only 1 h (5). This 
deproteinizing step was the basis of the new procedure pre
sented here.

Termamyl, first introduced by Theander and Aman (11), 
was used in the present procedure and permitted very rapid 
starch solubilization. These modifications introduced for sol-
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ubilization of both protein (5) and starch (11) allowed devel
opment of an accurate and rapid method for determination of 
water-insoluble cell walls in feeds. Such a method, conve
nient for routine analysis, was needed by feed manufacturers 
for practical application of the new system of energy value 
prediction for poultry diets, which is based on the determina
tion of water-insoluble cell walls (12). The new procedure 
presented here required 3 h to treat 12 different samples, 
including solubilization treatments, filtrations, and rinses.

Interlaboratory Study
Two kg of each of the 9 ingredients were ground using an 

ultracentrifuge rotary mill (F. Kurt Retsch GmbH & Co. 
KG, Haan, Rheinland, GFR) provided with a 0.5 mm mesh 
sieve. Peas were subsequently reground by ball-milling (Dan- 
goumeau Apparatus with 150 mL cell; Prolabo S.A., Paris) 
for 10 min. Ground samples were stored in sealed plastic bags 
at +4°C before mailing.

Blind samples of the 9 ingredients and 2 diets were sent in 
screw-cap sealed plastic flasks to each of the 7 analysts for 
determination of water-insoluble cell wall (WICW) con
tents. Analyst 6 also determined total dietary fiber (TDF), 
water-insoluble dietary fiber (WIDF) (8), and neutral deter
gent fiber (NDF) (13). For this purpose, an additional pea 
sample was sent to analyst 6: This sample was only ground to 
0.5 mm and was specified for determinations of TDF, WIDF, 
and NDF. These methods do not require that mature starchy 
legume seeds have to be reground by ball-milling before 
analysis. In all cases, the analysts did not regrind samples 
before analysis.

The 11 samples were as follows: (1) Whole corn grains. (2) 
Whole wheat grains. (J) Whole barley grains. (4) Whole 
sorghum grains. (5) Cassava roots (82.67% starch on dry 
matter basis), (d) Partly dehulled soybean meal, solvent- 
extracted (53.94% crude protein on dry matter basis). (7) 
Undehulled rapeseed meal, 0 type, solvent-extracted 
(39.55% crude protein on dry matter basis). (8) Whole seeds 
of mature white flowered peas (Pisum sativum). Samples 1- 
8 were obtained from Institut Technique des Céréales et des 
Fourrages (ITCF, Boigneville, France). (9) Dehulled full-fat 
white lupin meal was obtained from Institut National de la 
Recherche Agronomique (INRA, Nantes, France). (10) 
Diet 1, for poultry, was prepared by INRA (Tours, France) 
by mixing 49% ground (0.5 mm) corn (sample 1), 19% 
ground (0.5 mm) soybean meal (sample 6), 20% ground (0.5 
mm) peas (sample 8), 7% low-fat meat meal (Française 
Maritime S.A., Concarneau, France), and 5% animal fat 
(Salmon S.A., Moisdon-la-Rivière, France). (11) Diet 2, for 
poultry, was prepared by INRA (Tours, France) by diluting 
diet 1 with 10% calcium carbonate and 3% dicalcium phos
phate (Coopérative Agricole La Tourangelle, Tours, 
France).
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Method

Principle
Ground samples are treated first with heat-stable alpha- 

amylase in nearly boiling buffer (pH 5.6) and then with 
protease in detergent (sodium dodecylsulfate) solution near 
neutral pH at 40°C to solubilize starch and protein. The 
residue is filtered, suspended in chloroform-methanol (2 + 1, 
v/v), filtered again, and washed with acetone. After drying, 
the residue is weighed and incinerated for ash determination. 
WICW corresponds to the residue corrected for its ash con
tent.

Apparatus
(a) Balance.—Analytical, with 0.1 mg precision.
0») Tubes.—40 mL round-bottom, with 25 mm internal 

diameter.
(c) Magnetic bar.—Teflon®-coated, round-ended, cylin

drical, 15 mm long and 8 mm wide.
(d) Magnetic stirring and heating apparatus.—Dry heat

ing aluminum block with holes 1 mm wider than external 
diameter of tubes, (b), provided with magnetic stirring device 
to continuously stir suspensions in tubes, (b). Stirring/heat- 
ing module from Pierce Chemical Co., Rockford, IL.

(e) Fritted glass crucible.—Porosity 2 with 40-100 pm 
pores, 30 mL volume, and 30 mm internal diameter. Before 
each use, crucibles are cleaned in reverse position with nitric 
acid-water mixture (50 + 50, v/v) or solution of 40 g potassi
um dichromate in 1 L sulfuric acid-water mixture (50 + 50, 
v/v), and then thoroughly rinsed with water. About 0.5 g 
Celite 545 is added to crucible before samples are filtered.

( f )  Vacuum filtration system .—Filter flask provided with 
clamp designed to tightly connect fritted glass crucible, (e). 
Vacuum pump is fitted to filter flask for filtration. Vacuum 
pump is replaced by low pressure pump for back-bubbling. 
Funnel, with > 200 mL capacity, is fitted to glass crucible 
during filtration of aqueous solutions. Filtration modules 
“Fibertec” “M,” or “E” from Tecator AB (Hôganâs, Swe
den) were used.

(g) Drying oven.— 104°C and desiccator.
(h ) Incinerator.—500°C.

Reagents
(a) Methanol.—Analytical grade.
(b) Acetone.—Analytical grade.
(c) Chloroform-methanol mixture.—Mix 1 L chloroform 

and 500 mL methanol.
(d) Acetate buffer, pH 5.6.—Dissolve 2.8 mL glacial 

acetic acid and 61 g sodium acetate trihydrate in ca 800 mL 
water; dilute to 1 L with water.

(e) Phosphate buffer, pH  7.5.—Dissolve 7.5 g sodium di
hydrogen phosphate dihydrate and 90 g disodium hydrogen 
phosphate dodecahydrate in ca 800 mL water; dilute to 1 L 
with water.

(f) Detergent solution, pH  7.5.—Dissolve 33 g sodium 
dodecylsulfate in ca 800 mL phosphate buffer pH 7.5, (e), 
and dilute to 1 L with phosphate buffer pH 7.5, (e).

(g) Heat-stable alpha-amylase solution.—Termamyl 120 
L from Bacillus licheniformis (Novo A/S, Copenhagen, 
Denmark). Store enzyme solution at +4°C after each use.

(h) Protease.—Pronase from Streptomyces griseus 
(Boehringer Mannheim GmbH, Mannheim, GFR). Store 
enzyme powder at +4°C after each use.

(i) Refined alimentary vegetable oil.—From soybean, 
corn, sunflower, groundnut, or rapeseed.

(j) Diatomite.—Celite 545.

Sample Preparation
Grind sample to pass 0.5 mm mesh sieve. Regrind samples 

of mature starchy legume seeds (peas, beans, etc) by ball
milling for 10 min, using 5-10 g of 0.5 mm ground sample for 
150 mL volume cell.

Determination
Conduct entire procedure with a blank along with the 

samples.
Weigh 1 g sample, accurate to 0.1 mg, into 40 mL tube 

provided with magnetic bar. Weigh 0.5 g for samples expect
ed to contain more than 40% WICW. Slowly add water up to 
5 mL with continuous stirring, using conventional magnetic 
stirrer. Stir until complete disappearance of clumps. If neces
sary, use spatula to break clumps and then rinse spatula into 
tube, using no more than 1 mL water. Successively add 1.5 
mL acetate buffer, 100 iiL alpha-amylase solution, and 50 
pL vegetable oil (anti-foaming agent), and stir briefly.

Place tube in block of magnetic stirring and heating appa
ratus stabilized at 100°C. Immediately and with stirring, add 
18 mL nearly boiling water. Maintain incubation and stirring 
for 10 min after suspension reaches 93°C. At 5 min, add 100 
pL alpha-amylase solution.

Remove block containing tubes and place in water bath at 
ambient temperature for cooling. Meanwhile, cool stirring 
and heating apparatus by placing in empty unheated block.

When temperature in tubes reaches 44-47°C, place block 
containing tubes in stirring and heating apparatus. Start 
magnetic stirring. Successively add 10 mL detergent solution 
pH 7.5 and 10 mg protease dissolved in 2 mL phosphate 
buffer pH 7.5. Maintain incubation 1 h at 40°C under mag
netic stirring.

Add water to glass crucible containing diatomite and Filter 
to obtain an even bed of diatomite.

Filter uncooled suspension through crucible, using vacuum 
suction. Let filtration proceed for 2 min before applying 
back-bubbling if necessary for improvement of slow filtra
tion. Rinse precipitate 3 times with water as follows: Fill the 
crucible with ca 30 mL water, apply bubbling for homogeni
zation, and filter with suction. Add ca 30 mL methanol to 
residue, apply bubbling, and then filter with suction. Fill 
crucible with ca 30 mL chloroform-methanol mixture, ho
mogenize with spatula, and let stand 5 min. Complete with 
chloroform-methanol mixture during this time and mix with 
spatula if passive filtration of chloroform-methanol mixture 
is rapid. Apply suction and rinse 3 times with acetone as 
follows: Fill crucible with ca 30 mL acetone, homogenize 
contents with spatula, and filter with suction. Apply longer 
suction (at least 5 min) for last filtration to remove nearly all 
acetone. Thoroughly disperse acetone-dried residue with 
spatula.

Dry crucible containing residue in 104° C drying oven for 1 
h. Cool crucible in desiccator under vacuum for 25 min and 
weigh crucible containing residue. Place crucible in incinera
tor at temperature lower than 100°C. Let temperature in
crease to 500°C and maintain at least 2 h. Decrease tempera
ture of incinerator to 100°C over more than 1 h. Place 
crucible in desiccator under vacuum for 25 min, and weigh 
again.

Calculation
WICW, % = [(mg crucible containing assay residue — mg 

incinerated crucible) — (mg crucible containing residue of 
b lan k -m g  incinerated crucible of blank)] X (100/mg sam
ple)
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Table 1. Collaborative results of WICW determination in feeds (% by weight)

Analyst

Sample0

1 2 3 4 5 6 7 8 9 10 11

1 9.09 8.84 13.01 10.16 __ 15.97 32.20 11.97 18.22 10.30 8.96
9.49 8.89 13.49 10.32 — — 32.43 11.20 — 10.40 9.19

2 9.10 9.10 13.80 10.40 4.40 14.90 32.00 10.90 19.60 11.40 10.50
— — — — — — — 11.00 — — —

3* 10.40 9.50 14.30 13.70 4.00 15.30 32.10 — 19.00 12.60 10.90
11.00 9.50 14.60 13.80 4.20 15.90 32.20 — 19.80 12.70 11.00

4 9.33 9.27 14.06 10.44 4.18 14.17 31.65 11.18 18.40 11.64 9.26
9.44 9.28 14.15 10.61 4.27 14.69 32.29 11.45 19.31 11.72 10.12

5 8.68 8.78 13.32 9.96 4.51 14.99 31.03 10.66 20.32 14.77° 9.36
8.99 9.00 13.80 10.04 4.56 15.19 31.70 10.79 20.91 15.34 9.62

6 8.96 9.07 13.68 9.43 4.28 15.11 30.99 11.23 17.83 11.09 9.55
9.03 9.14 13.73 9.61 4.29 15.18 31.31 10.99 17.89 11.20 9.57

7 8.67 8.55 13.50 9.66 4.08 13.64 30.35 11.13 18.01 10.28 9.26
8.88 8.70 13.69 9.73 4.30 14.93 30.60 10.96 18.22 10.51 9.72

Mean, % WICW by wt

9.06 8.97 13.66 10.03 4.32 14.88 31.50 11.12 18.87 10.95 9.56

Reproducibility

Sx 0.282 0.245 0.330 0.406 0.157 0.636 0.730 0.35 1.143 0.618 0.451

o < X \P 0s 3.1 2.7 2.4 4.1 3.6 4.3 2.3 3.1 6.1 5.6 4.7

0 See text.
b Results of this analyst were not retained for statistical calculation. Suspensions were not agitated by magnetic stirring. 
c Dixon outlier; results not retained for statistical analysis.

Results and Discussion
All analysts carried out the analysis on most samples. 

According to the responses given in the questionnaire, ana
lyst 3 agitated the suspensions with an alternative shaking in 
a water bath instead of magnetic stirring as described in the 
procedure; the data for this analyst were not retained for 
statistical analysis (Table 1).

For diet 1, the results of analyst 5 were not retained for 
statistical analysis; the data were outliers according to the 
Dixon test (14). The CVs of WICW determinations were 
about 4%, and did not exceed 6.1%.

It is noteworthy that analyst 3 found the highest values in 5 
samples (samples 1-4 and 11), demonstrating that agitation 
is an important factor which needs to be standardized to 
avoid excess variation. In a preliminary experiment, it was 
observed that alternative shaking in a water bath could lead 
to higher values, especially with pea samples. Pea samples 
(0.5 mm ground) submitted to different types of agitation 
exhibited different concentrations of cell wall residue. Ana
lyses of pea cell wall residues showed that variation in their 
concentration was due to variation in starch interference.

Lastly, it was also observed that regrinding 0.5 mm ground 
samples by mall-milling was necessary for some pea samples 
to achieve complete solubilization of starch during prepara
tion of cell wall residue.

The 11 samples under study covered a wide range of 
WICW content from 4.32% (cassava root) to 31.50% (rape- 
seed meal). The starch content of the 11 samples, measured 
by the EEC polarimetric procedure (15), varied from 4.65% 
(rapeseed meal) to 71.09% (cassava root). Their crude pro
tein (N X 6.25) content varied from 3.03% (cassava root) to 
46.21% (soybean meal). Their lipid content measured as 
ether extract according to the EEC procedure (15) ranged 
from 0.54% (cassava root) to 7.69% (white lupin meal). Two 
of the 11 samples (samples 6 and 7) were heat-processed 
feed. According to a previous study (4), it can be expected 
that the cell wall compositions varied widely according to 
samples.

Diet 2 was prepared by diluting diet 1 with 13% minerals. 
The WICW content of diet 2 calculated (9.53%) from the 
diet 1 value (10.95%) was very close to the measured value 
(9.56%), indicating that the added minerals did not affect the

Table 2. Comparison among methods of determination of fiber fraction of feed (% by weight)

Sample

Method 1 2 3 4 5 6 7 8 9 10 11

WICW3 (present study) 9.06 8.97 13.66 10.03 4.32 14.88 31.50 11.12 18.87 10.95 9.56
WIDF6 (8) 9.38 8.60 13.38 9.16 3.79 12.92 26.52 17.27 18.22 10.43 9.38
WIDF (8) 11.14 10.14 14.85 13.78 4.09 21.95 38.77 21.25 24.32 14.19 12.72

(not corrected0) 
NDF3 (13) 8.77 9.46 13.55 10.01 3.36 8.22 22.42 9.04 6.51 9.12 8.05

TDF6 (8) 9.29 8.69 15.26 9.25 4.91 14.46 29.05 17.37 18.04 11.64 9.91

TDF (8) 10.79 10.02 16.69 13.54 5.34 25.38 41.39 22.71 28.91 16.85 13.43

(not corrected0)

a According to procedure, values are not corrected for undegraded residual crude protein. 
6 According to procedure, values are corrected for undegraded residual crude protein.
0 Not corrected for undegraded residual crude protein.
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accuracy of the procedure. In a preliminary experiment, it 
was observed that mixing maize oil into soybean meal or peas 
up to 40% of the mixture did not change the WICW content 
of either, showing that the procedure was efficient in the 
removal of lipids.

Analyst 6 measured the content of total dietary fiber 
(TDF) and water-insoluble dietary fiber (WIDF) (8), and 
the content of neutral detergent fiber (13) in the 11 samples. 
WIDF contents were measured by applying the destarching 
and deproteinizing steps of the TDF procedure (8) and then 
filtration and rinsing with water, without addition of ethanol 
to the suspensions, so that the water-soluble dietary fiber was 
not recovered in the residues.

Comparison of methods (Table 2) shows that most of the 
WICW values were slightly higher than the WIDF values; 
this difference has to be related to cell wall protein accounted 
in WICW values, but not in WIDF values. According to 
Albersheim (1), proteins represent minor components of cell 
walls (<10%). The differences observed between WICW and 
WIDF values are in good agreement with this figure. Howev
er, high protein contamination of cell wall residues (up to 
30% of the residue) can be expected for the samples contain
ing condensed tannins (4, 5) and thus, in such cases, an 
overestimation of WICW should not be excluded. Therefore,

'r the samples containing condensed tannins, it can be of 
interest to determine the amount of undegraded residual 
protein on a duplicate sample, in the same way as that de
scribed in the TDF procedure (8). The WIDF contents calcu
lated without applying correction for undegraded residual 
crude protein cannot be used for estimation of WICW; such 
values would be overestimated in most cases (Table 2) be
cause the amounts of undegraded residual proteins were 
generally high with the WIDF procedure, especially with the 
protein-rich samples.

For peas (sample 8). the low value of WICW, as compared 
to the WIDF value, probably resulted from a higher efficien
cy of the WICW procedure for starch solubilization. This 
higher efficiency may be related to grinding by ball-milling, 
which is recommended for mature starchy legume seeds in 
the WICW procedure but not in the WIDF procedure (8). 
This also may be related to magnetic stirring, which is a 
requisite in the WICW procedure but not in the WIDF 
procedure (8). Alternative shaking in a water bath was used 
by laboratory 6 for determination of WIDF and TDF. This 
difference between WICW and WIDF pea values cannot be 
accounted for by a greater solubilization of nonstarch poly
saccharides with the WICW procedure, because in such a 
case, this difference would also have been observed with 
similar materials such as soybean meal (sample 6) and white 
lupin meal (sample 9).

The NDF procedure led to values similar to those of 
WICW except for dicotyledonous samples (samples 5-11), 
because of solubilization of water-insoluble pectic substances 
in the NDF procedure (4). Water-insoluble pectic substances 
may represent a large part of water-insoluble cell walls isolat
ed from dicotyledonous plant materials (4).

WICW contents were similar to TDF contents for most 
samples since the amounts of water-soluble fiber [calculated 
according to the difference (TDF — WIDF)] were generally 
low. As expected, barley (sample 3), which is known to be 
rich in water-soluble fiber (16), exhibited a higher TDF 
value compared to WICW.

The WICW procedure has also been tested for its nutri
tional significance. In a previous study (12), the apparent 
metabolizable energy value corrected for nitrogen retention 
(AMEn) was measured on 48 diets with adult cockerels.

These 48 diets stored at 4°C in sealed plastic bags were 
analyzed for their content of WICW, according to the 
present procedure. Two multiple regression equations based, 
respectively, on gross energy (GE), crude protein (CP), and 
WICW and on ether extract (EE), ash (As), and WICW 
were calculated for predicting the AMEn values of poultry 
diets. These equations were as follows (data expressed on dry 
matter basis):

AMEn, kcal/kg = 0.9362 X GE (kcai/kg) -  15.38 X CP (%)
-  25.16 X WICW (%)u  

r2 = 0.9683; residual standard deviation
= 53 kcal/kg (n = 48)

AMEn, kcal/kg = 3985 + 47.02 X EE (%) -  44.62
X WICW (%) -  53.07 X As (%) 

r2 = 0.9601; residual standard deviation
= 61 kcal/kg (n = 48)

Both equations are very similar to those obtained with a 
previous WICW method (12), and gave practically the same 
residual standard deviations as those previously found (12).

Thus, the accuracy of the AMEn prediction for poultry 
diets is not changed when this new method is used instead of 
the previous one (12).
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FOOD ADDITIVES

Liquid Chromatographic Determination of Residual Reactants and Reaction By-Products in
Polyethylene Terephthalate
T IM O T H Y  H. BEGLEY and H E N R Y  C. H O LL IFIELD
Food and Drug Administration, Division o f  Food Chemistry and Technology, Washington, DC 20204

A precipitation procedure and liquid chromatography (LC) were used 
to measure the residual reactants and reaction by-products in poly
ethylene terephthalate (PET) polymers and food packages. The poly
mer is dissolved in l,l,l,3,3,3-hexafluoro-2-propanol/methylene 
chloride and then precipitated with acetone. The filtered solution is 
evaporated almost to dryness, and the concentrate is diluted with 
dimethylacetamide for LC analysis. Recoveries for terephthalic acid 
(TA), bis(2-hydroxyethyl) terephthalate (BHET), and the PET cyclic 
trimer averaged 95, 104, and 98%, respectively. The residual levels of 
TA, BHET, monohydroxy ethylene terephthalic acid, and the PET 
cyclic trimer were measured in commercial resins and food packages.

The use of polyethylene terephthalate (PET) as a food-pack- 
aging polymer is expanding rapidly. Until recently, it has 
been used primarily in the production of soft drink bottles. 
Now, many of the newer PET packaging products are em
ployed to heat or cook food. For example, PET is used for hot 
sandwich wraps and dual ovenable trays that may be heated 
in microwave or conventional ovens. A metallized PET film 
used for susceptor packaging rapidly reaches temperatures 
exceeding 204°C (400°F) when heated in microwave ovens
(1) . Susceptor packaging is used for cooking, browning, and 
crisping foods. The use of a polymer in such harsh environ
ments is not without disadvantages. Residual compounds in 
the polymers exposed to such temperatures have an increased 
potential for migrating into the food contained in the poly
meric packaging. Because some of the migrants may be 
potentially harmful to the consumer, food-packaging materi
als are regulated by the U.S. Food and Drug Administration
(2)  .

To estimate exposure to potential migrants from polymeric 
food-packaging materials, the identities and concentrations 
of the possible migrants are determined. Migrants from PET 
items typically consist of initial reactants, including mono
mers, and reaction by-products such as low molecular weight 
oligomers. Although several analytical methods have been 
developed for PET (3-8), they are generally designed to 
determine oligomer content or molecular weight distribution 
or to characterize the prepolymer (7). They do not measure 
initial reactants.

The present paper describes an analytical method for the 
determination of several low molecular weight terephthaloyl 
moieties in PET. These include terephthalic acid (TA), 
bis(2-hydroxyethyl) terephthalate (BHET), monohydroxy 
ethylene terephthalic acid (MHET), and cyclic tris(ethylene 
terephthalate). The method also appears suitable for deter
mining dimethyl terephthalate (DMT) and the homologous 
series of cyclic oligomers from the tetramer to the cyclic 
nonamer.

In the method described here, the polymer is dissolved and 
separated from the low molecular weight residues by a pre
cipitation and filtration procedure similar to that used by 
Hudgins et al. (6). The residual compounds in the resulting

Received August 17, 1988. Accepted December 28, 1988.

solution are then determined by liquid chromatography 
(LC). External standards are used for quantitation.

Experimental

A pparatus

(a) Chromatographic system.—Hewlett-Packard Model 
1090 solvent delivery system (Hewlett-Packard, Analytical 
Group, Palo Alto, CA 94303) equipped with Rheodyne Mod
el 7010 20 ph  sample injector (Rheodyne, Inc., Cotati, CA 
94928) and Rheodyne Model 7125 sample injector with 
Brownlee Cg, 30 X 4.6 mm, 5 ¿urn guard column (Brownlee 
Labs, Inc., Santa Clara, CA 95050) as sample loop; Waters 
Model 480 Lambda Max variable wavelength detector (Wa
ters Chromatography Div., Millipore Corp., Milford, MA 
01757) operated at 254 nm; and Nelson Analytical Model 
3000 chromatography data system (Nelson Analytical, Inc., 
Cupertino, CA 95014) run on IBM AT computer.

(b) LC column.—Rainin Microsorb Cs, 5 ¿urn, 250 X 4.6 
mm (Rainin Instrument Co., Inc., Woburn, MA 01801).

(c) Filtration system.—Millipore 47 mm glass filter hold
er with stainless steel screen and 0.5 /um polytetrafluoroethy- 
lene filters (Millipore Corp., Bedford, MA 01730).

(d) Evaporative concentrator.—Kuderna-Danish, with 10 
mL collection tube, 125 mL flask, and 3-ball condenser col
umn (Kontes, Vineland, NJ 08360).

R eagents

(a) Solvents.—LC grade acetonitrile, acetone, and methy
lene chloride (Burdick & Jackson, Muskegon, MI 49442).

(b) 1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP).—(Sig
ma Chemical Co., St. Louis, MO 14508).

(c) Terephthalic acid (TA).—(Sigma Chemical Co.)
(d) Water.—Deionized, distilled, obtained from Milli-Q 

water purification system (Millipore Corp.).
(e) PET cyclic trimer.—(Eastman Chemical Products, 

Inc., Kingsport, TN 37662).
(f) N,N-Dimethylacetamide.—Practical grade (Eastman 

Kodak Co., Rochester, NY 14650).
(g) Bis(2-hydroxyethyl) terephthalate (BHET).—(Po

lysciences Inc., Warrington, PA 18976).
(h) Dimethyl terephthalate (DMT).—(Polysciences Inc.).
(i) Acetic acid, glacial.—(J. T. Baker Inc., Phillipsburg, 

NJ 08865).
(j) LC mobile phase.—Solvent A: Water-acetonitrile- 

acetic acid (85 + 15 + 0.25). Solvent B: Acetonitrile-water 
(85 + 15). Linear gradient programmed as follows at flow 
rate of 1.5 mL/min: from 5 to 60% B in 8 min; from 60 to 70% 
B in 8 min; from 70 to 100% B in 1 min; 100% B for 4 min; 
from 100 to 5% B in 1 min.

P recip ita tion  o f  P E T

Weigh ca 0.3 g polymer into 125 mL Erlenmeyer flask; 
add 30 mL HFIP-methylene chloride (30 + 70), and let
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T a b le  1. R e c o v e ry  o f  te r e p h th a lic  a c id  ( T A ) ,  b is (  2 - h y d ro x y  e th y l) 
te re p h th a la te  (B H E T ),  a n d  p o ly e th y le n e  te r e p h th a la te  (P E T ) 

c y c l ic  t r im e r  fro m  P E T

Compound
Added,

ppm
Ree.,
ppm

Ree.,
%

Av. ree. ± 
SD, %

T A 4 .5 7 3 .9 8 8 7

4 .5 6 4 .7 1 103

4 .5 7 4 .3 8 95 9 5  ±  8

BHET 6 .3 2 6 .3 4 100

6 .2 9 6 .5 8 105

6 .3 2 6 .8 4 108 104 ± 4

PET c y c l ic 2 4 .4 2 3 .8 98

tr im e r 2 7 .9 2 8 .0 100

24 .1 2 2 .8 9 5 9 8  ±  2

polymer dissolve. (Note: HFIP-methylene chloride is a haz
ardous mixture and should be used in a fume hood.) Add 
Teflon magnetic stir bar, and stir rapidly; slowly add 25 mL 
acetone dropwise from buret to generate very fine polymer 
precipitate. Filter precipitated polymer through Millipore 
filtration system, and rinse Erlenmeyer flask with two 10 mL 
portions of methylene chloride, using rinsings to wash precip
itate twice. Transfer filtrate to Kuderna-Danish evaporative 
concentrator, and evaporate almost to dryness on steam bath; 
dilute concentrate to 5.0 mL with dimethylacetamide for LC 
analysis. To determine cyclic trimer, dilute 5.0 mL solution 
100-fold by diluting 100 juL aliquot to 10 mL with dimethyla
cetamide.

Q uantitation

All components of PET (except MHET) were quantitated 
by external standard calibrations based on linear regression 
analysis of integrated areas (or peak height in case of cyclic 
trimer) for at least 5 standard solutions. All standard solu
tions were prepared in dimethylacetamide and ranged in 
concentration from 0.4 to 70 ppm. Because pure standard for 
MHET was not available, we assumed that MHET and 
BHET had same response factor for quantitation. Retention 
time of MHET was confirmed by LC analysis of synthetic 
mixture of BHET and MHET prepared by acid-catalyzed 
esterification of ethylene glycol and TA.

R ecovery S tudies

Recovery experiments were performed by spiking dis
solved polymer with 0.5 mL standard solution containing 
between 20 and 40 ppm each of TA, BHET, and cyclic 
trimer. PET in fortified solution was precipitated, and result
ing solution underwent LC analysis. Because cyclic trimer is 
generally present in PET at relatively high concentration of 
approximately 1%, less polymer (ca 0.01 g) was used for 
recovery experiments. Table 1 presents recovery results. Ta
ble 1 shows good recoveries and illustrates reproducibility of 
method.

Results and Discussion

The chromatographic separation of PET residual com
pounds achieved by our chromatographic system using the 
C8 reverse-phase column is illustrated in Figure 1. Chro
matograms obtained for a standard-component mixture and 
a commercially available bottle-grade PET are plotted. Fig
ure 1 shows that the standards are completely resolved and 
that the corresponding residues in the commercial material 
are well separated and quantifiable. The identities of several

Retention Time (minutes)

F ig u re  1. S e le c te d  l iq u id  c h ro m a to g ra m s  o b ta in e d  fo r  ( A )  s ta n 
d a rd  s o lu tio n  o f  1 .4 6  p p m  T A , 1 .3 8  p p m  B H E T , 0 .8 4 0  p p m  D M T , a n d  
0 .8 2 6  p p m  P E T c y c l ic  t r im e r  a n d  ( B )  a  c o m m e rc ia l ly  a v a ila b le  P ET 
m a te r ia l.  O lig o m e r a s s ig n m e n ts  fro m  th e  h e x a m e r  to  th e  n o n a m e r 
a re  te n ta t iv e .  A b b re v ia t io n s : T A  =  te r e p h th a lic  a c id ;  B H E T  =  b is -  
( 2 - h y d ro x y  e th y l)  te re p h th a la te ;  D M T  =  d im e th y l te re p h th a la te ;  

P E T  =  p o ly e th y le n e  te re p h th a la te .

peaks in the chromatogram of the PET extract have not yet 
been confirmed. It is believed that the peaks in the 7-14 min 
retention region are linear oligomers and oxidation products 
formed in the polymerization process. The peaks in the 17-26 
min retention region are probably a homologous series of 
cyclic oligomers; the first major peak after the cyclic trimer is 
probably the cyclic tetramer. The series continues through 
the cyclic nonamer. The minor peaks between the major 
peaks of the cyclic oligomers are probably another homolo
gous series beginning with the cyclic trimer ether, as de
scribed by Hudgins et al. (6). Results obtained from the LC- 
mass spectrometric analysis of compounds responsible for 
several of these peaks are consistent with the molecular 
weights of the cyclic oligomers from the trimer to the pen- 
tamer. We plan to confirm the identity of these compounds 
and to examine the migration of these components in future 
studies.

The results of the LC analysis of several commercially 
available PET materials are shown in Table 2. Each value is 
the average of 3 determinations per item. Under the LC 
conditions described here, the typical quantitation limit of 
the method for the cyclic trimer in standard or test solution is 
at least 50 ng/mL, which is equivalent to 0.8 ¿¿g/g in the 
polymer when 0.3 g polymer is analyzed. The remaining 
terephthalic acid moieties exhibit similar absorptivities with 
the UV detector. Of course, if necessary, the quantitation 
limit can be improved by increasing the portion taken for 
analysis. The results for TA and the cyclic trimer agree very 
well with published values (6, 9); however, no information 
has been reported for MHET and BHET. DMT has not been 
found in any of the commercial materials analyzed so far, 
and recovery studies for DMT have not yet been completed. 
Also, because of the lack of standards, no recovery studies for 
the higher molecular weight cyclic oligomers have been con
ducted, and mass spectrometric confirmations are still in 
progress.
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T a b le  2 . C o m p o u n d s  fo u n d  (p p m )  in  c o m m e rc ia l ly  a v a ila b le  p o ly e th y le n e  te re p h th a la te  (P E T ) m a te r ia ls 8

Item TA MHET BHET
PET cyclic 

trimer

Beverage bottle 6.9 (0.6)6 34.4(1.5) 49.1 (1.3) 9592(193)

CPET microwavable tray 3.7 (0.2) 12.5 (0.4) 18.2 (0.7) 7951 (557)

Commercial resin A 2.9 (0.2) 6.4 (0.9) 8.0 (0.9) 8968 (777)

Experimental film 4.8 (0.5) 20.2 (0.6) 36.2 (0.9) 8100 (438)

Commercial resin B 14.3(1.4) 47.4 (4.9) 44.9 (3.8) 11032 (184)

a Abbreviations: TA =  terephthalic acid; MHET = monohydroxy ethylene terephthalic acid: BHET = bis(2-hydroxyethyl) terephthalate; CPET =  crystallized PET.
b Values in parentheses are standard deviations for 3 replicate analyses.

In summary, a precipitation-LC method has been devel
oped that is capable of measuring residual reactants and 
reaction by-products in PET. The method has several advan
tages: (7) No derivatization of TA is needed for its determi
nation; (2) one liquid phase results from the addition of 
acetone to the HFIP-methylene chloride solvent during pre
cipitation, eliminating liquid/liquid partitioning problems;
(2) because this method, unlike liquid extraction methods, 
dissolves the polymer, the residual compounds do not remain 
encapsulated in the polymer, and the analysis is therefore 
more reliable; (4) the method is capable of monitoring com
pounds having a wide range of molecular weights, i.e., from 
TA to oligomers of high molecular weight.
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Optimized Monier-Williams Method for Determination of Sulfites in Foods: Collaborative
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J. Sullivan; S. L. Taylor; S. L. The; A. Vogel; R. Wisneski; J. Wood

A collaborative study was conducted of the Food and Drug Adminis
tration (FDA)-optimized Monier-Williams method for determining 
sulfites in foods. Twenty-one industry and government laboratories 
participated in the study, which was jointly sponsored by the National 
Food Processors Association and FDA. Familiarization samples 
were shipped to each collaborator. Collaborators were permitted to 
proceed to the main study only after they demonstrated ability to 
perform the method to ensure that the study tested the performance 
of the method itself and not that of the individual laboratories. The 
study design involved 3 food matrixes (hominy, fruit juice, and pro
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Association actions will be published in “Changes in Official Methods of 
Analysis,” J. Assoc. Off. Anal. Chem. (1990) 73, January/February issue.

1 Address correspondence to this author.

tein [seafood]). Each matrix was prepared at 3 sulfite levels—the 
regulatory level, half the regulatory level, twice the regulatory level— 
and as a blank. All test samples were analyzed as blind duplicates, 
which gave each collaborator a total of 24 test portions. Collaborative 
recoveries gave a reproducibility (among-laboratories) coefficient of 
variation that ranged from 15.5 to 26.6% for sulfite determined as 
SO2 by weight in the 3 foods at the 10 ppm level. The optimized 
Monier-Williams method has been approved interim official first 
action to replace the AOAC modified Monier-Williams method, 
20.123-20.125.

Sulfites in various forms have been added to foods for centu
ries. Only recently has the widespread use of sulfites in foods 
become an issue of health concern. It was found that certain 
individuals exhibited adverse reactions to sulfite residues in 
foods. This prompted the U.S. Food and Drug Administra
tion (FDA) to require labeling of products containing deter
minable levels of sulfites. Ten parts per million of sulfur
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dioxide was the critical level defined by regulation for foods 
analyzed by the FDA-modified Monier-Williams procedure 
( 1 ).

The AOAC Monier-Williams method (2) has been the 
method of choice for many years and has been the reference 
method with which new methods have been compared for 
accuracy and precision. Many modifications exist for appli
cation to particular matrixes. However, for most matrixes the 
Monier-Williams method, although time consuming, has 
proved the most reliable. The Monier-Williams method mea
sures free sulfite in foods, plus a reproducible portion of the 
bound sulfites, such as the carbonyl addition products.

The relatively minor procedural changes made by FDA in 
the AOAC Monier-Williams method (2) permit quantitation 
of sulfites at the 10 ppm level in foods. These minor modifica
tions do not change the chemistry of the method but do 
establish additional specifications to achieve a lower level of 
determination. For example, the concentration of the titrant 
has been reduced by a factor of 10 to permit more accurate 
measurement of the volume. The risk of interfering sub
stances reaching the hydrogen peroxide trap by aerosoliza- 
tion, co-distillation, or steam distillation has been reduced 
because values are specified for condenser coolant tempera
ture, reflux ratio, and nitrogen flow. The elimination of the 
hot condenser step not only reduces operator time but also 
decreases the likelihood that interfering substances will 
reach the trap by steam distillation.

Although only minor changes were made in the AOAC 
method and it had been successfully subjected twice to a 3- 
laboratory ruggedness test, there were no multiple laboratory 
data to demonstrate the validity of the method at the 10 ppm 
level. Therefore, the FDA-optimized method was subjected 
to a full AOAC collaborative study to further challenge the 
method, since the procedure was to be used by many labora
tories, on many matrixes, to determine low levels (parts per 
million) of sulfite. In addition, to initially test the perfor
mance of the FDA-optimized Monier-Williams method and 
to identify heretofore unknown sources of variability or er
rors which should be corrected, both an intralaboratory study 
and an interlaboratory study were performed before the col
laborative study was conducted.

In the intralaboratory study, 3 chemists, 2 of whom had no 
prior knowledge of the method, performed the analyses inde
pendently. The study design involved 3 food matrixes (fruit 
juice, shrimp, and hominy) each at sulfite levels of 10 and 30 
ppm. All test samples were analyzed as blind replicates, 
which were randomly coded by an independent preparer.

A statistical evaluation of the results from the intralabora
tory study established that the procedure is capable of deter
mining sulfites in foods at a level of 10 ppm with an overall 
coefficient of variation ranging from 3.8 to 9.8% (av. = 
7.0%). These estimates of the coefficient of variation are 
consistent with those already well established for regulatory 
analytical methods for the 10 ppm region. In particular, the 
empirical formula of Horwitz (3), based on over 300 collabo
rative assays and using AOAC methods, predicts an overall 
coefficient of variation of about 10% at the 10 ppm region. 
Note that estimates from the intralaboratory study are below 
this value. As expected, the estimate for the coefficients of 
variation for the 30 ppm level were lower, ranging from 4.9 to 
7.2% (av. = 5.7%).

The interlaboratory study included 3 participating labora
tories. The study design involved 4 materials: hominy forti
fied with 21.5 ppm sulfite, hominy fortified with 42.8 ppm 
sulfite, shrimp fortified with 26.3 ppm sulfite, and shrimp 
fortified with 40.0 ppm sulfite. All test portions for analysis

were supplied as blind replicates, which were randomly coded 
by an independent preparer.

Because sulfites are so reactive with air and food matrixes, 
and because they lack the stability for distant transport, the 
portions were fortified with sodium hydroxymethylsulfonate 
(HMS), a stable source of sulfite and the bisulfite addition 
product of formaldehyde. This compound is structurally sim
ilar to some combined forms of sulfite in foods.

A statistical evaluation of the test results established that 
the method is capable of determining sulfites in foods at a 
level of about 10-20 ppm with an average overall coefficient 
of variation of 6.0%.

Collaborative Study

Twenty-one industry and government laboratories partici
pated in the study. Familiarization samples were first ana
lyzed by each laboratory. No collaborator was permitted to 
proceed to the main study until ability to perform the method 
was demonstrated (recovery > 80% HMS).

The study design included 3 food matrixes (hominy, fruit 
juice, and protein [seafood]) each at 3 levels of sulfite, in
cluding the regulatory level (about 0.5X, X, and 2X, where X 
is the regulatory level). Blank determinations were also in
cluded. All test samples were analyzed as blind duplicates, 
which were randomly coded by an independent preparer. 
Each of the 21 collaborating laboratories analyzed 24 test 
portions. Separate portions of the fortified matrixes were 
analyzed throughout the study to observe any breakdown of 
the sulfite during storage.

Sam ple  P reparation  and S ta b ility  S tudies

The reactive nature of sulfite required careful control of 
the preparation and storage of analytical samples. Hominy 
and seafood were each blended in a Hobart mixer to ensure 
uniform distribution of sulfite throughout the composite and 
formation of any reaction products before the test portions 
were packaged.

For example, the 5 ppm hominy composite was prepared 
by adding 0.60 kg sodium sulfite/hominy premix (321 ppm 
as sulfur dioxide) to 8.7 kg unsulfited hominy. After exten
sive blending, the composite was found to contain 3.9 ppm 
sulfite. The composite was further enriched with sufficient 
sodium sulfite to increase the sulfite level by 2 ppm. The 
analytical results for this composite averaged 4.88 ppm.

The test portions were packed in quantities of about 75 g 
each for single determinations. The test portions were ran
domly analyzed over a 3 week period to monitor their stabil
ity before shipment to the collaborators. The hominy showed 
no significant loss in sulfite content. The seafood and juice 
exhibited some degree of instability. The 5 ppm seafood 
samples had reacted completely with the matrix and were 
removed from the study; the 10 and 20 ppm test portions 
dropped to approximately 50% of the initial sulfite values. 
Similar instability was noted in the juice portions. At the end 
of this test period (about 3 weeks), we concluded that the test 
samples were sufficiently stable to proceed with the main 
study. Since the sulfite value had reached a plateau, it was 
reasonable to assume stability over the 2 weeks of the study. 
With the exception of the juice fortified with HMS and the 
hominy, the products did exhibit some instability, which may 
have contributed to the variability of some results.

Test portions were shipped frozen to the collaborators, who 
were instructed to maintain the products below — 10°C in a 
freezer without a self-defrosting cycle until analysis.
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FIG. A— Apparatus for optimized Monier-Williams method: A, Inlet 
adapter; B, separatory funnel; C, round-bottom flask; D, gas Inlet 
tube; E, Allihn condenser; F, bubbler; G, vessel

Sulfites in Foods

Optimized Monier-Williams Method 

Interim First Action

(Applicable to determination of > 10 ppm sulfites in foods. 
Applicable in presence of other volatile sulfur compounds; 

not applicable to dried onions, leeks, and cabbage.)

Method Performance:
Hominy, 9.17 ppm sulfites:

sr = 1.33; sR = 1.42; RSDr = 14.5%; RSDr = 15.5%

Fruit juice, 8.05 ppm sulfites:

sr = 1.36; sR = 1.62; RSDr = 16.9%; R S D r = 20.1%

Protein (seafood), 10.41 ppm sulfites:

sr = 1.47; sR = 2.77; RSDr = 14.1%; R S D r = 26.6%

A . P rinciple

Method measures free sulfite plus reproducible portion of 
bound sulfites, such as carbonyl addition products, in foods. 
Test portion is heated with refluxing IN HC1 to convert 
sulfite to SO2. Stream of N2 introduced below surface of 
refluxing solution sweeps SO2 through water-cooled con
denser and, via bubbler attached to condenser, into 3% H2O2 
solution, where SO2 is oxidized to H2SO4. Sulfite content is 
directly related to generated H2SO4, which is determined by 
titration with standardized NaOH solution. For verification, 
sulfate can be determined gravimetrically as BaSC>4.

FIG. B— Enlarged diagram of bubbler for Monier-Williams appara
tus (lengths In mm)

B. A pparatus

(a) Distillation apparatus.—(Note: In this method, back 
pressure inside apparatus is limited to unavoidable pressure 
due to height of 3% H2O2 solution above tip of bubbler (F). 
Keep back pressure as low as possible to avoid loss of SO2 
through leaks. Use thin film of stopcock grease on sealing 
surfaces of all joints except joint between separatory funnel 
and flask. Clamp together each joint to ensure complete seal 
throughout analysis.) Assemble apparatus (Fig. A) which 
includes: (7) Inlet adapter (A) with hose connector (Kontes 
K-183000). Adapter provides means of applying head pres
sure above solution. Use of pressure-equalizing dropping fun
nel is not recommended because condensate, perhaps con
taining SO2, is deposited in funnel and side arm. (2) Separa
tory funnel (B), > 100 mL capacity. (5) Round-bottom flask
(C) , 1 L, with three 24/40 tapered joints. (4) Gas inlet tube
(D) (Kontes K-179000) of sufficient length to permit intro
duction of N2 within 2.5 cm of bottom of flask. (5) Allihn 
condenser (E) (Kontes K-431000-2430), jacket length 300 
mm. (6) Bubbler (F), fabricated from glass according to 
dimensions in Fig. B. (7) Vessel (G), ca 2.5 cm id and 18 cm 
deep.

(b) Buret.— 10 mL (Kimble Glass, Inc., No. 17124-F) 
with overflow tube and hose connections for Ascarite tube or 
equivalent air-scrubbing apparatus to permit maintenance of 
C02-free atmosphere over standardized 0.010N NaOH.

(c) Chilled water circulator.—Chill condenser with cool
ant, such as methanol-water (20 + 40 v/v), maintained at < 
15°. Circulating pump Neslab Coolflow 33 (Neslab Instru
ments, Inc., PO Box 1178, Portsmouth, NH 03801), or 
equivalent, is suitable.

C. R eagents

(a) Aqueous hydrochloric acid.—4N. For each analysis, 
prepare 90 mL solution by adding 30 mL HC1 to 60 mL 
deionized (18 megohm) water.

(b) Methyl red indicator.—Dissolve 250 mg methyl red in 
100 mL ethanol.

(c) Standardized titrant.—0.01 ON NaOH. Certified re
agent may be used (Fisher SO-5-284). Standardize solution 
with reference standard KH phthalate.

(d ) Hydrogen peroxide solution.—3%. For each analysis, 
dilute 3 mL ACS reagent grade 30% H20 2 to 30 mL with 
deionized (18 megohm) water. Just prior to use, add 3 drops
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methyl red indicator and titrate with 0.0ION NaOH to yel
low end point. If end point is exceeded, discard solution.

(e) Nitrogen.—High purity, used with regulator to main
tain flow of 200 mL/min. To guard against oxygen in N 2 gas, 
use GC-type trap (Oxy-Purge N [Applied Science], or equiv
alent).

Alternatively, oxygen-scrubbing solution, such as alkaline 
pyrogallol, in gas-washing bottle (Kimble Glass, Inc.) may 
be used. Prepare trap as follows: (7) Add 4.5 g pyrogallol to 
trap. (2) Purge trap with N 2 for 2-3 min. (2) Prepare KOH 
solution by adding 65 g KOH to 85 mL H 20 . Caution: Heat 
is generated. (4) Add KOH solution to trap while atmo
sphere of N 2 is maintained in trap.

D. Sample Preparation
(a) Solids.—Transfer 50 g food, or quantity that contains 

500-1500 pg S 0 2, to food processor or blender. Add 100 mL 
ethanol-water (5 + 95 v/v) and briefly grind mixture. Con
tinue grinding or blending only until food is chopped into 
pieces small enough to pass through standard taper 24/40 
joint of flask (C).

(b) Liquids.—Mix 50 g test sample, or quantity that con
tains 500-1500 pg S 0 2, with 100 mL ethanol-water (5 + 95 
v/v).

Note: Carry out sample preparation and analysis as quick
ly as possible to avoid loss of labile forms of sulfite.

E. System Preparation
Using apparatus assembled as shown in Fig. A, position 

flask (C) in heating mantle controlled by power-regulating 
device (rheostat), and add 400 mL H20  to flask. Close stop
cock of separatory funnel (B) and add 90 mL 4N HC1 to 
separatory funnel. Begin N 2 flow at 200 ± 10 mL/min. 
Initiate condenser coolant flow at this time. To vessel (G) add 
30 mL 3% H20 2, which has been titrated to yellow end point 
with 0.010N NaOH. After 15 min, apparatus and water will 
be thoroughly deoxygenated and prepared test portion may 
be introduced into system.

F. Sample Introduction and Distillation
Remove separatory funnel (B) and quantitatively transfer 

test portion in aqueous ethanol to flask (C). Wipe tapered 
joint clean with laboratory tissue, quickly apply stopcock 
grease to outer joint of separatory funnel, and return separa
tory funnel to flask. Nitrogen flow through 3% H 20 2 solution 
resumes as soon as separatory funnel is reinserted into appro
priate joint in flask. Examine each joint to be sure that it is 
sealed.

Use rubber bulb equipped with valve to apply head pres
sure above HC1 in separatory funnel. Open stopcock in separ
atory funnel and let HC1 flow into flask. Continue to main
tain sufficient pressure above acid solution to force solution 
into flask. Stopcock may be closed, if necessary, to pump up 
pressure above acid, and then opened again. Close stopcock 
before last 2-3 mL drains out of separatory funnel to guard 
against escape of S 0 2 into separatory funnel.

Apply power to heating mantle. Use power setting that 
causes 80-90 drops/ min of condensate to return to flask from 
condenser. Let contents of flask boil 1.75 h, and then remove 
vessel (G).

G. Determination
(a) Titration.—Titrate contents of vessel (G) with 0.01 ON 

NaOH to yellow end point that persists >20 s. Compute

sulfite content, expressed in pg S 0 2/g  food (ppm), as follows:

S 0 2, ppm = (32.03 X VB X N X 1000)/wt

where 32.03 = milliequivalent weight of S 0 2; VB = volume 
(mL) of NaOH of normality N required to reach end point; 
1000 = factor to convert milliequivalents to microequiva
lents; wt = weight, g, of test portion introduced into 1 L flask.

(b) Gravimetric determination.—Optional. Following ti
tration, rinse contents of vessel (G) into 400 mL beaker. Add 
4 drops IN HC1 and excess of filtered 10% BaCl2 solution, 
and let mixture stand overnight. Wash precipitate by decan
tation 3 times with hot water through weighed gooch cruci
ble. Wash with 20 mL alcohol and 20 mL ether, and dry at 
105-110°.

S 0 2, ppm = (mg BaS04 X 274.46)/g sample

(c) Blank determination.—Determine blank on reagents 
both by titration and gravimetrically, and correct results 
accordingly.

H. Recovery Assays
To become familiar and proficient with method before 

routine use, analyze food test portions containing known 
amounts of sulfite. Perform analysis in manner that pre
cludes any loss of sulfite by oxidation or reaction with compo
nents in food. Since sulfites are reactive with air and food 
matrixes and lack stability, fortify portions with stable source 
of sulfite, not sodium sulfite or similar salts. Sodium hydrox- 
ymethylsulfonate (HMS), which is bisulfite addition product 
of formaldehyde and is structurally similar to some combined 
forms of sulfite in foods, is useful for preparing stable forti
fied test materials.

For analysis, transfer 50 g prepared sample of sulfite-free 
food to Monier-Williams flask. Add aliquot of aqueous solu
tion of HMS sodium salt. Analyze solution immediately.

HMS recoveries of >80% from food matrixes fortified at 
10 ppm are recommended to ensure accurate analytical data.

Ref: JAOAC 72, May/June issue (1989).

CAS-7446-09-5 (sulfur dioxide)

Results and Discussion
Twenty-one laboratories concerned with the analysis of 

foods for sulfites participated in the collaborative study. A 
preliminary study included all participating laboratories to 
determine competence with the method. Results of these 
analyses indicated that all laboratories permitted to proceed 
with the main study were reasonably familiar with the meth
od.

For the main study each of the participating laboratories 
analyzed 24 test portions as blind duplicates. Recovery stud
ies of sulfite from fruit juice fortified at the 10 ppm level with 
HMS averaged 80.5%.

Sulfite data submitted by 21 laboratories are tabulated in 
Tables 1-3. A statistical summary of the data with outliers 
excluded according to the criteria in ref. 4 is shown in Table 4 
and is depicted diagrammatically in Figure 1.

The major focus of this study was determination of the 
reproducibility of the method for quantitation of sulfites in 
foods at the 10 ppm level. An examination of the recovery 
data indicates reproducibility (among-laboratories) coeffi
cients of variation that ranged from 15.5 to 26.6% for sulfite 
determined at the 10 ppm level in hominy, fruit juice, and 
protein (seafood).
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Table 1. Collaborative results for analysis of sulflted hominy by optimized Monler-Wllllams method

Sulfite content, ppm8

Coll. Blank 5 10 20

1 0.44 0.38 5.27 5.40 9.80 9.48 14.83 _b

2 1.60 _b 6.17 6.57 6.01 10.40 18.12 14.97
3 0.18 0.34 4.11 0.52 9.06 4.46 9.64° 0.25°
4 0.22 0.14 5.75 5.95 17.03° 11.60 18.97 11.63
5 1.20 0.56 4.93 4.90 8.85 8.37 16.13 15.97
6 0.30 0.21 4.48 4.63 8.69 9.17 15.22 15.00
7 0.86 0.80 3.90 1.53 8.29 8.43 13.64 15.15
8 0.00 0.00 4.38 4.00 9.19 9.59 15.04 13.86
9 0.33 0.29 4.75 4.54 8.63 8.29 15.20 14.57

10 0.75 3.22° 4.95 7.82 10.15 12.72 15.78 17.82
11 10.45° 0.86 5.71 45.28° 58.25° 11.39 _b 89.21°
12 0.20 0.22 3.70 4.11 8.61 9.57 15.28 15.57
13 0.20 0.33 4.70 4.91 9.96 8.50 14.69 15.44
14 2.15c 2.94° 4.31 4.46 8.95 9.16 7.36 14.47
15 0.65 1.72 3.97 9.86° 11.60 14.19° 14.19 15.32
16 0.73 0.68 1.12 3.72 7.47 8.84 11.87 11.68
17 0.43 0.65 5.16 5.36 8.34 10.97 15.26 15.06
18 0.65 1.08 5.38 5.33 10.39 10.68 14.79 15.75
19 0.70 0.37 8.02 7.37 8.09 9.83 15.64 14.32
20 0.58 0.96 6.15 5.76 9.80 10.82 16.56 16.26
21 0.97 0.68 5.74 5.36 10.13 10.30 15.92 16.52

a Sodium sulfite used for all fortifications.
b No result reported: breakage, incorrect treatment, or deviation from procedure.
c Grubbs outlier.
d Cochran outlier.

Collaborator Comments bags had occurred, causing leakage or total loss of product.
Collaborators were encouraged to submit any comments, Other participants reported extending reflux time by an ad-

suggestions, criticisms, or descriptions of difficulties pertain- ditional hour, using water rather than ethanol to rinse the
ing to the method that they considered important. No re- funnel, forgetting to add HC1 to the test portion, not deoxy-
sponses were received from any of the collaborators about the genating the H2O2 trap before titration, using a Pasteur pipet
procedure, which indicated ease and capability in using the in place of the recommended bubbler, and condenser failure.
method. Comments were received in regard to packaging of One collaborator observed that the H2O2 trap attained a
the test samples because holes and actual breaks in the plastic deeper shade of yellow after the nitrogen had bubbled

Table 2. Collaborative results for analysis of sulfited fruit juice by optimized Monier-Williams method

Sulfite content, ppm8

Coll. Blank 5 10 20 10°

1 1.19 1.44 3.29 3.93 7.43 8.13 19.55 18.78 8.12 7.13
2 2.01 2.46 3.38 3.59 6.50 9.76 18.14 16.94 10.69 8.04
3 0.59 12.86c 2.09 1.95 10.74 6.59 18.52 8.23° 8.12 6.91
4 0.94 1.02 3.42 3.74 8.67 7.89 26.77 22.70 9.24 9.27
5 1.34 1.74 2.48 2.89 7.16 5.66 18.37 20.24 9.46 9.27
6 0.77 0.71 2.83 3.33 6.69 7.38 20.49 20.36 8.44 8.12
7 1.36 1.33 1.77 2.62 6.34 5.60 18.01 16.98 6.98 7.64
8 0.27 0.00 2.91 1.89 4.86 5.78 14.13 16.10 5.16 5.22
9 1.21 0.90 2.77 2.62 7.05 4.85 19.11 18.81 7.67 7.49

10 1.49 2.36 2.95 3.00 7.60 6.81 19.91 19.66 9.52 9.98
11 2.46 1.77 5.79 2.38 7.64 9.05 18.11 13.31 9.53 8.38
12 1.24 0.78 3.43 2.48 6.59 7.46 18.26 18.63 7.53 7.62
13 0.80 1.70 2.17 2.49 7.43 6.58 14.50 18.25 7.57 12.17
14 0.64 1.73 2.59 2.78 6.78 6.27 16.83 18.03 8.98 6.30
15 1.91 2.48 5.04 4.15 7.04 8.01 13.73 14.80 8.67 10.07
16 0.68 1.70 0.34 3.06 7.10 6.34 13.30 16.02 2.68 7.89
17 0.72 0.95 1.75 2.24 4.93 5.80 18.00 17.29 6.81 7.15
18 1.58 1.87 3.24 3.31 7.21 7.37 16.70 19.41 8.73 7.87
19 0.84 1.23 0.22d _e 4.81 2.63 19.27 14.19 5.64 8.10
20 1.69 1.19 3.86 4.51 7.39 6.82 20.26 18.09 8.20 8.78
21 1.23 1.36 3.45 3.48 6.94 7.52 16.83 15.91 7.88 8.67

a Sodium sulfite used for all fortifications except for 1 set of duplicates fortified at 10 ppm level. See footnote b. 
b Sodium hydroxymethylsulfonate used to fortify this set of duplicates. 
c Grubbs outlier. 
d Cochran outlier. 
e Sample lost.



HILLERY ET AL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 3, 1989) 475

Table 3. Collaborative results for analysis of sulfited protein 
(seafood) by optimized Monier-Williams method

Table 4. Statistical summary of collaborative results for 
determination of sulfite in foods

Sulfite content, ppma

Coll. Blank 5 10

1 0.73 0.69 6.56 6.16 11.85 13.01
2 3.94 2.95 6.49 7.47 11.47 11.98
3 0.89 0.57 1.996 1.19 2.52 12.056
4 1.03 0.99 6.09 8.93 9.81 10.66
5 1.27 1.00 8.40 5.78 8.78 8.85
6 0.93 0.95 6.62 6.45 11.03 11.86
7 5.42c 1.79 5.37 3.68 9.26 7.61
8 0.41 0.62 7.14 7.37 15.92 19.63
9 1.00 1.23 5.41 5.07 10.59 12.10

10 1.67 1.69 6.83 5.98 7.77 6.47
11 2.86 2.28 25.59b 11.80 10.01 15.42
12 0.18 0.77 5.26 6.37 9.30 9.02
13 0.76 0.76 7.80 5.97 10.07 10.51
14 1.11 1.41 7.69 5.35 10.45 10.91
15 3.86 2.77 6.29 5.82 11.28 14.67
16 2.27 2.35 8.00 6.14 5.50 7.51
17 1.00 1.47 5.51 5.46 6.77 8.79
18 __d 1.76 6.47 5.59 7.90 7.52
19 1.35 1.72 8.26 7.50 10.50 8.22
20 1.96 1.53 7.85 8.96 8.95 11.86
21 1.35 1.27 7.82 9.67 11.84 11.24

* Sodium sulfite used for all fortifications.
6 Grubbs outlier. 
c Cochran outlier.
d Sample discarded; deviation from procedure.

through it for 15 min. That analyst recommended that the 
color of the H2O2 solution be adjusted by dropwise addition 
of the titrant after 15 min of bubbling.

Target
Food concn, ppm Av. ree., ppm RSDra, % RSDr6, '

Hominy 5 4.88 20.0 31.6
10 9.17 14.5 15.5
20 15.41 10.0 10.0

Fruit juice 5 2.87 27.2 36.5
10 6.89 15.8 20.3
10c 8.05 16.9 20.1
20 17.87 9.4 14.8

Protein (seafood) 5 6.67 15.3 19.2
10 10.41 14.1 26.6

a Repeatability (within-laboratory) relative standard deviation. 
b Reproducibility (among-laboratories) relative standard deviation. 
c Fortified with sodium hydroxymethylsulfonate.

Recommendations
It is recommended
(7) That the method be adopted official first action for the 

quantitation of > 10 ppm sulfites in foods.
(2) That laboratories become familiar and proficient with 

the method before using it on a routine basis. HMS recover
ies of >80% from food matrixes fortified at the 10 ppm level 
are recommended to ensure accurate sulfite analytical data.
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Determination of Sulfites in Foods by Simultaneous Nitrogen Purging and Differential 
Pulse Polarography

WALTER HOLAK and JOHN SPECCHIO
Food and Drug Adm inistration, New York Regional Laboratory, 850 Third Ave, Brooklyn, N Y  11232-1593

An improved technique has been developed for determination of sul
fites in food by differential pulse polarography. A Teflon™ sleeve is 
fitted to the dropping mercury electrode capillary so that SO2 is 
purged from the sample and simultaneously detected at peak poten
tial. Bound sulfite in the sample is released at room temperature by 
addition of base in the absence of oxygen. For some foods, the 
prepared sample was passed through a Sep-Pak C-T8 cartridge to 
remove naturally occurring sulfur compounds so that only added 
sulfite is measured. The level of detection was approximately 1 jig 
SOj/g. Results agreed with those obtained by the optimized Monier- 
Williams method for a variety of foods.

The addition of sulfites to foods has become an important 
safety issue because of a number of reported adverse reac
tions in hypersensitive individuals. This has prompted gov
ernment agencies to review the use of sulfites as preservatives 
in foods and to issue new regulations. The addition of sulfites 
to fresh fruits and certain vegetables is now prohibited by the 
U.S. Food and Drug Administration (FDA), and a label 
declaration requirements has been issued for detectable sul
fites in other food products. The regulation has defined “de
tectable” as 10 ppm SO2 as determined by the optimized 
Monier-Williams method (1).

Sulfites in some foods are not reliably determined by the 
Monier-Williams method because degradation compounds 
such as hydrogen sulfide interfere in the analysis (R. L. 
Madl, Ralston Purina Co., St. Louis, MO, personal commu
nication, 1986). Furthermore, brussel sprouts, cabbage, gar
lic, soy isolates, etc., contain naturally occurring compounds 
that release SO2 during the assay procedure (Office of Regu
latory Affairs-Office of Regional Operations, U.S. Food and 
Drug Administration, Rockville, MD, personal communica
tion, 1987). Consequently, many other more sensitive and 
specific methods have been proposed, including ion chroma
tography (2), flow injection analysis (3), use of Ellman’s 
reagent (B. L. Madison, AOAC Task Force on Sulfites, 
Washington, DC, 1985), enzymatic determination, ion ex
clusion chromatography (4), and differential pulse polarog
raphy (DPP) (5).

The DPP method has been collaboratively studied (5) and 
was adopted by AOAC for determination of total sulfite (5). 
In principle, the DPP method uses the same procedure for 
isolating sulfite from the sample as does the Monier-Wil
liams method, i.e., purging with nitrogen, but a simplified 
apparatus is used, with detection by DPP. Both free and total 
sulfites are measured. The sample is blended with 5% alcohol 
to minimize the oxidation of sulfite by atmospheric oxygen. 
Free sulfite is released from the sample at pH 1.5 by purging 
with nitrogen at room temperature; the free sulfite is then 
trapped in a pH 5.2 acetate buffer and polarographed. Subse
quently, bound sulfite is similarly released from a more 
strongly acidified sample by heating; the bound sulfite is then 
trapped in the same aliquot of the buffer and polarographed 
as total sulfite.

We have recently developed a new technique in which 
volatile electrochemically active species are purged with ni-

Received July 12, 1988. Accepted December 19, 1988.
Presented at the 48th Annual Meeting of the Institute of Food Technolo

gists, New Orleans, LA, June 19-22, 1988.

trogen and simultaneously measured at peak potential by 
differential pulse polarography. This has been achieved by 
modifying the dropping mercury electrode capillary with a 
Teflon™ sleeve. This technique provides a useful tool for 
observing the rate of evolution of the species from the sample. 
As a result, the quality of analysis is significantly improved.

The present paper describes the application of this tech
nique for the determination of sulfites in foods. During the 
course of the study, other improvements to the original meth
od were also developed. For example, an efficient procedure 
for releasing bound sulfite has been developed, which permits 
rapid determination at room temperature. Sep-Pak™ C-18 
cartridges have also been found useful for differentiating 
between added sulfite and naturally occurring compounds 
that release sulfur dioxide. A variety of foods have been 
analyzed, and the results of the proposed technique have been 
compared to those of the Monier-Williams method.

METHOD

Apparatus
(a) Polarographic analyzer.—Capable of DPP analysis. 

Equipped with 3-electrode cell arrangement, i.e., dropping 
Hg electrode, Pt wire counter electrode, and Ag-AgCl refer
ence electrode; Model 264A (EG&G Princeton Applied Re
search Corp., Princeton, NJ 08543), equipped with Model 
303 static Hg drop electrode (SMDE) and Model RE0089 
X-Y recorder, or equivalent. Strip chart recorder is recom
mended for recording rate of SO2 evolution. Suggested po
larographic conditions: initial potential, —0.50 V; final po
tential, —0.85 V; modulation amplitude, 50 mv; scan rate, 5 
mv/s; drop time, 1 s; mode, differential pulse; range, 10 
jiamp. Constant voltage operation: same as above except that 
scan rate was set at 0 and voltage was manually set at peak 
potential with sulfite standard in deaerated electrolyte-trap
ping solution.

(b) Purge-trap apparatus.—Connect to polarographic cell 
through hole of electrode support, adjacent to capillary (see 
Figure 1). Secure Teflon tubing to plunger with tape. Posi
tion tubing so that it does not interfere with operation of 
capillary.

(c) Capillary sleeve.—Cut 47 mm diameter Millipore LS 
Mitex (PTFE) type, 5 ¿¿m filter into 25 X 37 mm rectangle. 
Roll lengthwise onto unconnected capillary and fuse into 
cylinder by momentarily pressing on hot plate set at medium 
heat. Teflon sleeve that is formed can be moved along capil
lary and set at any position. In operation, set sleeve to extend 
below the capillary tip by ca 2 mm.

(d) Tank nitrogen.—Oxygen-free. Pass nitrogen through 
alkaline pyrogallol solution prepared as follows: add 20 mL 
IN NaOH to 25 X 200 mm test tube with inlet and outlet 
tubing, and purge with nitrogen for 5 min. Then add about 1 
g pyrogallol and reconnect.

(e) Homogenizer.—Polytron (Brinkmann Instruments, 
Inc.), or equivalent.

(f) Glass tubes.—Borosilicate, 25 X 200 mm.
(g) Micropipets.—50 pL.
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Figure 1. Purge-trap apparatus for SO2 determination: (a) 1, nitro
gen inlet; 2, pyrogaliol scrubbing solution; 3, flow meter; 4, glass 
tubing, 1.0 cm id X 40 cm; 5, sample test tube, 25 X 200 mm; 6, 
Teflon tubing, 2 mm id; 7, polarographic cell with Teflon sleeve on

capillary, (b) Enlarged view of capillary with Teflon sleeve.

Reagents
(Use ACS reagent grade chemicals unless otherwise indi

cated, and distilled or deionized water.)
(a) Alcohol.—5%v/v.
(b) Sulfuric acid.—H2SO4 (1 +  1).
(c) Sodium sulfite (TV^S'Ui) standard.—Determine puri

ty as follows: Accurately weigh ca 250 mg Na2S03 into 
exactly 50 mL 0.1N iodine solution in glass-stopper flask. Let 
solution stand 5 min at room temperature. Add 1 mL HC1, 
and titrate excess iodine with 0.1N Na2S20 3, using 1% starch 
solution as indicator (1 mL 0.1N I consumed = 6.302 mg 
Na2S 0 3).

(d) Sulfite standard solution.—200 pg S 0 2/mL. Dissolve 
0.1968 g Na2S 0 3, adjusted for % purity, in 500 mL 5% 
alcohol (0.1968 X 100/x, where x = % assay). Prepare fresh 
daily.

(e) Ammonium acetate buffer.—2M. Add 77.1 g ammo
nium acetate to 500 mL graduated cylinder. Add ca 400 mL 
water, and mix to dissolve. Add 57 mL acetic acid, dilute to 
500 mL with water, and mix.

(f) Electrolyte-trapping solution.—Dilute 2M ammoni
um acetate buffer with equal volume 5% alcohol.

(g) Silicone defoamer.—Dow Corning Antifoam A, or 
equivalent.

(h) Sodium hydroxide.—NaOH, 50% w/v.
(i) Thymol blue indicator.—0.25% (w/v) in 0.0IN 

NaOH.

Sample Preparation
Use open-pan balance (Mettler p i200, sensitivity 10 mg 

per division, cr equivalent) to weigh representative sample

(1-10 g) into 200 mL Erlenmeyer flask. Add 5% alcohol so 
that total weight of mixture is 100 g. Stopper and mix or, if 
necessary, homogenize to obtain fine suspension. Complete 
sample preparation quickly to minimize oxidation of sulfite 
by atmospheric oxygen.

Calibration
Assemble apparatus as shown in Figure 1. Add ca 10 mL 

5% alcohol and 0.1 mL H2S 0 4 (1 + 1) to sample tube. Adjust 
nitrogen flow to 0.5 L/min and rinse apparatus by inverting 
sample tube and let acidified 5% alcohol run out and collect 
in beaker placed under exit tubing. Continue to purge with 
nitrogen in order to blow excess liquid from tubing. Add 10.0 
mL 5% alcohol and 0.1 mL H2SO4 (1 + 1) to sample tube and
10.0 mL electrolyte-trapping solution to dry polarographic 
cell. Initiate run; while nitrogen flow is 0.5 L/min, set scan 
rate and purge time at 0 and 2 min, respectively. Voltage is 
manually set at peak potential. At end of purge cycle, instru
ment will advance to “scan” cycle. Adjust position of record
er pen near lower portion of paper. Without changing other 
conditions, remove Neoprene rubber stopper, together with 
reflux tubing, and add 50 pL  sulfite standard. Quickly rein
sert rubber stopper, and observe signal. Shake tube occasion
ally with up and down motion so that liquid touches rubber 
stopper. When signal reaches maximum value, 5-6 min, ter
minate run. Similarly, add 3 additional 50 pL  aliquots of 
standard solution and record signals. Prepare calibration 
curve, pg S 0 2 vs maximum yu/amp. (50 yuL standard = 10 pg 
S 0 2. Calibration curve exhibits slight curvature toward con
centration axis.)

Determination
(Use same conditions as for Calibration). Rinse apparatus 

as described. Add 10 mL electrolyte-trapping solution to dry 
polarographic cell. Add 0.1 mL H2S 0 4 (1 + 1), 0.1 mL 
thymol blue indicator, and sufficient 5% alcohol to sample 
tube so that when sample aliquot is added, total volume of 
mixture is ca 10 mL. Some silicone defoamer may be added 
to side of sample tube if sample is expected to foam. Initiate 
run with purge time set at 2 min. Place 10 mL syringe with 
20-gauge needle on open-pan balance, and set weight at 0. 
Withdraw prepared sample aliquot, and record weight. 
When instrument advances to scan cycle, inject sample into 
tube through indented rubber stopper. Shake tube occasion
ally with up and down motion so that liquid touches rubber 
stopper. When signal reaches maximum value, 5-6 min (free 
S 0 2), inject 50% NaOH dropwise with 1 mL syringe and 21- 
gauge needle. Inject 50% NaOH until solution turns blue, pH 
ca 9.6. Reacidify by injecting 1 mL H2S04 (1 -I- 1). When 
signal reaches maximum value, 5-6 min (bound S 0 2), termi
nate run. Obtain pg S 0 2 from calibration curve, and calcu
late amount in sample, pg/g.

Results and Discussion
The principle of the technique depends on a rapid release 

of S 0 2 from the sample by purging with nitrogen into the 
electrolyte-trapping solution. The signal is simultaneously 
recorded by differential pulse polarography at a constant 
voltage set, to peak potential. The method modification in
volved placing a Teflon sleeve onto the dropping mercury 
electrode capillary to shield the mercury drops from the 
turbulence produced by the purging gas (Figure 1). Since 
S 0 2 is measured by differential pulse polarography, the pro
posed method is just as effective as the conventional tech-
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Figure 2. Signal profile of solution containing (a) free and (b) 
bound sulfite.

nique in rejecting the double-layer charging current. Fur
thermore, after all S 0 2 has been purged from the sample, the 
voltage may be scanned in the usual manner to obtain a 
differential pulse polarogram, which may be useful in provid
ing additional specificity for sulfite.

Free sulfite is readily released from the sample which is 
acidified to pH 1-2. Bound sulfite is first treated with NaOH 
in order to dissociate the sulfite-aldehyde adducts. This pro
cedure is more efficient than heating with acid (4). However, 
our first attempts were not totally successful; some samples 
yielded low sulfite results because of the presence of oxygen 
in the solution. This difficulty was overcome by adding re
agents while the sample was being purged with nitrogen.

Figure 2 shows a typical signal profile obtained when both 
free (a) and bound (b) sulfites are present in the sample. As 
shown by the maximum signal, each species is flushed out of 
the sample in approximately 5 min.

Table 1 shows the results of sample analysis by the pro
posed method for both free and total sulfites, as well as by the 
optimized Monier-Williams method for total sulfite. In gen
eral, agreement between the 2 methods for total sulfite was 
excellent. Some samples, however, produced different results 
by the 2 methods. For the instant potato sample, a higher 
value was obtained by the proposed method (483.1 ¿tg/g) 
than by the Monier-Williams method (439.0 ¿tg/g). Appar
ently, more S 0 2 was released by the alkaline treatment used 
in the proposed method than by the Monier-Williams acid

Table 1. Analysis of S02 (ng/g) In food samples by DPP and 
Monier-Williams methods

Sample

DPP Monier-
W illiams

totalFree Total

W in e  c o o le r  (o rang e) < 1 6 7 .9 72.1

W in e  c o o le r  (c itru s ) < 1 4 5 .8 4 5 .5

M in ce d  c la m s  (ca n n e d ) 18 8 .9 2 0 6 .0 2 0 3 .8

In s ta n t p o ta to e s 3 3 9 .0 4 8 3 .1 4 3 9 .0
S h rim p  A 17 .2 9 7 .8 10 3 .0
S h rim p  B 2 7 .0 5 8 .3 5 6 .4

D rie d  a p r ic o ts 4 0 3 .8 2 1 4 7 .4 2 2 2 8 .1

G ra p e  ju ic e 6.1 4 9 .0 49 .1
Ind ian  sa lad < 1 < 1 5 .2

F re sh  p o ta to e s < 1 < 1 1.3
G e la tin < 1 < 1 6 .6
M u s ta rd < 1 < 1 14.2

F re sh  tu rn ip s < 1 < 1 2 2 .8 a

C ru sh e d  re d  p e p p e r < 1 < 1 2 .2

a Hydrogen sulfide detected in gas phase.

Figure 3. Signal profile for citrus wine cooler sample.

treatment. This results from added sulfite, not from naturally 
occurring compounds that release S 0 2; unsulfited fresh pota
to did not yield any sulfite. Similar findings have been report
ed by others (4).

Originally, the citrus wine cooler sample yielded a lower 
value by the proposed method than by the Monier-Williams 
method. This can be explained from the signal profile shown 
in Figure 3. The signal for bound sulfite does not remain 
constant, but decreases. A similar signal profile was obtained 
when the sulfite standard was prepared in 0.1% formalde
hyde. Apparently, volatile carbonyl compounds may be 
purged from the sample and react with sulfite in the electro
lyte-trapping solution. When the sample weight was reduced 
from 1.0 to 0.1 g, a “normal” signal profile was obtained, and 
the result (45.8 Mg/g) agreed with that for the Monier- 
Williams method (45.5 ng/g).

Table 1 shows that no sulfite was found by the DPP meth
od in Indian salad, fresh potatoes, gelatin, mustard, fresh 
turnips, and crushed pepper. The Monier-Williams method 
yielded a positive result for sulfite in these samples. The 
highest value was 22.8 jug/g in fresh turnips. These samples 
had not been sulfited, so the positive results of the Monier- 
Williams method must, therefore, have been due to sample 
degradation and volatilization of interfering compounds. 
This was confirmed for the turnip sample by placing a lead 
acetate paper strip within the gas stream preceding the trap 
in the Monier-Williams procedure. The test paper became 
black indicating the presence of hydrogen sulfide. Hydrogen 
sulfide interferes in the Monier-Williams method because it 
is oxidizing to sulfuric acid.

Figure 4 shows the signal profile for the garlic sample, 
which yielded a signal profile that did not reach a plateau, 
but which continued to increase beyond the expected 5 min. 
This indicates the release of S 0 2 from naturally occurring 
compounds such as alliin and allicin (6). To confirm this, an 
aliquot of the sample suspension was Filtered (Whatman No. 
42) and passed through a Sep-Pak C-18 cartridge; no sulfite 
was detected by DPP analysis. Apparently, naturally occur
ring nonpolar sulfur compounds are adsorbed on a C-18 
cartridge. On the other hand, sulfites present in foods as a 
result of sulfatization should be forms of the free sulfite or
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Table 2. Determination of S02 (/tg/g) in food samples and recovery of added S02

Sample

DPP C-18 cartridge treatment Monier-
W illiam s

totalFree Total Free Total

F re sh  g a r lic < 1 1 0 6 .4 s < 1 < 1 11 2 .9
F re sh  g a r lic  s p ik e

(2 0  0 0 0 )b 14 6 1 5 16 5 3 8 15 865 16 8 2 7 16 4 4 2
R e c o v e ry , % 8 2 .2 84 .1 8 1 .6
F re sh  o n io n < 1 1.4 < 1 1.4 4 .5
F re sh  o n io n  s p ik e

(2 0 0 0 )b 5 1 .0 3 2 6 .5 5 4 .9 3 2 2 .4 4 2 9 .5
R e c o v e ry , % 16 .3 16.1 2 1 .3
S h rim p < 1 < 1 < 1 < 1 < 1
S h rim p  s p ik e  (2 2 .2 ) 13 .3 19.6 8 .9 15.5 19 .7
R e c o v e ry , % 8 8 .3 6 9 .8 8 8 .7
A p p le s a u c e < 1 < 1 < 1 < 1 < 1

A p p le s a u c e  s p ik e  (6 0 .0 ) 49 .1 5 7 .3 3 7  8 5 5 .6 5 6 .3
R e c o v e ry , % 9 5 .5 9 2 .7 9 3 .8
D rie d  o n io n < 1 9 .2 < 1 6 .2 42 .1

D rie d  o n io n  s p ik e  (6 0 0 ) < 1 9 3 .4 < 1 8 2 .8 1 2 5 .3
R e c o v e ry , % 14 .0 12 .8 13 .9

8 After purging 5 min. 
b After standing overnight.

aldehyde adducts (7). Since these compounds are polar, they 
should not be adsorbed on a C-18 cartridge. These cartridges 
have been used previously for removing compounds responsi
ble for extraneous peaks in ion chromatography (8). The 
present use of the C-18 cartridge indicates the possibility of 
differentiating between added sulfite and naturally occurring 
compounds that release sulfur dioxide. This hypothesis was 
tested by using several samples and spikes. The results are 
shown in Table 2. The garlic and onion samples were spiked 
at relatively high levels of sulfite because much sulfite be
came irreversibly bound in these foods and after a short time, 
none could be recovered. The results indicate, however, that 
naturally occurring sulfur compounds were adsorbed on C- 
18 cartridges (garlic), whereas compounds from added sul
fite were not adsorbed and were detected (Table 2). The data 
show that only the garlic sample yielded SO2 above 10 ppm 
from naturally occurring sulfur compounds by the DPP 
method. The Monier-Williams method is not applicable to 
onions, but these samples have been analyzed by the latter 
method to provide a basis for comparison.

The level of detection by the proposed method was approx
imately 1 /rg S 0 2, which corresponds to 1 yug/g, if a 1 g 
sample is taken. The relative standard deviation was 2.5% 
(crab meat, 202.5 yug/g) and 7.0% (dried onions, 9.2 ^g/g).

The variability of some results indicates that the recoveries 
depend on the degree of interaction between sulfite species 
and the food components (Table 2). As previously reported 
(7), free sulfite is an equilibrium mixture of SO2, bisulfite, 
and sulfite. The relative concentration of the species is a 
function of the pH of the solution. Bound sulfite can be

Figure 4. Signal profile for garlic sample.

reversibly and irreversibly bound. Examples of reversibly 
bound sulfite are carbonyl compounds such as sugars and 
aldehydes, which react with bisulfite to form 1-hydroxy alkyl 
sulfonates. These substances dissociate in base, or upon heat
ing with an acid, releasing sulfite, or SO2, respectively. Irre
versibly bound sulfite is formed when the sulfite species react 
with alkenes or aromatic compounds to form sulfonic acids. 
The DPP and Monier-Williams methods, as well as other 
commonly used methods, measure only free and reversibly 
bound sulfites. For these reasons, recoveries were matrix- 
dependent as expected and were similar to the Monier-Wil
liams method (Table 2).

In summary, the differential pulse polarographic determi
nation with simultaneous nitrogen purging offers a number 
of advantages for the determination of sulfites in foods. Mon
itoring the rate of S 0 2 evolution is a very efficient analysis 
because evolution and completion of S 0 2 release from the 
sample is recorded. The signal profile indicates interferences 
so that corrective action can be taken, if necessary. The 
release of bound sulfite at room temperature minimizes sam
ple degradation and volatilization of interfering compounds. 
C-18 cartridges were useful for removing certain naturally 
occurring compounds that release sulfur dioxide so that only 
added sulfite could be measured. Results of the proposed and 
Monier-Williams methods agreed well for a variety of foods. 
Differences can be explained from the experimental data and 
from the chemistry of sulfur-containing compounds. The 
method is very rapid; both free and bound sulfites can be 
determined in 10 min.

Although the experimental design is quite simple, details 
of the technique should be closely followed because of the 
peculiarity of the chemical and physical properties of S 0 2. 
Acid conditions are maintained within the apparatus to mini
mize absorption of S 0 2 by water droplets. The sample tube 
should be occasionally shaken during purging to wash down 
the water droplets and release any absorbed S 0 2. The sample 
should be analyzed without delay since sulfites are prone to 
oxidation by atmospheric oxygen.
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FOOD COMPOSITION
Gravimetric Determination of Ash in Foods: NMKL Collaborative Study
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A gravimetric method for the determination of ash was collaborative- 
ly studied in 14 laboratories. The food is ashed at 550°C to constant 
weight and the ash is determined by weighing. Seven samples of 
various food commodities with estimated ash contents varying be
tween low and high (0.07-8.0 g/100 g) were included in the study. 
The relative standard deviations for reproducibility varied, ranging 
from 1.0 and 1.3 for ash contents of 7.2 and 8.0 g/100 g, to 11 ± 1% 
for low ash contents of 0.07 and 0.27 g/100 g.

For labeling purposes, food laboratories need simple methods 
for the determination of the ash content of foods. Usually the 
ash content is needed in connection with corrections for ash 
when the energy content of foods is calculated. Ashing meth
ods should be simple and preferably generally applicable to 
all kinds of foods. When this study was initiated, no validated 
method for the determination of the ash content of foods in 
general was available. The ICC standard No. 104, for exam
ple, applies only to cereals and cereal products. Various 
AO AC methods (1) exist, but refer to specified materials, 
not to food in general. Therefore, a simple general method 
was set up within NMKL and subjected to a collaborative 
study in 14 laboratories in 4 Nordic countries.

General applicability of the method was taken into ac
count when test materials to be included in the study were 
chosen. Samples with ash contents ranging from low (less 
than 0.1 g/100 g) to relatively high (8 g/100 g) were select
ed. Also, samples of high fat content and high carbohydrate 
content were included. The materials included in the study 
were: maize starch (voluminous ash), marmalade (high car
bohydrates content, low ash content), mayonnaise (high fat 
content, low ash content), rolled oats (high carbohydrates 
content, intermediate ash content), feta cheese (high protein 
content, high ash content), dry sausage (high fat content, 
high ash content), and milk powder (slag forming).

Collaboratire study
For each of the 7 test materials (Table 1), ca 2 kg was 

purchased. Each material was carefully mixed, and the ho
mogeneity of the material was tested by analyzing samples in 
triplicate. Each of 16 collaborators received samples of each 
of the 7 materials and was asked to perform duplicate ash 
determinations on all samples by using the method described 
below.

METHOD

Principle
Samples are ashed to constant weight in a muffle furnace at 
550°C. If necessary, samples are dried prior to ashing.

1 Address correspondence to this author.
This method was accepted as an official NMKL method at the 42nd 

Annual Meeting cf the Nordic Committee on Food Analysis, 1988.
Received September 14, 1988. Accepted January 24, 1989.

Apparatus and Reagents
(a) Muffle furnace.—Controlled to ±5°C for ashing at 

550°C.
(b) Infralamps.—250 watt or other equipment for drying 

samples.

Preparation of Sample and Determination
Homogenize the food. With accuracy of 0.1 mg, weigh test 

sample corresponding to ca 5 g dry matter into tared crucible 
of porcelain, quartz, nickel, or platinum, which previously 
has been heated for not less than 30 min at 550°C and cooled 
to room temperature in a desiccator. Dry sample under infra
lamp or using other equipment, e.g., electric bath. Continue 
to heat until sample shows initial browning.

Dry materials containing sugar (e.g., marmalade and hon
ey) very carefully and, to avoid blazing up during subsequent 
ashing, continue to heat until sample is black or completely 
dry. Treat sample with high fat content in the same manner 
to avoid splashing fat out of crucible.

Place crucible in muffle furnace at 550 ± 5°C for 16-20 h 
until appearance of grey white ash. Alternatively, to separate 
drying and ashing, place crucible in programmable oven at 
room temperature and regulate heating to a speed that does 
not cause blazing up of sample. When analyzing dry samples, 
place the crucible directly in muffle furnace at 200° C and 
turn temperature switch to 550°C.

Cool crucible in desiccator and weigh with 0.1 mg accura
cy. Repeat ashing to constant (± 1.0%) weight.

Ash from foods with high sugar content may be very light 
and voluminous. Take care when removing crucible from 
oven and desiccator. Ash may be carefully wet with water, 
the water may be evaporated under infralamp, and ashing 
may be continued for 0.5 h.

Foods with high phosphate content, such as milk powder, 
may give an ash of constant weight even if complete ashing 
has not been achieved, because of presence of uncombusted 
particles immersed in the ash. In such cases, dissolve ash in 
water, evaporate water, and continue ashing at 550°C. 
Check ash for residual carbon particles.

Calculation
Ash, g/100 g = [(a — c)/(b — c)] X 100

where a = final weight (g) of crucible and ash; b = weight (g) 
of crucible and sample; c = weight (g) of empty crucible.

Remarks
This method describes a simple procedure for determina

tion of ash content in foods for use when calculating energy 
content of foods. Its collaborative study was not designed to 
determine suitability for elemental analysis of the resulting
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Table 1. Collaborative results (g/100 g) for determination of ash

Coll.

Maize
starch Marmalade Mayonnaise

Rolled
oats

Feta
cheese Sausage

Milk
powder

1 0 .0 7 8 0 .2 3 0 0 .5 1 0 1.82 6 .3 8 6 .8 9 8 .0 6

0 .0 7 6 0 .2 5 0 0 .5 0 0 1.85 6 .3 5 6 .8 1 a 8 .0 7

2 0 .0 2 0 0 .2 7 0 0 .7 0 0 1.81 6.11 7 .1 4 8 .0 3

0 .0 2 0 a 0 .2 5 0 0 .6 2 0 1.75 6 .1 0 7 .1 2 8 .0 2

3 0 .0 7 0 0 .3 1 0 0 .6 0 0 1.85 6 .1 6 7 .1 3 8 .0 7

0 .0 7 0 0 .3 0 0 0 .6 0 0 1.82 6 .1 9 7 .1 3 8 .0 6

5 0 .0 7 0 0 .2 9 0 0 .6 1 0 1.79 5 .9 5 7.11 7.91

0 .0 6 0 0 .2 9 0 0 .6 3 0 1.81 6 .0 3 7 .2 4 7 .9 2

6 0 .0 7 2 0 .2 6 0 0 .6 1 0 1.81 6 .2 2 7 .2 0 7 .9 2

0 .0 7 9 0 .2 7 0 0 .6 1 0 1.80 6 .1 6 7 .3 2 7 .9 2

7 0 .0 7 3 0 .2 8 0 0 .6 0 0 1.83 6 .0 5 7 .1 8 8 .0 4

0 .0 7 4 0 .2 8 0 0 .5 4 0 1.83 6 .0 9 7 .1 9 8 .0 4

8 0 .0 6 7 0 .6 1 0 1.77 6 .5 8 7 .2 7 8 .1 6

0 .0 6 5 0 .6 0 0 1.78 6 .3 4 7 .1 8 8 .1 6

9 0 .0 6 7 0 .2 8 0 0 .5 9 0 1.84 5 .9 6 7 .1 2 8 .1 2

0 .0 6 8 0 .3 0 0 0 .5 8 0 1.92 5 .9 8 7 .1 8 8 .1 4

10 0 .0 7 5 0 .2 6 0 0 .6 1 0 1 .8 4 5 .8 0 7.21 8.01

0 .0 8 3 0 .2 7 0 0 .5 9 0 1.84 5 .7 2 7 .1 6 7 .8 8 6

11 0 .0 6 2 0 .3 1 9 0 .5 8 5 1.78 6 .1 9 7 .1 3 8 .0 7

0 .0 5 7 0 .3 2 8 0 .5 5 3 1.76 6 .2 3 7 .0 0 8.1

12 0 .0 6 3 0 .2 2 5 0 .3 7 5 1.77 5 .7 7 6 .9 3 7 .8 6

0 .0 6 5 0 .2 3 2 0 .4 1 1c 1.76 5 .5 5 6 .8 2 a 7 .8 4

13 0 .0 7 0 0 .3 1 0 0 .6 3 0 1.77 6 .0 0 6 .9 9 8 .0 6

0 .0 5 0 0 .2 9 0 0 .5 5 0 1.79 6 .0 5 7 .1 8 7 .9 9

14 0 .0 6 6 0 .2 7 8 0 .5 4 8 1.82 6 .3 0 7.11 7.91

0 .0 5 3 0 .2 2 3 0 .6 0 3 1.79 6 .3 0 7 .2 2 7 .9 2

15 0 .0 4 0 0 .2 6 0 0 .5 6 0 1.76 6 .0 9 7 .0 9 7 .8 7

0 .0 4 0 a 0 .2 6 0 0 .5 4 0 1.74 6 .2 9 7.21 7 .8 4

a Outlying result flagged by the pair value Grubbs test. 
b Outlying result flagged by the Cochran test. 
c Outlying result flagged by the single value Grubbs test.

ash. Despite this fact, the ash may be used for the determina
tion of certain elements. This ashing method can not, howev
er, be used if determinations of lead and cadmium are to be 
made on the sample, since these metals require an ashing 
temperature lower than 550°C. If the ash is to be used for the 
determination of elements such as sodium, potassium, and 
iron, platinum crucibles must be used; porcelain glaze may 
react with metals. Also, platinum crucibles should be used for 
subsequent determinations of sulfates. If chloride is to be 
determined, either porcelain or platinum crucibles should be 
used.

Results and Discussion

Results were received from 15 participants. Collaborator 4 
had taken amounts of test sample significantly lower than 
prescribed in the method and was designated a “procedural 
deviate.” All results from this participant were excluded 
from further calculations. Results, excluding those of Collab
orator 4, are listed in Table 1.

The results were tested for outliers according to the IU- 
PAC 1987 recommendations (1). The Cochran test for re
moval of laboratories showing extreme variances indicated

Table 2. Statistical results for collaborative study on determination of ash in foods (g/100 g)

Material
Maize
starch Marmalade Mayonnaise

Rolled
oats

Feta
cheese Sausage

Milk
powder

N o. o f  labs a fte r  e lim in a tin g  o u tlie rs 12 13 13 14 14 12 13
N o. o f  o u tly in g  labs  re m o v e d 2 — 1 — — 2 1
M ean 0 .0 6 8 0 0 .2 7 4 0 .5 8 8 1.8 07 6 .1 0 5 7 .1 5 9 8 .0 0 0

(0 .0 6 2 6 ) (0 .5 7 4 ) (7 .1 1 6 ) (8 .0 0 0 )
R e p e a ta b ility  S D  (sr) 0 .0 0 5 8 0 .0 1 3 0 .0 2 9 0 .0 2 3 0 .0 7 8 0 .0 7 2 0 .0 1 7

(0 .0 0 4 8 ) I0 .0 2 9 ) (0 .0 7 3 ) (0 .0 2 9 )
R e p e a ta b ility  re l. SD (R S D r) 8 .6 4 .7 4 .9 1.3 1.3 1.0 0 .2 1

(8 .7 ) (5 .0 ) (1 .0) (0 .3 7 )
R e p e a ta b ility  v a lu e , r (2 .8  X  s r) 0 .0 1 6 4 0 .0 3 7 0.081 0 .0 6 4 0 .2 2 0 .2 0 0 .0 4 7

(0 .0 1 5 2 ) (0 .0 8 1 ) (0 .2 0 ) (0 .0 8 2 )
R e p ro d u c ib ility  S D  (sR) 0 .0 0 8 1 0 .0 2 9 0 .0 4 2 0 .0 4 0 0 .2 3 0 .0 7 5 0 .1 0

(0 .0 1 6 2 ) (0 .0 6 9 ) (0 .1 6 ) (0 .1 0 )
R e p ro d u c ib il ity  re l. S D  (R S D r ) 11 .9 10 .6 7.2 2 .2 3 .8 1.0 1.3

(2 5 .8 ) (1 2 .0 ) (2 .2) (1 .3 )
R e p ro d u c ib ility  va lu e , R (2 .8  X  s R) 0 .0 2 2 6 0 .0 8 1 0 .1 2 0.11 0 .6 3 0.21 0 .2 9

(0 .0 4 5 3 ) (0 .2 0 ) (0 .4 4 ) (0 .2 8 )
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the result from Collaborator 10 for milk powder to be outly
ing at P = 0.C 1. The single value Grubbs test for removal of 
results with extreme averages signalled the result from Col
laborator 12 for mayonnaise as an outlier at P = 0.01. The 
pair value Grubbs outlier test at P = 0.01 was positive for the 
2 lowest results for maize starch and for the 2 lowest results 
for the sausage sample. Recycling the tests for outliers did 
not flag additional outliers. Outlying results are indicated in 
Table 1 and were excluded from calculations of the statistical 
parameters of the method. Not more than 2 results of 14 were 
removed for any sample, which is well below the IUPAC 
1987 recommended maximum of 2 of 9.

The precision parameters of the method were calculated 
according to the guidelines for Collaborative Study Proce
dure (2) and are given separately for each of the 7 test 
materials in Table 2. The repeatability relative standard 
deviations varied from 0.2% for a material with an ash con
tent of 8 g / 100 g, to 8.6% for a material with a mean of 0.068 
g/100 g. The reproducibility relative standard deviations 
also varied; the highest, between 10 and 12%, occurred for 
ash contents of 0.07 and 0.27 g/100 g. For ash contents over 
0.5 g/100 g, the reproducibility relative standard deviation 
was, in all cases, less than 8%; for ash contents between 1.8 
and 8.0 g/100 g, it ranged between 1.0 and 3.8%.

None of the collaborators reported any difficulties with the 
performance of the determinations. The results support ap
plicability of the method to foods over a wide range of ash 
content. The precision of the method is quite sufficient for its 
intended use, i.e., to determine the correction for ash content 
to be used in calculations of the energy content of foods. With 
minor modifications for certain commodities, as stated in the 
method, the method is applicable to all foods.
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METALS AN OTHER ELEMENTS
Determination of Arsenic and Selenium in Whole Fish by Continuous-Flow Flydride 
Generation Atomic Absorption Spectrophotometry
WILLIAM G. BRUMBAUGH and MICHAEL J. WALTHER
U.S. Fish and Wildlife Service, National Fisheries Contaminant Research Center, Route 2, 
Columbia, MO 65201

A combined wet chemical and dry ash digestion and use of a continu
ous-flow hydride generator coupled with a flame-heated quartz cell 
enabled the simple, precise, and highly automated atomic absorption 
determination of arsenic and selenium in tissues of whole fish. Per
cent relative standard deviation averaged 4% for each element; meth
od detection limits ( ng/ g  dry wt) were about 0.06 for arsenic and 0.04 
for selenium. Digestion of samples proceeded with little operator 
attention and without perchloric acid. Analysis for arsenic as As(V) 
simplified sample preparation but care had to be exercised to avoid 
interferences from high concentrations of selenium.

Due to gradual improvements in recent years, hydride gener
ation atomic absorption spectroscopy has gained wide accep
tance for the determination of the potentially toxic elements 
arsenic and selenium. Hydride generators are generally clas
sified as either batch or continuous-flow systems, and each 
has advantages. With batch-type generators, for which hy
drides are formed after the rapid addition of excess reductant 
to a constant sample volume, small sample volumes can be 
used, detection limits are generally reduced, and response is 
less dependent on valence state for some elements. With 
continuous-flow generators, in which reductant is continu
ously mixed with sample solutions by means of a peristaltic 
pump, precision is improved, interferences are reduced, and 
automation is facilitated.

Tissue samples are usually prepared for analysis by hy
dride generation atomic absorption by one of 2 basic meth
ods: wet digestion with perchloric acid in combination with 
other mineral acids (1-8), or dry ashing with magnesium 
nitrate (2, 3, 9-12). Traditionally, digestion with perchloric 
acid has been the accepted method, even though constant 
attention by the operator is required to prevent analyte losses 
through foaming and charring, etc. But despite contradictory 
reports about its reliability (13), the dry ash procedure is 
becoming more widely used because of its simplicity and 
safety.

Few reports have been published on the determination of 
both arsenic and selenium in biological samples by hydride 
atomic absorption. Fiorino et al. (6) successfully determined 
these elements in fish tissue, using a nitric, sulfuric, perchlo
ric acid digestion and a specially constructed semi-automat- 
ed, batch-type generator. Unfortunately, the digestion re
quired constant operator attention, the analysis was only 
partly automated, and the authors did not report spike recov
eries. Agemian and Thomson (1) used a similar digestion, 
but analyzed digestates with an automated continuous-flow 
generator. However, the generator manifold included up to 
17 individual pump tubes, several mixing coils, and 2 heating 
baths. Tam and Lacroix (9) determined arsenic and selenium 
in various food products by using a dry ash digestion and 
manual hydride generation analysis. Recoveries of spikes, 
although deemed satisfactory, tended to be low for selenium 
and somewhat high for arsenic.

References to trade names or manufacturers do not imply U.S. Govern- 
ment endorsement of commercial products.

Received October 12, 1988. Accepted December 19, 1988.

We report on the use of a commercially available continu
ous-flow hydride generator coupled with a flame-heated 
quartz cell for determination of arsenic and selenium in 
homogenized, whole-body fish by atomic absorption spec
troscopy. Preparation of samples by a combined wet chemi
cal and dry ash digestion requires little operator attention 
and no special perchloric acid fume hood.

METHOD

Apparatus
(a) S p ec tro p h o to m eter .—Perkin-Elmer Model 5000 with 

electrodeless discharge source lamps; Perkin-Elmer 3600 
data station and Model 056 chart recorder; air-acetylene 
burner with cell mounting bracket.

(b) H yd rid e  genera tor.—Varian VGA-76.
(c) Q uartz  absorp tion  ce ll.—Varian fitted with Perkin- 

Elmer graphite cooling rings and heated by air-acetylene 
flame (extra lean).

(d) M u ffle  fu rn a c e .—Thermolyne Model F-A1740.
(e) H o t p la te .—Fisher Scientific Model 610T.

Reagents
(a) N itr ic  ac id .—Reagent grade, 70-72% (J.T. Baker) 

further purified by sub-boiling distillation.
(b) H ydroch lo r ic  ac id .—Reagent grade, 37% (J.T. Baker) 

further purified by sub-boiling distillation.
(c) M agnesium  n itra te  h exa h yd ra te .—ACS grade (Alfa 

Products Inc.).
(d) S o d iu m  borohydride .—98% purity, pellet (Alfa Prod

ucts Inc.).
(e) S o d iu m  h yd ro x id e .—98% purity, pellet (Alfa Prod

ucts Inc.).
(f) A n ti- fo a m  agent.—DB-110A (Dow Corning).
(g) M eth a n o l.—Glass distilled.
(h) A to m ic  absorp tion  s ta n d a rd s.— 1 mg/mL (J.T. Bak

er).
(i) W ater.—Greater than 10 megohm-cm (Culligan re

verse osmosis/ion-exchange).

Digestion
Transfer ca 0.5 g lyophilized and homogenized tissue to 

100 mL beaker, wet with 2-3 mL methanol, and add the 
following: 5 drops of anti-foam agent, 10 mL 40% (w/v) 
magnesium nitrate hexahydrate, and 10 mL nitric acid. Cov
er with watch glass, place on hot plate, and reflux on low heat 
(70-80°C) overnight. Increase temperature to ca 200°C, tip 
watch glass to speed evaporation, and heat sample to dryness 
(ca 4 h). Reposition watch glass, transfer to cold muffle 
furnace, ramp temperature to 500°C over 3-4 h, and hold 2- 
4 h. After sample has cooled, add 20 mL 50% HC1, replace 
watch glass, and gently boil 1 h on hot plate. Readjust volume 
of cool sample to 20 mL with 50% (v/v) HC1. Quantitatively 
transfer beaker contents to tared polyethylene bottle and 
dilute to 102.0 ±  0.5 g (100 mL) with deionized water.
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D eterm ination

Set up spectrophotometer according to manufacturer’s 
recommendations with background correction enabled (re
duces noise due to air peaks), using peak hold mode and 
triplicate 5 s readings. For arsenic, sej wavelength at 193.7 
nm and slit at 0.7 nm (HIGH). For selenium, use 196.0 nm 
and 2.0 nm (HIGH). Fill acid reservoir of hydride generator 
with sub-boiled HC1. Prepare reductant of 0.6% NaBH4 and 
0.5% NaOH, and analyze samples for selenium by compari
son to Se(IV) standards (0-8 ng/mL, prepared in 10% (v/v) 
HC1). For arsenic determination, prepare filtered solution of 
1% NaBH4 and 0.5% NaOH, and analyze samples by com
parison to As(V) standards (0-10 ng/mL in 10% HC1). 
Dilute sample digestates to reduce selenium concentration to 
less than 10 ng/mL prior to arsenic determination to mini
mize interference.

Results and Discussion 

A ccuracy and P recision

Results from analyses of reference materials, sample 
spikes, and replicate samples, spanning more than 2 years 
and several hundred fish samples, are summarized in Tables 
1-3. Measured values for NIST Standard Reference Materi
als agreed well with certificate values. Method limits of 
detection (LOD), determined by the formula LOD = 
3[(SDb2 + SDs2)1/2] where SDb and SDs are standard devi
ations of procedural blanks and low-level samples, respec
tively, averaged 0.06 Mg/g dry weight for arsenic and 0.04 
fig/g for selenium. We did not determine arsenic in NIST 
Bovine Liver because it falls below the limit of quantitation 
(3.3 times LOD) for this method. In addition to NIST Stan
dard Reference Materials, we analyzed an “in-house” refer
ence material—NFCRC striped bass (Morone saxatilis)— 
which is a lyophilized, cryogenically pulverized, whole-body 
specimen and is, therefore, a better matrix match for our 
typical whole-fish sample. The accepted range for this mate
rial was determined from multiple determinations by several 
independent laboratories. Method precision (Table 2) has 
been consistent; the percent relative standard deviation for 
triplicate determinations averages about 4% for each ele
ment. Recoveries from digested sample spikes (Table 3) for 
both organic and inorganic analyte forms are essentially

Table 1. Accuracy of measured concentrations of arsenic and 
selenium in biological reference materials (¿¿g/g dry weight)

Concentration

Material n Measured® Reported6

Arsenic

NIST SRM 1566 Oyster 19 13.8 ± 0 .7 13.4 ± 1 .9
NIST RM 50 Tuna 32 3.06 ±0 .13 3.3 ± 0 .4
NFCRC Bass6 30 3.52 ±0.21 3.2 ± 0 .5

Selenium

NIST SRM 1566 Oyster 27 2 .0 2  ±  0.08 2.1 ± 0 .5
NIST RM 50 Tuna 61 3.60 ± 0 .14 3.6 ± 0 .4
NFCRC Bass6 58 2 .2 0  ± 0 .1 2 2.3 ± 0 .2
NIST SRM 1577 Liver 21 1.05 ±0 .03 1.1 ± 0.1

‘  Mean ±  std dev.
6 95% confidence interval about mean.
6 NFCRC Bass =  National Fisheries Research Center "in  house" whole-body 

striped bass (nor-certified material, accepted range based on interlaboratory 
round-robin analysis).

Table 2. Average percent relative standard deviation of arsenic 
and selenium concentrations determined by triplicate sample 

preparation and analysis

Rei. std dev., %

Element na Range6 Mean, SD6

As 39 0.4-12.8 4.5, 3.2
Se 61 0.6-9.4 3.6, 2.0

* Total number of triplicate sample sets prepared and analyzed.
6 Range of percent relative standard deviations for each triplicate analysis set.
6 Overall mean and standard deviation for percent relative standard deviations of 

triplicate analyses.

complete; however, selenomethionine recovery runs slightly 
low (average of 92%). This is further discussed in Digestion, 
below.

D igestion

The digestion procedure of May (10) was modified slightly 
to increase the consistency of results. A nitric acid wet diges
tion before ashing (2, 3, 11) helped to disperse the sample 
evenly in the Mg(NOy)2 “cake” and eliminated the fluffing 
out of sample during ashing. It also provided for additional 
oxidation at low temperature that might reduce losses of 
volatile analyte forms. We eliminated the addition of magne
sium oxide to the ashing aid solution because it offered no 
improvement in recoveries and was often contaminated with 
arsenic. Although this procedure is longer than most, almost 
no operator attention is needed; also, since no perchloric acid 
is required, it is a relatively safe procedure.

As noted in the previous section, losses of arsenic and 
selenium are minimal with this digestion. Recoveries of sele
nium as the amino acid selenomethionine, were somewhat 
low, however. Apparently, this form of selenium is not com
pletely oxidized in the preliminary nitric acid step and a small 
percentage is lost through volatilization. Preliminary tests in 
which a small volume (2 mL) of hydrochloric acid was added 
to samples (3) indicated that complete recovery of seleno
methionine is possible. The method with this minor modifica
tion included is to be further studied.

A nalysis

A general requirement of the hydride atomic absorption 
technique is that the analyte be in a specific valence state. 
Selenium must be in the +4 oxidation state for conversion to 
the hydride. Samples are typically oxidized to convert all 
selenium forms to the +6 state and then boiled with hydro
chloric acid, which reduces selenium to +4. Arsenic may be 
determined as either +3 or +5, but the +5 state has a slower 
rate of hydride formation and gives a much lower response 
with most continuous flow systems (14, 15). We obtained 
inconsistent results for arsenic with potassium iodide prere
duction (6, 8, 9, 14), as sample constituents apparently al
tered the rate of reduction unpredictably; also, potassium

Table 3. Recoveries of arsenic and selenium spiked into whole- 
body fish tissue

Analyte

Range of effective 
spike concns, 

0rg/g dry weight) Spike form n
Recovery, 

mean %, SD

As 0.5-5.0 AS2O3 41 102, 5
As 0.5-5.0 (CH4)4Asl 47 102, 9
Se 0.5-25.0 Na2Se04 79 97, 6

Se 0.5-40.0 d -  /-selenomethionine 59 92, 7
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Se(IV) CONCENTRATION (n g /m L )

F igure  1. E ffe c t o f S e (IV ) on A s (V ) d e te rm in a tio n  by hydride  
g enera tion  a to m ic  absorp tion .

iodide is difficult to flush out of system components and is 
detrimental to other determinations; and finally, degradation 
of the quartz cell is accelerated when potassium iodide is 
used. Therefore, we analyzed arsenic without reduction 
(boiling with hydrochloric acid does not affect As(V)), in 
spite of reduced sensitivity, to simplify the procedure.

The response for As(V) can be improved by increasing 
borohydride concentration, but at the expense of increased 
noise and matrix interferences. We used a filtered 1% boro
hydride solution chilled in an ice bath during analysis to 
reduce excess hydrogen gas formation. Also, the flame used 
to heat the cell was kept at minimum fuel flow to reduce the 
cell temperature and thereby increase the analyte residence 
time and decrease turbulence. (An added benefit is longer 
cell life.) Reports for electrothermally heated cells have sug
gested 8 50-900° C as optimum for arsenic and selenium de
terminations (2). With a thermocouple probe, we measured 
interior cell temperature at 930°C for a flame with acetylene 
at 1.2 L/min (near the minimum required to sustain a flame) 
and air at 15 L/min. With a fuel flow of 1.5 L/min, the 
interior cell temperature increased to 985°C and signals were 
lower and considerably noisier. Graphite cooling rings at
tached to the cell gave a quieter signal, as did removal of the 
flame shield—especially at slightly higher fuel flows.

There are many reports of chemical interferences with 
hydride atomic absorption, especially for samples containing 
high concentrations of transition metals (14, 16-19). Inter
ferences are more severe for methods in which concentrations 
of borohydride are relatively high and concentrations of hy
drochloric acid are low (14, 17). We have analyzed several 
hundred tissue samples by this procedure; as judged by the 
results of standard additions, we have encountered no signifi
cant interferences (10% or greater) for selenium determina
tions. For arsenic, interferences were detected only in the 
small percentage of samples that contained relatively high 
concentrations of selenium. Quantitation of this interference 
with increasing additions of Se(IV) indicated that concentra
tions above 10 ng/mL caused significant interference on 
arsenic (Figure 1). In agreement with Welz and Melcher, 
who used a batch-type generator (20), the degree of interfer
ence by Se(IV) was similar on either trivalent or pentavalent 
arsenic. Attempts to eliminate the selenium interference 
were largely unsuccessful. Use of copper to inhibit SeH2 
formation (20) proved impractical with the continuous flow 
system, because the rapid buildup of copper metal in lines

degraded performance. Dissolution of the ash with perchloric 
in lieu of hydrochloric acid to keep selenium in the unreactive 
higher oxidation state was only partly successful, as about 
50% of the selenium was still measured as Se(IV). Because 
most of our sample analyses involve both arsenic and seleni
um, we dilute sample digestates after determining selenium 
so that the selenium concentration is below 10 ng/mL, to 
minimize the interference on arsenic. This method has prov
en to be simpler and more reliable than the potassium iodide 
reduction method.

There are obvious limitations with simple dilution for sam
ples low in arsenic and extremely high in selenium. Fortu
nately, the high sensitivity of the hydride technique allows for 
considerable dilution of samples. In extreme cases, the meth
od of additions may be necessary.

One problem with analyses of hydride atomic absorption is 
the chronic corrosion of laboratory equipment caused by- 
fumes from the high concentrations of hydrochloric acid 
used. This problem is reduced with the continuous flow gen
erator because concentrated hydrochloric acid can be me
tered into sample solutions during analysis to reduce chemi
cal interferences (14), without using large amounts of acid 
for each sample digestate.

In conclusion, both arsenic and selenium can be accurately 
determined in fish tissue with minimal operator attention by 
the described method. We are presently modifying our flame 
autosampler to accommodate the long read delays that are 
required with the continuous-flow generator, and thus totally 
automating the analysis.
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METHOD EVALUATION
Criteria for the Detection of Analytes in Test Samples
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A n a ly tic a l co n tro l m ust be carried  out by validated  m eth od s. V a lid a 
tion  o f  m eth od s for  a ll p o ss ib le  s itu a tio n s , i.e ., for  a ll k in ds o f  a n a 
ly tes  in  m any d ifferen t m a tr ix e s , by in ter lab ora tory  stu d ies o f  m etic 
u lou sly  describ ed  m eth od s is  u n w orkable b ecau se  o f  th e  fin a n c ia l 
burden, the la ck  o f  a n a ly tica l ca p a c ity , and the im p o ssib ility  o f  
stan d ard iz in g  h igh ly  so p h is tica ted  in stru m entation  b etw een  lab ora 
to r ies. Y e t m eth od s, p articu lar ly  th o se  used  in  regu latory  con tro l, 
m ust be va lid ated . T o  overcom e th is  d ilem m a, w e su g g est  an other  
ap p roach  for va lid ation  o f  q u an tita tive  a n a ly tica l m eth od s, v iz., the  
a p p lica tion  o f  certa in  “ cr iter ia .”  S u ch  cr iter ia  are presented  here for  
a num ber o f  a n a ly tica l m eth od s, in clu d in g  low  and h igh  reso lu tion  
m a ss sp ec tro m etry , in frared  sp ec tro sco p y , g a s  and liquid ch ro m a to g 
raphy, th in -la y er  ch rom atograp h y , sp ec tro m etr ic  d e tec tio n  after  
T L C  and L C , a s w ell a s gen era l co n sid era tio n  o f  th e  w h ole  a n a ly tica l  
procedure. T h e  cr iter ia  for  a given  m eth od  m ust be ad op ted  by a 
board o f  ex p er ts  fo r  th a t m eth od . T h en , o n ce  an a n a ly sis  fu lf ills  the  
ad op ted  cr iter ia  o f  th e  ap p lied  m eth od , the p resen ce o f  th e  in v estig a t
ed an a ly te  ca n  be tak en  a s  proved w ith in  the lim its  o f  am bigu ity  o f  the  
m ethod . T h e  c r iter ia  are a lread y  incorp orated  in a  E uropean  C om m u
n itie s  C om m ission  D e c is io n  for  d e tec tin g  resid ues o f  su b sta n ces hav
ing horm onal or th y r o sta tic  action ; cr iter ia  are su b m itted  for a  C om 
m ission  D ec is io n  on a n a ly s is  o f  resid ues o f  o rgan ic  com pounds in 
gen era l.

Analytical results serve a purpose, which can usually be 
defined in terms of a decision to be made. Examples are 
classification of a material according to value, or a decision 
about a safety action required. The nature of the decision 
determines the requirements of the analysis, both quantita
tive ones, e.g., limits of detection, and qualitative ones, e.g., 
degree of certainty that the identification of a compound is 
unambiguous.

In trade, in regulatory control, and particularly in cases of 
dispute, the results of chemical analysis must be unambigu
ous and interpretable in only one way. To achieve this cer
tainty, the usual practice has been to describe an analytical 
method in great detail. This is done in the standard methods 
of ISO and in numerous international and national commod
ity and standardization organizations. It is necessary to de
scribe methods in terms of parameters such as specificity, 
accuracy, precision (repeatability and reproducibility), limit 
of detection, sensitivity, practicability, and applicability. To 
characterize the merits and parameters of methods, extensive 
investigations and collaborative studies have to be carried 
out.

To achieve the utmost certainty, an exact experimental 
protocol for the method is described in great detail and is 
considered validated only after a successful collaborative 
study. However, the requirement of exact formulations of 
analytical procedures has some drawbacks, which are well 
recognized: (/) A standardized method, by virtue of its rigid
ity, cannot accommodate new developments, and is likely to
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become old-fashioned. (2) The behavior of reagents and 
equipment may vary over time, forcing adaptation of the 
method. (3) Modern methods, involving highly sophisticated 
equipment or materials, may operate according to unique 
procedures which are not transferable to other laboratories. 
(4) The information present in an analytical result may not 
be clearly accessible. As an example of the latter, an infrared 
spectrum of an analyte, isolated from a sample matrix, will 
naturally differ from the reference spectrum, and confound 
the certainty of the presence of the analyte in the sample.

A complication for qualitative analyses, in particular for 
residue analyses, is that some of the parameters stated above 
are irrelevant (e.g., repeatability and reproducibility). This is 
the reason for so few standard qualitative methods. Yet un
ambiguous results are needed in qualitative analyses as well.

Therefore, we searched for another approach. In particu
lar, a new approach was urged in The Netherlands because, 
in the past, court cases on analytical control of veterinary 
drugs had to admit some false-positive results (1). Although 
only a few cases were involved, the impact was enormous. 
Not only was the government condemned to pay claims for 
damages, but since then, The Netherlands authorities and 
courts have mistrusted chemical residue analyses in general.

An analytical result was acceptable only after thorough 
validation of the applied method by interlaboratory tests. As 
an example, the analysis of one analyte in one matrix (DES in 
urine) could be validated only after the method was meticu
lously described and an interlaboratory study was conducted 
with 5 laboratories and 4 methods on 302 urine samples of 24 
bulls, at a total cost of $250 000 (2-4). Because many ana
lytes and many matrixes are possible in analytical control, it 
became clear that this type of validation was impractical and 
unworkable in general, and too expensive in terms of costs 
and laboratory resources.

Yet methods had to be validated before they were accept
able in court. To solve this dilemma, we approached the 
validation of methods by another direction, viz., by formulat
ing “criteria” for each method to be validated. For a positive 
conclusion (“the presence of the analyte is proved in the 
sample examined”), the analytical result has to fulfill the 
criteria specified for the detection method applied. When 
consensus is achieved about the criteria, the conclusion holds, 
irrespective of the details of the analytical procedure leading 
to the analytical result. And although analytical procedures 
applying highly sophisticated techniques are not easily trans
ferable to another laboratory in exactly the same way, thus 
making collaborative studies virtually impossible, the same 
criteria can be applied to the ultimate identification method.

To obtain a good and acceptable analytical result, 2 re
quirements have to be fulfilled: (/)  the method has to be 
adequate (quality of the method); and (2) the execution has 
to be adequate (quality of the laboratory). The classical 
approach to the first requirement is to describe the method 
meticulously. In our approach, this description is replaced by
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setting exact requirements to the output of the analytical 
operation. Likewise, the classical approach uses collaborative 
studies for combined testing of the quality of the method and 
the quality of the laboratories. In our approach, collaborative 
studies are superfluous for validation of criteria for identifi
cation.

Of course, the proposed criteria will not automatically 
guarantee the quality of analytical chemical results. Only a 
thorough, management-supported local and super-organiza
tional quality assurance program will ensure proper execu
tion of validated methods. To control the performance of 
laboratories, interlaboratory studies still remain necessary.

The criteria for each identification method must be devel
oped and adopted by a board of experts for that identification 
method.

Criteria are presented here for (radio)immunoassay, gas 
chromatography (GC), thin-layer chromatography (TLC), 
liquid chromatography (LC), LC and TLC with UV spec
trum identification, GC with mass spectrometric (MS) iden
tification, and infrared spectroscopy (IR), as well as general 
considerations for the entire analytical procedure (5).

This new approach does not imply that an exact experi
mental protocol (standard operating procedure, SOP) for a 
method of analysis should no longer be mandatory. In the 
framework of good laboratory practice, each laboratory has 
the responsibility of writing such protocols for its own meth
ods of analysis that are used in analytical quality control. The 
degree of specificity has to be known (6), and the results of 
the analysis should be related to this specificity (7). When 
the method is improved or altered, a new SOP must be 
written within the laboratory.

The criteria stated below for mass spectrometry are ex
trapolated for general application from statements accepted 
by a Dutch working group of mass spectroscopy experts. The 
criteria for infrared spectroscopy have been accepted as reli
able for the identification of analytes in test samples by a 
Dutch-Belgian group of experts on infrared spectroscopy. 
The criteria have been adopted for detecting residues of 
substances having hormonal or thyrostatic action in EEC 
control programs (8), with force of law in the European 
Communities, and have been submitted for a Commission 
Decision on analysis of residues of organic compounds in 
general.

We realize that this paper represents a first attempt to 
supply some reasonable guidelines for identifications of resi
dues. We, therefore, call for comments or reactions other
wise.

Definitions Regarding the Presence of an Analyte
A n a ly te : A component of a test sample, the presence of 

which has to be demonstrated. The term “analyte” includes 
derivatives formed from the analyte during the analysis 
wherever this is applicable.

S ta n d a r d  m a te r ia l: A well defined substance in its highest 
attainable purity to be used as a reference in the analysis.

P o s itiv e  resu lt: The presence of the analyte in the sample is 
proved, according to the method, when the general criteria, 
and the criteria specified for the relevant detection method, 
are fulfilled.

N e g a tiv e  resu lt: If not all of the general criteria and the 
criteria specified for the relevant method are fulfilled, the 
analysis, according to the method, is not able to prove the 
presence of the analyte in the sample. Nor does the result of 
the analysis provide proof for the absence of the analyte in 
the sample.

L im it o f  decis ion : The lowest analyte content which, if

actually present, will be detected with reasonable statistical 
certainty and can be identified according to the criteria of the 
method.

C o -c h ro m a to g ra p h y : The purified test solution prior to 
the chromatographic step is divided into 2 parts: (a) one part 
is chromatographed as such; and (b) the standard material of 
the analyte that is to be identified is added to the second part, 
and this mixed solution of analyte and standard material of 
analyte is chromatographed. The amount of added standard 
material should be about equal to the estimated or expected 
amount of the analyte.

General Considerations for the Whole Analytical Procedure
G en era l c r ite r ia  f o r  th e  w h o le  p ro c e d u r e .—The method 

must have been proved to be able to distinguish the analyte 
from all known interfering materials in the appropriate ma
trix. The physical and chemical behavior during the analysis 
of the analyte should be indistinguishable from that of the 
corresponding standard material in the appropriate matrix.

G en era l c r ite r ia  f o r  se p a ra tio n  tech n iq u es.—Reference 
samples containing known amounts of analyte must be car
ried through the entire procedure simultaneously with each 
batch of test samples analyzed. Alternatively, an internal 
standard may be added to test samples. Appropriate refer
ence samples having a content of standard material close to 
that of the expected analyte content of the samples (9) must 
be subjected to the same derivatization and cleanup.

C riter io n  f o r  th e  o ff - lin e  p h y s ic a l  a n d /o r  c h e m ic a l p r e 
co n cen tra tio n , p u r if ic a tio n , a n d  se p a ra tio n , i f  a p p lie d .— 
The analyte should be in the fraction that is characteristic for 
the corresponding standard material in the appropriate ma
trix material.

C rite r io n  f o r  o n -lin e  se p a ra tio n , i f  a p p lie d  (e .g ., G C ).— 
The analyte should elute at the retention time which is char
acteristic for the corresponding standard material in the ap
propriate matrix material.

Quality Requirements for Determination of Analyte by 
Radioimmunoassay (RIA) (4, 8, 10-13)

The working range of the calibration curve must be speci
fied and in general must cover a concentration range of at 
least one decade. Control samples must be included in each 
assay. Results for concentration levels of zero and at lower, 
middle, and upper parts of the working range must be in line 
with those of previous assays. At the limit of decision, the 
within-run coefficient of variation for the control samples 
must be less than 0.15. A minimum of 6 calibration points is 
required, adequately distributed along the calibration curve. 
The recovery must be controlled and specified. If logit-log 
transformation of the original data is applied, the within run 
coefficient of correlation of the calibration curve must be at 
least 0.985. The calibration must have its highest precision 
around the limit of decision. Adequate quality control pa
rameters have to be in line with those of preceding assays, 
e.g., Bo/T, NSB, and slope and intercept of the calibration 
curve. (Compliance with these quality requirements does not 
exclude the possibility of false positive results originating 
from systematic errors such as antibody cross reactivities
(10) and interference from nonrepresentative sample materi
al (14, 15).)

Criteria for Identification of Analyte by Gas Chromatography 
(GC) and Liquid Chromatography (LQ (16)

The analyte should elute at the retention time which is 
characteristic for the corresponding standard material. The 
nearest peak maximum in the chromatograph should be sep
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arated from the designated analyte peak by at least one full 
width at half maximum height. For identification, additional 
co-chromatography in the chromatographic stage is manda
tory; as a result, only the peak presumed to be due to the 
analyte shoulc be intensified, and the width at half maximum 
height should be within ± 10% of the original width. This 
requirement may be taken as fulfilled whenever the retention 
times are identical with 10% of the peak width at half maxi
mum height.

Criteria for Identification for Analyte by (High Performance) 
Thin-Layer Chromatography (TLC, HPTLQ(17, 18)

The Rf value(s) of the analyte should agree with the R( 
value(s) characteristic for the standard material. This re
quirement is fulfilled whenever the R( value(s) of the analyte 
is (are) within 3% of the Rf value(s) of the standard material 
under the same conditions. The visual appearance of the 
analyte should be indistinguishable from that of the standard 
material. The center of the nearest spot to that due to the 
analyte should be separated from it by at least half the sum of 
the spot diameters. For identification, additional co-chroma
tography in the TLC step is mandatory. As a result, only the 
spot presumed to be due to the analyte should be intensified; 
a new spot should not appear, and the visual appearance 
should not change. For confirmation, 2-dimensional TLC is 
mandatory.

Criteria for Identification of Analyte by Liquid 
Chromatography with Full Spectrum Detection (LC-SP) (19)

The maximum absorption wavelength in the spectrum of 
the analyte should be the same as that of the standard materi
al within a margin determined by the resolution of the detec
tion system. For diode array detection, this is typically ±  2 
nm. The spectrum of the analysis should not be visually 
different from the spectrum of the standard material for 
those parts of the 2 spectra with a relative absorbance larger 
than 10%. This criterion is met when the same maxima are 
present and at no observed point the difference between the 2 
spectra is more than 10% of the absorbance of the standard 
material. For identification, co-chromatography in the LC 
step is mandatory. As a result, only the peak presumed to be 
due to the analyte should be intensified.

Criteria for Identification of Analyte by (High Performance) 
Thin Layer Chromatography with Full Spectrum Detection 
(TLC-SP, HPTLC-SP)

The Rf value(s) of the analyte should agree with the 7?f 
value(s) characteristic for the standard material. This re
quirement is fulfilled when the Rf value(s) of the analyte is 
(are) ±  3% of the R[ value(s) of the standard material under 
the same conditions. The visual appearance of the analyte 
should be indistinguishable from that of the standard materi
al. The center of the spot nearest to that due to the analyte 
should be separated from it by at least half the sum of the 
spot diameters. For identification, additional co-chromatog- 
raphy in the TLC step is mandatory. As a result, only the spot 
presumed to be due to the analyte should be intensified; a new 
spot should not appear. The maximum absorption wave
length in the spectrum of the analyte should be the same as 
that of the standard material, within a margin determined by 
the resolution of the detection system. The spectrum of the 
analyte should not be visually different from the spectrum of 
the standard material.

Criteria for the Identification of Analyte by Gas 
Chromatography-Mass Spectrometry (GC-MS)

G C  c r i te r ia .—An internal standard should be used if a 
material suitable for this purpose is available. It should pref
erably be a stable isotope-labeled form of the analyte. The 
ratio of the GC retention time of the analyte to that of the 
internal standard, i.e., the relative retention time of the ana
lyte, should be the same as that of the standard analyte, 
within a margin of ±  0.5%. If this requirement is not fulfilled, 
or if‘no internal standard is used, then identification of the 
analyte must be proved by using co-chromatography. In the 
case of co-chromatography, the retention time of the analyte 
added to the sample must coincide with the retention time of 
the analyte already present in the sample.

C rite r ia  f o r  G C -lo w  re so lu tio n  M S .—The intensities of at 
least 4 diagnostic ions must be measured. If the compound 
does not yield 4 diagnostic ions with the method used, then 
identification of the analyte should be based on the results of 
at least 2 independent GC-LRMS methods with different 
derivatives and/or ionization techniques, each producing 2 or 
3 diagnostic ions. The molecular ion should preferably be one 
of the 4 diagnostic ions selected. The relative abundances of 
all diagnostic ions monitored from the analyte should match 
those of the standard analyte. The relative intensities of the 
diagnostic ions detected, expressed as a percentage of the 
intensity of the base peak, must be the same as those for the 
standard analyte within a margin of ±  10% (El mode) or ± 
20% (Cl mode).

C rite r ia  f o r  G C -h ig h  re so lu tio n  M S ;fr a g m e n to g r a p h y .— 
To be classified as high resolution measurements, the accura
cy of mass setting should be equal to or better than 3 parts per 
million. The relative abundance of 3 or more diagnostic ions 
must be the same as for the standard analyte within a margin 
of ±  10% (El mode).

C rite r ia  f o r  G C -h ig h  re so lu tio n  M S ;  a ccu ra te  m a ss  p lu s  
lo w  re so lu tio n  n a tu ra l is o to p e  (4 , 20 , 2 1 ).—To be classified 
as high resolution measurement, the accuracy of mass deter
mination must be equal to or better than 3 parts per million. 
The m /z value of the diagnostic ion should be equal to the 
theoretical value of the corresponding standard analyte. If 
measurements of a single diagnostic ion does not fulfill the 
criterion for specificity, then the natural isotope abundance 
ratio of the diagnostic ion should be measured with low 
resolution. This ratio should be equal to the theoretical value 
within a specified margin (typically ± 5%). If an unambigu
ous elemental composition cannot be derived according to 
this procedure, an additional diagnostic ion should be mea
sured accordingly.

Criteria for Identification of Analyte by Infrared Spectrometry
(22, 23)

D efin itio n  o f  a d e q u a te  p e a k s .—Adequate peaks are ab
sorption maxima in the IR spectrum of a standard material, 
fulfilling the following requirements; The absorption maxi
mum appears in the wavenumber range 1800-500 cm-1. The 
intensity of the absorption is not less than: (7) a specific 
molar absorbance of 40 with respect to zero absorbance and 
20 with respect to peak base line, or (2) a relative absorbance 
of 12.5% of the absorbance of the most intense peak in the 
region 1800-500 cm-1 when both are measured with respect 
to zero absorbance, and 5% of the absorbance of the most 
intense peak in the region 1800-500 c ir r ] when both are 
measured with respect to their peak base line. Although 
adequate peaks according to (7) may be preferred from a 
theoretical point of view, those according to (2) are easier to 
determine in practice.
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A minimum of 6 adequate peaks is required in the IR 
spectrum of the standard material. If there are less than 6 
adequate peaks, then the IR spectrum at issue cannot be used 
as a reference spectrum. The number of peaks in the IR 
spectrum of the standard material, within a margin of ±  1 
cm-1, is determined.

IR  criteria.—Absorption must be present in all regions of 
the analyte spectrum which correspond with an adequate 
peak in the reference spectrum of the standard material. The 
“score,” i.e., the percentage of the adequate peaks found in 
the IR spectrum of the analyte, shall be at least 50. When 
there is no exact match for an adequate peak, the relevant 
region of the analyte spectrum must be consistent with the 
presence of a matching peak. The procedure is applicable 
only to absorption peaks in the sample spectrum with an 
intensity of at least 3 times the peak-to-peak noise.

C o n c lu s io n s

Criteria can be defined for validation of analytical meth
ods. They offer an attractive solution for the dilemma that 
control methods of analysis must be validated, but that vali
dation, especially for modern highly sophisticated methods, 
by interlaboratory studies is impractical.

Criteria have been defined here so as to prevent false
positive results, viz., to prevent errors of type II (small /8). 
Therefore, the criteria are very sharp. This implies that the 
risk for errors of type I increases (large a). When the aim of 
the analysis is different, i.e., for screening purposes (where 
preventing of false negative results is required), other criteria 
can be defined to ensure reliability of that type of conclusion.

The criteria represent a first step for a new way of thinking 
about validation of analytical methods. We hope that they 
will open a discussion, and eventually lead to an objective 
foundation of the reliability of methods of analysis.
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MYCOTOXINS

Mycotoxin Analysis by Fast Atom Bombardment Tandem Mass Spectrometry

D U A N G C H A N  U Y A K U L ,* 1 M IN O R U  ISO BE,2 and T O SH IO  GOTO
Nagoya University, School o f  Agriculture, Laboratory o f  Organic Chemistry, Chikusa, Nagoya 464, Japan

P o sit iv e  fa s t  a tom  bom bardm ent tandem  m ass sp ec trom etry  is  dem 
on strated  to  be an  e ffe c tiv e  tech n iqu e fo r  d eterm in ation  o f  crude  
a f la to x in s  and s ter ig m a to cy stin -re la ted  com p oun d s. T h e  m olecu lar  
ion w as se lec te d  by the f ir s t  sy s tem  and bom barded to  produce  
ch a ra c ter is tic  d au gh ter io n s  th a t cou ld  be used  to  id en tify  m y co to x -  
in s in  m ix tu res  and w ith  th e  sa m e m olecu lar  w eight.

Mycotoxins are secondary metabolites of various fungal spe
cies. Many of them contaminate foods and feeds. Natural 
contamination often occurs in trace amounts, 10~9 g/g sam
ple. Minicolumn chromatography, thin-layer chromato- 
grahy (TLC), and liquid chromatography (LC) have become 
the most useful analytical techniques for mycotoxins. En
zyme-linked immunosorbent assay (ELISA) has also been 
reported (1-4).

Analyses for aflatoxins are particularly difficult for oily 
material such as peanuts and corn products. Many steps are 
required to prepare samples for identification of mycotoxins 
at low levels. Detection is also complicated by false-positive 
results. In such cases, mass spectrometry (MS) has proved to 
be an extremely valuable technique for unambiguous identi
fication of mycotoxins.

Recent publications have described field desorption MS 
(5), electron impact MS (6), and negative ion chemical ion
ization MS (7). Although the confirmation of mycotoxins by 
mass spectrometry has become the preferred method, sam
ples must still undergo extensive cleanup before analysis. 
Furthermore, these techniques are inadequate for reliable 
determination when the sample is contaminated with many 
mycotoxins or with compounds showing coincident MS sig
nals. We describe here the identification of mycotoxins in 
such cases by positive fast atom bombardment tandem mass 
spectrometry (FAB-MS/MS).

E x p e r im e n ta l

Chemicals
Aflatoxins were secured from Makor Chemicals Ltd, Jeru

salem, Israel, as authentic samples. Aflatoxin Bi (25 ppm) 
and aflatoxin B2 (6.2 ppm) were extracted from peanuts (100 
g; received from Nagoya City Health Research Institute) by 
the Japanese official method for analysis of aflatoxins in 
peanuts (8). Sterigmatocystin-related compounds were ob
tained from T. Hamasaki, Tottori University, Japan, as pure 
compounds isolated from mycelial mats of fungi (9).

Mass Spectrometry
A JEOL JMS-DX 705L tandem quadrupole mass spec

trometer was used for FAB-MS/MS analysis. Two JEOL 
JMS-DX300 instruments are combined through EB-EB ge
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2 Address correspondence to this author.

ometry with an He collision chamber interface to obtain 
daughter ions caused by the collisional activation. The mass 
spectrometer was calibrated using the masses of Ultramark 
ions for positive FAB-MS/MS.

The matrix for FAB measurements was a mixture of glyc
erin and 3-nitrobenzyl alcohol. Mycotoxin standard (less 
than 1 p.g) was dissolved in 10 pL solvent (dioxane, chloro
form, or dimethyl sulfoxide), a 2 ^L aliquot was mixed with 
matrix (ca 10 yuL), and the mixture was introduced into the 
first mass spectrometer where it was irradiated with a xenon 
gun at 10~6 torr for ionization in an electric field with 3 kV 
acceleration. The molecular ion (M + 1) of each mycotoxin 
was selected from the first system and bombarded with He 
gas to produce daughter ions which were subsequently ana
lyzed by the second system. The data of each measurement 
were averaged by accumulation about 10 times with a com
puter.

R e s u lt s  an d  D is c u s s io n

General Features of Single Stage Mass Spectrometry
Figures 1A and IB show the positive FAB/MS spectra of 

aflatoxin By (MW = 312) and aflatoxin B2 (MW = 314), 
respectively. Figures 1C, ID, IE, and IF show those of versi- 
colorin A, O-methylsterigmatocystin, 5,6-dimethoxysterig- 
matocystin, and nidurufin, respectively. The spectra showed 
the molecular ion (M + 1) in appreciable abundance at the 
highest m/z. The molecular ion peak was stable longer than 
10 min with very little fragmentation. This technique as well 
as other techniques of MS (FD, NICI, and El) can be used 
with good success when the sample is very clean. However, 
for crude samples (Figure 1G), these techniques cannot be 
used reliably to confirm the presence of a certain mycotoxin.

Tandem Mass Analysis
The molecular ion was selected by the first mass system for 

collision with He and subsequent fragmentation. The result
ing daughter ions were analyzed by the second mass system 
in the accumulation mode. This technique improved sensitiv
ity and specificity over single stage mass spectrometry. Tan
dem mass spectrometry allowed unambiguous identification 
and confirmation of a mycotoxin in much cruder samples.

Figures 2A and 2B show the positive FAB-MS/MS spec
tra of aflatoxins By and B2, respectively. Both show consistent 
fragmentation behavior, with the loss of m /z 15(-CH3), 28 
(-CO), 44(-C 02), and 72. The positive FAB-MS/MS spec
trum of aflatoxin By is better than the spectrum obtained 
with NICI-MS/MS. The molecular ion peak can be detected 
in the former system as the most intense peak. FAB-MS/MS 
also gives more information because of the many daughter 
ions of very high intensities; NICI-M S/M S produces fewer 
daughter ions (10).

Because of the more detailed fingerprint characteristics 
from the daughter ions, FAB-MS/MS can be used to identi
fy the compounds with the same molecular weight. Versico- 
lorin A has the same molecular weight as O-methylsterigma
tocystin (MW = 338), but showed a completely different 
fragmentation pattern (Figures 2C and 2D). In addition, 5,6-
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Figure 1. Positive FAB-MS spectra of A, aflatoxin Bi (MW = 312); B, aflatoxln B2 (MW = 314); C, versicolorin A; D, O-methylsterigmatocys- 
tln; E, 5,6-dimethoxysterigmatocystin; F, nidurufln; G, peanut extract.
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Figure 2. Positive FAB-MS/MS spectra of A, aflatoxin B,; B, aflatoxin B2; C, versicolorln A (MW = 338); D, O-methylsterlgmatocystin (MW 
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dimethoxysterigmatocystin and nidurufin (MW = 384) 
could be distinguished unambiguously (Figures 2E and 2F).

It is often necessary to analyze mixtures of mycotoxins in 
naturally contaminated foods and feeds. For these situations, 
tandem mass spectrometric analysis is applicable for identifi
cation and confirmation of structure without rigorous purifi
cation (Figure 2G).
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OILS AND  FATS

Determination of Iodine Value by Bromine/Instrumental Neutron Activation Analysis
FELIB Y. ISK A N D ER
University o f  Texas at A ustin , Department o f  M echanical Engineering, Nuclear Engineering Teaching 
Laboratory, Austin , T X  78712

A new  m icro a n a ly tica l m ethod  h as been  developed  to  m easu re iod ine  
value (I V )  o f  o ils  and fa ts . B rom ine vapor w as used  to  sa tu ra te  the 
e th y len ic  double bonds, and reacted  brom ine w as determ ined  by in
stru m en ta l neutron  activ a tio n  a n a ly sis . T h e m ethod  w as applied  to  
m easu re the iod in e values o f  7  co m m ercia lly  ava ilab le  vegetab le  oils: 
alm ond  o il, su n flow er o il, peanut o il, so y  o il, se sa m e  o il, corn  o il, and  
olive o il. N o  sig n if ica n t d ifferen ce  w as observed b etw een  the iod ine  
value determ in ed  by th e  p roposed  m ethod  and th a t d eterm ined  by an  
o f f ic ia lly  approved (H iib l)  m eth od . Brom ine m easu rem en ts can  be 
perform ed up to  1 5 0  d ays a fter  brom ination  w ith no s ig n ifica n t  
variation  in iod in e value; thus, ava ilab ility  o f  an irrad iation  fa c ility  on  
the p rem ises is  n ot a lim ita tio n . N o  corrosive and to x ic  rea g en ts are  
required , and th e  m ethod  is fa ster  than  the o ff ic ia l m eth od s. T he  
m ethod  is  a lso  ap p licab le  to  m easu rin g  iod in e values o f  free  or ester i-  
fied  fa tty  ac id s.

Selective hydrogenation of unsaturated lipids is a common
ocedure used for the production of shortenings and marga

rine fats. Measuring the degree of unsaturation for both the 
reactant and the product is crucial for producing shortenings 
and margarine fats of selected texture. The unsaturation 
value is also a good indicator for detecting adulteration of 
vegetable oils with highly saturated animal fats and mineral 
oils. Halogenation methods are, by far, the most common 
methods for measuring the degree of unsaturation of oils and 
fats.

Measurement of iodine value, based on the principle of 
adding a halogenating reagent to oils or fats, followed by 
titrating the residual unused reagent, was reported almost a 
century ago (1-6); some of these early methods are still in 
use. However, most of the early methods suffer from one or 
more of the following limitations: (/) limited reagent life
time (some reagents need to be prepared 24 h before the 
analysis and are stable only 48 h); (;'/') extended analysis time 
(reagents need to be in contact with the sample for a consid
erable length of time, up to 48 h); (Hi) the need for relatively 
large samples (up to a 1 g sample should be used in applying 
Wijs, Hiibl, or Hanus methods); and (iv) the use of toxic 
chemicals (e.g., HgCE) and corrosive solvents (e.g., glacial 
acetic acid). With the development of modern instrumenta
tion, several modifications to iodine value determinations 
have been introduced with the main goal of shortening the 
time needed for preparing reagents and/or completing the 
analysis (7-17).

The objective of the present study is to develop a new 
microanalytical method to measure IV of oils and fats, 
whereby bromine vapor is used to saturate the ethylenic 
double bonds in the oil sample. The quantity of bromine 
reacted is determined by instrumental neutron activation 
analysis (INAA). Because access to a neutron source may be 
limited, we studied the stability of the brominated species. 
We found that the bromination step may be performed in one 
laboratory and then the bromine measurements, done by 
INAA, may be performed in another, remote facility.
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Experimental

Apparatus
(a) N e u tro n  so u rc e .—TRIGA Mark-I nuclear reactor op

erates at steady state operating power of 250 kW, with ther
mal neutron flux of ca 2 X 1012 n cm-2 s_l.

(b) G a m m a -ra y s  d e te c to r .—Detection system consists of 
high-purity germanium coaxial detector (EG&G ORTEC 
Model 20109) coupled to 4096 multichannel analyzer 
(EG&G ORTEC Model 7010). Detection system measures 
resolution of 1.90 keV full width at half maximum for 1332 
keV line of 60Co, with relative efficiency of 20%. Data acqui
sition and data reduction were controlled by local computer 
equipped with L S I/11 microprocessor (EG&G ORTEC 
Model 1152).

(c) B ro m in a tio n  c h a m b er .—Consists of 1 L air-tight glass 
vessel. Filter paper can be suspended from 2 glass hooks 
descending from stopper (Figure 1). Sufficient bromine va
por in the vessel was assured by keeping the level of bromine 
liquid at ca 1 cm height from base of vessel.

(d ) S a m p le  h o ld e r .—Specially fabricated to hold filter 
paper flat over detector during gamma-rays counting proce
dure (Figure 2).

Reagents
(a) P o ta ss iu m  b ro m id e .—From Johnson Matthey, Inc., 

with certified purity of 99.998%. Standard bromine solution 
containing 100 pg Br/^L was prepared.

(b) L iq u id  b ro m in e .—Obtained from Fisher Scientific.
(c) A lm o n d , su n flo w er , p e a n u t, so y , se sa m e , corn , a n d  

o liv e  o i l s .—Manufactured in the United States and pur
chased from local supermarket.

(d) O le ic  a c id .—Obtained from Fisher Scientific.
(e) P o ly e th y le n e  v ia ls .—Obtained from Olympic Plastic, 

Inc.
(f) F ilte r  p a p e r .—4.3 cm diameter (Micro Filtertion Sys

tem).

Procedure
(a )  D e te rm in a tio n  o f  b ro m in a tio n  tim e .—To determine 

optimum bromine-exposure time required to reach complete 
bromination, a series of experiments were performed where 
2-100 mg sunflower oil was smeared onto the center of the 
filter paper and then suspended in the bromination chamber 
for periods ranging from 10 to 180 s. The filter paper was 
then suspended in a clean laminar flow hood for 20-30 min to 
remove excess (unused) bromine. Blank experiments were 
performed in an identical manner, but no oil was applied. The 
radioactive concentration of 80Br in becquerel per mg oil was 
calculated and normalized to that for the 180-s experiment 
(for irradiation procedure, see part (c) below). We concluded 
that 90 s exposure is sufficient to achieve complete bromina
tion (Figure 3).

(b) D e te rm in a tio n  o f  IV.— For IV measurements, ca 2 18 
mg oil was smeared onto filter paper, the paper was suspend
ed in the bromination chamber for 90 s, and excess bromine
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Figure 1. Brominating chamber. Figure 3. Bromination rate.

was removed as previously described. A 50 ¡¿L standard Br 
solution was applied to the center of similar filter paper and 
air-dried in a contamination-free environment. Blank experi
ments were performed as mentioned before.

(c) Irradiation procedure.—Filter paper containing the 
treated sample (blank or standard) was sandwiched between 
polyethylene films and thermally sealed. The assembly was 
then inserted into a 2 dram high-purity polyethylene vial, and 
bromine content of the brominated species was determined 
by INAA via the nuclear reaction 79Br(n,7 )80Br. Parameters 
pertaining to that reaction are given in Table 1. After irradia
tion, the assembly was taken out of the polyethylene vial and 
stretched flat in the sample holder, and the emitted gamma 
rays were counted for 120 s at fixed geometry.

(d) Precision and accuracy o f the method.—At least 4 
independent measurements were performed on each oil sam
ple to confirm the repeatability of the method. The weight of 
the samples varied in each experiment to assure the applica
bility of the method over a considerable range of weights. The 
accuracy of the method was confirmed by determining IV of 
the same oils by the Hiibl standard method as described in 
IUPAC Standard Methods o f the Oils, Fats, and Deriva
tives (18).

(e) Stability o f brominated species.—To ensure applica
bility of the proposed method for laboratories that do not 
possess an irradiation facility, a set of experiments were 
designed to determine stability of the brominated species 
over a 5 month period. Thus, the bromination step on oleic 
acid and sunflower oil was carried out as described earlier 
and bromine concentration was determined at 1, 15, 30, 45, 
60, 90, and 150 days from bromination.

Results and Discussion
The weight and calculated iodine values for the 7 oils and 

oleic acid are shown in Table 2. Because IV is defined as the 
number of grams of iodine reacted per 100 g sample, whether 
or not the halogen used is iodine, the weight of iodine equiva
lent to the weight of bromine reacted with 100 g sample can 
be calculated as follows:

Iodine value = (126.9/79.9) X 100 X (WBr/W oi,)
= 158.8 R

where R is the weight ratio of reacted bromine (W Br) to oil 
(Won), 126.9 is the atomic weight of iodine, and 79.9 is the 
atomic weight of bromine. As shown in Table 2, the smallest 
sample weight used in this study was 1.95 mg. However, 
because the minimum detection limit for INAA is approxi
mately 0.003 fig Br, a 3-5 ng oil (with IV of 100-150) may be 
sufficient for IV determination.

To study the accuracy of the proposed method, the same 
oils used in the study were analyzed by the Hiibl standard 
method (18); the results are also shown in Table 2. The iodine 
value of oleic acid is similar to that obtained in another study
(16) by the Kaufmann method (91.0 ± 1.8) and by bromine 
selective electrode (89.1 ±  1.8). Also, the iodine values for 
the 7 oils examined fall within the expected range given by 
AOCS (19). Statistically, no significant difference was ob
served between the results obtained by the neutron activation 
analysis method and the Hiibl method (applying Student’s t- 
test at 95% probability).

To study the stability of the formed brominated species, 
the bromination step was performed on oleic acid and on 
sunflower oil. Iodine value was then determined at 1, 15, 45, 
60, 90, and 150 days from bromination; results are shown in 
Table 3. For oleic acid, the difference between results after 
one day (89.1 ±1.3) and after 150 days (85.8 ± 3.1) does not 
significantly vary from zero (3.3 ± 3.4). The same conclusion 
is also valid for sunflower oil, where the difference for iodine 
values determined after 150 days (131.2 ±  5.4) and after one 
day (128.0 ± 4.2) does not significantly vary from zero (3.2 
±  6.8). These results indicate the stability of the brominated 
species over considerable periods (5 months); thus, the pro
posed method has the flexibility to be carried out by a labora
tory with no irradiation facility on the premises.

In conclusion, the proposed method provides the following 
advantages: (0 it can be applied to trace quantity of lipids;
(h) neither corrosive solvents nor toxic chemical reagents are 
required; (Hi) the analysis is free from reagent stability-time 
constraints; and (iv) most important, the reaction time is 
shortened and results can be obtained faster (typically days

Table 1. Experiment parameters for determination of bromine by 
instrumental neutron activation analysis

Nuclear reaction used 79Br(n,7 )80Br
Indicator radionuclide 8°Br

Half-life (min) 16.8
Neutron flux (n cm-2 s~1) ~ 2 X  1012
Time of Irradiation (min) 1
Time of decay (min) 5-10
Time of counting (min) 2
7 -Rays monitored (keV) 616, 639, 656
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Table 2. Determination of iodine value of oleic acid, olive oil, peanut oil, almond oil, com oil, soy oil, sunflower oil, and sesame oil by
proposed INAA method and Hubl standard method

Sample

INAA Hübl

Other studiesWeight, mg Iodine value" Weight, mg Iodine value

Oleic acid 3 -15 90.0 ±  1.9 (4) 211-257 89.1 ±  1.4 (4) 89.1 ±  1.8°
Olive oil 3 -17 82.9 ±  0.93 (4) 285-322 82.5 ±  0.19(5) 8 0 -8 8 c
Peanut oil 2 -6 92.7 ±  2.1 (6) 97-118 92.5 ±  2.6 (5) 8 4 -1 0 0 c
Almond oil 3 -7 95.7 ±  2.0 (4) 121-147 95.5 ±  0.26 (4) 93-105°
Corn oil 2 -18 127.0 ± 2 .0  (4) 142-385 126.6 ±  1.1 (5) 1 0 9 -133d
Soy oil 4 -10 127.5 ±  2.4(4) 110-135 125.6 ±  0.76(7) 1 2 0 -1 4 1c
Sunflower oil 2 -5 129.9 ± 2 .8  (5) 80-115 128.6 ± 3 .0  (6) 125-136°
Sesame oil 3 -8 108.6 ±  0.7 (4) 111-161 107.8 ±  1.5(5) 103-116°

a Number of replicates in parentheses. 
6 Adapted from ref. 16. 
c AOCS value, adapted from ref. 19. 
"Adapted from ref. 19.

Table 3. Iodine values of oleic acid and sunflower oils 
determined at different times after bromination

Days from 
bromination

Iodine value

Oleic acid Sunflower oil

1 89.1 ±  1.3 128.0 ±  4.2
15 88.9 ±  4.6 130.7 ±  7.3
45 87.1 ±  2.5 132.7 ±  5.1
60 86.8 ±  2.3 130.1 ±  2.8
90 86.9 ±  2.2 130.5 ±  2.6

150 85.8 ±  3.1 131.2 ±  5.4

by Hübl method, hours by Hanus method, and minutes by 
the proposed method).
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PESTICIDE AN D  INDUSTRIAL CHEMICAL RESIDUES

Levels of Polychlorinated Biphenyls and Pesticides in Bluefish Before and After Cooking

WILLIAM J. TROTTER and PAUL E, CORNELIUSSEN
Food and Drug Administration, Division of Contaminants Chemistry, Washington, DC 20204
RONALD R. LASKI and JOSEPH J. VANNELLI
Food and Drug Administration, Buffalo District Laboratory, Buffalo, NY 14202

Similar levels of polychlorinated biphenyls (PCBs), pesticides, and 
fat were found in 20 correlated uncooked and cooked (baked) bluefish 
fillets. Fillets averaged 2.5 ppm PCBs as Aroclor 1254 (whole basis) 
before cooking; after cooking, with the oil drippings and skin discard
ed, the average PCB level was 2.7 ppm. Although PCBs, lipophilic 
pesticides, and fat were lost along with oil drippings and skin that 
were discarded after cooking, the moisture loss in the fillets during 
cooking compensated for these weight losses almost completely. Af
ter the fillets were cooked and the oil drippings and skin were discard
ed, the PCB content of the fillets was 27% lower on the average.

The National Oceanic and Atmospheric Administration, the 
Food and Drug Administration (FDA), and the Environmen
tal Protection Agency recently conducted the 198 4 -8 6  F ed
e ra l S u rv e y  o f  P C B s in A tla n tic  C o a s t B lu e fish  (1,2). In that 
survey, no composite or individual fish in the 300 mm or less 
and the 301-500 mm fork length categories at any site sam
pled exceeded the FDA tolerance of 2 ppm for polychlorinat
ed biphenyls (PCBs). However, some samples in the greater 
than 500 mm fork length category exceeded this tolerance at 
every site sampled during the survey. For that survey, raw 
fillets with the skin on and scales off (3) were analyzed 
because both the PCB tolerance and pesticide residue limits 
are based on the raw commodity. As a follow-up to that 
survey, the effects of cooking (baking) on PCB levels in 
bluefish were determined and are reported here in order to 
assist in defining the PCB level in bluefish as ingested by a 
large segment of the bluefish-consuming public.

Experimental
A pparatus

(a) O ven .—Caloric electric convection oven (Raytheon, 
Caloric Div., Topton, PA 19562).

(b) G a s c h ro m a to g ra p h .—Varian 6000 (Varian Asso
ciates, Sunnyvale, CA 94089) equipped with 63Ni electron 
capture detector and 6  ft X 2 mm glass column containing 5% 
OV-101 on Chromosorb W (HP). Column flow, 30 mL N2/  
min. Temperatures: column 200°C; injector 205°C; detector 
300°C.

(c) C o m p u tin g  in te g r a to r .—Varian 402 data system 
(Varian Associates).
Sam ple C ollection

Twenty bluefish (P o n a to m u s  s a l ta t r ix ) were collected 
during September and October 1986; 17 were from Buzzards 
Bay, MA, 2 (samples 8 and 17) were from New Bedford, 
MA, and one (sample 2) was from Plymouth, MA.
Sam ple P reparation

One Fillet from each bluefish was analyzed raw with skin 
on and scales off, and the other fillet from each bluefish was 
baked with skin on and scales off.

Fillet was baked skin side up in uncovered baking pan of 
appropriate size. Fish was supported by baking rack in bot
tom of pan. Oven was preheated to 325°F. Baking pan was 
placed in oven, and fish was baked until it was no longer

Received August 22, 1988. Accepted December 12, 1988.

translucent and flesh flaked readily. Total baking time was 
recorded, and baked fish was removed from oven. (Average 
baking time was about 1 h.) As soon as fish was sufficiently 
cool, edible portion of fillet was removed. Edible portion of 
cooked bluefish at this point included all muscle tissue but no 
oil in the pan or skin. Baking rack had holes to let oil drip
pings drain into pan below. Oil from baking pan was placed in 
glass container and identified with sample number of fish. 
These oil drippings were analyzed separately for PCBs. Be
fore baked fillet was analyzed, skin was removed and discard
ed.

D eterm ination

Samples were analyzed according to P e s tic id e  A n a ly t ic a l  
M a n u a l, Vol. I  (3) secs 211.13f(l), 211.14a, and 211.14d. 
Each PCB residue was quantitated by comparing total area 
of residue peaks to total peak area from appropriate Aro- 
clor(s) reference materials. Only those peaks from residue 
that could be attributed to chlorobiphenyls were used. (This 
methodology uses petroleum ether extraction, acetonitrile- 
petroleum ether partition, and Florisil column chromatogra
phy before the gas chromatographic determination.)

Q uality  Assurance

An uncooked fillet was fortified with 1.7 ppm Aroclor 
1254; recovery was 95%. An oil sample was fortified with 2.8 
ppm Aroclor 1254; recovery was 76%. A method reagent 
blank showed no apparent PCBs or pesticides.

Additional recoveries from bluefish fortified with Aroclors 
and pesticides were performed by our laboratory for the work 
reported in ref. 1. Eight recoveries from bluefish fortified 
with Aroclor 1254 averaged 8 6 % (range 76-102%). A total 
of 25 recoveries were performed for all pesticides detected; 
the lowest recovery was 71% for bluefish fortified with 1.0  
ppm p ,p '-D D T , and the highest was 110% for bluefish forti
fied with 0 .2 0  ppm octachlor epoxide.

Results and Discussion
Table 1 shows the results of the PCB and lipid analyses of 

the 20 bluefish fillets before and after cooking. Aroclor 1254 
was used as the reference standard for determining the PCB 
residues because the residues found in the fillets most closely 
matched this Aroclor. The limit of quantitation was 0.3 ppm 
PCBs; the limit of detection was 0.1 ppm PCBs. Table 1 
shows similar levels of PCBs and fat in the uncooked and 
cooked fillets. The mean PCB level (whole basis) in the 
uncooked fillets was 2.5 ppm (range, 1.0-7.2 ppm). The 
mean PCB level (whole basis) in the cooked fillets was 2.7 
ppm (range 0.7-4.9 ppm), or 8.0% greater than in the un
cooked fillets. The mean % fat in the uncooked fillets was
11.8% (range 3.9-19.0%). The mean % fat in the cooked 
fillets was 13.3%(range 1.8-22.0%), or 12.7% greater than in 
the uncooked fillets. The mean PCB levels (fat basis) in the 
uncooked and cooked fillets were 21 and 20 ppm PCBs, 
respectively. The mean PCB level (fat basis) for uncooked 
fillets was 5.0% greater than for cooked fillets.
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Table 1. Results of PCB and lipid analyses of bluefish before and 
after cooking

Sample

PCBs, ppm 
(whole basis)

Lipid
content, %

Raw Cooked Raw Cooked

1 2.4 2.6 8.1 8.9

2 1.2 1.4 19.0 21.0

3 5.2 4.8 8.5 9.8

4 2.2 2.6 6.3 6.7

5 7.2 7.1 17.1 21.3

6 1.0 0.7 3.9 1.8

7 1.8 1.9 10.8 11.7

8 2.5 3.0 15.5 17.8

9 1.6 1.3 7.7 9.3

10 3.3 4.0 17.3 21.3

11 2.1 2.0 15.3 16.6

12 3.6 4.1 15.4 16.9

13 4.3 4.9 18.8 22.0

14 1.7 2.4 10.6 12.0

15 1.5 1.6 6.9 6.5

16 1.4 1.2 4.3 7.1

17 1.1 0.8 9.9 13.9

18 1.3 2.8 17.5 19.7

19 1.7 2.2 14.7 14.7

20 2.2 2.0 7.5 7.4

Mean 2.5 2.7 11.8 13.3

Mean (fat basis) 21 20

Table 2 shows the fish fork lengths and the weights of raw 
fillets with skin, cooked fillets without skin, oil drippings, and 
cooked skin. The data in Table 2 show that uncooked fillets 
on the average lost 30.9% of their weight during cooking to oil 
drippings (5.5%), to moisture loss (20.2%), and to discarded 
skin (5.2%). From Tables 1 and 2,. uncooked fillets were 
calculated to have lost on the average 27% of their PCB

Table 2. Bluefish fork lengths and weights of raw fillets with 
skin, cooked fillets without skin, oil drippings, and cooked skin

Sample

Fork
length,

mm

Wt
raw

fillets, g

Wt
cooked 
fillets, g

Wt
oil drippings, 

9

Wt
cooked 
skin, g

1 640 583 404 16.2 23.8

2 780 1114 798 74.3 59.8

3 660 714 498 30.5 30.8

4 610 507 337 19.1 23.6

5 670 792 561 48.7 28.9

6 610 405 240 1.6 33 .4

7 780 836 588 45.6 34.1

8 850 1091 748 60.2 70.0

9 830 815 554 53.8 32.6

10 750 824 590 49.6 37.9

11 770 793 543 44.5 38.4

12 750 793 566 26.9 50.2

13 760 891 644 36.4 49.2

14 820 798 533 30.7 42.9

15 780 872 600 79.1 37.8

16 800 974 678 91.9 63.8

17 840 754 515 41.3 30.8

18 800 823 571 41.1 42.7

19 760 740 494 49.6 44.7

20 750 763 514 38.4 49.3

Mean 750.5 794.1 548.8 44.0 41.2

weight as a result of the cooking process and the discarding of 
the oil drippings and skin. PCBs can be vaporized during 
baking and can be discarded in the oil drippings and skin, 
which can be PCB-rich. Thus, for this study, cooking (bak
ing) substantially reduced the PCB weight in the bluefish. 
The relatively large loss of moisture during cooking compen
sated for the PCB and oil loss and resulted in similar ppm 
PCB and % fat levels in the uncooked and cooked fillets.

Six of the 20 oil drippings had quantifiable PCB levels

Table 3. Pesticides (ppm, whole basis) found in bluefish before and after cooking

Sample

trans-
Chlordane

cis-
Chlordane

P.P'-
DDT

P.P'-
TDE Dleldrln

Hexa-
chloro-

benzene
trans-

Nonachlor
P.P'-
DDE a-BHC

Octa-
chlor

expoxide

BCa ACa BC AC BC AC BC AC BC AC BC AC BC AC BC AC BC AC BC AC

1 J b 0.02 0.02 0.02 T T T T T T T T T T 0.07 0.04 T T T T

2 T T 0.02 0.03 T T T 0.06 T T T T T T 0.12 0.14 T T T T

3 0.03 0.05 0.05 0.04 T T 0.06 0.06 T 0.02 T T 0.02 T 0.10 0.06 T T T T

4 T 0.03 0.02 0.02 T T 0.04 0.07 T T T T T T 0.18 0.08 T T T T

5 0.03 0.05 0.04 0.07 T T 0.05 0.11 0.04 0.05 T T 0,02 T 0.20 0.13 T T T T

6 T T T T T T T T T T T T T T 0.09 0.03 T T T T

7 T 0.03 T 0.03 T T T 0.05 T T T T T 0.02 0.12 0.10 T T T T

8 T 0.05 0.03 0.06 T T 0.04 0.10 0.02 0.04 T T T T 0.31 0.24 T T T T

9 0.02 0.03 0.04 0.03 T T 0.05 0.07 T T T T T T 0.07 0.16 T T T T

10 0.06 0.09 0.08 0.11 0.04 0.06 0.14 0.16 0.03 0.05 T T T T 0.12 0.15 T T T T

11 0.03 0.03 0.04 0.04 T T 0.09 0.09 T T T T T T 0.10 0.10 T T T T

12 T 0.02 0.02 0.04 T T T 0.05 T T T T 0.03 0.03 0.15 0.18 T T T T
13 0.04 0.03 0.06 0.06 T T 0.09 0.09 0.04 0.04 T T 0.03 0.03 0.18 0.20 0.01 0.01 T T
14 T T 0.03 0.03 T T 0.03 0.03 T T T T 0.02 T 0.10 0.12 T T T T
15 T T 0.02 0.02 T T 0.03 0.04 T T T T T T 0.08 0.09 T T T T
16 0.02 0.02 0.03 0.04 T T 0.04 0.06 T T T T T T 0.09 0.08 T T T T
17 0.04 0.04 0.06 0.06 T T 0.09 0.10 T T T T T T 0.08 0.08 T T T T
18 0.04 0.04 0.06 0.06 T T 0.09 0.10 T T T T T T 0.09 0.10 0.01 0.01 T T
19 0.04 0.04 0.05 0.04 T T 0.08 0.07 0.03 T T T T T 0.09 0.07 T T T T
20 T 0.02 0.02 0.03 T T 0.04 0.05 T T T T T 0.03 0.07 0.08 T T T T

LQC 0.02 0.02 0.04 0.03 0.02 0.01 0.02 0.02 0.01 0.02

a BC = before cooking; AC = after cooking.
b T =  trace (from 0.5 LQ to LQ).
c LQ =  limit of quantitation; limit of detection =  0.5 LQ.



BURKE ET AL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 3, 1989) 503

(mean, 8.1 ppm; range 1.5-30 ppm). The other 14 oil drip
pings gave results of none detected or trace levels (levels 
between the limit of detection and the limit of quantitation); 
these 14 oil drippings were dark brown solids or viscous 
liquids. It is postulated that the PCB levels of these oil sam
ples were originally much greater and that the PCBs were 
vaporized from these oil drippings.

Although the primary purpose of this study was to ascer
tain the effect of cooking on PCB levels in bluefish, the 
bluefish were also analyzed for pesticide residues. Ten pesti
cides were found in both the uncooked and the cooked fillets. 
Table 3 lists these pesticides, their limits of quantitation, and 
the results of the pesticide analyses of uncooked and cooked 
fillets. Limits of detection were about one-half the limits of 
quantitation. Table 3 shows similar pesticide levels in un
cooked and cooked fillets. The relative differences between 
individual pesticide levels in the uncooked and cooked fillets 
were greater than these for the ppm PCB and % fat levels. 
This is at least partly due to the low levels of pesticides found 
in the uncooked and cooked fillets (trace-0.31 ppm); most of 
the pesticide levels are reported with only one significant 
figure.

In conclusion, this study showed a significant weight loss

(27%) for PCBs in bluefish after the fillets were cooked and 
the oil drippings and skin were discarded. Thus, this study 
demonstrated that the intake of PCBs from cooked (baked) 
bluefish and probably from other baked fish may be signifi
cantly lower than the results of the analyses of the raw 
commodity would indicate. In this study, similar concentra
tions (ppm, %) of PCBs, pesticides, and fat were determined 
before and after cooking. The moisture loss in the fillets 
during cooking compensated for the loss of the PCBs, pesti
cides, and fat on a concentration basis.
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Determination of Fluoroacetate in Biological Matrixes as the Dodecyl Ester
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A new method for the quantitative determination of fluoroacetate in 
biological samples was applied to a number of avian samples. Fluor
oacetate is isolated as its potassium salt by ion-exchange chromatog
raphy and directly converted to its dodecyl ester, using a novel deriva- 
tization procedure. The ester is quantified by capillary gas chroma
tography with a flame ionization detector for the range 1.0-10.0 fig/ 
g and by selected ion monitoring GC/mass spectrometry for the range
0.01-1.00 fig/g. Recoveries from 1 g chicken muscle were about 80%. 
The method was applied to the determination of fluoroacetate in the 
crop, stomach, liver, heart, intestine, and breast muscle of 5 Zebra 
finches (Peophila guttata) that had been fed millet containing 9 p g / g  
of sodium fluoroacetate. Despite a wide variation in dose, the levels in 
organs and tissues were approximately 1 p g / g  except for heart tissue 
which was about 2 p g/g .  The presence of interfering peaks at low 
levels necessitated the use of selected ion monitoring GC/MS when 
sample weights were less than 1 g or when levels were less than 1 p g /  
g. Samples can be analyzed within hours of receipt; therefore, the 
method is suitable for routine use in a diagnostic laboratory.

Sodium fluoroacetate (compound 1080) is used widely for 
control of rodents and certain predators. It is highly toxic 
with an acute LD50 value for oral doses in dogs of 0.05-1.0 
mg/kg body weight ( 1).

Analytical techniques currently available for determining 
this compound in biological samples include use of ion-selec
tive electrode detection after pretreatment of sample to re
lease fluoride (2, 3), liquid chromatographic (LC) determi
nation of the p-nitrobenzyl derivative (4), and gas chromato
graphic (GC) determination of the ethyl, «-propyl, or 
pentafluorobenzyl ester (5, 6 ).

Received March 15, 1988. Accepted December 5, 1988.
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The chromatographic techniques, although more specific 
and sensitive than fluoride detection, require extensive sam
ple preparation to remove naturally occurring interferences 
such as acetic, propionic, and butyric acids. Sensitive detec
tion for LC techniques requires derivatization to introduce a 
chromophore, and derivatization is also required for GC 
determination to reduce polarity. Derivatization and isola
tion of fluoroacetic acid is complicated by high volatility, 
which leads to evaporation losses when solvents are removed, 
and poor solubility in aprotic organic solvents because of its 
highly polar nature (pKa = 2.68). In addition, most chro
matographic procedures previously reported suffer from in
terferences and low recoveries. Lengthy extraction proce
dures aimed at removing interfering substances are the major 
cause of these low recoveries.

In the present work, fluoroacetic acid was isolated from 
biological matrixes as its potassium salt by ion-exchange 
chromatography. Because the salt is involatile, evaporation 
of the ion-exchange eluate without loss of analyte was possi
ble. A novel derivatization procedure was then employed to 
directly convert the salt to the dodecyl ester; low volatility of 
the ester again enabled evaporation of solvent without loss of 
derivative. The kinetics and mechanism of this esterification 
reaction will be the subject of a separate report.

The high recovery of fluoroacetate from biological matrix
es (80%) afforded by this technique enables its detection in 
samples weighing less than 1 g, an essential requirement 
when organs from Australian native species are studied (7, 
8 ). With this amount of sample, gas chromatography with 
flame ionization detection is used for analysis in the range of 
1-10 p g /g ,  and selected ion monitoring GC/MS is used for 
the range 10-1000 ng/g. The method requires only standard
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laboratory equipment for sample preparation and, compared 
to published procedures, is rapid; analysis can be completed 
within a few hours of receipt of samples. The present paper 
describes the improved procedure and its application to a 
number of avian samples.

Experimental

R eagents

(a) F o rm a te  b u ffe rs .—(1) Adjust 0.5M HCOOH to pH
3.7 with 3.6M NaOH. (2) Dilute 0.5M buffer 1:10 with 
water to give 0.05M buffer pH 3.8.

(b) Io n -ex ch a n g e  c o lu m n .—0.1 g DEAE-Sephadex A-25 
(Pharmacia, Upsala, Sweden) (9) in 0.8 X 5 cm polypropyl
ene column (polypropylene Econo-columns, Bio-Rad Lab
oratories, Richmond, CA).

(c) E s te r if ic a tio n  rea g en t.— 160mM 1-bromododecane 
(Tokyo Chemical Industry, Tokyo, Japan) in dimethyl acet
amide (distilled at 0.1 torr and 70°C) containing 0.8mM 1,4, 
7,10,13,16-hexaoxocyclooctadecane (Sigma Chemical Co., 
St Louis, MO). Caution: This reagent is a powerful alkylat
ing agent and as such may be carcinogenic. Avoid contact 
with skin and inhalation of vapors.

(d) In te rn a l s ta n d a r d .—4mM methyl tetradecanoate (Po
lyscience, Niles, IL) in hexane.

(e) S o d iu m  f lu o r o a c e ta te .—97% (E. Merck, Darmstadt, 
FRG).

(f) S o lv e n ts .—Nanograde hexane, dichloromethane, and 
acetonitrile (Mallinckrodt, St Louis, MO).

A pparatus

(a) G a s c h ro m a to g ra p h y .—Packard 438 gas chromato
graph with flame ionization detector and Model 510 compact 
flow capillary system. Fused silica open tubular column (20 
m X 0.3 mm id) coated with SE 54. Column temperature 
programmed from 140 to 230°C at 6°/min; hydrogen carrier 
gas at 58 kPa; inlet split ratio 10:1; injector and detector 
250°C. Signal from detector recorded on digital integrator 
programmed to calculate peak area of dodecyl fluoroacetate 
proportional to that of internal standard.

(b) G a s c h ro m a to g ra p h y /m a ss  sp e c tro m e try .—Hewlett- 
Packard 5985A quadrupole GC/MS system incorporating 
capillary GC and valved capillary GC/MS interface. Fused 
silica 15 m X 0.32 mm id capillary columns, 0.5 p m  film BP5 
(SGE, Melbourne, Australia). GC column temperature pro
grammed from 140 to 230°C at 6°/min; carrier gas at 9 psi; 
GC/MS interface at 250°C, ion source.

Caution: Sodium fluoroacetate, fluoroacetic acid, and its 
ester derivatives are potent poisons. Do not ingest, contami
nate skin, or inhale vapors. Perform all evaporation and 
derivatization steps in fume cupboard.

C alibration  Curre fo r  Sodium  F luoroacetate

Equilibrate 4 DEAE-Sephadex A-25 columns with 10 mL 
0.05M sodium formate buffer. Then load 10, 30, 50, and 70 
p L  ImM CHaFCOONa onto columns, to give 1.0, 3.0, 5.0, 
and 7.0 pg  respectively. Wash columns with 0.5 mL water 
and elute each with three 0.5 mL aliquots of 0.2M KC1. Pool 
the 3 eluted fractions, and evaporate to dryness under stream 
of nitrogen at 80°C. Esterify fluoroacetate in each eluate as 
given below.

E xtraction  o f  F luoroacetate from  B iological M a trix es

Weigh 1.0 g stomach contents, muscle, or liver tissue into 
glass tissue grinder and grind 3 min with Teflon pestle. Wash

pestle and contents of grinder into centrifuge tube with 5 mL 
water and centrifuge 5 min at 2400 rpm. Load entire super- 
nate directly onto DEAE-Sephadex column; wash tube with 
0.5 mL water and add wash to column. Elute fluoroacetate 
with three 0.5 mL aliquots of 0.2M KC1 into single 10 mL 
culture tube and evaporate to dryness under stream of nitro
gen at 80°C. Esterify fluoroacetate as given below.

E sterifica tion  o f  F luoroacetate

To dried residue, add 0.5 mL esterifying reagent. Crush 
solid residue with glass rod and heat mixture 60 min at 
120°C. When cool, add 3 mL hexane and then 3 mL water, 
and mix on vortex shaker. Separate hexane phase and trans
fer to vial containing internal standard solution. Evaporate 
hexane extract to dryness under nitrogen at room tempera
ture. Dissolve residue in 100 p L  hexane, and use 1 p L  aliquot 
for capillary gas chromatographic analysis.

Isolation  o f  D o d ecyl F luoroacetate using A c tiva ted  F lorisil

Weigh 3.0 g activated (600°C, 6 h) Florisil into 1 cm id 
glass column fitted with sintered glass disc. Tap gently and 
elute column initially with 10 mL hexane; discard this frac
tion. Dilute hexane solution obtained from esterification step 
to 1 mL with hexane and quantitatively transfer onto column. 
Elute with 25 mL dichloromethane and collect eluate in 50 
mL beaker as fraction 1. Elute column again with 10 mL 
2.5% acetonitrile in dichloromethane as fraction 2. Finally, 
elute column with additional 10 mL 2.5% acetonitrile in 
dichloromethane and collect this fraction as fraction 3. Evap
orate each fraction to dryness under filtered, compressed air 
or nitrogen on 80°C water bath. Resuspend residue in 
hexane, transfer to vial containing 10 p L  internal standard 
solution, reduce to dryness, and resuspend in 100 p L  hexane. 
Analyze 1 p L  aliquot of this solution by capillary gas chro
matography.

Gas C hrom atography

Calculate amount of fluoroacetate (X) in sample by sub
stituting relative area value for Y in equation derived from 
regression analysis of calibration data: Y = 0.1609X + 
0.019. Thus, amount of sodium fluoroacetate = Y — 0.019/ 
0.1609 pg.

S elec ted  Ion M onitoring Gas C hrom atograph y/M ass  
S p ectro m etry

Use same sample preparation procedure described above 
except use lower concentration of internal standard, 0.05mM 
methyl tetradecanoate. Monitor ions m/z 61.1 for dodecyl 
fluoroacetate and m/z 74.1 for methyl tetradecanoate with 
cycle time of 50 ms for each mass ion. Divide peak area for 
dodecyl fluoroacetate by peak area for methyl tetradecan
oate. Calculate amount of sodium fluoroacetate in sample by 
substituting relative area value so obtained for Y in the 
equation derived from regression of calibration data: Y =
1.354X + 0.018. Thus, amount of sodium fluoroacetate = Y 
-  0.018/1.354 pg.

Results and Discussion
At each of the 3 steps in this analytical procedure, i.e., 

extraction using ion-exchange chromatography, elution of 
bound fluoroacetate from ion-exchange column, and deriva
tization, there was potential for loss of analyte. Quantitative 
extraction of fluoroacetate from biological tissues relied on its 
solubility in the aqueous solution obtained after sedimenta
tion of the finely ground tissue. A weak anion-exchange resin
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Figure 1. Chromatogram of derivatized extract from ground 
chicken muscle {1 g), with 5 fig  sodium fluoroacetate added. 1 = 1- 
dodecanol, 2 =  dodecene, 3 = 1-bromododecane, 4 = dodecyl 
acetate, 5 = dodecyl fluoroacetate, 6 = methyl tetradecanoate 

(internal standard), 7 =  dodecyl lactate.

was used so that only strong acids and proteins in the aqueous 
solution were retained on the column. Fluoroacetate was not 
found in the wash eluate even when the column was loaded 
with 5 mL extracts, provided the extract pH was 4 or higher. 
Soluble protein in the extract appeared to collect on the top of 
the ion-exchange column and was not eluted when the col
umn was developed, except when the extract was unusually 
concentrated.

The calibration procedure was designed to control sample 
losses caused by incomplete elution from the ion-exchange 
column or incomplete derivatization. Standard solutions con
taining 1.0, 3.0, 5.0, and 7.0 fig 1080 were applied to the ion- 
exchange column, eluted, and derivatized using procedures 
identical to those specified above for sample extracts. The 
mean area ratios (n = 2) were 0.190,0.501,0.796, and 1.164, 
respectively. Linear regression analysis gave slope = 0.1609, 
y-intercept = 0.019, and correlation coefficient = 0.9988. 
These data show that response was linear over the range 1 -7 
fig sodium fluoroacetate. The low value for the y-intercept 
indicates lack of significant interference in this range. Recov
ery of fluoroacetate was then determined by adding sodium 
fluoroacetate at 4 different levels to 1 g samples of ground 
chicken muscle and liver. Samples were extracted and fluor
oacetate was measured as detailed above. Results (Figure 1 
and Table 1) show that 80% of the added fluoroacetate was 
recovered.

Table 1. Recovery of 1080 from spiked biological specimens 
(chicken liver and muscle)

Sample 

d  9)

1080 added, 

M9 Replicates (n) Rec. % a

C hicken liver 1.0 5 80

C hicken m uscle 5.0 4 79

C hicken m uscle 7.5 2 76

C hicken m uscle 10.0 2 77

a Percentage recovery calculated by dividing amount detected by amount added and 
multiplying result by 100.

1 234

Figure 2. Chromatogram of derivatized extract from ground 
chicken muscle (1 g): 1 =  1-dodecanoi; 2 = dodecene; 3 = 1- 
bromododecane; 4 = dodecyl acetate; 5 = elution position of 
dodecyl fluoroacetate among several closely eluting compounds 
and minor co-eluting components; 6 = methyl tetradecanoate (in

ternal standard); 7 =  dodecyl lactate.

This method was then applied to the determination of 
fluoroacetate in organs and muscle from 5 Zebra finches that 
had been fed millet containing 10 f ig /g  sodium fluoroacetate. 
We found that, despite the variation in dosage, tissue levels 
were generally about 1 f ig /g  except for heart tissue which 
was about 2 fig /g . However, some of the results were unex
pectedly high; for example, the value determined for the 
crop, which contained mostly undigested seed, of bird 11 was
12.6 f ig /g , which was higher than the seed concentration. In 
addition, some chromatograms had closely eluting compo
nents, indicating the possibility of interference in samples 
yielding less than 1 fig equivalent of sodium fluoroacetate 
(Figure 2). The results of GC/MS analyses of control sam
ples showed that most of the interfering components were 
hydrocarbons originating from the 1-bromododecane; the 
selected ion monitoring (SIM) GC/MS assay was developed 
which effectively eliminated this interference.

The mass spectrum of dodecyl fluoroacetate (Figure 3) 
contains an abundant characteristic ion at m/z 61. This ion 
presumably originates through alpha cleavage from the 
carbonyl group and thus contains the fluorine atom. Al
though a relatively low mass ion, it was not present in any of 
the interfering hydrocarbons and so was used for selected ion 
monitoring. The ion at m/z 79 has the formula [RCOO + 
2H]+ and results from the rearrangement of 2 hydrogen 
atoms, while the ion at m/z 91 is due to cleavage of the C—C 
bond beta to the ester function to give [RCOOH2]+ (10). 
Since all 3 ions (i.e., m/z 61, 79, 91) arise from the acid 
moiety of the ester; all must be present for confirmation of 
the identity of dodecyl fluoroacetate.

With this technique, dodecyl fluoroacetate was observed 
as a small peak on the tail of a large peak of dodecyl acetate, 
which also had an ion at m/z 61 due to [RCOO + 2H] + 
(Figure 4). The dodecyl acetate arose from traces of acetic 
acid in the dimethylacetamide reagent. Despite the incom
plete chromatographic resolution, the peak areas and reten
tion times were sufficiently reproducible to enable quantita-
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Figure 3. Mass spectrum of peak 5 from chromatogram in Figure 1. Characteristic ions are m/z 61, 79, and 91. Ion series at m/z 41 +  14 n
(where n = 0-7) arises from dodecyl chain. No El molecular ion.

tion of the extremely small amounts of dodecyl fluoroacetate 
obtained from sample weights of less than 1 g. The enhanced 
sensitivity of this technique enabled accurate determinations 
to be made in the range 10-500 ng with a practical limit of 
detection of about 100 ng per sample. Mean area ratios (n =
2) for 0.01, 0.05, 0.10, and 0.50 1080 were 0.024, 0.092,
0.155, and 0.694, respectively. Linear regression analysis 
gave slope = 1.354, y-intercept = 0.018, correlation coeffi
cient = 0.9988. These data show that response was linear 
over the range, but the relatively high value for the y-inter- 
cept indicated that reduced precision was obtained at the 
lower end of the range.

All samples were re-analyzed using the selected ion moni
toring assay and, although most results were in agreement

2

Figure 4. Selected ion chromatogram of derivatized extract from 
heart (0.13 g) of bird 14. Sodium fluoroacetate concentration of 
sample was calculated to be 1.91 ¡j,g/g, giving total amount of 
analyte equal to 248 ng. Determination was more specific and gave 
lower result than capillary gas chromatography with FID. 1 = 
dodecyl fluoroacetate, 2 = methyl tetradecanoate (internal stan

dard).

with the GC determinations, some samples showed signifi
cant differences, especially those that had unusually high 
values by GC alone. The results of both the GC and SIM 
GC/MS determinations are given in Table 2.

Many laboratories do not have access to GC/MS equip
ment; therefore we investigated whether the interfering com
ponents could be removed using Florisil column chromatog
raphy. The solution normally analyzed by GC, which con
tained the ester product, the alkylating agent, and by
products, was applied to the activated Florisil column. The 
presence of a large amount of dodecyl bromide and its by
products in the solution enhanced the elution of dodecyl

Table 2. Fluoroacetate levels in organs and muscle tissue from 5 
Zebra finches after their ingestion of grain containing compound 

1080

Bird
(dose,

Mg/g)a Method6
Concn of sodium fluoroacetate, ng/gc

Crop Stomach Liver Heart Intestine Muscle

11 GC 12.6 1.0 2.0 2.7 N /S 0.6
(3.4) SIM 3.60 1.64 1.53 2.16 N /S 0.71
12 GC N /S 0.5 0.8 2.4 2.7 0.6
(7.9) SIM N /S 0.95 1.37 2.07 1.37 1.17
13 GC 3.4 1.7 0.7 3.9 0.8 1.0
(4.5) SIM 3.57 N /A 1.05 0.96 1.16 0.82
14 GC 1.6 0.5 2.0 6.0 3.9 0.9
(3.1) SIM 1.13 1.15 0.75 1.91 1.64 0.71
15 GC N /S 2.0 1.5 4.0 1.6 0.5
(1.9) SIM N /S 1.61 1.13 1.93 1.10 0.53

a Dose calculated by product of amount of seed consumed by concentration of 1080 
in seed (9 /rg/g) by reciprocal body weight. 

b G C =  Sample analyzed by capillary gas chromatography without prior Florisil 
column chromatography. SIM =  Sample analyzed by selected Ion monitoring GC/ 
MS without prior Florisil column chromatography. N/S =  Not sampled. N/A =  Not 
analyzed.

'Sample weights ranged from 0.06 to 0.40 g for organs and 0.41 to 0.84 g for 
muscle tissue.
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Figure 5. Chromatogram of first fraction (25 mL CH2CI2) eluted 
from Florisil column loaded with derivatized extract from ground 
chicken muscle (1 g) containing added sodium fluoroacetate (5 
fig ): 1 = 1-chlorododecane; 2 = dodecene; 3 = 1-bromododecane; 
4 = dodecyl acetate; 5 = retention time of dodecyl fluoroacetate; 6 
= methyl tetradecanoate (internal standard). Interfering compo

nents were eluted in this fraction.

Figure 6. Chromatogram of second fraction (10 mL 2.5% CH3CN 
in CH2CI2) eluted from Florisil column after loading derivatized 
extract from ground chicken muscle (1 g) containing added sodium 
fluoroacetate (5 fig ): 1 = 1-dodecanol; 2 = dodecene; 3 = 1- 
bromododecane; 4 = dodecyl acetate; 5 = dodecyl fluoroacetate; 6 

= methyl tetradecanoate (internal standard).

fluoroacetate. In a 2-step fractionation, the interfering com
ponents were first removed by elution with dichloromethane, 
and then dodecyl fluoroacetate was eluted with 2.5% acetoni
trile in dichloromethane. The first fraction (Figure 5) con
tained the least polar components dodecyl chloride, dode
cene, most of the excess dodecyl bromide, dodecyl acetate, 
and most of the minor interfering components. In addition to 
dodecyl fluoroacetate, the second fraction (Figure 6) con
tained mainly dodecanol, dodecene, and dodecyl acetate.

Eight samples previously analyzed by both GC alone and 
SIM GC/MS were subjected to this fractionation procedure. 
A well resolved peak in fraction 2 corresponding to dodecyl 
fluoroacetate was observed in only 3 of these. For these 3 
samples, the result was comparable to that obtained by SIM 
GC/MS. However, the majority of the samples did not give 
useful results, so it must be concluded that, for small sample 
weights of animal tissue where the sodium fluoroacetate 
levels are likely to be 1 ¿¿g/g or less, SIM GC/MS must be 
used for reliable results.

Despite the improvements in sensitivity and accuracy for 
this method, we have been unable to detect fluoroacetate in a 
few bovine and ovine samples where 1080 poisoning was 
strongly implicated. The possibility that the entire dose was 
converted to fl jorocitrate in these large animals and was thus 
not detected cannot be ruled out and should be investigated 
further (11).
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PESTICIDE FORMULATIONS

Rapid Gas Chromatographic Method Using Nitrogen-Phosphorus Detection for 
N-Nitrosodimethylamine in 2,4-D and MCPA Herbicide Formulations

RONALD R. SCHARFE and CHARLES C. MCLENAGHAN
A g r ic u l tu r e  C a n a d a , L a b o r a to r y  S e r v ic e s  D iv is io n , O tta w a , O n ta r io  K 1 A  0 C 5 , C a n a d a

A simple and rapid analytical method has been developed for the 
determination of /V-nitrosodimethylamine (NDMA) in amine salts of 
phenoxy herbicide formulations of 2,4-D and MCPA, plus mixtures 
of these with mecoprop and dicamba amine salts. Sample preparation 
consists of direct extraction using pre-packed disposable extraction 
tubes eluted with dichlorometbane followed by cleanup on a dispos
able silica gel mini-column using ethyl acetate as eluting solvent. 
Samples are injected on-column for gas chromatography with a 
Megabore fused silica column; the NDMA is measured by a therm
ionic specific detector (TSD) that is selective for nitrogen-phospho
rus (NP). A detection limit of 0.1 ftg/mL was easily attainable 
without any concentration step because the solvent volume is minimal. 
TSD and thermal energy analyzer (TEA) results have been compared 
and confirmed by gas chromatography/mass spectrometry. Recovery 
studies were performed as well as a reproducibility study on one of the
2.4- D formulations.

A simple and rapid analytical method has been developed for 
the determination of A-nitrosodimethylamine (NDMA) in 
amine salts of phenoxy herbicide formulations of 2,4-D and 
MCPA, plus mixtures of these with mecoprop and dicamba 
amine salts. TV-Nitroso compounds are of some concern since 
they have been found to be carcinogenic in certain laboratory 
animals (1,2) and have been reported in a wide range of 
substrates including cooking oil (3), beer (4), and drugs (5). 
Recently, trace levels of A-nitrosodiethanolamine have been 
reported by Wigfield and Lanouette (6) in diethanolamine 
formulations of 2,4-D. Wigfield and McLenaghan (7, 8) 
observed NDMA in laboratory-prepared dimethylamine 
salts of 2,4-D, mecoprop, and dicamba and observed an in
crease of NDMA in commercial amine formulations after 
long-term storage at elevated temperature. Hindle et al. (9) 
also report trace levels of NDMA in amine formulations of
2.4- D.

Nitrosamines have generally been analyzed by gas or liq
uid chromatography using a thermal energy analyzer (GC- 
TEA or LC-TEA). Hindle et al. (9) report a limit of detec
tion of 0.006 ppm for NDMA in 2,4-D formulations ana
lyzed by GC-TEA, while other workers have used a variety of 
methods including thin-layer chromatography, mass spec
trometry (MS), and gas chromatography with Hall or Coul- 
son conductivity detection (10). May bury and Grant (11) 
analyzed A-nitrosodipropylamine (NDPA) in trifluralin by 
using gas chromatography with a nitrogen-phosphorus selec
tive detector (NPD). The TEA and MS detectors are both 
expensive systems which may not be readily available for all 
laboratories. Since NPDs and TSDs are frequently available 
in pesticide quality control laboratories, the present study 
was undertaken with a view to finding a simple and practical 
screening method for NDMA in 2,4-D and MCPA amine 
formulations.

METHOD

Instrum entation

Varian Model 6000 gas chromatograph equipped with a

Received February 3, 1988. Accepted January 18, 1989.

Varian 8000 automated injector and interfaced with a Vista 
402 chromatograph data system as instrument controller and 
for data reduction was used.

Injectors 1 and 2 were modified to permit on-column injec
tion by installation of Megabore™ adapter kits (J&W Scien
tific, Inc.) and were Fitted with Megabore 15 m X 0.53 mm id 
columns with 1 /im film coating of DB-225.

Column 1 was connected to a thermionic specific detector 
(TSD). Column 2 was interfaced with a Model 543 TEA 
(Thermo Electron Corp., Waltham, MA).

Injector 3 was a temperature-programmable cold on-col- 
umn capillary system connected to a 30 m X 0.32 mm id 
capillary column with a 1 /urn coating of DB 225 and inter
faced with a flame ionization detector (FID).

Operating conditions: injectors 1 and 2 (common heater 
block) 190°C; ionization detectors (common block) 200° C. 
Column oven program: initial 70°C, hold 5 min, program at 
8°/min to 110°C, hold 2 min, post-program 150°C, hold 5 
min. Gas flow rates: helium carrier gas 2-3 mL/min with 
helium make-up gas for TSD at 30 mL/min; hydrogen 4.5 
mL/min TSD, 25 mL/min FID; air 175 mL/min TSD, 300 
mL/min FID.

TEA conditions: heated interface to gas chromatograph 
200°C; pyrolysis tube 500°C; oxygen flow, optimized as per 
instrument manual with CTR gas stream filter (Thermedics 
catalog No. 10220) in-line prior to TEA reaction chamber.

MS conditions: Varian 3700 gas chromatograph with Var
ian Model 1095 on-column capillary injector connected by 
direct capillary coupling to VG ZAB-2F mass spectrometer; 
30 m X 0.32 mm id capillary column with 1 ¿¿m coating of DB 
225; resolution 5000; trap current 200 gA ; source 210°C.

R eagents

(a) N -N itro sod im eth y lam in e  (N D M A ) and N -n itro so -  
die th y lam in e  (N D E A ) s tan dard  so lu tion s .—(/) S to ck  so lu 
tion .— 1.0 mg/mL. Dissolve 100 mg neat analytical standard 
(Thermedics, Inc., Woburn, MA) in absolute ethyl alcohol 
(Consolidated Alcohols Ltd, Toronto, Ontario) and dilute to 
100 mL with absolute alcohol, using low actinic volumetric 
flask. Mix well.

(2) W orking so lu tion .—0.01 mg/mL. Make serial dilu
tions of stock solution, first 10 mL to 100 mL with absolute 
alcohol, and then 1 mL to 10 mL with purified water (Milli-Q 
System, Millipore Corp., Bedford, MA).

(5) C alibra tion  so lu tion .—50 ppb. Dilute 25 g L  working 
solution to 5 mL with ethyl acetate. Use this solution to 
calibrate gas chromatograph.

(4) In ternal s tan dard  (N D E A ) so lu tion .—Prepare in ab
solute alcohol and dilute to 1 ¿tg/mL.

(b) S olven ts .—All glass-distilled (Caledon Laboratories 
Ltd, Georgetown, Ontario). Store ethyl acetate in glass- 
stoppered container over bed of molecular sieve.

(c) A n h ydrou s sod iu m  su lfa te .—(Anhydrous-granular 
Baker). Prepare by drying in 120°C oven. Store in desiccator 
cabinet containing indicating Drierite.

(d) S ilica  gel.—(Keiselgel 60, E. Merck, Darmstadt,
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Figure 1. Schematic showing CE tube and silica column packed in 
Pasteur pipet with receiver, all supported by 3 test tube racks.

Table 2. Recovery of NDMA from samples by standard addition

Net
NDMA

Sample found,
type ppm Ree., %

A 0.47 94
A 0.47 94

A 0.50 100

A 1.46a 146

A 0.52 104

A 0.48 96
A 0.44 88

A 1.12a 112

A 0.99a 99

A 0.97s 97
A 0.50 100
A 0.55 110
A 0.46 92

B 0.52 104

B 0.51 102

C 0.55 110

D 0.46 92
E 0 .97a 97
F 0.43 86

M ean ree., % 101.2

SD 13.00

Concentration of active ingredient of 2,4-D amine salt as stated below: A =  470- 
500 g/L; B = 250 g/L; C =  200 g/L; D =  140 g/L; E =  125 g/L +  mecoprop; F =  95 
g/L +  mecoprop and dicamba.
* Spiked by addition of 1 pg/mL of sample. All remaining samples spiked by addition 

of 0.5 pg/mL.

Table 1. Comparison of analysis for NDMA in herbicide 
formulations by NP and TEA detection systems (ppm NDMA 

found)

Sample
type

Test
method

TSD

Test
method

TEA

TEA
minus
TSD

Ref. 9 
method 

TEA

Ref. 9 
method
minus
TSD

A 0.24 0.20 - 0 .0 4 0.25 0.01

A 0.16 0.18 0.02 0.19 0.04

A n /d a 0.03 0.03 n /a b
A 0.41 0.42 0.01 n /a

A ri/d 0.05 0.05 n/d

A 0.11 0.11 0.00 n /a

A 0.11 0.10 - 0 .0 1 n /a
A 0.76 0.85 0.10 n /a
A 0.81 0.63 - 0 .1 8 n /a
A 0.06 0.08 0.02 n /d

A 0.08 0.14 0.06 n /d

A n /d 0.10 0.10 n /a
A 0.12 0.12 0.00 0.08 - 0 .0 4

B n /d n /d 0.00 n/d

B 0.08 0.06 - 0 .0 2 n /a

C n /d 0.04 0.04 n/d

D n /d n /d 0.00 n /a

E 2.01 2.15 0.14 1.99 - 0 .0 2

F 0.49 0.45 - 0 .0 4 0.40 - 0 .0 9

Gc 28 .4d 2 9 .4 tf 1.0 n /a

Mean 1.69 1.75 0.064 - 0 .0 2 0

SD 6.3 6.5 0.229 0.049

Concentration of 2,4-D amine salt active ingredient as stated below: A =  470-500 
g/L; B =  250 g/L; C =  200 g/L; D =  140 g/L; E =  125 g/L +  mecoprop; F = 95 g/L 
+  mecoprop and dicamba; G =  720 g/L.
* Not detected above 0.05 ppm by TSD, 0.03 ppm by TEA.
“  Not analyzed by reference method (9).
c NDMA confirmed by mass spectrometry; quantitation by GC/MS = 32 ppm. 
d Moan of 5 replicate analyses: CV for TSD = 3.10; CV for TEA = 3.69.

FRG). Prepare as described for sodium sulfate. May be 
stored in plastic container on bench, under tight-sealing 
screw-cap lid. Verify elution time by running spikes.

(e) Chem  E lu t {C E ) d isposab le  ex traction  tu bes.—Use as 
received from manufacturer (Analytichem International, 
Harbor City, CA, 1 mL CE1001, 3 mL CE1003).

(f) M olecu lar sieve.—10-16 mesh beads (grade 518, 40 
nm, Davidson Chemical, Baltimore, MD). Re-activate by 
heating to 250°C. Cool in desiccator cabinet before placing 
in 2 L glass storage bottle.

(g) M isce lla n eo u s a p p a ra tu s .—Disposable glass test 
tubes, 16 X 125 mm (Kimble); Pasteur pipets, 9 in. long; 1 
mL pipets; Vortex mixer; test tube racks, 12X12 mm mesh 
(Canlab Laboratory Supplies); wooden clothes pins or suit
able clamp to retain packed columns.

E xtraction  and Cleanup

Add 1 mL formulation by pipet to CE1001 disposable 
extraction tube. Let tube stand until sample is absorbed and 
tube appears dry (20-30 min). Prepare silica gel column 
using 9-in. disposable Pasteur pipet. Pack column by tapping 
gently as materials are added. Insert small piece of glass 
wool, using second pipet to push glass wool to taper. Insert 
piece of fused silica column, 0.53 mm id, or other suitable 
object from bottom of pipet to loosen glass wool plug from 
below. This ensures free flow when column elutes. Then add 3 
mm granular Na2SC>4, 55-60 mm silica gel Keiselgel 60, and 
3 mm granular Na2S0 4 .

Stack 3 test tube racks in fume hood (Figure 1). Insert CE 
tubes into upper rack so that tips protrude through bottom of 
rack into mouths of packed columns placed in middle rack. 
Retain columns in position by using clamps or clothes pins. 
Place bottom tip of columns into the test tubes held in bottom 
rack.

Elute CE tubes with 8 mL dichloromethane, adding one 4
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Table 3. Recovery study conducted over 4 days with 5 levels of NDMA spikes

Detector:
Injected:
Control:8

TSD TEA
Day 1 
0.13

Day 2 
0.12

Day 3 
0.13

Day 4 
0.12

Day 1 
0.14

Day 2 
0.13

Day 3 
0.14

Day 4 
0.12

Spike, ixgb R ecovery, % Recovery, %

0.1 104 90 90 100 103 79 128 110
0.3 97 n /a c 93 100 101 n /a 110 100
0.5 n /a 95 90 96 n /a 95 102 92
0.7 99 83 96 n /a n /a

COot— 94 91

1.0 102 94 96 98 101 97 104 94

Overall TSD recovery (n =  17) = 96%
Recovery at 0.1 /xg (n =  4) = 96% CV = 7.4%
8 Formulation containing 500 g/L of 2,4-D amine salt. An additional 20 replicate 

analyses of this formulation gave a mean of 0.14 ppm and a CV of 10.18%. 
b Control sample with indicated amount of NDMA added. 
c Recovery not performed on this day at this level.

mL portion and then 4 or more small volumes, taking care to 
avoid overflowing silica column. Remove top rack after CE 
tubes are drained, and elute silica gel columns with 5 mL 
hexane and 1 mL ethyl acetate; discard all eluates. Next, 
elute with 2 mL ethyl acetate, collect eluate, and dilute to 
known volume (2-3 mL) with ethyl acetate or add 1 mL (1 
/rg) internal standard to extract. Mix well, and transfer ex
tract to auto-sampler (1.5 mL) vial. Cap with Teflon-faced 
septa and screw-cap tops. Store in refrigerator for later injec
tion into gas chromatograph. No further concentration is 
required.

D eterm ination  o f  N D M A

Inject 1 ixL aliquots of calibration solution into GC/TSD 
until successive injections yield variation of <5% in response 
factors as determined by integrator. Inject 1 nL  aliquots of 
samples, and calculate concentration of NDMA by internal 
or external standard. When instability of the TSD occurs, 
whereby abnormal detector drift during analytical run 
causes change in response >5% from beginning to end of run, 
perform manual computation of response factor by injecting 
calibration solution until <5% variation is obtained between 
2 successive injections. Inject set of 3-4 samples, followed by 
2 additional calibration solutions. Use mean of 4 response 
factors bracketing set of samples to calculate concentration 
of NDMA by external standard.

Table 4. Results of analyses of MCPA formulations (results In 
ppm, based on 1 mL formulation)

Sample
type

Test
method

TSD

Test
method

TEA

TEA
minus
TSD

A 0.06 n /d a - 0 .0 6
A 0.42 0.42 0.00
A 0.44 0.42 - 0 .0 2
A 2.40 2.32 - 0 .0 8
A 0.14 0.13 - 0 .0 1
A 1.17 1.37 - 0 .2 0
A 0.49 0.46 - 0 .0 3
A 0.38 0.38 0.00
A 2.53 2.83 0.30
A 0.41 0.43 0.02
B 0.52 0.60 0.08

Mean, ppm 0.036
SD 0.115

A — 500 g/L MCPA amine; B =  275 g/L MCPA +  mecoprop and dicamba amine. 
a Not detected above 0.03 ppm by TEA.

Results and Discussion
The method was applied to 20 different 2,4-D products 

registered in Canada under the Pesticide Control Products 
Act. It was suitable for all formulations analyzed. The data 
in Tables 1, 2, and 3 show that good agreement was obtained 
between the nitrogen-selective TSD and the nitrosamine- 
specific TEA used for confirmation. Nineteen samples were 
spiked by addition of NDMA at 2 levels: 0.5 ixg for samples 
with lower amounts of NDMA and 1.0 ng for those samples

Figure 2. Typical NP chromatogram of 2,4-D extract: 0.11 ppm 
NDMA by NP, 0.10 ppm NDMA by TEA.
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Figure 3. Typical NP chromatogram of MCPA extract: 0.44 ppm 
NOMA by NP, 0.42 ppm by TEA. Figure 4. 2,4-D sample of Figure 2 spiked with 0.5 ppm NDMA plus

1 fig  NDEA internal standard.

with higher levels of NDMA. Results are listed in Table 2, 
with the net NDMA listed. This is the amount found after 
spiking, less the amount found in the original analysis. Some 
of the samples were also analyzed by a similar method (9) 
with good agreement (Table l, column 4). Results in Table 1 
were compared by subtracting the TSD result from the TEA 
results obtained using the test method and the method of 
Hindle (9). Application of Student’s f-test to these differ
ences showed no difference at the 95% confidence level, even 
when the final result (sample type G), which is much greater 
than the others, is included. Similarly, the closeness of the 
average results for these unrelated samples shows that the 2 
methods yield closely comparable results.

Table 3 lists results obtained when the control sample was 
spiked by adding 0.1,0.3,0.5,0.7, and 1.0 /*g NDMA to each 
of five 5 mL aliquots, respectively. On 4 separate days, 1 mL 
aliquots of the spiked samples were extracted. The extracts 
were injected on both the TSD and TEA systems and, in this 
case, the results were calculated by an internal standard 
method after the addition of 1 ¿ig NDEA.

One formulation, containing the highest concentration of 
both 2,4-D and NDMA (final result in Table 1), could not be 
eluted through the silica gel column. This formulation was 
viscous and oily and the eluate from the CE1001 tube ap
peared to be a mixture of partly immisible liquids. To analyze 
this formulation, a 1 mL aliquot of sample was diluted with 2 
mL purified water. The sample was mixed thoroughly in a

Vortex mixer, and a 3 mL CE1003 tube was used in place of 
the 1 mL CE1001 tube. The sample was transferred to the 
CE1003 using a Pasteur pipet. A larger volume of dichloro- 
methane was required to elute the sample. A total of 12 mL 
dichloromethane was used. The sample was then processed in 
the same manner as all other samples. Five replicate analyses 
were performed on this sample. The results are listed as the 
final sample (G) in Table 1. There is good agreement in the 
quantitation among all 3 modes of detection—GC-TSD, 
GC-TEA, and GC-MS—as well as confirmation of NDMA 
by mass spectrometry.

Table 4 shows results obtained when the method was em
ployed to analyze 11 commercial formulations of MCPA. No 
changes were required to the method in this instance. Stu
dent’s t-test shows no difference between the TSD and TEA 
results at the 95% confidence level. The chromatograms were 
similar to those of 2,4-D and contained, in varying amounts, 
the same extraneous peaks.

Most of the samples analyzed showed the pattern typically 
seen in Figures 2 and 3, so some extracts were analyzed by 
FID using the narrow-bore DB-225 column to confirm rela
tive retention times of the unidentified peaks, which were run 
by GC-MS. These peaks were shown to be low molecular 
weight compounds containing 5 or 6 carbons, nitrogen, and 
oxygen. Divising a further cleanup step to remove these few 
remaining impurities did not seem warranted.

The quantitation of NDMA for the results in Table 2 was
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based on an internal standard calculation by adding a known 
amount (1 pg) of NDEA to the final extract. The results for 
the control sample show good agreement between the TSD 
and TEA. This demonstrates that an internal standard of 
NDEA could be used successfully with some formulations; 
however, it is recommended that for untested formulations, 
preliminary extracts be analyzed to ensure no interferences 
in the zone of the chromatogram where NDEA elutes. (See 
Figure 4 for relative retention time of NDEA.) Linearity of 
the detector was verified from 0.1 to 2.0 jug/mL NDMA in 
this study; however, this should be confirmed as part of each 
laboratory’s quality assurance.

A large number of samples can be extracted on a daily 
basis. The racks used can hold 48 extraction tubes, although 
using more than 24 spaces at one time could be difficult. 
Total time for preparation of a set of samples is approximate
ly 1.5 h, but will vary, mainly in the time required to elute the 
CE tubes. Slow-eluting samples can be forced through the 
tubes by placing a clean 1 mL rubber pipet bulb over the top 
of the tube and gently forcing with small amounts of air. Care 
must be taken to avoid overflowing the silica column. The 
silica columns elute faster if they are not allowed to go dry, 
but results were not affected if this occurred. It is more 
productive to leave the rack (Figure 1) holding the CE tubes 
until all tubes are eluted and then simply lift off this rack as a 
unit. This permits the elution of all silica columns simulta
neously. Slow-eluting silica columns were forced as above on 
occasion.

This method of sample preparation could be used for either 
TSD or TEA analysis of the extracts. The 5 mL hexane wash

is not required if TEA is used. This wash is incorporated only 
to flush the chlorinated solvent from the silica column prior 
to elution of NDMA when the TSD detector is used, since 
injection of chlorinated solvents is known to affect the re
sponse of the TSD. Traditional methods use liquid-liquid 
partitioning of samples which often leads to emulsions and 
requires extra steps to separate and dry the organic layer 
containing the nitrosamine. The described method provides a 
more rapid method of extraction.
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Detection and Separation of Fenpropathrin, Flucythrinate, Fluvalinate, and PP 321 by 
Thin-Layer Chromatography

RAJESH KHAZANCHI and SWADESH K. HANDA
In d ia n  A g r ic u l tu r a l  R e se a r c h  I n s t i tu te ,  D iv is io n  o f  A g r ic u l tu r a l  C h e m ic a ls , N e w  D e lh i, In d ia

Four synthetic pyrethroids having a-cyano ester groups, i.e., fenpro
pathrin, flucythrinate, fluvalinate, and PP 321, are separated by thin- 
layer chromatography and detected by a new set of chromogenic 
reagents. Synthetic pyrethroids containing the a-cyano group react 
with sodium hydroxide to liberate cyanide which forms pink spots 
with o-dinitrobenzene and p-nitrobenzaldehyde. The detection limit is 
0.1 pg and the method can be applied for identification and confirma
tion of these synthetic pyrethroids in vegetables.

Fenpropathrin [I, (/?,S')-a-cyano-3-phenoxybenzyl 2,2,3,3- 
tetramethylcyclopropanecarboxylate], fluvalinate [II, 
(R,S')-a-cyano-3-phenoxybenzyl (2?)-2-(2-chloro-4-(tri- 
fluoromethyl)anilino) 3-methyl-butanoate], flucythrinate 
[III, (±)-cyano-(3-phenoxyphenyl)methyl (+)-4-(difluoro- 
methoxy)-a-(l-methylethyl)benzeneacetate], and PP 321 
[IV, a-cyano-3-phenoxybenzyl-3-(2-chloro-3,3,3-trifluoro- 
prop-l-enyl)-2,2-dimethylcyclopropane carboxylate] are 
comparatively recent synthetic pyrethroids having insecticid
al activity against a wide range of pests. Flucythrinate espe
cially has been found effective against those insects which 
have developed resistance to other classes of insecticides. 
Fluvalinate and fenpropathrin have the added advantage of 
also being effective acaricides. All these compounds have a

Received January 13, 1988. Accepted January 13, 1989.
Contribution No. 402.

cyanide group attached at the a-position to the carboxylate 
group.

At the present, no thin-layer chromatographic method is 
available for detecting these compounds. TLC detection has 
been reported for some other synthetic pyrethroids (1-7). 
These methods use either UV light or chromogenic reagents 
such as phosphomolybdic acid and palladium chloride. An
other sensitive method has been reported for halogenated 
synthetic pyrethroids (8), using silver nitrate as chromogenic 
reagent. Since this latter method is based on the presence of 
halogen atoms, it is obviously not applicable to the a-cyano 
ester compounds. We report here the use of p-nitrobenzalde- 
hyde and o-dinitrobenzene, a sensitive and hitherto unreport
ed set of chromogenic reagents, for the detection of synthetic 
pyrethroids having the a-cyano group. Comparative resolu
tion in different solvent systems is reported for 4 such com
pounds: fenpropathrin, fluvalinate, flucythrinate, and 
PP 321.

METHOD

A pparatus and R eagents

(a) T L C  equ ipm ent.—Variable thickness chromatograph 
spreader No. 20011 (Warner Chilott Laboratories, Instru
ments Division).
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Table 1. Mean R, values of synthetic pyrethroids in different 
solvent systems

Solvents

Rf values

Fenpropathrin Fluvalinate Flucythrinate PP 321

«-Hexane 0.22 0.19 0.16 0.13
Benzene 0.50 0.66 0.45 0.39
«-Hexane--benzene:
80 +  20 0.30 0.2 0.19 0.15
50 +  50 0.34 0.35 0.28 0.19
40 +  60 0.38 0.48 0.37 0.25
20 +  80 0.44 0.61 0.42 0.32
«-Hexane--acetone:
9 0 +  10 0.49 0.48 0.46 0.39
80 +  20 0.53 0.61 0.68 0.62
70 +  30 0.74 0.79 0.92 0.85
«-Hexane--chloroform:
90 +  10 0.92 0.82 0.69 0.74
n-Hexane-ethyl acetate:
95 +  5 0.85 0.79 0.60 0.71
90 +  10 0.92 0.85 0.66 0.83
85 +  15 0.85 0.94 0.79 0.87

through Whatman filter paper No. 1 in Buchner funnel. Add 
additional 100 mL acetone to blender contents and re-extract 
for another 2 min. Filter mixture through Buchner funnel. 
Concentrate acetone layer; then dilute with 100 mL water. 
Extract with «-hexane (3 X 50 mL). Dry hexane extracts 
over sodium sulfate. Concentrate extract to small volume, 
using Kuderna-Danish evaporator.

Figure 1. Color reaction of a-cyano ester pyrethroids with 
p-nitrobenzaldehyde and o-dinitrobenzene.

(b) Silica gel.—Silica gel G, 60 mesh, with 2% CaSCL as 
binder.

(c) Solvents.—Acetone, benzene, chloroform, ethyl ace
tate, methanol (all analytical grade).

(d) Sodium hydroxide solution.—Prepare 0.5N NaOH 
solution by dissolving 1 g NaOH in 5 mL water and diluting 
with methanol to 50 mL.

(e) p-Nitrobenzaldehyde solution.—Dissolve 0.30 g p-ni
trobenzaldehyde in 10 mL methyl cellosolve.

(f) o-Dinitrobenzene solution.—Dissolve 0.25 g o-dinitro- 
benzene in 10 mL methyl cellosolve.

(g) Pesticide reference standards.—Fenpropathrin was 
supplied by M /s Rallis India Ltd, Bangalore. Fluvalinate 
was supplied by M /s Sandoz India, Bombay. Flucythrinate 
was supplied by Cyanamid India, Bombay. PP 321 was sup
plied by Imperial Chemical Industries, Calcutta.

Preparation of Plates
Mix 40 g silica gel with 80 mL water shaking vigorously to 

make slurry for 5 plates. Spread as 1 mm layer over 200 X 
200 mm plates with help of applicator. Let plates air-dry 1 h 
and then activate for another 1 h in 100°C oven. Remove 
plates and store in desiccator over silica gel or calcium chlo
ride until used.

Extraction of Samples
Transfer 25 g chopped sample to Waring blender. Add 100 

mL acetone and churn for 2 min. Decant solvent with suction

Determination
Pre-saturate chromatographic tank with solvent for 1 h 

before use. Spot standard solution and extract 2 cm apart and 
3 cm above base line. Place TLC plate in chromatographic 
chamber after air drying. Let solvent front develop to 15 cm. 
Remove plate and air dry. Spray entire plate with sodium 
hydroxide solution with help of sprayer. Let set for 3 min. 
Then spray entire plate with /7-nitrobenzaldehyde solution, 
followed immediately by spraying with o-dinitrobenzene so
lution. Locate colored spots. Run each analysis in triplicate 
and record mean R{ value.

Results and D iscussion

Alkaline hydrolysis of cyano ester pyrethroids has been 
shown to proceed by nucleophillic attack by a hydroxyl 
group, resulting in the formation of cyanohydrin derivative; 
this degrades to give HCN and corresponding benzaldehyde 
derivatives (9). The present 4 compounds would react in such 
a manner. The synthetic pyrethroids fluvalinate, fenpropath
rin, flucythrinate, and PP 321 (I in Figure 1), on reaction 
with methanolic NaOH, would liberate HCN to react with p- 
nitrobenzaldehyde (II) to give /j-nitrophenylcyanohydrin
(III). /J-Nitrophenylcyanohydrin reacts with o-dinitroben
zene (IV) to produce the colored compound, the dianion of o- 
nitrophenylhydroxylamine (V) and nitrobenzoic acid (10). A 
schematic representation of the reactions involved has been 
depicted in Figure 1.

All 4 insecticides appeared as pink spots on a white back
ground. The intensity of color increased with increasing con
centration. Because the spots were generally elliptical, the 
compounds did not overlap, even in systems producing close
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Rf values. Mean R( values of these compounds in single 
solvents of varying polarity and different solvent combina
tions are reported in Table 1.

By this technique, a minimum of 0.1 ng each of the 4 
synthetic pyrethroid standards can be detected positively 
when spotted directly on the TLC plate. We detected resi
dues of all 4 pesticides in fortified samples of cabbage and 
cauliflower without elaborate cleanup. The recoveries ranged 
from 85 to 90%, based on the minimum detection limit.

It should be emphasized that about 3 min should lapse 
after the methanolic sodium hydroxide is sprayed and before 
the other 2 reagents are sprayed, for optimum results. The 
latter 2 reagents, p-nitrobenzaldehyde and o-dinitrobenzene, 
can be sprayed in any order. They may even be pre-mixed and 
sprayed with no effect on the color of the spots.

The present method is simple and quick for qualitative 
detection of these pesticides in vegetables.
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TECHNICAL COMMUNICATION

Diazomethane Derivatization of Sulfamethazine: Formation of Isomeric Products

V ER N O N  J. FEIL, G AY LORD D. PA U LSO N , and A N D ERS L. LUND
U.S. Department o f  Agriculture, Agricultural Research Service, Biosciences Research Laboratory, 
Fargo, ND  58105

R eaction  o f  4 -a m in o -A -(4 ,6 -d iin e th y l-2 -p y r iiiiid in y I)b en zen esu lfo n -  
am ide (su lfa m eth a z in e )  w ith  d ia zo m eth a n e y ie ld s not on ly  4 -a m in o -  
iV -(4 ,6 -d im eth y l-2 -p y rim id in y l)-i\'-m eth y lb en zen esu lfo n a m id e  but 
a lso  2 - (4 -a m in o b e n z e n e s u lfo n im id o ) - l ,4 ,6 -tr im e th y l-1 ,2 -d ih y d r o -  
pyrim id ine. Y ie ld s o f  th e  la tter  com pound  are h igh ly  variab le and the  
com pound d oes n ot sh ow  a resp on se to  g a s  ch rom atograp h y . T hus, 
resu lts o f  g a s  ch rom atograp h ic  d eterm in ation s o f  resid ues o f  som e  
su lfa  dru gs in  ed ib le  m eat t is su es  m ay be erron eou s when d ia zo m eth 
ane d er iva tiza tion  is  used .

The widespread use of sulfonamide drugs in animal produc
tion has led tc concern about drug related residues in tissues 
used for human consumption. In response to this concern, 
analysts have developed methods to identify and quantify 
sulfonamide related residues in animal tissues (1-8). Most of 
the recently developed methods involve methylation with 
diazomethane to produce the A 1-methyl derivatives, which 
are more amenable to gas chromatography (GC) than are the 
parent compounds. We obtained approximately equal 
amounts of 2 isomeric methyl derivatives (/ and II) from 
large scale (i.e., 5 g) reactions of sulfamethazine and diazo
methane (Figure 1). Comparable products (A'-methyl and 
ring-methyl) were reported when sulfathiazole (4-amino-A-
2-thiazolylbenzenesulfonamide) was derivatized with diazo
methane (9, 10). We also discovered that the ring-methyl 
derivatives of some sulfonamide drugs did not elute from the 
gas chromatographic (GC) columns used to assay the A 1- 
methyl derivatives. These findings suggested that use of dia
zomethane in these analyses should be reevaluated.

E x p e r im e n ta l

Sulfamethazine (or l4C labeled sulfamethazine) was re
acted with diazomethane under a variety of conditions. Reac
tions were carried out in ether, methanol, acetone, and tetra- 
hydrofuran as pure solvents and in combinations. Diazo
methane solutions were added to solutions of sulfamethazine, 
and vice versa, in ratios of diazomethane to sulfamethazine 
that varied from 1:1 to approximately 100:1. The amount of 
sulfamethazine reacted varied from 1 ng to 5 g. Reaction 
temperatures were 60, 20, and —20°C. Reactions were run in 
new glassware, etched glassware, polypropylene vials, and 
Teflon vials. Porous glass adsorbent (120-140 mesh) was 
added in some reactions. Sulfamethazine was adsorbed on 
Chromosorb .02 or Porapak Q and reacted with diazometh
ane vapors by the method of Schwartz (11). Reaction mix
tures were separated by liquid chromatography (LC) on 
C-18 columns using a 20-50% linear gradient of acetonitrile- 
water. A radioactivity flow monitor and/or UV detector 
operated at 254 nm were used to monitor the effluent. Nucle
ar magnetic resonance spectra were obtained in acetonitrile- 
d3 with a JEOL FX 90Q spectrometer. Mass spectra were 
obtained with a Varian-MAT Model CH-5 DF mass spec
trometer interfaced with an SS-200 data system and 
equipped with an AMD Intectra combination source and
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post accelerator. An Ion Tech saddle-field gun operated at 7 
kV with xenon gas provided the beam of fast atoms to bom
bard glycerol solutions of the compounds. Gas chromato
graphic analyses were done on either methyl silicone or 5% 
phenyl methyl silicone capillary columns (Hewlett-Packard 
Ultra Performance columns, 12 m X 0.2 mm, 0.33 film 
thickness, 80-300°C at 10°/min; on-column injector; flame 
ionization detector).

R e s u lts  an d  D is c u s s io n

4-Amino-A-(4,6-dimethyl-2-pyrimidinyl)-A-methylben- 
zenesulfonamide (/) and 2-(4-aminobenzenesulfonimido)- 
1,4,6-trimethyl-1,2-dihydropyrimidine (//) were prepared 
by reaction of sulfamethazine and diazomethane and were 
isolated by chromatography on a silica gel column. Ethyl 
acetate eluted I, and methanol eluted II. Recrystallization of 
I from ethyl acetate yielded a product that melted at 214- 
216°C. Mass spectrometric (MS) data were as follows: 
EIMS, m/z 228 (M -  S 0 2, 100), 227 (M -  H S 02, 87); 
FABMS in glycerol, m /z 293 (M + H, 100); NMR, 5 2.29 (s, 
6H, pyrim. CH3), 3.52 (s, 3H, N-CH3), 6.64 (d J = 8.75 Hz 
2H, 3,5 aryl H), 6.71 (s, 1H, pyrim. H), 7.74 (d, J = 8.75 Hz, 
2H, 2,6 aryl H). Irradiation at 8 3.52 showed no nuclear 
Overhauser effect (nOe) at 2.29. Recrystallization of //from  
acetone yielded a product that did not melt but decomposed 
at 223°C. MS data were as follows: EIMS, m/z 292 (M+, 
35), 228 (M -  S 0 2, 63), 227 (M -  H S 02, 65), 106 (100); 
FABMS in glycerol, m /z 293 (M + H, 100); NMR 8 2.27 (s, 
3H, 6-pyrim. CH3), 2.35 (s, 3H, 4-pyrim. CH3), 3.56 (s, 3H,
1-pyrim. CH3), 6.51 (s, 1H, pyrim. H), 6.63 (d, J = 8.75 Hz, 
2H, 3,5 aryl H), 7.67 (d, J = 8.75 Hz, 2H, 2,6 aryl H). 
Irradiation at 5 3.56 showed nuclear Overhauser effects of 15 
and 9% for absorbances at 8 2.27 and 2.35, respectively.

When reaction of 5 g sulfamethazine with an excess of 
diazomethane yielded a 1:1 mixture of I  and II, we concluded 
that both products may be formed under other conditions. 
We reexamined LC chromatograms obtained on extracts of 
swine tissues that contained from 0 .1  ppb to 4 .3  ppm sulfa
methazine. The extracts of these tissues, which had been 
methylated with diazomethane (12,13), showed the presence 
of II in some samples, but interfering peaks and large varia
tions in / : / /  ratios obscured this isomer in many samples. 
Thus, we investigated the effect of different solvents and 
temperatures, the sequence in which solutions were mixed, 
the ratio of reactants, and the size of reactions and concentra
tions to determine which variables affected the relative yields 
of I and II. Variability in yields of these isomers was unusual
ly great; however, the size of the reaction was a parameter 
that correlated with yields of /  and II. The smallest amounts 
of sulfamethazine gave the lowest yields of 11, which suggest
ed the involvement of surface phenomena. Small amounts of 
porous glass adsorbent (12 0 - 14 0  mesh) added to increase the 
surface area for a given size reaction suppressed the forma
tion of II. Large amounts of porous glass caused such a rapid 
decomposition of the diazomethane that much of the sulfa
methazine was recovered; however, despite the recovery of 
unreacted sulfamethazine, di- and tri-methyl compounds
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Figure 1. V-M ethyl and ring-methyl isomeric diazomethane -de
rivatives of sulfamethazine. I: 4-amino-A/-(4,6-dimethyl-2-pyrimi- 
dinyl)-N-methylbenzenesulfonamide; II: 2-(4-aminobenzenesulfon- 

imido)-1,4,6-trimethyl-1,2-dihydropyrimidine.

were also isolated. These polymethylated compounds were 
purified by liquid chromatography and were partially char
acterized by mass spectrometry, but a limited sample pre
vented rigorous identification. We found no conditions that 
yielded only I. The lowest yield of II was 8%, but some 
derivatizations yielded 30% of II  when 200 pg sulfametha
zine was reacted. The reaction of diazomethane vapors with 
sulfamethazine adsorbed on Chromosorb 102 or Porapak Q 
by the method of Schwartz (11) gave I:II ratios of 3 and 1.7, 
respectively.

Methylation products comparable to /  and II resulted 
when 4-amino-7V-(3,4-dimethyl-5-isoxazolyl)benzenesulfon- 
amide (sulfisoxazole), 7V-(4,6-dimethyl-2-pyrimidinyl)ben- 
zenesulfonamide (desaminosulfamethazine), and 4-dimeth- 
ylaminophenyl[4-(7V-4,6-dimethyl-2-pyrimidinyl)sulfam- 
idophenyl]-diazene were reacted with diazomethane. Other 
investigators (9, 10) also reported formation of the 2 prod
ucts when sulfathiazole was reacted with diazomethane, sug

gesting that this is a general phenomenon with sulfonamide 
drugs that can tautomerize.

Gas chromatographic analysis of I  on either methyl sili
cone or 5% phenyl methyl silicone capillary columns gave 
single peaks at 245° on both columns. When II  was analyzed 
under the same conditions, no response was observed. Thus, 
unless appropriate corrective action is taken, the determina
tion of tautomerizable sulfonamides by diazomethane deri- 
vatization and GC or (GC/MS) analysis may give erroneous 
results. The addition of deuterium or carbon-13 labeled sul
fonamides before derivatization and the use of isotope ratio 
analysis for quantification should give reliable results.
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SYMPOSIUM ON PESTICIDES IN FOODS: COPING WITH THE ISSUE

102nd Annual International Meeting of AO AC, August 1988

The issue of pesticides continues to be highly visible for the scientific community and the general public. Concern appears to 
be growing based on coverage by the news media, studies by various government and consumer organizations, and oversight 
actions by Congress. Analytical chemists and AOAC are in the middle of the issue because methods of analysis for pesticide 
residues in focds are a fundamental consideration.

The symposium provided a unique opportunity for analytical chemists to deal with the facts of the task before us: analysis 
for residues in foods. The symposium papers that cover the “programs” portion of the symposium are presented here. The 
papers provide a balanced perspective of relevant activities in key federal, state, and international organizations as well as 
the food processing industry. Those activities strongly influence the challenges that residue analysts face now and in the 
future.

In addition to the papers presented here, which made up part I of the symposium, part II included 6 papers which dealt 
more directly with analytical methodology. Methods of immediate utility in pesticide residue monitoring in food were 
described along with emerging instrumental and biologically based analytical technology.

Those papers are not presented here; however, the authors may be contacted if further information is desired.
H. Anson Moye, University of Florida: Overview o f OTA Workshop on Technologies to Detect Pesticide Residues in
Foods.
Lamaat Shalaby, duPont: Analysis o f Pesticide Residues Using Themospray LC/MS.
Leon Sawyer, FDA: Efficient and Rapid Approach to Multiresidue Analysis: Sweep Co-Distillation.
Harry Lento, Campbell Soup Co.: Application o f Robotics in Multiresidue Analysis.
Philip L. Wylie, Hewlett-Packard: Pesticide Residue Analysis Using Gas Chromatography with a Novel Microwave-
Induced Helium Plasma Detector.
Ralph Mumma, Pennsylvania State University: Potential o f Immunoassay in Monitoring Pesticide Residues.
This symposium has shown that the subject of pesticide residues is one of high interest and concern and that government 

and private sectors are responding with increased attention. The residue analyst will be called upon to develop and employ a 
variety of methods in monitoring and regulating pesticide residues in food. The mix will no doubt include rapid and 
simplified methods as well as highly sophisticated instrumental methods. Individual researchers and AOAC face substantial 
challenges in meeting future demands on pesticide residue methodology.

PAUL E. CORNELIUSSEN 
Food and Drug Administration 

Washington, DC 20204
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The FDA Pesticides Program: Goals and New Approaches

PA SQ U A LE LOM BARDO
Food and Drug Adm inistration, Division o f  Contaminants Chemistry, Washington, DC 20204

T h e U .S .  F ood  and D ru g  A d m in istra tion  (F D A )  h as carried  out a 
la r g e -sc a le  m on itor in g  program  for  p estic id e  resid ues in fo o d s sin ce  
th e  1 9 6 0 s . T h e  program  h as evolved con tin u ou sly  a s  evidenced by a 
num ber o f  recen tly  in corp ora ted  m o d ifica tio n s and in itia tives. In 
clu d ed  are grea ter  em p h asis on  im ports; in creased  and m ore sp ec ific  
ta rg etin g  o f  p e st ic id e /c o m m o d ity  com b in ation s by geograp h ic  area  
or country; developm ent o f  individual d istr ic t sam p lin g  p lans for  
d o m estic  and im ported  food s; exp an d ed  u se o f  s in g le  resid ue m ethods;  
lin k a g e  o f  in form ation  on  fo re ig n  p estic id e  u sa g e  w ith  food  im port 
volum es; d evelopm ent o f  an a n a ly tica l m eth od s research  plan; and  
in creased  coop era tive  sam p lin g  and d ata  e x ch a n g e  w ith  the s ta te s .  
In itia tives to  acq u ire and u tilize  private se c to r  and other m onitoring  
d ata  are b ein g  exp lored , and aggressive  step s are being taken  to  
in form  th e  public o f  F D A  m onitorin g  resu lts in a  tim ely  and under
stan d ab le  m anner.

Pesticides are required to produce a high quality, inexpensive 
food supply, and the use of pesticides in agriculture can be 
expected to result in residues in foods. This paper will de
scribe the U.S. Food and Drug Administration (FDA) pro
gram to monitor for these residues, briefly summarize recent 
monitoring findings, and outline recent changes and future 
approaches.

Three federal agencies share the responsibility for regulat
ing pesticides. The U.S. Environmental Protection Agency 
(EPA) registers or approves the use of pesticides, and estab
lishes tolerances if use of the pesticide may lead to residues in 
foods. With the exception of meat and poultry, for which the 
U.S. Department of Agriculture (USDA) is responsible, 
FDA is charged with enforcing tolerances for foods shipped 
in interstate commerce.

FDA has carried out a large-scale monitoring program for 
pesticides since the early 1960s. The program has 2 principal 
approaches: (/) Regulatory or Commodity Monitoring, to 
measure residue levels in domestic and imported foods to 
enforce tolerances and other regulatory limits; and (2) the 
Total Diet Study, to determine intakes of pesticides in foods 
prepared for consumption. Each of these approaches will be 
described.

R e g u la to r y  M o n ito r in g

The prime objective of the monitoring element is to pre
vent foods that contain illegal residues from entering inter
state commerce. As a very important by-product, informa
tion is developed on the incidence and levels of pesticide 
residues. This provides FDA with a national overview of the 
pesticides residue situation in foods, and is a measure of the 
effectiveness of the U.S. regulatory system. These monitor
ing data are made available to EPA for their continuing 
reassessment of pesticide uses and tolerances. Finally, the 
monitoring results are summarized and made available to the 
general public in the scientific literature or by other means.

The focus of the monitoring is on the raw agricultural 
commodity. At present, about 15 000 samples (8000 import 
and 7000 domestic) are collected and analyzed by FDA field 
offices each year. Samples are collected as near as possible to 
the point of production or entry into the United States. There 
are currently about 300 pesticides with tolerances in or on 
foods, as well as a number of other pesticides and related

Presented at the Symposium on Pesticides in Foods: Coping with the 
Issue—Programs and Analytical Methods, 102nd AOAC Annual Interna
tional Meeting, Aug. 29-Sept. 1, 1988, Palm Beach, FL.

chemicals that can exist as residues. Because of the tremen
dous number of possible pesticide/commodity combinations, 
the goal is to carry out selective monitoring to achieve an 
adequate level of consumer protection. The analytical ap
proach is critical. Most determinations are made by 1 of 5 
well tested and validated analytical methods: those which can 
determine a group of pesticides in a single analysis. In combi
nation, these 5 methods can determine about half the pesti
cides with food tolerances and many of their metabolites, 
alteration products, and associated chemicals. Single residue 
methods are used when residues of interest are not amenable 
to determination by the multiresidue methods. The agency 
realized at an early stage that the use of a separate method 
for each pesticide in even a limited number of commodities 
would not provide adequate monitoring coverage.

The monitoring program is composed of 3 different, but 
complementary elements: Core Requirements, Individual 
District Programs, and Headquarters-Initiated Surveys.

Core Requirements
This element requires all 21 of the FDA field offices to 

collect and analyze specified minimum numbers of domestic 
and imported commodities that are susceptible to environ
mental contamination, or those likely to contain residues of 
lipid-soluble pesticides. The chief commodities sampled are 
those of animal origin, including eggs, milk and dairy prod
ucts, and fish and/or shellfish.

Individual District Programs
Each district or field office is now required to develop 

formal annual sampling plans covering both domestic and 
imported foods. As part of the planning, increased coordina
tion, cooperative sampling, and data exchange with the states 
are emphasized. Each district is also required to carry out a 
minimum of 2 domestic and 2 import special (selective) 
surveys for pesticide/commodity combinations not covered 
in its ongoing monitoring. The focus is on foods of dietary 
importance. Overall, the district programs are based on 
knowledge of historical pest problems, local and foreign pes
ticide use information, and import volumes. FDA has recent
ly integrated data on import volumes from U.S. Customs 
with information on foreign pesticide use from an extensive 
database purchased from Battelle-Geneva. The integrated 
Battelle-Customs information is used by our field offices to 
help plan their import monitoring. The Surveillance Index 
(SI) also serves to guide the planning. The SI was initiated in 
1979, and in this systematic approach, monitoring priorities 
are established for each pesticide based on how toxic it is, 
whether it has potential for dietary exposure, and whether it 
has been adequately covered by our ongoing monitoring. 
Historical problem areas also play a role in the development 
of the individual district plans.

Headquarters Surveys
The third element is the headquarters survey. These selec

tive surveys are issued to monitor particular pesticide/com
modity combinations. The surveys are initiated in response to 
a number of factors, including incidents involving misuse or 
contamination; requests from EPA for specific monitoring
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Table 1. Selective surveys conducted in 1987

Pesticide C o m m o d ity

Ald icarb potatoes

Benom yl apples
grapes
peaches

Captafol apples
cherries
rice

Captan cherries

D am inozide apples

E thylenebisc ith iocarbam ates (EBDCs)8 various fruits
and ethyleneth iourea  (ETU) & vegetables

Folpet various fruits 
& vegetab les

W-Methyl ca rbam ates6 various fru its  
& vegetab les

Propargite peaches

8 Includes am obarr, m ancozeb, maneb, m etlram , nabam, and zlneb.

6 Includes such com pounds as a ld lcarb, carbaryl, carbofuran, and m ethomyl.

data for a particular pesticide; new information on the toxic
ity of a pesticide or change in usage which may indicate a 
greater potential risk; lack of information on particular pesti
cides, commodities, geographic areas, or countries; or a high 
priority for monitoring as indicated by the SI. Table 1 lists 
the selective surveys carried out in fiscal year 1987.

T h e  T o t a l  D ie t  S tu d y

The second major element of the FDA pesticide program is 
the Total Diet Study. The prime objectives are to determine 
dietary intakes of pesticides, to compare these intakes with 
acceptable daily intakes (ADIs) as established by the World 
Health Organization (WHO), and to identify trends. Final
ly, the data are summarized and made public.

The Total Diet Study was begun in the 1960s, and the 
current version of the program has been in place since 1982. 
Selection of the diets was based on 2 nationwide surveys 
covering about 50 000 people, the 1977-1978 USDA survey 
and the 1976-1980 National Health and Nutrition Exami
nation Survey. About 5000 different foods were identified in 
these 2 surveys. An aggregation scheme was used to select 
234 foods to represent the 5000 foods. Most of the individual 
foods selected represent a group of foods similar in type and 
nutrient content; the analyzed food is the group member 
consumed in the greatest amount. For example, apple pie 
represents dozens of different fruit pies and pastries with 
fruit, and a number of pasta dishes are represented by spa
ghetti and meatballs in tomato sauce. Thus, the 234 foods 
can be said to represent all 5000 foods identified in the 2 
nationwide dietary surveys.

Diets were constructed for 8 different age-sex groups: the 
6- to 11-month-old, the 2-year-old, and males and females
14-16 years old, 25-30 years old, and 60-65 years old. Di
etary intakes for each of these groups can be calculated 
because each of the individual 234 foods is analyzed sepa
rately. The individual foods and ingredients necessary for the 
preparation of recipe items are purchased at retail stores 4 
times each year to give a total of 4 “Market Baskets.” For 
each of these 4 Market Baskets, simultaneous sampling is 
carried out in 3 cities in 1 of 4 geographic areas of the 
country: Northeast, North Central, South, and West. For 
example, one Total Diet Market Basket collection in the 
South might take place in Baltimore, MD, Charleston, SC, 
and Tallahassee, FL.

The foods are then shipped to the FDA Total Diet Labora

FDA PESTICIDE PROGRAM

REGULATORY MONITORING TOTAL DIET STUDY
(15,000 samples) (234 foods x 4 = 936 samples)

Domestic Import
(7000 samples) (8000 samples)

Í
Core 1District

1Selective
1

General
1

Mexican
Samples Plan Surveys Import Import
(1000) (5000) (1000) (6000) (2000)

District Selective 
Plan Surveys
(5000) (1000)

Figure 1. Summary of the FDA Pesticide Program.

tory in Kansas City, MO, where the 3 samples of each recipe 
item are composited and used to prepare 234 cooked or 
otherwise table-ready foods. The degree of preparation varies 
from the very simple, such as peeling bananas, to preparing 
items such as lasagna and beef stew. The 234 foods are 
analyzed individually for residues of well over 100 pesticides, 
a host of industrial chemicals such as PCBs, 15 metals and 
essential minerals, and radionuclides. Since the Total Diet 
Study is conducted to determine levels of chemicals in foods 
as normally eaten, and since the levels of pesticide residues 
found are usually low, the analytical procedures have been 
modified to permit quantitation at levels 5-10 times lower 
than those achieved in the FDA regulatory monitoring pro
gram. Also, the identity of each pesticide residue found is 
confirmed by an alternative technique. The dietary intakes 
are then calculated and compared with ADIs (Acceptable 
Daily Intakes) established by WHO. Figure 1 is a summary 
of the overall pesticide program.

To compare the 2 major components of the program, the 
Monitoring element is regulatory in nature, emphasizes the 
raw agricultural commodity, and is designed to deal with 
essentially all important pesticides, whereas the Total Diet 
Study is informational, examines foods as eaten, covers only 
selected pesticides, and allows the calculation of dietary in
takes. Thus, the Monitoring and Total Diet elements of the 
program complement one another, and provide a picture of 
pesticide residues in foods “from the farm gate to the kitchen 
table.”

R e s id u e  F in d in g s

In fiscal year 1987, of the 253 different pesticides that 
would have been detected if their residues had been present, 
113 were found. Tolerances were exceeded in less than 1% of 
the cases, and in over half the samples, no residues were 
found. About 12 000 surveillance samples were collected and 
analyzed in 1987. Surveillance samples are those collected 
without suspicion that illegal residues are present. Only 1.5% 
of the domestic and 3.4% of the imports were violative; most 
of the actionable samples were violative because there were 
no tolerances for those specific pesticide/commodity combi
nations. Compliance samples are collected to follow up find
ings of illegal residues in surveillance samples, or when other 
evidence suggests that a residue problem may exist in a 
particular shipment. As one might expect, a higher violation 
rate was observed on compliance samples, about 12% for both 
domestic and import samples. Only a small portion of these 
had residues that exceeded tolerances. Of all the samples 
collected in 1987, over 80% of the violations occurred because
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Table 2. Frequency of occurrence of pesticides in Total Diet Study in 1987

Pesticide

Findings®

Pesticide

Findings®

Number Percent N um ber Percent

M alathion 211 23 Carbary lb 35 4

DDT, to ta l 2 0 2 22 Quintozene, total 32 3

Diazinon 194 21 Chlorpropham 30 3

C hlo rpyrifos 117 12 Acephate 24 3

D ieldrin 108 12 D ico fo l, to ta l 24 3

HCB 91 10 DCPA 20 2

Endosulfan, to ta l 6 4 7 Ethion 20 2
BHC, alpha  and beta 59 6 D im ethoate 19 2

Lindane 58 6 Phosalone 19 2

Heptachlor 57 6 Parathion 18 2

Chlordane, to ta l 47 5 Toxaphene 17 2

M etham ldophos 4 6 5 Perm ethrin 13 1

C hlorpyrlfos-m ethyl 4 4 5 O m ethoate 12 1

D icloran 41 4

a Based on 936 items.

b R eflects overall incidence; only 72 se lected foods w ere analyzed for N-methyl carbamates.

there were no tolerances for those specific pesticide/com- 
modity combinations, and of the total number of surveillance 
and compliance samples combined, less than 1% had residues 
that exceeded tolerances. The results of FDA’s pesticide 
monitoring in fiscal year 1987 are summarized in a published 
report (J . Assoc. Off. Anal. Chem. (1988) 71, 156A-174A).

With regard to the Total Diet Study, the dietary intakes 
calculated are well below ADIs established by WHO, in 
almost all cases by orders of magnitude. An ADI is the daily 
intake of a chemical which, if ingested over a lifetime, ap
pears to be without appreciable risk. The continued declines 
in the intakes of the no-longer permitted organochlorine pes
ticides such as DDT and dieldrin are evident. Of the 253 
pesticide chemicals that can be determined by the procedures 
used, 53 were found in the 1987 Market Baskets.

Malathion heads the list of the most frequently found 
pesticides. This chemical is used on many grains, fruits, and 
vegetables, and was found in about 23% of the 234 Total Diet 
foods. DDT, while no longer permitted for food use, contin
ues to be found at very low levels in a great many foods, 
primarily those of animal origin. Table 2 lists some of the 
most frequently found pesticides, their frequency of occur
rence, and their intakes expressed as a percentage of their 
ADIs.

F u tu r e  D ir e c t io n s

The agency will continue to carry out an aggressive moni
toring program with emphasis on imports and increasing 
coverage through the filling of gaps in information. The 
Total Diet Study will be continued and expanded to include a 
number of additional pesticides of interest. Ethylenethiourea 
(ETU) is slated for inclusion in 1989. The results of the new 
USDA nationwide food consumption survey will soon be 
available, and the composition of the Total Diet Study diets 
will be changed to reflect the new information. FDA will also

consider increasing the number of age-sex groups, with a 
focus on infants and young children.

For some time, the expectations of the Congress and the 
public at large have clearly exceeded the level of monitoring 
coverage that FDA resources allow. The agency is currently 
emphasizing development of its “New Concepts” pesticide 
initiative. Key aspects include encouragement of the private 
sector to carry out additional monitoring of foods for pesti
cide residues, and the sharing of industry monitoring data 
and related information with FDA. The agency would then 
be able to augment its own monitoring data with information 
generated by others and allow FDA to better assess the 
overall public health significance of pesticide residues in 
foods. The FDA Commissioner recently circulated a draft 
document describing these new concepts to a number of 
organizations including the food industry, government agen
cies, the Congress, academia, and consumer groups. Once 
established, implementation will proceed in stages over about 
5 years.

Finally, as far as the public is concerned, perception is 
reality. Pesticides continue to head the list of consumer fears 
about the food supply, yet FDA monitoring data show that 
the food supply is almost always free of excessive residues. 
This information would seem to indicate that the food supply 
is safe, and that the public’s fears are unfounded. Selective 
surveys for many of the pesticides not covered as part of 
routine monitoring have continued to demonstrate the same 
overall picture: Over-tolerance residues are rarely, if ever, 
encountered. There is no compelling reason to believe that 
excessive or illegal residues of these pesticides will exist sim
ply because they are not continuously monitored. The agency 
is presently taking a number of innovative steps to inform the 
public of its residue monitoring findings. Understandable 
and timely communication of the monitoring data and their 
significance is essential, if FDA is ever to change the public 
perception.
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Changing Pesticide Technology in Meat and Poultry Products

R IC H A R D  L. ELLIS
U.S. Department of Agriculture, Food Safety and Inspection Service, Washington, DC 20250

In resp on se to  con su m er con cern s ab ou t p estic id e  resid ues in m eat  
and p ou ltry , a N a tio n a l R esid u e  P rogram  w as introduced  in the  
1 9 6 0 s. R ap id ly  d evelop ing a n a ly tica l m eth od s and in strum ent ca p a 
b ility  resu lted  in  a la b ora tory -b ased  program  o f  su ff ic ien t  s iz e  and  
tech n ica l ca p a b ility  to  q u an tita tive ly  determ in e an in creasin g  num ber 
o f  p estic id es . In 1 9 8 5 , a t th e  req u est o f  th e  F ood  S a fe ty  and In sp ec
tion  S erv ice , the N a tio n a l A cad em y o f  S c ie n c e s  eva luated  the pro
gram  and recom m ended  th a t m ore em p h a sis  be p laced  on preventing  
resid ues and provid ing a h igh er degree o f  sa fe ty  to  con su m ers. In  
resp onse, F S I S  m ade a co m m itm en t to  in crea se  and im prove cap ab ili
ty  to  te st  for  m ore resid u es, in clu d in g  p estic id es , and to develop  or  
purch ase rapid te s t  sy s tem s to  fa c ilita te  the planned ex p a n sio n  o f  the  
N a tio n a l R esid u e  P rogram . S u ch  sy s tem s are now  being evaluated  
and in tegrated  in to  th e  program . F a cto rs im portan t for accep ta b ility  
o f  rapid te s ts  are  review ed in d eta il.

Agricultural production today uses commercially available 
pesticides to combat a variety of weeds, insects, fungi, and 
other agricultural pests. As a result, consumers are exposed 
to pesticides, usually in minute quantities, in several food 
groups including meat, dairy products, fruits, vegetables, 
dried food goods, most processed foods, and many other 
household staples. Some of these pesticides are considered to 
be acutely or chronically toxic to humans and other segments 
of the environment and pose potentially serious health risks 
to nontarget organisms and species. This situation places a 
significant regulatory responsibility on public health-related 
agencies. Pesticides are a major health concern to consumers; 
they expect tc have pesticide-safe food.

The magnitude and complexity of the regulatory responsi
bility for pesticides is well developed by the 1986 Congressio
nal Research Service report (1) and the 1987 National Acad
emy of Sciences report (2). More than 8000 pesticide/com- 
modity combinations have tolerances established under the 
U.S. Food, Drug, and Cosmetic Act, Sections 408 and 409. 
More than 300 individual pesticides (active ingredients) are 
registered for use on agricultural products. Based on data 
supplied by the U.S. Environmental Protection Agency, 53 of 
these pesticides have active ingredients identified by the Na
tional Academy of Sciences as oncogenic or potentially onco
genic (2). This does not include some of the chlorinated 
hydrocarbons considered to be oncogenic in animals or hu
mans.

It is little consolation that the number of pesticides ap
proved for use on meat and poultry products represents only a 
small percentage of all pesticides approved for use on agricul
tural crops and products. The Food Safety and Inspection 
Service (FSIS) of the U.S. Department of Agriculture is 
clearly aware of and responsive to the need for pesticide 
residue analysis to ensure safe and wholesome meat and 
poultry products for consumers. Clearly, additional residue 
methodology capable of detecting many residues by the same 
analytical scheme would enhance the monitoring capabilities 
of FSIS.

Analytical methods play an important role in meat and 
poultry inspection systems designed to protect public health. 
We would like to have a universal analytical scheme that 
could simultaneously quantitate the presence of all com
pounds or classes of compounds of interest in animal tissue or

Presented at the Symposium on Pesticides in Foods: Coping with the 
Issue—Programs and Analytical Methods, 102nd AOAC Annual Interna
tional Meeting, Aug. 29-Sept. 1, 1988, Palm Beach, FL.

fluid with acceptable accuracy and correctly identify the 
analyte or analytes. Yet at present very few of the available 
analytical procedures can simultaneously quantitate and 
confirm the identity of such residues. Since universal meth
ods are not available, we must use methods with individual 
attributes of presumptive presence, quantitation, and positive 
identification. To accomplish our goal, methods will have to 
be integrated for a highly effective residue program.

N a t io n a l  R e s id u e  P r o g r a m

As part of its inspection procedures, FSIS manages the 
National Residue Program to sample and test meat and meat 
products for residues of a variety of pesticides, environmental 
contaminants, and animal drugs. During the last 20 years, 
the NRP has evolved into a mature program with a focus that 
has changed from primarily residue detection to residue pre
vention.

Monitoring activities are designed to provide profile infor
mation on the occurrence of residue violations in specified 
animal populations on an annual national basis. The infor
mation is obtained through a statistically based selection of 
random samples from healthy-appearing animals under in
spection. Although the monitoring program is not designed 
to provide precise estimates of the percent of violations in 
large populations, such estimates are available as supplemen
tal information.

At present, monitoring information tells us with a 95% 
probability whether we have a residue problem in 1% or more 
of the national population of animals with a particular resi
due in a specific production class. It is not specifically de
signed to correct a problem or to stop the movement of 
potentially adulterated products into commerce. Residue vio
lations revealed by the monitoring program initiate a series of 
subsequent activities.

Surveillance activities are designed to investigate and con
trol the movement of potentially adulterated products. Sur
veillance sampling is biased and directed at particular car
casses or products in response to information about a poten
tial problem from the monitoring segments of the NRP or 
from observations during ante-mortem or post-mortem in
spection. Depending on the weight of evidence, the product 
may be retained at the plant while surveillance testing is 
carried out. When a producer source of a monitoring sample 
violation can be identified, follow-up surveillance testing is 
conducted on subsequent animals marketed from that 
source.

E s ta b lis h e d  M e th o d o lo g y

Biotechnology is now a very popular topic in science, but it 
is not new to NRP or to regulatory analysis. One of the 
earliest analytical methods used for pesticides was a bioas
say, in which the detector was the whole system, rather than a 
highly refined, specific entity: it was the fly. Meat samples 
were placed in an enclosed environment with a number of 
flies. If the flies died, pesticides were present. It was not 
sophisticated, highly sensitive, or definitive for chemical 
structure, but the analytical response was easy to read. Simi
larly, tests for antimicrobial and antibiotic residues have 
commonly been based on inhibition of microbial growth.

Twenty or more years ago, the development of the gas 
chromatograph was a breakthrough in pesticide analysis. It
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was designed for materials that could be converted into a 
vapor or gaseous state without thermal degradation. Many 
pesticides were amenable to this type of analysis. Method 
sensitivity improved to the point at which submicrogram to 
nanogram quantities of analyte could be detected. These 
methods have served our pesticide residue program well; 
however, they require well equipped laboratories with com
petent, trained analysts.

This same time period saw the development of thin-layer 
chromatography and color-generating reagent systems to 
identify analytes. These color-generating systems evolved 
from relatively nonspecific to relatively specific capabilities 
providing color reactions dependent on functional groups. 
Specific reagent systems are now available for pesticides of 
the same chemical class.

A fairly recent major development has been the emergence 
of liquid chromatography. This technique broadened the 
range of analytes that could be separated and quantitated to 
include nonvolatile and thermally labile materials, including 
pesticides such as the carbamates. Sensitivity is now suffi
cient to detect nanogram and subnanogram quantities of 
analyte. Development of new chromogenic and fluorescent- 
generating materials also contributed to this dramatic im
provement. Today an increasing number of our analytical 
methods depend on liquid chromatography. Again, these 
methods require well equipped laboratories to achieve the 
desired results.

R a p id  S c r e e n in g  M e th o d s

In the decade of the 1980s, heightened awareness about 
food safety demanded even more analytical capability and 
capacity. During this time, FSIS commissioned the National 
Academy of Sciences (NAS) to assess how effectively the 
agency was accomplishing its mission. In 1985, NAS issued 
its report on meat and poultry inspection (3). As the NAS 
study points out (and we concur), the most important respon
sibility of FSIS is the risk associated with bacteria and chem
ical residues, neither of which can be detected organolepti
cally or by eye. We believe that NAS has laid out the future 
of meat and poultry inspection, and we are prepared to imple
ment their recommendations as fully as we can. To define our 
specific actions, FSIS prepared a report in 1986, titled “FSIS 
Future Agenda” (4). Actions for residue analysis are clearly 
stated in that report.

Higher levels of sampling were called for to detect residues 
in meat and poultry and to provide greater assurance of a safe 
food supply for consumers, as described by the proposed 
residue monitoring program through 1993. The need to re
think the program design was evident. Emphasis needed to be 
on developing and using biologically based rapid testing sys
tems. Today, several immunoassay systems are being devel
oped, such as the enzyme-linked immunosorbent assay 
(ELISA). For present and future needs, our regulatory pro
grams will seek to employ methods with attributes of pre
sumptive presence, quantitation, and positive identification.

Two important criteria for using screening methods are (a) 
their ability to analyze a relatively large number of samples 
in a given unit of time, and (b) their robust nature. This latter 
characteristic encourages the use of screening methods in 
nonlaboratory surroundings where tests may often be per
formed by individuals not experienced in analytical chemis
try techniques. This characteristic places a constraint on 
certain types of methodology; it limits use of certain types of 
equipment, instruments, and reagents. Further, under these 
conditions methods must be written in simple, unambiguous 
test instructions that will enable a tester to correctly prepare

the test material, conduct the analysis, and interpret and 
report the test findings. Process controls defining critical 
steps in the test procedure are highly relevant to the success 
of such a testing program.

We recognize that rapid screening methods generate use
ful but potentially imperfect information. They are designed 
primarily to detect the presence or absence of a compound or 
class of compounds at some designated level of interest and 
are often based on noninstrumental techniques of analyte 
determination. Consequently, results for a given sample are 
not as reliable as quantitative or confirmatory methods un
less there is corroborating information. This point must be 
clearly understood. From our experience, these methods gen
erally provide either reasonably good semiquantitative infor
mation but a lesser degree of identification of specific com
pounds or classes, or good compound/class identification but 
a lesser degree of quantitative information. Before they are 
used in our regulatory program, we develop data that define 
operating characteristics of reliable performance. Note that 
many of our microbiological assays and immunoassay test 
systems fall into this category of methods. They are used 
because of their convenience and potential suitability for 
field and in-plant environments, analytical speed, sample 
efficiency through batch analysis, portability to nonlabora
tory environments, suitable sensitivity, and their ability to 
detect classes of compounds. One of the cautions that must be 
observed in using rapid screening methods is that proposed 
regulatory action based on individual positive results must be 
substantiated by quantitative or confirmatory methods as 
determined by the uncertainty of an individual result. How
ever, epidemiological information may provide substantive 
data that reduce the uncertainty of individual results. We 
believe, therefore, that these methods offer several advan
tages to our residue control program.

The reliability of screening methods has to be judged in 
part by their performance characteristics, as well as their 
ability to handle relatively large numbers of samples within a 
given time. Two key characteristics requiring definition in
clude the percentage of false positives (reporting a positive 
response when no analyte is present) and percentage of false 
negatives (reporting a negative response when the analyte is 
present) when measured against a validated quantitative as
say in a statistically designed protocol. For public health 
reasons, the percentage of false negatives must be quite low 
at the levels of interest, whereas slightly more flexibility may 
be acceptable for false positives. A balance between these 2 
parameters serves to establish a minimum value of residue 
detection and working range.

FSIS has set up procedures for approving rapid tests in 
response to the industry that is developing these test systems. 
The principal responsibility will be that of Technical Ser
vices, the program area responsible for developing and evalu
ating new inspection procedures. The agency will first deter
mine whether a particular rapid test fits a program need. If it 
does, experts within FSIS will perform the needed evalua
tion. If these new tests are successful, they will be accepted by 
FSIS for use in its regulatory program. Further details are 
given in Food Chemical News, August 22, 1988 (5).

C r ite r ia  fo r  S c r e e n in g  T e s t s

What are our criteria? To be suitable for regulatory pur
poses, methods must be reliable. To ensure analytical reli
ability, performance characteristics of a method must be 
determined by multilaboratory evaluation. In most cases, 
minimum standards should be designed to fit the needs of 
specific program requirements. By consensus with public
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health agencies, standard setting organizations, and AOAC, 
the principal attributes considered for analytical methods are 
specificity, precision, systematic error, and sensitivity. These 
attributes have already been defined by the standard-setting 
organizations.

Regardless of what average recoveries are observed, we 
will look for low variability as a desirable feature. With rapid 
test systems, we will look for a degree of performance that 
routinely achieves parallel curves for standard solutions of 
the analyte and extracts of analyte added to a sample.

Performance criteria for analytical methods also provide a 
basis for good management decisions in future planning, 
evaluation, and product disposition. The sensitivity we seek 
in a method is a measure of its ability to discriminate small 
differences in analyte concentration. Accuracy requirements 
will vary with the objective of the test procedure: for screen
ing methods, characteristics of false positives and false nega
tives will be a major factor in defining an operating range.

A number of other attributes are also desirable; the meth
od should be

(a) Rugged or robust—relatively unaffected by small de
viations from optimal parameter values.

(b) Cost effective—use relatively common reagents and 
instrumentation, and utilize resources efficiently.

(c) Relatively uncomplicated—use simple, straightfor
ward mechanical or operational procedures.

(d) Portable—transferable from one location to another 
without loss of established performance characteristics.

(e) Capable of handling a set of samples simultaneously in 
a time-effective manner, thus reducing total analytical time. 
This is particularly important for screening methods, which 
are designed to analyze large numbers of samples in short or 
fixed time frames.

Safety considerations are essential. However, for screen
ing tests it is especially important to keep in mind that end 
users of the tests may have limited analytical skills, may not 
have well equipped and ventilated work environments, and 
may have to run tests under adverse conditions, e.g., during 
July in Texas or January in Minnesota. These considerations 
place constraints on certain kinds of methodology, as dis
cussed above.

Integrating rapid test methods into residue programs may 
depend on residue violation rates and public health/food 
safety issues. The following are 4 possible situations in which 
rapid tests may be used.

When the incidence o f  violations from statistically based 
random sampling programs is at a low level, screening meth
ods are particularly attractive because they permit testing 
large numbers of food products. Residue monitoring data 
indicate that a large majority of samples contain nondetecta- 
ble and below-tolerance concentrations of residues. A screen
ing test provides a program with the opportunity to pass a 
product containing residues below a level of interest and to 
retain suspect positives for more definitive laboratory analy
sis. Screening tests permit more effective use of expensive 
laboratory resources and also reduce the significant cost 
involved in collection and shipment of all samples to a desig
nated laboratory.

When the incidence o f violation is known or is high, quan
titative immunochemical-enzyme inhibition assays and thin- 
layer chromatographic systems designed for rapid testing in 
laboratory environments become very attractive. They pro
vide data on which to take regulatory action on a violative 
product.

For detecting residues o f unapproved pesticides or pesti
cides used in an unapproved manner, residue screening tests

are very attractive. In these situations, detection of any 
amount of residue in meat and poultry is a violation. Screen
ing test results normally require support by a confirmatory 
procedure, but in this situation, quantitation is not a specific 
requirement.

When sampling rates are increased, rapid tests fill a need. 
The FSIS response to provide greater consumer protection 
from pesticides includes sampling to detect a 0.1% incidence 
of residues with 95% confidence in the population of healthy 
animals presented for slaughter. This goal requires sampling 
3000 animals in a single production class for a specific ana
lyte. Sampling in these instances is an order of magnitude 
greater than generally provided by NRP protocols.

The great advantage of such test systems is their simplic
ity, which allows them to be performed by testers of limited 
experience in diagnostic or analytical procedures. An occa
sional disadvantage is that the tests are specifically designed 
for a single compound; separate test systems are required for 
a class of pesticides. In some instances, sufficient cross reac
tivity to a class of pesticides will allow other compounds to be 
detected in a sample matrix, usually at higher concentra
tions. Thus, there is some trade-off for development by lab
oratories and use in regulatory programs. Perceived con
straints with screening tests are that they are not specific and 
that they consume too large a portion of valuable resources to 
identify the residue of interest. A possible resolution to this 
dilemma is to use emerging technology to develop a hierarchy 
of test methods based on simplicity in design and application, 
automation technology, and commercially available systems 
and equipment with potential for broad application. It is 
often possible to develop effective quantitative methods with 
the same technology. These assays require state-of-the-art 
instrumentation and must be performed by analysts in fully 
equipped laboratories.

C o n c e r n s  w ith  Im m u n o c h e m ic a l A s s a y s

Some time will be required before confidence and recog
nized legal status is attained for qualitative or quantitative 
immunochemical assays. Regulatory agencies will probably 
need considerable experience and familiarization with the 
technology involved in the test systems containing unknown 
reagents (“black box” test systems) before they can develop 
procedures to assure themselves that public health protection 
is not being compromised.

There are other concerns with regard to immunochemical 
assays. First, in the development and design of ready-to-use 
products such as these tests, reliability and consistent perfor
mance of the assay can occasionally vary from lot-to-lot 
production. Quality control for production will likely im
prove with experience. Nevertheless, users of these systems 
must employ good quality control/quality assurance proto
cols to ensure method performance. Regulatory agencies 
planning to use such methods can facilitate their acceptance 
by developing standards for the manufacturers of the sys
tems.

Second, some of these assays are more sensitive than the 
traditional quantitative and confirmatory assays, so that the 
qualitative results cannot be confirmed. This may limit fur
ther regulatory action. We hope that this apparent contradic
tion will force technology to develop new quantitative and 
confirmatory methodology to match the sensitivity levels. 
We need to be able to confirm what we have the capability to 
detect.

Third, the systems rely heavily on using aqueous media for 
performing the tests. For certain types of food, this may be of 
little consequence, but for other types such as meat it may be
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a considerable deterrent. For example, most of our chemical
ly based assays rely on organic solvents for releasing the 
analyte of interest from the test sample matrix. Thus, new 
solvent systems must be developed to provide sufficient trans
fer from the organic extraction solvent to the test system 
while not denaturing or deactivating the biological reagents. 
Progress is being made in this area. For example, Immuno- 
Systems has developed an assay for chlorinated triazines 
(Res-I-Mune®) that allows detection at low levels (ng/g, 
ppb) by using selected aqueous-organic solvent systems.

In using rapid test procedures in slaughter plants or farm 
environments where the test user is not likely to have analyti
cal expertise, one of our chief considerations is quality assur
ance. We want to maintain a positive image with these rapid 
procedures because one measure of our success in meeting 
our commitments to improved inspection systems and analyt
ical testing capability is the successful transfer of the new 
technology to our inspectors. In addition, if programs like 
pre-certification of animals or poultry are to be implemented, 
assistance to private practitioners and others will be needed. 
We have to develop controls and quality assurance plans to 
provide a high degree of reliability that the analytical test is 
being run properly, that necessary controls are being incorpo
rated in the test system to monitor test performance, and that 
testers are interpreting and reporting results in a manner 
consistent with the test program. This is a tremendous task. 
We recently conducted a training and familiarization pro
gram for the on-site sulfa test for inspectors in swine slaugh
ter plants, swine practitioners, and Extension Service veteri
narians. The program required over 12 000 check samples for 
training and quality assurance. In addition, once inspectors 
began in-plant testing, procedures had to be developed to 
monitor for false negatives.

We are now evaluating rapid test immunochemical assays 
for the chlorinated triazines, paraquat, parathion, chlordane 
(heptachlor, dieldrin, endrin, aldrin, and endosulfan are de
tected via cross reactivity), and polychlorinated biphenyls 
(PCBs) at levels of interest for laboratory, field station, or 
slaughter plant use. We recognize the need to adapt the 
original design to fit our needs. Almost exclusively, these 
tests are designed to use aqueous systems, whereas we cur
rently rely on organic extraction to release the compound(s) 
of interest from the sample matrix. These evaluations are 
under way. We have been able to demonstrate that extracting 
pesticides from fat and then using the extracts in the test 
system does not invalidate the test when the appropriate 
modifications are made. Our field laboratory method devel
opment units are currently working on optimizing these pro
cedures for program use.

The immunoassay screening test for chlorinated triazines 
is now being studied in our laboratory at Athens, GA. The 
method test system is sensitive at the low parts per billion 
level for residues extracted with aqueous acetonitrile or aque
ous methanol. Since we previously developed a quantitative 
chromatographic assay for triazines, we are encouraged that 
these methods will complement each other.

A commercial pesticide detection system based on cholin
esterase enzyme inhibition has been developed by EnzyTech, 
Inc., and is being evaluated by FSIS. The enzyme ticket 
system detects common insecticides that account for about 
85% of all insecticides used in the United States at concentra

tions in the low ng/g (ppb) range. Shelf stability for the test 
system is estimated to be several years. The design of the 
system allows for a 2-tier analytical scheme that will permit 
differentiation of organic sulfur-containing organophospho- 
rus insecticides from their oxygen analogs. This advantage 
reduces some of the need for further analysis to quantitate 
and confirm these analytes.

Research is under way to enable analytes from an organic 
extract to be determined by the test system. Our approach is 
to prepare an organic extract of the pesticide from fat, and 
using the adsorbent “ticket” in the test kit on a filter funnel, 
slowly elute the extract through the ticket. After mild air or 
vacuum drying, the ticket can then be reinserted into the 
enzyme ticket system, the reagents added as originally de
signed, and the test result read visually. Results are encour
aging for detection of compounds such as carbaryl, aldicarb, 
malathion, and methyl parathion at microgram to submicro
gram quantities.

Our next concern will be adequate methods to quantitate 
and confirm specific analytes from multiresidue procedures 
to support these qualitative methods. Some of our recent 
method extension studies complement this screening test.

FSIS has method development contracts for developing 
immunochemical assays for heptachlor-related organochlo- 
rine pesticides, ivermectin, synthetic pyrethroids (permeth- 
rin, cypermethrin, and deltamethrin), and nitroimidazoles in 
meat and poultry tissue. These are expected to provide im
proved laboratory analytical capability for these analytes. 
The immunoassay for synthetic pyrethroids is currently be
ing introduced into our field laboratories. We intend to pur
sue development of a swab-like test system for inspectors to 
detect surface contamination. With the reagents available 
and with no detailed extraction required, theoretically this 
should be a relatively easy adaptation.

The technology for rapid tests continues to develop. Addi
tional analytes are being adapted to these chromogenic, en
zymatic, and immunologic technologies. Newer technologies 
such as fluorescent immunoassays offer other possibilities for 
residue analysis, as do such systems when applied to forensic 
and clinical chemistry. These are exciting and challenging 
times for us. To be sure, we recognize that these new methods 
may raise new concerns, but given the options, we believe this 
is a prudent course of action to follow.
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State Programs for Pesticide Residues in Foods

JA M ES P. M IN Y A R D , JR, and W. ED W A RD RO BERTS
Mississippi State University, Box CR, Mississippi State, MS 39762 
W ILLIA M  Y. COBB
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T w o U .S . d a ta  c o lle c t io n  and d issem in ation  p rogram s, F E E D C O N  
and F O O D C O N T A M , are d escrib ed . F E E D C O N  provides in form a
tion  on  con tam in ation  levels in  an im al fe ed s o f  to x ic  ch em ica l res i
dues (p e st ic id es , ind ustria l ch em ica ls , heavy m eta ls , m y co to x in s , 
natural p lant to x in s , sa lm o n e lla , and th erap eu tic  drug cro ss-co n ta m i
n a tio n s). F E E D C O N  d a ta  a re  co lle c ted  from  a p p rox im ate ly  4 0  s ta te  
feed  regu la tory  a g en c ie s , feed  m an u factu rers, and related  grou p s w ho  
su b scrib e ( $ 1 0 0 - $ 2 0 0  per y ea r) to  the p rogram , w hich  is spon sored  
by the A sso c ia t io n  o f  A m erican  F eed  C on tro l O ffic ia ls . F O O D C O N 
T A M  provides sim ila r  in form ation , but is  lim ited  to  p estic id es , heavy  
m eta ls  and ind ustria l ch em ica ls  (p o ly ch lo r in a ted  and polybrom inated  
bip henyls, e tc .)  in hum an fo o d s . B oth  p rogram s have been developed  
and in itia ted  under U .S . F ood  and D ru g  A d m in istra tion  co n tra cts  
w ith  the M iss iss ip p i S ta te  C h em ica l L ab oratory . P rogram  stru ctu res  
o f  b oth  a re  ou tlin ed  con cep tu a lly , and F O O D C O N T A M  is described  
in d e ta il. F O O D C O N T A M  d a ta -sh a r in g  program  developm ent is  
essen tia lly  co m p le te , but ex p a n sio n  by in corp ora tin g  F D A  d ata  w ith  
S ta te  L ab oratory  d a ta  is  nearin g  rea lity .

Public concerns about adverse health effects of natural and 
synthetic chemicals in U.S. food supplies have increased 
greatly in the last 2 decades. Perceived, if not real, concerns 
and lack of quantitative data defining the extent, human 
health risk, and levels of agrichemicals and industrial chemi
cals in our nation’s foods have increased public demands for 
banning or severely restricting use of such chemicals in food 
production and processing (1-3).

Monitoring of levels of chemical residue contaminants in 
animal feeds and human foods has been a programmatic 
element of both U.S. federal and state regulatory food quali
ty assurance from the early 1950s, when a number of chlori
nated hydrocarbon pesticides like DDT were introduced into 
commercial agriculture on a large scale. Accurate estimates 
of the extent of occurrence of pesticide residues in foods were 
relatively slow in developing, partly because of a lack of 
sophisticated methods to detect and quantify very low con
centrations of pesticide residues in feeds and food crops. 
Introduction of gas chromatographs with sensitive electron- 
capture detectors made possible dramatic expansions of che
mists’ abilities to detect and quantify low levels of such 
residues in a wide variety of human foods, animal feeds, and 
feed ingredients (4-7). Analytical methods sensitive enough 
to detect and quantify pesticide residues in fractional parts 
per million were well developed by the early to mid-1960s.

Detection limits for many of these commonly used plant 
and animal protection chemicals were pushed lower and low
er during the 1960s. Concurrently, public concern escalated 
greatly about the possible linkage of pesticide residue con
taminations in foods to human cancer initiation. This con
cern was inversely proportional to amounts found, but direct
ly proportional to the frequency of such findings.

By that time, the U.S. Food and Drug Administration 
(FDA) had begun systematic development and performance 
validations of “standard methods” (ultimately adopted by 
AOAC as official methods) for detection and quantification 
of these agrochemicals. FDA activity expanded as newer 
classes of organic herbicides, insecticides, fungicides, roden-

Presented at the Symposium on Pesticides in Foods: Coping with the 
Issue—Programs and Analytical Methods, 102nd AOAC Annual Interna
tional Meeting, Aug. 29-Sept. 1, 1988, Palm Beach, FL.

ticides, etc., were marketed. As chemical structures of such 
products became more complex, they became more polar and 
more rapidly degradable in the environment. These included 
a wide range of chlorinated hydrocarbons, organophos- 
phates, carbamates, synthetic pyrethroids, and other classes 
of complex organic chemicals. Consumers in the United 
States and abroad became more aware and much more con
cerned about long-term health effects and residual toxicities 
of such chemicals and their decomposition residues in raw 
and processed foods. Analytical methods, oriented toward 
gas and liquid chromatographic instruments coupled to very 
sensitive and complex detectors, were introduced rapidly. 
Detection limits for many pesticides dropped to low parts per 
billion and even parts per trillion.

In 1963, as concerns about the health effects of such resi
dues increased, FDA started the Total Diet Study, a program 
to estimate pesticide residues, industrial chemicals, toxic ele
ments, radionuclides, and essential minerals consumed per 
day by a “typical” 18-year-old human male. Consumption 
was projected to lifetime intake to estimate maximum human 
exposures to each class of chemicals. The Total Diet Study 
has continued to the present, with major changes incorporat
ed in 1982 (8).

In addition to FDA’s nationwide programs for monitoring 
pesticide residues in raw food commodities, many states 
started comparable studies under their own state food regula
tory program responsibilities. California, Florida, Michigan, 
Mississippi, New York, North Carolina, Virginia, Wiscon
sin, and many other states have extensive pesticide residue 
analytical capabilities and programs to assure quality and 
purity of foods produced and consumed in their state under 
state Pure Food and Drug Laws. Most of these laws were 
patterned after the landmark federal Food and Drug Act of 
1906, which Harvey W. Wiley worked so hard to achieve. By 
the mid-1920s, many states had adopted their own food laws 
paralleling the 1906 federal act, and were conducting food 
regulatory programs under their state laws and regulations. 
Federal programs were conducted by FDA and the U.S. 
Department of Agriculture (USDA). State food protection 
agencies worked closely with USDA and later with FDA 
scientists and administrators to coordinate program findings, 
enforcement actions, and analytical methods development 
and performance validation under the auspices of AOAC. A 
long history thus began for federal-state cooperative pro
grams to assure the quality of foods, drugs, and many con
sumer products to their own state citizens. Close cooperative 
relationships between most states with the U.S. Department 
of Agriculture, the U.S. Food and Drug Administration, and 
the U.S. Environmental Protection Agency have developed 
and flourished.

The need for more effective methods for sharing data 
among the 50 states conducting programs under their own 
laws and the various federal regulatory groups involved 
(FDA, USDA, and EPA) became even more critical in the 
mid-1970s. A number of localized incidents of food contami
nations occurred, usually as accidents. They frequently re
sulted from poor management practices in production of 
livestock (beef, dairy cattle, hogs, and chickens), lack of 
observance of preharvest cessation of agrochemical applica
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tions to food crops, and similar causes. Many derived from 
accidents in shipment, storage, or use of inappropriate feed 
ingredients, and by accidental contaminations (particularly 
in animal by-product ingredients). A few incidents occurred 
because of greed and deliberate sale of adulterated feed 
ingredients by unscrupulous individuals. Some of these per
sons have been arrested, tried, and sentenced to prison for 
criminal actions, but meanwhile thousands or even millions 
of dollars have been lost to feed and food industries, as well as 
to the citizens who have been thus harmed. Perhaps more 
important, such problems have created a general lack of 
public confidence in the safety of our food supply.

Because of the development of analytical methods of 
greatly increased sensitivity (lower detection limits) during 
the 1960s and 1970s, as well as increased state and FDA 
surveillance programs, a growing number and variety of resi
dues of industrial chemicals and pesticides were detected in 
feed ingredients, feeds, and foods. These industrial chemicals 
included polychlorinated biphenyls, halogenated kerosenes, 
industrial solvents, phthalate esters, heavy metals (arsenic, 
copper, lead, etc.), and polybrominated biphenyls.

These and other contaminants, including cross-contamina
tion of feeds with nonapproved animal drugs, mycotoxins in 
grain and other seeds, and toxic natural products such as 
plant alkaloids and gossypol, were being found with greater 
frequency in a wide variety of feeds, foods, and surface wa
ters (although usually at trace levels) in the United States 
and in other industrialized nations as well.

A need was recognized in the late 1970s and early 1980s 
for some means of sharing current data on feed contaminants 
among all states and the federal regulatory agencies (FDA, 
USDA, EPA) to help limit the consequences of accidents and 
human errors. Discussions of these concerns among federal 
and state regulators involved in food quality assurance pro
grams, together with a literature review, documented a num
ber of past major national catastrophes that involved chemi
cal contamination(s) in chickens, beef, grains, foods, cattle, 
hogs, and humans (9).

In addition to sporadic crises involving pesticide residues, 
new concerns were emerging in the early 1980s. These relat
ed to mycotoxins in feeds, newer industrial chemical contain
ments like PCDDs, TCDDs, mercury in fish, seed treatment 
chemicals in meat and milk, salmonella sp. and Listeria 
monocytogenes in poultry and milk, dieldrin and heptachlor 
in broilers, and other problems. Such discussions caused state 
scientists and regulatory managers in the Association of 
American Feed Control Officials, Inc. (AAFCO) and in 
FDA to recommend initiation of an AAFCO-sponsored pro
gram for sharing data on contaminant residues.

In 1981, the AAFCO’s Board of Directors established a 
Feed Contamination Prevention Task Force, chaired by G.
A. Pearson, Feed Control Official from Virginia. J. P. Min- 
yard and W. Y. Cobb were members, together with N. J. 
Neher, Madison, WI; B. Ginther, Olympia, WA; J. Helmer, 
Sacramento, CA; C. E. Jones, Denver, CO; and B. Paulson, 
Mesa, AZ. This Task Force (later Committee) recommend
ed establishing a data-sharing program, along with educa
tional programs and other means of containing such tragic 
and costly incidents. By 1982, Minyard, Pearson, Cobb, and 
Committee members had developed a conceptual outline, a 
list of desired data elements needed for input and output, a 
tentative format for data outputs, and an organizational pro
cedure to provide a monthly report of shared data, to be 
provided to the program leader, J. P. Minyard, by cooperat
ing state feed control officials.

From its initiation, the AAFCO-FEEDCON Data Gath

ering and Sharing Program was perceived to need certain key 
elements for its success. These included a broadly based 
information gathering network consisting of (1) state regula
tory agencies, (2) U.S. and Canadian federal agencies like 
FDA, USDA, and Agriculture Canada, (5) feed industry 
members, (4) faculty of university Extension Services and 
Animal Science Departments, and (5) veterinary diagnostic 
laboratories, both federal and state university-related. A sec
ond major program element was to assure all data providers 
“anonymity” for data they supplied and nonpunitive regula
tory actions by federal or state agencies who might have to 
make follow-up investigations.

Minyard and his staff offered to design a computerized 
data organization/dissemination format and microcomputer 
(APPLE/ / / SOS) programs which would convert hard 
copy (or computer-compatible input data submitted on 5 V2- 
in. diskettes) to standard outputs. Key information elements 
of each data line would include the feed matrix, the analyte, 
the geographic origin of the sample, and other needed data. 
All information collected on each sample would be reported, 
both significant (as judged by the agency/submitter) and 
nonsignificant values, including all zero findings (no residues 
found). Fast turnaround of information to groups contribut
ing data was essential. It was expected that these findings 
could help states and industries sharing data to focus their 
own programs more effectively.

FEEDCON, the name given the computer program to 
input and print the data in an organized format, was initiated 
in the Mississippi State Chemical Laboratory (MSCL), lo
cated in the Hand Chemical Laboratories at Mississippi 
State University. All necessary microcomputer programs for 
data entry, file manipulations, and output were written by W.
E. Roberts, computer programs manager in MSCL. FEED- 
CON was formally initiated September 1983 under the over
sight and sponsorship of AAFCO, which provided an initial 
$10,000 for start-up costs. Developmental funding ($38,547 
over 3 years) for this program was provided under contract 
from FDA. FDA’s Executive Director for Regional Opera
tions (EDRO), Federal-State Relations Office, provided this 
critical financial support, plus input on programmatic con
cepts during this 3-year initiation period. Organization of 
outputs and types of findings over the last 5 years will be 
described in a later paper.

FEEDCON was targeted to be self-supporting by Septem
ber 1986,3 years after start-up. It achieved that target within 
1 year. Within 13 months (1983-84), 24 paid subscribers had 
joined the program, and had provided 11,873 lines of data 
code. Membership in the program has hovered around 40 
paid members since the second year. A few individuals and 
laboratories receive reports at no charge because they sup
port FEEDCON in other ways.

In 1983, after FEEDCON’s initiation, W. Y. Cobb, then 
Director of Federal-State Relations, FDA, at Rockville, MD, 
visited MSCL to discuss the possibility of an FDA contract 
with MSCL to develop a parallel program to collect informa
tion generated by state food regulatory officials on pesticide 
contaminants found in food products in their state and orga
nize it by computer. These FOODCONTAM programs, as 
they were immediately named, would be used by both state 
and federal agencies to provide current, complementary state 
food contaminant data to parallel FDA’s federal program 
findings. At that time, such FDA national data were avail
able only as historic summary reports published 1-2 years 
after they were available to FDA District personnel, and 
were of little use to state regulators to help focus their current 
programs. FDA awarded a fixed price, 3-year contract to
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MSCL to build a FOODCONTAM database and manage 
its operation.

State Chemist Minyard was principal investigator, with
W. E. Roberts, coinvestigator, as database manager and 
systems analyst. Computer programs were completed and 
debugged in 120 days, although debugging and modifications 
of output formats have continued since that time. Within 9 
months FDA had advertised and contracted with 3 state food 
regulatory agencies (New York, California, and Massachu
setts) to provide data on raw agricultural foods produced in 
their state. Massachusetts agreed to supply their limited food 
data without charge. Foods of interest were confined to raw 
agricultural vegetables, fruits, grains, and ocean and fresh
water fish and shellfish. Cooked and prepared mixed foods 
were excluded, as were milk, meat and poultry, eggs, and 
related animal-derived foods, except fish and shellfish.

Program concepts and contract requirements covered 
many general expectations. FDA wanted as many state food 
laboratories as possible to contribute data (at least 10-12). 
They wanted to cover the entire United States with a reason
ably uniform geographic distribution, and required analytes 
to be limited to pesticides, polychlorinated biphenyls, and 
similar toxic industrial chemicals in raw agricultural food 
products. FDA hoped that state food laboratories would con
tract with them to deliver data to the MSCL Management 
Center for $2.00 per dataline or less. Various input mecha
nisms for receiving data were expected by the MSCL con
tractor, including formatted data in hard copy or in ASCII 
code on tape or disk from the originators’ computer systems. 
FDA required state data to be compatible with their District 
laboratories’ files. This in turn required that product catego
ry and matrix codes, pesticide analyte codes, geographic 
sampling location codes, and analytical methodology codes 
be compatible, and that all analyte concentrations be report
ed as ppm of analyte.

FDA/EDRO managers of the contract expected MSCL 
database managers to build all computer data management 
programs to run on microcomputers (MS-DOS, PC-DOS, or 
APPLE / / /  SOS microcomputers), or on popular minicom
puter operating systems. They anticipated that state data 
would be entered in the FOODCONTAM input database by 
supervised clerks and verified by contract managers, for all 
expected input modes. It was critical that all data be compat
ible with FDA codes and file layout to facilitate federal-state 
data exchanges and merging of files to produce integrated 
national data files.

FDA also expected that database managers at MSCL 
would provide overall quality assurance/quality control of 
outputs of data as well as the input data provided by contract
ing states. FDA and FOODCONTAM managers anticipat
ed producing a variety of summary outputs, and expected 
flexibility from the contractor in providing a variety of appro
priate profiles of findings for each state in various formats. 
These included a semilogarithmic display of concentration 
findings for each analyte in each matrix, to facilitate proba
bility predictions. FDA required the submitter to furnish 
summary data on the range of positive (nonzero) findings by 
each chemical, with the average of the total range for each 
chemical/matrix combination, plus the number of findings 
judged “significant” (those marked with an asterisk) by the 
submitting state official on the basis of established tolerances 
for that pesticide/food combination. The contractor was to 
provide quarterly and annual hard copy summaries of all 
significant data, grouped state by state, and sorted into other 
useful arrangements (by analyte, food type, state, etc.).

During the first half-year of the contract, W. E. Roberts

developed programs, wrote subroutines, and loaded FDA 
files into MSCL microcomputers. These were needed to fa
cilitate customized data transfer from a diversity of contribu
tors’ computerized or hard-copy data systems. Originally, all 
programs ran on the MSCL APPLE / / /  microcomputers 
with SOS Operating Systems, 512K RAM linked to 40 
MByte hard disk units. Programs now run on a UNISYS 
5000/50 32 Bit minicomputer, UNIX based. This minicom
puter has 4 MByte RAM, 220 MByte Disk, and is networked 
with the current MSCL microcomputers, both APPLE / / /  
and MS-DOS IBM PC equivalents.

State food laboratory contractors were to provide data in 
proper format and examine FOODCONTAM outputs of 
states’ formatted data. State food control officials could then 
use the findings to enhance their own state food quality 
regulation programs. State contractors were expected to keep 
informed on FDA regulations, pesticide/product tolerances, 
and related information so that federal and state programs 
would be as compatible as possible.

Tables 1-6 were built into the computer programs for 
FOODCONTAM. All sets of tables, sample data entry 
sheets, instructions, and program management elements 
were sent to each state’s contracting officer/manager. A 75- 
page printout of FDA’s Food Product Table was sent to state 
contractors. Table 1 shows FDA product codes, and Table 2 
represents a small excerpt of FDA’s extensive listing of FDA 
codes for various food product categories, using 5 characters 
(2 numeric, 1 alpha, 2 numeric) for each food type. Table 3 is 
a typical county code list, with 3-digit numbers for each of 
California’s counties; such codes for each state are standard

Table 1. Product codes (from the table of contents, FDA Food 
Product Table)

Product code Product name

02 Whole grains, milled grain products and starch
03 Bakery products, doughs, bakery mixes, and icings
04 Macaroni and noodle products
05 Cereal preparations, breakfast foods
07 Snack food items (flour, meal or vegetable base)
09 Milk, butter and dried milk products
12 Cheese and cheese products
13 Ice cream and related products
14 Filled milk and imitation milk products
15 Eggs and egg products
16 Fishery/seafood products
17 Meat, meat products, and poultry
18 Vegetable protein products (simulated meats)
20 Fruits and fruit products
21 Fruits and fruit products
22 Fruits and fruit products
23 Nuts and edible seeds
24 Vegetables and vegetable products
25 Vegetables and vegetable products
26 Vegetable oils (includes olive oil)
27 Dressings and condiments
28 Spices, flavors, and salts
29 Soft drinks and waters
30 Beverage base
31 Coffee and tea
33 Candy without chocolate, candy specialties, and gum
34 Chocolate and cocoa products
35 Gelatin, rennet, pudding mixes, and pie fillings
36 Food sweeteners (nutritive)
37 Multiple food dinners, gravies, sauces, and special
38 Soups
39 Prepared salad products
40 Baby (infant and junior) food products
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Table 2. Food product categories— example segment

Product
code 24 T Leaf and stem vegetables

01 A rtichokes
02 Asparagus
03 Bam boo sprouts
04 Beet tops
05 B rocco li

06 B rocco li raab (raab)

07 Brussels sprouts
08 Cabbage
09 C arrot tops

10 C au liflow er
11 Celery
12 Chinese cabbage, ce le ry  cabbage

13 Collards
14 Dandelion greens

15 Endive, escaro le , ch ico ry  root, or ch ico ry  leaf

16 Field cress
17 Hanover cress

18 Kale
19 Lettuce o r rom aine
20 Mustard greens
21 Parsley
22 Pole greens
23 Rape greens
24 Rhubarb
25 Spinach

26 Swiss chard
27 Turnip greens
28 W ater cress
29 Seaweed
99 O ther leaf and stem  vegetables, N.E.C.

Table 3. County codes: California (example)

Code

State name: 
State abbreviation: 

County name

California
CA

Code County name

001 Alam eda 059 Orange
003 A lp ine 061 Placer
005 Am ador 063 Plumas
007 Butte 065 Riverside
009 Calaveras 067 Sacram ento
011 Colusa 069 San Benito
013 Contra  Costa 071 San Bernardino
015 Del Norte 073 San Diego
017 El Dorado 075 San Francisco
019 Fresno 077 San Joaquin
021 Glenn 079 San Luis Obispo
023 H um bolt 081 San Mateo
025 Im perial 083 Santa Barbara
027 Inyo 085 Santa Clara
029 Kern 087 San Cruz
031 Kings 089 Shasta
033 Lake 091 Sierra
035 Lassen 093 Siskiyou
037 Los Angeles 095 Solano
039 Madera 097 Sonom a
041 Marin 099 Stanislaus
043 M ariposa 101 Sutter
045 M endocino 103 Teham a
047 M erced 105 Trin ity
049 Modoc 107 Tulare
051 Mono 109 Tuolum m e
053 M onterey 111 Ventura
055 Napa 113 Yolo
057 Nevada 115 Yuba

Table 4. Extraction and cleanup analytical method codes—  
example segment

C ode E x tra c tio n  and c le a n up  m e thod

002 PAM I, 211.1 with 6% +  15% EtO/PE eluants only
003 PAM I, 211.1 with 6 + 1 5  +  50% EtO/PE eluants only
004 PAM I, 211.1 with MeCI eluants 1 only
005 PAM I, 211.1 with MeCI eluants 1 +  2 only
006 PAM I, 211.1 with MeCI eluants 1 +  2 +  3
007 PAM I, 212.1 with 6% EtO/PE eluants only
008 PAM I, 212.1 with 6 + 1 5 %  EtO/PE eluants only
009 PAM I, 212.1 with 6 + 1 5  +  50% EtO/PE eluants
010 PAM I, 212.1 with MeCI eluants 1 only
011 PAM I, 212.1 with MeCI eluants 1 +  2 only
012 PAM I, 211.1 with MeCI eluants 1 +  2 +  3
013 PAM I, 232.3 charcoal column cleanup procedure
014 Holden, E. FL, JAOAC 56, 713-717 (1973) modified by LIB 167

Carb
015 PAM I, 232.4, 424.1 Luke method without column

chromatography
016 LIBA 1874 method for triazine analysis
017 PAM I, 212.2 Luke method with Florisil column cleanup
018 JAOAC 63, 539-545 (1980) Clower method for fumigants
019 Acid/base/alumina/Florisil method for (C16-C18) dioxins
020 Acid/base/alumina/Florisil/HPLC for tetrachlorodioxins
021 JAOAC 63, 1114-1124 (1980) Krause method for N-methyl

carbamate
022 AOAC, 13th Ed., 29.123-29.126 Bong method for HCB and

mirex
023 LIB 2306 Hopper GPC procedure for CPA residues
024 JAOAC 66, 534-536 (1983) Erney method for fish
025 LIB 2716 with 6% EtO/PE eluant (Rev. of LIBA 2120A superfat}
026 LIB 2716 with 6 + 1 5 %  EtO/PE eluants (Rev. of LIBA 2120A

superfat)
028 LIB 2716 with MeCI eluant 1 (Rev. of LIB 2120A superfat)
029 LIB 2716 with MeCI eluant 1 +  2 (Rev. of LIB 2120A superfat)
030 LIB 2716 with MeCI eluant 1 + 2  +  3 (Rev. of LIB 2120A

superfat)
031 JAOAC 64, 1252-1254 (1981) triple codistillation with hexane
032 LIB 2338C ethyl acetate codistillation for EDB in citrus fruits
101 PAM I, 211.1 with PE forerun +  6% mixed ether eluants (211.1)
102 PAM I, 211.1 with PE forerun +  6% +  15% mixed ether eluants
103 PAM 1,211.1 with PE forerun +  15 % +  50 % mixed ether eluants

U.S. Postal Codes for alphabetized county-parish names. 
Table 4 shows an example of FDA’s codes for extraction and 
cleanup analytical methods used in their District laborato
ries. Each data line submitted for a specific analyte/matrix/ 
pesticide finding is accomplished by such a code. Most of 
these are screening methods that cover a range of chemically 
related analytes. This information allows scientists to judge 
whether a specific analyte, if present, might have been found 
in the specific analyses run on that food by the state. Table 5 
presents the standard FDA detection codes that define the 
type of instrumental detector used, and Table 6 is a portion of 
an alphabetic list of analytes that can be quantified by one or 
more of the various analytical methods. Approximately 700 
analytes are covered, each coded by a 3-digit number.

Different kinds of hard-copy data input were accommo
dated by the FOODCONTAM management group. An 
FDA hard-copy laboratory management coding sheet is 
shown in Figure 1, for data submitted by the Virginia Divi
sion of Laboratory Services. The Commonwealth of Virginia 
was already using this form to share data with the FDA 
Baltimore District office. Photocopies of their submissions to 
Baltimore are now sent to program managers, and the data 
are rekeyed into FOODCONTAM format. Hard-copy data 
are handwritten by scientists or clerks under scientific super-
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Table 5. Detection codes

C ode D e te c tio n  p ro ce d u re

01 GLC-electron capture detector
02 GLC-phosphorus selective detector (FPD)
03 GLC-sulfur selective detector (FPD)
04 GLC-nitrogen selective detector (Hall 700A)
05 GLC-halogen selective detector (Hall 700A or

mlcrocoulometric)
06 GLC-FID
07 GLC-MS
08 GLC electron capture detector
09 Thin layer chromatography (TLC)
10 Paper chromatography
11 GLC-UV detector
12 HPLC post-column derivative and fluorometric

determination (Krause MTD carbamate)
13 GLC-phosphorus selective detector, LIB 2166 (aryl phosphates)
14 GLC-phosphorus selective detector, polar column-eg DEGS
15 GLC-nitrogen selective detector, polar column-eg DEGS
16 GLC-alka i flame detector (N/P or KC1TD)
17 GLC-halogen selective detector, LIB 1710/1710A early elute
50 Flame atomic absorption (AA)
51 Hydride generation (AA)
52 Cold vapor (AA)
53 Furnace (AA)
54 Flame emission (FE)
55 Inductively coupled plasma (ICP) FE
56 Direct current plasma (DCP) FE
57 Fluorescence spectroscopy
58 Gas-liquid chromatography (GLC)
59 Liquid chromatography (LC)
60 Spectrophotometric
61 Thin layer chromatography (TLC)
62 Differential pulse anodic stripping voltammetry
63 Differential pulse cathodic stripping voltammetry
64 Polarography (differential pulse)
65 Ion selective electrode
66 Other electrochemical method
67 Neutron activation 
99 Other * 3

vision. This tedious task is simplified by some states, who key 
data into commercial microcomputer database programs, 
organized in standard input format. After getting states ori
ented in program activities, Minyard and Roberts urged state 
officials to transfer data by tape or diskette, rearranged from 
state to FOODCONTAM input format. MSCL prefers to 
receive quarterly data in formatted ASCII code on 5 V2 or
3 '/z-in. diskettes, or 9-track, 1600 BPI tape.

At the start of FOODCONTAM, FDA managers solicited 
data submission proposals by contract from all state food and 
drug officials. Only 3 states responded and contracted with 
FDA to supply data: New York Department of Agriculture 
and Markets, Massachusetts Department of Public Health, 
and California Department of Food and Agriculture. Be
cause of the complexity required for responding to a proposal 
for a contract, several states who were interested did not 
initially contract with FDA (Virginia and Florida).

The 3 contracting states began sending data on April 1, 
1986. Meanwhile, MSCL staff worked with Florida and 
Virginia to develop simpler data transfer mechanisms, and 
FDA simplified their contracting mechanism. Florida now 
sends 9-track 1600 BPI tapes of results, which are “transla
ted” to FDA code equivalents. Virginia sends hard-copy 
information on FDA forms. Both Florida and Virginia par
ticipate on a simple cost reimbursement basis, at minimal 
costs to FDA. FDA’s contract managers have now solicited

Table 6. Analyte codes, alpha order (example segment)

Code Analyte

515 1,1 ,1-T rich loroethane
557 1,1,2 ,3 ,4-Pentach loro-4-lsopropoxybutad ien, trans

643 1,1-D ich loro-2,2-b is(p-m ethoxyphenyl)e thane (methoxy)
577 1,2 ,3,4-Tetrachlorobenzene
575 1,2 ,3 ,4 ,6 ,7 ,8 -H eptach lorobenzo-p-d iox in
574 1,2 ,3 ,4 ,6 ,7 ,9 -H eptach lorobenzo-p-d iox in
531 1,2 ,3,5-Tetrachlorobenzene
572 1 ,2 ,3 ,6 ,7 ,8-H exachlorobenzo-p-d loxin  
571 1,2 ,3 ,6 ,7 ,9-H exach lo robenzo-p-d iox in

573 1 ,2 ,3 ,7 ,8 ,9-H exachlorobenzo-p-d ioxin  

570 1 ,2 ,4,6 ,7 ,9-H exachlorod ibenzo-p-dioxin
582 1,2,3-T rich lorobenzene
583 1,2,4-T rich lorobenzene

584 1,3,5-T rich lorobenzene 
291 1,3-Pentadiene
559 1-C hloro-4-n itrobenzene 
281 1-Hydroxychlordane
563 1-M ethoxy-4-(1 ,2 ,2 ,2-te trach lo roe thy l) benzene

152 2 ,3 ,4 ,6 -Tetrach lorophenol
508 2 ,3 ,5 ,6 -Tetrach lo roaniline
535 2,3 ,5,6 -Tetrachlo roanis id ine

533 2 ,3 ,5 ,6 -Tetrach lo roaniso le
319 2,3,6-TBA
263 2,3 ,7,8-Tetrach lo rod ibenzo-p-d iox in  

565 2,3-D ich lo ron itrobenzene 

312 2,4,5-T
366 2,4,5-T  N-butyl ester 
619 2,4 ,5-T  ethylhexyl ester 
270 2,4 ,5-T rich lo rophenol 
269 2,4 ,6-T rlch lo rophenol 

026 2,4-D
618 2,4-D ethylhexyl ester 

630 2,4-D  isopropyl ester 
142 2,4-D, sodium  salt 

317 2,4-DB

more states to provide data via this simpler mechanism. As 
contract mechanisms have evolved and customized data 
transfer techniques have become easier, both Wisconsin and 
Michigan have joined. These states are paid at a negotiated 
rate per line of properly formatted and coded data.

A 2-year extension of the 3-year development contract was 
provided on September 25, 1987, to implement the program 
further, solicit increased participation by more states, and 
help merge state and FDA data outputs to generate a true 
national food contaminant database. Several more states 
plan to share their data, either free or under FDA contract. 
Four quarterly reports and one annual report of data have 
been published under this contract extension.

Program managers built several large “equivalency trans
lator tables” for Florida to convert their internal coded man
agement reports to FOODCONTAM equivalents, using ta
bles to equate Florida’s codes (matrixes, analytical methods, 
and instrumental detectors) to FOODCONTAM table 
equivalents. “Custom conversion” is available for any state 
willing to share data. Program managers have worked closely 
with each state to bridge the gap between that state’s in- 
house report management systems and FOODCONTAM 
formats.

Figure 2 shows a portion of FOODCONTAM’s annual 
report for fiscal year 1988 in tabular format. The FDA 
cooperative agreement with MSCL requires that data sum
maries be sorted in 3 possible sequences: product/analyte/ 
state, analyte/product/state, and state/analyte/product. It 
also requires that data be printed in a semilogarithmic con-
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LAD0HA10RY MANAGEMENT CODING SHEET

(U  SAMPLE NUM 8ER (21 PAC CODE (3) L ID  CODE

xIvaM / I iI OHIoIoMaI |v|
(5) PRODUCT DESCRIPTION (6) a n a l y z i n g  D i s t a i c i

Isltfeerr P e W W s T i l l 1 0  0
(7) SAMPLE 18) SAMPLE (9) C EN TR AL F ILE (12» DATE

F l a g  t y p e  NUMBER n o i  JD /TA C OLLECTED 
M M D D Y

Il I In I n o c ir I 0 0 M O T
(13) PRODUCT 

CODE
(14) HOME 
D ISTRICT

(16) SAMPLING 
DISTRICT

(16) d a t e  s a m p l e  
RECEIVED

M O D Y Y

20JEZt M 0 □ m m ?
<181 LAS

--.SSlGNED

0
(19) DATE 
ASSIGNED
M o  O . V Y

W M K

(20) A N ALYST 
ASSIGNED

(211

PCLS

0 0 9 9 9 0 [

123) NUMBER (2«t h O u RS
OF EXAMS W ORKED

0 0 0 0 0|0 • 0

(25) DATE
ANALYSIS 

COMPLETED 
M M D D Y Y[öp?7f5ül

(26) LA0
CLASS

0

127) DATE OUT 
OF LAG

M M D O Y Y

m î ï W J

RESI RESIDUE EXT DETER 'rr.OL
CODE 70UM) CODE CODE ^rcT

1. s s  a J J  L J  J J  I J  J J  J J S J  Œ  jU Ü  LL! r j

1. S J  s  s d  n  n  f u  n  d j s  m  m S J  ¡S i

7. S  S J  S J n  n  n  n  n  n J S  £ 7  K J j / i  J fÿ

U. D  O  U n  o  L J  H J n  u U  u  D n  o

3. n  n  n n  n  n  r j  n  n o  n  n D  D

6. n  n  o O  D  O  [J O  O o  o  n u  u

PAC CODES LA3 CLASS
1 -  R esidue(s) < Tolerance or  Actii

04006A -  P e s t ic id e s  and In d u str ia l Cher.lcals xo Residue Fcur.d Where No
Level or Tolerance E x is ts  In T. 

67001A -  Chemical Contanlnancs in Animal Feeds 2 -  R esid ee(s) a t  Thrace Level Wher-
L evel or Tolerance E x is ts

3 -  V io la t iv e
Figure 1. FDA hard-copy laboratory management coding sheet.

centration range format (similar to FEEDCON) including 
“N.D.” (nondetected), “Trace,” and 0.001-300 ppm in the 
ranges 0.001-0.003, 0.003-0.010, etc. An example of this 
product printout is shown in part in Figure 3 for each pesti- 
cide/food commodity combination, with a summary of the 
range of residue findings for each pesticide in that food. The 
portion of the report represented in Figure 3 also shows the 
total number of samples, total positive findings, and total 
significant findings for every pesticide/food combination ex
amined. Codes for analytical methods used for each summa
ry line are provided for FDA managers to use in subsequent 
scientific/regulatory evaluations of these detailed data. Six 
states (California, Florida, Massachusetts, New York, Vir
ginia, Wisconsin) provided 34 181 lines of coded data to this 
program in federal FY88. Of this number of samples, 4454 
(13%) were found to contain a measurable amount of a 
pesticide. Only 254 (0.7%) of these were listed as significant,

i.e., exceeding federal tolerances for that food/pesticide com
bination.

As FOODCONTAM (and FEEDCON) have been publi
cized in presentations at regional and national meetings of 
food and feed regulatory officials and scientists, participation 
has grown. Many states have been solicited to join the pro
gram. North Carolina, Oregon, Wyoming, and Kentucky 
food control officials have been asked to join, either free or 
under negotiated FDA contract mechanisms, and some 
states are considering joining in the near future.

All FOODCONTAM programs will run on IBM equiva
lent machines with PC-DOS, MS-DOS, or C-PM operating 
systems. All programs, lookup tables of codes, and other 
codes are on diskettes, updated and backed up every week. 
Programs are documented (hard copy) and backed up on the 
University’s UNIVAC 1100/70 mainframe located in a 
building adjacent to MSCL’s location. Backup is on 9-track



M INYARD ET AL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 3, 1989) 531

01-06-1989 FDA Food Contaminant
Annual Report -  FY88 

Summary by Proouct/Analyte/S tate

BABY (INFANT AND JUNIOR) F00CS, N.E.C.: BABY (INFANTS AND JUNIOR) FOODS N.E.C.
St Ext Det PPM

CARBARYL FL 999 99 .02 40Y99
DOE; SEE 910,911 FL 999 99 .01 * 40Y99

BEANS-PEAS-CCRN: BLACKEYED PEAS
St Ext Det PPM

MALATHION V A 012 01 .18 24A50

BEANS-PEAS -CORN: CORN
St Ext Det PPM

CARBARYL CA 999 59 .400 24A60
CARBARYL CA 999 59 .440 24A60

BEANS-PEAS-CORN; FAVA BEANS
St Ext Det PPM

CHLOROTHALONIL CA 999 01 .060 24A05
DOE; SEE 910,911 CA 999 05 .070 24A05

BEANS-PEAS-CCRN: FIELD PEAS (SMOOTH), CROVOER WHITE
St Ext Det PPM

CARBARYL FL 999 99 .26 24A54
DIAZIN0N CA 999 02 .040 24A54

BEANS-PEAS-CORN: GREEN PEAS, GARDEN PEAS, SWEET PEAS
St Ext Det PPM

CHLOROTHALONIL CA 999 01 .030 * 24A51
CHL0RPYRIF0S CA 999 16 .340 24A51
DOE; SEE 910,911 CA 999 05 .100 24A51
DIAZINON NY 015 16 0.02 24A51
DIMETH0ATE CA 999 02 .C60 24A51
DIMETH0ATE CA 999 02 .060 24A51
DIMETH0ATE CA 999 02 .350 24A51
DIMETH0ATE CA 999 16 .080 24A51
DIMETHOATE CA 999 16 .110 24A51
DIMETH0ATE CA 999 16 .130 24A51
DIMETH0ATE CA 999 16 .200 24A51
DIMETHOATE CA 999 16 .200 24A51
DIMETH0ATE CA 999 16 .200 24A51
DIMETHOATE CA 999 16 .280 24A51
DIMETHOATE CA 999 16 .410 24A51
DIMETHOATE CA 999 16 .660 24A51
DIMETHOATE CA 999 16 .690 24A51
DIMETHOATE NY 015 16 0.18 24A51
OMETHOATE CA 999 02 .050 24A51
0METH0ATE CA 999 16 .090 24A51

BEANS-PEAS-CORN: OTHER BEANS-PEAS-CCRN, N.E.C.
St Ext Det PPM

ACEPHATE CA 999 16 .030 24A99
CARBARYL CA 999 12 .240 24A99
DCPA CA 999 05 .100 24A99
DCPA FL 999 99 .05 24A99
END0SULFAN; SEE 900,901,902 CA 999 05 .300 24A99
ENDCSULFAN; SEE 900,901,902 CA 999 05 1.30 24A99
METHAMIDOPHOS CA 999 02 .010 * 24A99
PARATHI0N CA 999 02 .030 24A99
PARATHI0N CA 999 02 .100 24A99
PARATHION CA 999 02 .380 24A99

Figure 2. Example from the FOODCONTAM annual report for fiscal year 1988.

1600 BPI ASCII tapes and on MSCL removable 10 MByte 
cartridge tapes for an INFAX 201A tape unit in Hand Lab
oratories, where MSCL is located. Fiber-optics cables con
nect MSCL to the mainframe and thence to BITNET, a 
national high speed data network.

Roberts and Minyard have also developed a simplified 
data entry program to run on MS-DOS or PC-DOS equiva
lent microcomputers. The program disk contains all lookup 
tables necessary to provide easy access to the complex FDA

product codes for food matrixes, analytes, and analytical 
methods, as well as county/state geographic location codes. 
These are selected by the operator from built-in tables as 
keyboard entry proceeds. This disk, plus user instructions, is 
available free to any state agency that will share its state food 
contaminant data with FOODCONTAM. The program, 
written in PASCAL, runs on microcomputers under 
MS/DOS Version 2.0 to 3.4. This data entry program has 
been described at several recent scientific meetings and is



532 M INYARD ET AL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 3, 1989)

FDA Food Contaminant 01-■07-1989
California (FY88)

‘ •••'FRUITS AID FRUIT PROOUCTS Continued
Prod Product . 0.001 l3.003 0.010 0.030 0.100 0.300 1.000 3.000 10.00 30.00 100.0 300.0 Total Total Total
Code Commodity N.O. Trace 0.003 13.010 0.030 0.100 0.300 1.000 3.000 10.00 30.00 100.0 300.0 » Smp Pos Slg

159 METH0MYL 1 Range 0.3 - 0.3
1 1 g

Methods'-» 99912 -  ' l
. . 1 . 1 1

164 CHL0R0THAL0N;L Range 0 - 0
1 1 0 0

Methods -> 99901 -  1
166 PHOSALONE 1 Range 0 - 0.94

2 1 g
Methods -> 99905 -  '1 99902 -  ' 1

. . 1

171 DIMETH0ATE Range 0 - 0.9
1 1 4  2 . 8 7 0

Methods -> 99916 -  2 99902 -  ’ 6
178 OttTHOATE Range 0.4 - 0.4

1 1 1 0
Methods’-» 99902 -  ' l

593 PR0CYMID0NE Range 0 - 0
22 22 0 0

Methods -» 99905 -  22
Commodity Summary: BERRIES: GRAPES 559 19 0

20A10 BERRIES: RAISINS (DRIED GRAPES)
000 NO RESIDUE FOUND Range 0 - 0

3 3 0 0
Methods -» 99902 -  1 99905 -  ’ 1 99960 -  ' 1

Commodity Surmary: BERRIES: RAISINS (DRIED GRAPES) 3 0 0

20A12 BERRIES: RASBERRIES, BLACK
000 NO RESIDUE FCUtO Range 0 - 0

18 18 0 0
Methods -» 99901 -  3 99916 - ' 3 99959 - ’ 3 99902 - ’ 3 99905 - 3 ’ 99912'- 1 99960 - 2

Commodity Summary: BERRIES: RASBERRIES, BLACK 18 0 0

20A14 BERRIES: STRAWBERRIES
47 DIC0F0L; SEE 253, 254

1
Range 2.7 - 2.7 1 1 0

Methods'-» 99901 - ' l
. . , 1

52 MALATHION Range 0.1 - 0.12
2 2 2 0

Methods'-» 99902 - 2
000 NO'RESIDUE FOUND Range 0 - 0.6

262 1 263 1 0
Methods -» 99902 - 36 99916 - '79 99905 - 14 99901 - 45 99912 - 11 ’ 99959 - 61 99960 - 17

Oil CAPTAN Range 0 - 4.22
1 3 9 6 1 20 19 0

Methods -» 99905 - 11 99901 - 9

Figure 3. Example of semilogarithmic distribution of data; the example is taken from California data.

now used successfully by M SCL and several state laborato
ries. The program greatly simplifies data entry, and has 
stimulated states to cooperate more readily.

W ith the help of David Winters of the FDA Cincinnati 
District laboratory, Roberts and Minyard have shown how 
easily FDA quarterly national data from FDA District lab
oratories can be merged into FOODCONTAM . It  is possible 
to report both state and FDA national data in a unified 
hardcopy output, or to communicate via B ITN E T at 54 
KBaud to FDA or state laboratories that have computer 
access to this national network, on which Mississippi State 
University is a node. Data can also be transferred nationally 
by state and regional food regulators at minimum cost and 
difficulty through FD A ’s NRSTEN data network, which is 
available to state food regulatory program managers.

Plans are being developed by federal and state members of 
the Association of Food and Drug Officials (AFDO) for

discussions on protocols for this expanded national data shar
ing, plus caveats and constraints on the appropriate use of 
such data. This w ill be done in cooperation with the staff of 
FD A’s Office of Federal-State Relations (Heinz Wilms, D i
rector).
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Effect of Commercial Processing on Pesticide Residues in Selected Fruits and Vegetables

EDGAR R. ELK IN S
N a tio n a l  F o o d  P r o c e s s o r s  A s s o c ia t io n ,  1401  N e w  Y o rk  A v e  N W , W a sh in g to n , D C  2 0 0 0 5

Commercial food processing operations such as washing, blanching, 
and cooking remove major portions of the pesticide residues that are 
currently permitted on the raw agricultural crop. These unit opera
tions are reviewed for selected products, along with degree of residue 
removal at each step. For example, washing plus peeling removes 99% 
of carbaryl and malathion residues from tomatoes. Washing removes 
83% of benomyl residue from tomatoes and further processing re
duces the residue by 98% in tomato puree and catsup. Even in the most 
concentrated fraction from tomatoes (tomato paste), residues were 
below the initial level in the raw product.

The National Food Processors Association (NFPA) has long 
been interested in the effect of commercial processing on 
pesticide residues in foods. NFPA, a scientific, technically 
based trade association, represents nearly 600 companies 
including mos: of the major food processing companies in the 
United States. Approximately 450 of these companies are 
involved in processing fruits, vegetables, meats, fish, and 
specialty items, using canning, freezing, aseptic treatment, 
concentration, dehydration, and pickling as preservation 
methods. Simply put, the mission of NFPA is “To serve the 
food processing industry and consumers by helping to assure 
the safety, wholesomeness, and nutritional value of the na
tion’s food supply.”

A June 1987 report from the National Academy of Sci
ences on regulating pesticides in food suggests that many 
oncogenic pesticides concentrate in processed foods. Infor
mation is presented here to show that processing almost 
always considerably reduces residue levels.

However, residue control begins even before processing. 
We believe that the “focal point for controlling pesticide 
residues is at the point of application.” Residue analysis of 
the final product requires significant analytical effort and the 
expenditure of large amounts of money. When the product is 
in the package and ready for shipment to the market, it is too 
late to exercise preven tive residue control measures. For that 
reason, since 1960 the food processing industry has utilized 
the NFPA Protective Screen Program. The objective of this 
program is the prevention of illegal or unnecessary residues 
in processed foods. The program, a set of detailed recommen
dations that have evolved from more than 25 years of experi
ence in the operation of active programs for the prevention of 
illegal and unnecessary residues, is published each year in 
The A lm anac o f  the Canning, F reezing and P reserving In
du stry  (James J. Judge Inc., Westminster, MD). The collec
tion and analysis of samples is designed to verify that these 
preventive measures are working.

Presented at the Symposium on Pesticides in Foods: Coping with the
Issue— Programs and Analytical Methods, 102nd AOAC Annual Interna
tional Meeting, Aug. 29-Sept. 1, 1988, Palm Beach, FL.

Unit Operations that Remove Pesticide Residues
Recovery of the edible portion of a vegetable or fruit may 

involve husking, peeling, or shelling operations which effec
tively remove most of the pesticide with the discarded por
tions of the plant. Peas and corn are examples of products in 
which pesticides seldom if every come into contact with the 
edible portion.

On arrival at the canning plant, the product is subjected to 
several immersion or spray washing operations which some
times involve use of a detergent to aid in cleaning. Blanching 
is a short treatment in hot water or steam applied to most 
vegetables such as peas, green beans, spinach, and broccoli. 
Washing and blanching may remove much of the pesticide 
residue. Most fruits are subjected to peeling or juice extrac
tion. The peel and extracted plant material constitute a major 
portion of the solid waste resulting from procedures applied 
within the canning plant itself.

Filling and closing are of no significance in connection 
with the pesticide residue content, except for the diluting 
effect of the added syrup or brine. The heat process itself is 
ordinarily carried out on the closed and sealed container and 
could be expected to result in substantial destruction of com
pounds subject to hydrolysis and heat effects. Some pesti
cides, if present at the time of retorting or cooking, will leave 
trace amounts of their degradation products. For example, 
captan will degrade to THPI, daminozide to UDMH, and the 
ethylenebisdithiocarbamates to ethylenethiourea. The goal 
of the processor is to have no parent compound present at the 
time of heat processing so that degradation products of con
cern will not be formed.

P estic id e  R em oval b y  W ashing

The extent to which pesticide residues are removed by 
commercial washing depends on a variety of factors, such as 
the chemical properties of the pesticide, the nature of the 
food commodity, the length of time the compound has been in 
contact with the food, and the formulation in which the 
pesticide was applied. Another factor that is often overlooked 
is whether it has rained since the last application. If it has 
rained, residues on the raw agricultural commodity may be 
quite low, but if it has not, residues could be quite high. Table 
1 shows current tolerances for malathion, parathion, carba
ryl, diazinon, benomyl, and maneb on tomatoes, spinach, and 
broccoli.

Figure 1 shows the effect of washing on carbaryl on toma
toes, spinach, and broccoli and on diazinon on tomatoes and 
spinach. Figure 2 shows the effect of washing on malathion 
on tomatoes and parathion on spinach and broccoli. These 
data were all obtained in field-treated products.
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Table 1. Current U.S. tolerances for selected pesticides (parts 
per million)

P e s tic id e T o m a to e s S p in a ch B ro c c o li

Malathion 8 8 5
Parathion 1 1 1
Carbaryl 10 12 10
Diazinon 0.75 0.7 __ a

Benomyl 5 0.2 0.2
Maneb 4 10 10

a Not registered fo r use on th is crop.

Several detergents have been accepted for use as aids in 
washing products in preparation for canning (Figure 3). De
tergents were significantly beneficial in increasing removal 
of parathion from spinach and broccoli.

Carbaryl was easily removed by washing from tomatoes 
(97%), from spinach (87%), and from broccoli (77%). Wash
ing removed 88% of the diazinon residue from tomatoes, 
whereas an 11% increase was shown for spinach (Figure 1). 
The broad-leaf nature of the crop may be partly responsible 
for the difficulty of removing diazinon. However, these re
sults are expressed on a dry weight basis, which in some cases 
can lead to an apparent increase in the residue and tends to 
lower the value for percent removed. Figure 2 shows that 
washing removed 95% of the malathion residue from toma
toes but only 9% of the parathion from spinach; the parathion 
residue on broccoli was increased by 11%.

The effect of washing on benomyl residues was as follows: 
for tomatoes (n = 5): unwashed, 1.76 ppm; washed, 0.31 
ppm; removed, 82%. For oranges: unwashed, 3.28 ppm; 
washed, 0.75 ppm; removed, 77%. For apples (n = 7): un
washed, 1.06 ppm, washed, 0.89 ppm; removed, 16%.

The effect of washing on maneb residues was as follows: 
for leafy greens: unwashed, 23.0 ppm; washed, 6 ppm; re
moved, 73.9%. For spinach, first run: unwashed, 1.13 ppm; 
washed, 0.3 ppm; removed, 73.5%. For spinach, second run: 
unwashed, 23.1 ppm; washed, 2.5 ppm; removed, 94.3%.

The tolerance for maneb on leafy greens is 10 ppm before 
washing and, unlike any other commodity, 10 ppm on spin
ach after washing. The initial residue (23 ppm) is high but 
normal for this pesticide and this product, and may have been 
due to the absence of rain after the last application of maneb. 
Thorough washing is a very important step in processing 
spinach and leafy greens. Two types of washers are used. One 
is an immersion washer in which the greens are immersed 
and propelled through a tank of water by paddles, with 
considerable agitation. The other, a rotary-type washer, is a 
long reel equipped with even-speed, high-pressure water
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Figure 1. Pesticide removal by water washing: carbaryl and 
diazinon.
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Figure 2. Pesticide removal by water washing: malathion and 
parathion.
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Figure 3. Effect of detergents as aids in pesticide residue 
removal.

sprays. The most efficient method of washing includes the 
use of both washers in series with the immersion washer first. 
At least 2 or 3 washings are necessary when processing 
greens.

Figure 4 shows pesticide removal by washing plus blanch
ing for carbaryl and parathion. Removal of carbaryl from 
green beans by blanching only was 68%. Actually, green 
beans are washed and blanched at the same time. Total 
removal of carbaryl by washing and blanching was 97% from 
spinach and 98% from broccoli. Blanphing alone removed 
60% of the diazinon residue from spinach. It should be re
called that diazinon residues increased by 11% during wash
ing.

Figure 5 shows 71% removal of malathion from green 
beans by blanching and parathion from spinach by washing 
and blanching. Blanching alone removed 10% of the parathi
on residue from broccoli.

Pesticide Removal by Washing, Blanching, and Processing
The effect of washing plus blanching on maneb residues on 

leafy greens was as follows: raw greens, 23 ppm; washed 
greens, 6 ppm, removed, 73.9%; blanched and frozen greens, 
1.13 ppm, total removed, 95.1%.

Although turnip greens are canned, these experiments in
clude freezing only. Commercial processing removed 95.1% 
of the original maneb residue.

The effect of washing, blanching, and canning on maneb 
residues on spinach was as follows: first run: unwashed, 1.13 
ppm; washed, 0.3 ppm; blanched and canned, 0.05 ppm; 
removed, 100%. Second run: unwashed, 23.1 ppm; washed,
2.5 ppm; blanched and canned, 0.2 ppm; removed, 99.6%. 
Actually, virtually all the maneb residue is removed by can
ning. However, if any maneb residue is left after washing and 
blanching, the heat treatment will degrade it to ethylene- 
thiourea (ETU).
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Figure 4. Pesticide removal by washing plus blanching: carbaryl 
and diazinon.
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Figure 5. Pesticide removal by washing plus blanching: malathion 
and parathion.
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Table 2. Residue content of tomatoes and tomato waste

Product Malathion, ppm Carbaryl, ppm

Unwashed 15.9 5.2
Washed 0.8 0.14
Peeled 0.1 trace
Waste 5.3 0.1

Effect on ETU residues: first run: unwashed, 0.06 ppm; 
washed, 0.09 ppm; blanched and canned, 1.1 ppm; increase, 
94.5%. Second run: unwashed, 0.01 ppm; washed, 0.01 ppm; 
blanched and canned, 0.16 ppm; increase, 87.5%. Third run: 
unwashed, 0.7 ppm; washed, 0.04 ppm; blanched and canned, 
0.54 ppm; removed, 23%. Note that some ETU is present on 
the raw agricultural commodity before washing. Run 1 was 
made on leafy greens that were not canned; the 1.1 ppm of 
ETU was the result of cooking the frozen turnip greens in a 
saucepan, which increased the ETU residue by 94.5%. The 
increase in ETU was due to degradation of the maneb present 
on the product at time of heat treatment. Run 3 shows a 
reduction in ETU, but this is due to the large amount that 
was present on the raw agricultural commodity before wash
ing; 23.1 ppm of maneb was present on the raw spinach, and 
washing reduced the concentration to 2.5 ppm. Blanching 
and canning degraded the maneb to ETU, reducing the resi
due to 0.54 ppm.

Effect of processing on benomyl residues in tomato prod
ucts was as follows: For tomatoes: unwashed, 1.76 ppm; 
washed, 0.31 ppm; removal, 82%. For juice: processed, 0.25 
ppm; removed, 86%. For catrsup: processed, 0.03 ppm; total 
removed, 98%.

Benomyl is removed from oranges during processing into 
juice, molasses, and orange oil. Of the initial 3.28 ppm beno
myl residue, 98% was removed by processing into juice, 90% 
by processing into molasses, and 23% by processing into oil.

Benomyl is removed from apples processed into juice, 
sauce, and slices. Washing removed 16% of the 1.06 ppm 
residue; 71% was removed in preparation of juice, 83% by 
processing into applesauce, and 91 % by processing into slices.

Figure 6 shows pesticide removal by washing plus blanch
ing plus canning. These operations removed 99% of the mala
thion from tomatoes and 94% from green beans. Of the initial 
parathion residue, 66% is removed from spinach but only 
10% from broccoli; 99% of the carbaryl residue is removed 
from tomatoes and spinach and 73% from green beans.

The data on the residue content of tomatoes and tomato 
wastes (Table 2) indicate the kind of distribution that may 
occur in the waste from the processing and washing of fruits 
and vegetables. Malathion tends to concentrate in the peel or 
waste, while carbaryl, a fairly polar compound, is easily 
removed by washing. Carbaryl does not tend to concentrate 
in waste material.

Summary
As the information presented in this paper shows, canning 

plant operations remove most of the pesticide residues 
present on crops received for processing. The percentage 
removed varies; it depends on the nature of the crop, the 
pesticide and its formulation, and the weathering history. 
Many of the processing steps involved reduce residue levels 
by more than 90%. Steps such as concentration, dehydration, 
and extraction occur after the residue level from the raw 
product has already been significantly reduced. The net in
fluence of processing almost always results in residue levels in 
processed foods well below the tolerance for the raw product 
this includes the systemic pesticides as well.

Finally, careful attention should be given to the concepts 
described in the NFPA Protective Screen Program to assure 
that desired residue levels are achieved in the food supply 
without the costs associated with excessive final product 
monitoring.
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Tolerance Setting Process in the U.S. Environmental Protection Agency

CHARLES L. TRICHILO and RICHARD D. SCHMITT
U.S. Environmental Protection Agency, Office of Pesticide Programs, Residue Chemistry Branch, 
Washington, DC 20460

The U.S. Environmental Protection Agency (EPA) is responsible for 
setting tolerances for pesticide residues in food, under the authority 
of the Federal Food, Drug, and Cosmetic Act. The residue chemistry 
data required to set tolerances include metabolism in plants and 
animals, analytical methods, magnitude of the residue, and concen
tration in processed foods. A key aspect of tolerance-setting proce
dures is the identity of the residue in the matrix of concern; without 
knowledge of the chemical moieties that occur as residues, it is 
impossible to develop suitable methods or generate meaningful resi
due data. For new chemicals, EPA carries out a single-laboratory 
validation of the analytical method needed to generate residue data 
and to enforce tolerances. Tolerance enforcement methods need to be 
rapid and inexpensive and to use commercially available equipment 
and reagents. Methods are more complex for many newer pesticides, 
which are polar compounds that leave low levels of residue. EPA now 
requires that the registrants of older pesticides, for which methods 
are not acceptable by today’s standards, must develop better methods.

The U.S. Environmental Protection Agency (EPA) is re
sponsible for the registration of all pesticides sold or distrib
uted in the United States. Before a pesticide can be registered 
for use on a food or feed crop, a tolerance for residues of that 
pesticide must be established. A tolerance is defined as the 
legal maximum residue concentration of pesticide chemical 
allowed in food or feed. Tolerances are set high enough to 
cover residues that result from registered use of the pesticide. 
Tolerances minimize uncertainty about food safety with re
gard to those pesticide residues, because if residues are below 
tolerance, EPA has determined that these residues are safe. 
If residues exceed the tolerance or if no tolerance is estab
lished, the crop may be considered adulterated and may be 
seized by the U.S. Food and Drug Administration (FDA), 
the U.S. Department of Agriculture (USDA), or a state 
enforcement agency. Although EPA establishes tolerances 
for pesticides, the agency has no responsibility for enforcing 
these tolerances. Enforcement is carried out by FDA, 
USDA, and the states.

Tolerances are set under the authority of the Federal Food, 
Drug, and Cosmetic Act. Section 408 of this Act applies to 
residues on raw agricultural commodities, and Section 409 
applies to processed food or feed. Section 409 includes the 
Delaney Clause, which specifically prohibits the use of can
cer-causing agents as food or feed additives. The EPA an
nounced a new policy in October 1988 that adopts the posi
tion that the Delaney Clause does not prohibit a food or feed 
additive tolerance if the expected pesticide residues pose no 
more than a negligible risk of cancer.

The following is a description of the residue chemistry data 
required to establish a tolerance. In addition to residue chem
istry data, data on toxicology, environmental fate, and eco
logical effects are also required. The data described below 
are not generated by EPA laboratories; rather, EPA requires 
the manufacturers of these pesticides to generate the data 
before a pesticide can be registered. For minor crops, the 
residue data are often generated by USDA as part of the 
Inter-Regional Project Number 4, (IR-4).

Presented at the Symposium on Pesticides in Foods: Coping with the
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Three general types of residue chemistry data are essential 
for establishing tolerances:

1. Qualitative data on metabolism degradation.
2. Quantitative data on magnitude of the residue.
3. Analytical methods.
The purpose of the residue data is to answer 2 basic ques

tions. First, what is the chemical residue? Second, how much 
residue is there? Analytical methods are essential for provid
ing answers to these 2 fundamental exposure questions. The 
“what” and “how much” information is used by EPA toxicol
ogists to determine whether the dietary exposure is accept
able.

The starting point of any chemistry review is the composi
tion of the test substance. EPA requires data on the composi
tion of pesticide chemicals as part of its product chemistry 
data requirements. The product chemistry data are used to 
determine whether toxic impurities pose a risk to applicators 
of pesticides or whether impurities pose a risk as a residue in 
food. An analytical method capable of assaying the percent 
active ingredient in a pesticide product is required as part of 
the product chemistry data requirements. Collaborative 
studies on formulation methods are carried out under the 
auspices of the AOAC Committee on Pesticide Formulations 
and Disinfectants.

M etabolism Data

EPA requires metabolism data in order to answer the 
question: “What is the chemical residue in food?” Two types 
of metabolism data are required: data on plants and on 
animals.

Plant metabolism data characterize the nature of the resi
due that occurs in crops intended for consumption as a food 
or an animal feed. These data identify the alteration products 
the analyst should look for in the agricultural crops as the 
result of environmental transformation processes such as 
degradation and metabolism. These metabolism studies use 
radiolabeled pesticides, usually with 14C. The radiolabeled 
pesticide is applied to the crop in a manner simulating actual 
use. The radiolabeled residue remaining in the harvested 
commodities is identified to the extent possible. It is very 
important to identify most of the residue; otherwise, uniden
tified residues may become a problem as more sensitive 
methods become available to detect these residues.

Plant metabolism studies are required in each of 3 dissimi
lar crops, such as a root crop, a leafy vegetable, and an 
oilseed. If the metabolism is similar in each of these crops, it 
is assumed to be similar in all crops, and no further metabo
lism studies are required.

The second type of metabolism data required is metabo
lism in animals. Whenever use of a pesticide results in resi
dues in a livestock feed, or when a pesticide is applied directly 
to livestock, animal metabolism studies are required. The 
resulting data identify the pesticide residues to be looked for 
in the edible tissues of livestock, milk, and eggs that result 
from transformation processes in the animal. If the pesticide 
is not used on feed or applied directly to livestock, these data 
are not required. For livestock treatment uses, dermal appli
cation metabolism studies are generally required.
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Animal metabolism studies are usually carried out on ru
minants (cows or goats) and poultry (chickens). Swine me
tabolism studies may be required if a pesticide is applied 
directly to swine, or if the results from other animal metabo
lism studies show different metabolites in different species.

As with plant metabolism, the animal metabolism studies 
use radiolabeled pesticides, and the level of radioactivity 
resulting in muscle, liver, kidney, milk, and eggs is deter
mined. If significant activity is found, the chemical identity 
of the activity is determined.

EPA chemists and toxicologists use the results of the me
tabolism studies to determine which metabolites are of con
cern and need to be included in the tolerance. Metabolites are 
included in the tolerance, depending on their toxicological 
significance, the percent and magnitude of the residue, and 
the availability of methodology to determine the metabolite. 
Methodology is essential for metabolites that are toxicologi- 
cally significant and occur at significant levels. The determi
nation of which metabolites need to be included in the toler
ance is one of the most difficult decisions in reviewing toler
ance data. If a metabolite is determined to be significant, an 
analytical method and residue data must be developed for the 
metabolite. This can significantly increase the cost of obtain
ing a tolerance and also delay the introduction of a new 
pesticide.

A nalytica l M ethods

EPA requires analytical methods that are capable of deter
mining all toxicologically significant components of the resi
due. In some cases, it is not possible to develop a single 
method that determines all components of the residue; rath
er, several methods are required.

Analytical methods are used for 2 purposes: The first is to 
generate residue data on which the dietary exposure assess
ment is based; the second is to enforce the tolerance after it is 
established. As stated previously, FDA and USDA are re
sponsible for enforcing tolerances. Many states also have 
enforcement programs. To be sure that the method can be 
used to enforce a tolerance, EPA validates the analytical 
procedure in a single-laboratory review at laboratories in 
Beltsville, MD. In addition, EPA requires a second laborato
ry validation by the pesticide registrant before a residue 
method is submitted to EPA. No collaborative studies are 
required prior to publication of a tolerance.

EPA now sends copies of analytical methods to FDA and 
USDA before a tolerance is established in order to provide an 
opportunity early in the tolerance-setting process for the 
enforcement agencies to comment on the suitability of the 
methods to be used for enforcing tolerances. If a method is 
found to be totally inadequate for enforcing a tolerance, the 
tolerance will not be granted by EPA until a better method is 
developed. However, EPA does not require all tolerance en
forcement methods to be as rapid and inexpensive as is- de
sired for routine monitoring.

The method EPA approves for enforcing the tolerance 
must determine all components of the residue. The method 
should be specific and capable of determining residues at the 
tolerance level. EPA also requires that enforcement methods 
should not involve reagents or equipment that is not commer
cially available to enforcement agencies or take longer than 
24 h to perform.

After a tolerance is established, the enforcement methods 
are published by FDA in the P estic ide A n a ly tica l M anual. 
EPA has recently initiated procedures to make analytical 
methods submitted by pesticide tolerance petitioners more

readily available to FDA, USDA, the states, and other inter
ested parties. In the F ederal R eg ister notice for every toler
ance, EPA includes a specific statement on the availability of 
the analytical methodology. If the method has not yet been 
published in the P estic ide A n a ly tica l M anual, the F ederal 
R eg ister notice includes the address of the EPA Freedom of 
Information office from which the method can be obtained.

EPA has instituted a new requirement for analytical meth
od data obtained by multiresidue methodology. Registrants 
must determine which pesticides and metabolites are deter
mined by multiresidue methods used by FDA for routine 
monitoring. FDA uses the information on whether their mul
tiresidue methods would detect a pesticide to compile infor
mation on the number of pesticides included in their monitor
ing program.

Field Trial Data

EPA requires field trial residue data to answer the ques
tion of how much residue remains on the crop at harvest. 
These are the studies in which the pesticide is applied to crops 
at known application rates, in a manner similar to the use 
directions that will eventually appear on the label. It is im
portant to realize that the residue data must reflect the use 
directions that appear on the pesticide label. Pesticides can 
be applied either to the soil before the crop is planted, as 
foliar spray to the growing crop, or as a post-harvest treat
ment. Each of these modes of application can lead to widely 
different residue levels in the crop at harvest. The field trial 
must reflect the use of conditions that lead to the highest 
residue. This usually means the highest application rate, the 
maximum number of applications, and the shortest time 
between the last application and harvest. Data are normally 
required for each crop or crop group for which a tolerance 
and registration are requested. The residue field trial studies 
result in residue data for the raw agricultural commodity as it 
travels in interstate commerce. These data are used to deter
mine the level at which the tolerance is set.

EPA also attempts to set U.S. tolerances at the same level 
as the Maximum Residue Limits (MRLs) set by the Codex 
Alimentarius Commission to facilitate international trade. 
(See the discussion of the Codex process by R. Maybury in 
this Symposium [/. A ssoc. Off. A nal. Chem . (1989) 72, 538— 
541].)

P rocessing S tudies

Processing studies are required to determine whether resi
dues in raw commodities can concentrate or degrade on 
processing. If residues concentrate on processing, food or 
feed additive tolerances are established. If residues do not 
concentrate on processing, the tolerance on the raw agricul
tural commodity applies to all processed food or feed derived 
from the raw agricultural commodity. It should be noted that 
the current EPA legal opinion is that the Delaney Clause 
applies to food and feed additive tolerances but not to raw 
agricultural commodity tolerances.

EPA also uses processing studies to determine whether 
residues dissipate on processing. If residues do dissipate, 
EPA can use this information to make a more realistic pre
diction of dietary risk. For example, residue levels in bread 
are always lower than the corresponding residue levels in 
wheat. In the past, EPA was criticized for assuming tolerance 
level residues in carrying out dietary exposure assessments. 
Now the Agency uses the results of processing studies to 
obtain a more realistic estimate of the residue levels in ready- 
to-eat food.
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L ivestock Feeding S tudies

Livestock feeding studies are required to determine the 
level of residue in meat and milk resulting from livestock 
consuming residues on feeds. They are required whenever 
residues result in or on crops that are used as feed items. 
These studies provide data on the quantitative transfer of 
residues to meat, milk, poultry, and eggs. Similar studies are 
also required if a pesticide is applied directly to livestock.

In contrast to the animal metabolism studies, which are 
usually short-term, high-dosage studies, these feeding studies 
are longer-term, low-level studies designed to quantitate the 
transfer of residues to meat, milk, poultry, and eggs. Usually 
a control group and 3 dosage levels are used. Calculation of 
the IX dosage level is based on the assumption of tolerance 
level residues in the feed and the percentage of the feed in the 
livestock diet.

In these feeding studies, animals are dosed for 30 days or 
until residues plateau in milk and eggs. The animals are 
sacrificed soon after the last dosing, and the muscle, kidney, 
liver, and fat are analyzed for the parent compound and all 
significant metabolites.

EPA also maintains a repository of analytical reference 
standards. Pesticide registrants are required to supply EPA 
with standards as a condition of registration. These standards

are used to enforce tolerances and to assay for the percentage 
of active ingredient in formulations.

The availability of analytical reference standards is as 
important as the availability of good methods. In cases in 
which EPA is aware that analytical standards are not avail
able, the Agency can act under its legal authority to call in 
the analytical standards. Failure of a registrant to provide or 
maintain analytical standards at the EPA repository can 
result in cancellation of the U.S. registration. EPA also pro
vides analytical standards for those pesticides not having 
U.S. registrations if the producers of those pesticides are 
willing to supply the repository. FDA uses those standards to 
monitor imports.

In summary, tolerances are set by EPA to indicate the 
maximum level of residue that could result from use of a 
pesticide. This level is considered safe by EPA. Although the 
tolerance-setting process is complex, it is the best way to 
avoid uncertainty about the safety of pesticide residues in 
food. Most of the recent problems occurring with pesticide 
residues in food are due to the uncertainty about the safety of 
older pesticides for which the tolerance data are not avail
able. Ethylene dibromide and Alar (daminozide) are the 
most recent examples of residues in foods causing problems 
due to a lack of complete information on the safety of the 
residue.

Codex Alimentarius Approach to Pesticide Residue Standards

RONALD B. MAYBURY
A g r ic u ltu r e  C a n a d a , L a b o r a to r y  S e rv ic e s  D iv is io n , F o o d  P ro d u c tio n  a n d  M a r k e tin g  B ra n ch , O tta w a , O n ta r io ,  
K l  A  0 C 6 , C a n a d a

To protect consumers’ health, most countries have maximum legal 
limits for pesticide residues in foods. Trade difficulties can arise when 
limits differ between countries. The Codex Alimentarius Commission 
was established in 1962 to implement the Joint FAO/WHO Food 
Standards Programme, the purpose of which is to protect consumer 
health and ensure fair practices in international food trade. The 
Codex Committee on Pesticide Residues (CCPR), an intergovern
mental body which advises the Commission on matters related to 
pesticide residues, is responsible for establishing maximum residue 
limits (MRLs) for pesticides in foods and feeds that move in interna
tional trade. Codex MRLs are based on residue data obtained mainly 
from supervised trials that reflect approved pesticide use in accor
dance with “ good agricultural practice.”  MRLs must be toxicologi- 
cally acceptable in terms of estimated pesticide intake by consumers. 
CCPR Working Groups examine problems related to establishing 
and implementing MRLs, including sampling and methods of analy
sis. Despite time and effort expended, acceptance and application of 
Codex MRLs face many problems in international trade.

The use of pesticides for the production of food has provided 
numerous benefits in terms of increased production and qual
ity of the product. Pesticides, on the other hand, are poisons, 
and to protect the health of the consumer, most countries 
have introduced laws governing not only the use of pesticides, 
but also setting limits for the levels of pesticide residues 
which may be tolerated in foods.

In general, these Maximum Residue Levels (MRLs) are 
based on the maximum residues that may be found when a 
pesticide is used at the minimum rate required to protect a
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crop against pests or diseases. The required rates of applica
tion may vary, however, under different agricultural and 
climatic conditions, from country to country, and between 
regions of a country. As a result, food with residue levels 
acceptable in one country may be rejected in another, a 
situation that leads to serious problems in international 
trade. Again, a food-exporting country may allow the use of a 
pesticide that is not registered in an importing country, with 
the result that shipments containing residues of that pesticide 
are rejected.

These conflicts would be resolved if agreement could be 
reached between all countries to apply the same residue 
limits for pesticides on foods in international trade. The 
harmonization of these and other food standards is the objec
tive of the Codex Alimentarius system. This report will try to 
elucidate the system insofar as pesticide residues in foods are 
concerned.

Joint FAO/WHO Food Standards Programme

The Codex Alimentarius Commission is an international 
body which was established in 1962 to implement the Joint 
FAO/WHO Food Standards Programme. Nations that are 
members of the Food and Agriculture Organization (FAO) 
and World Health Organization (WHO) may become mem
bers of the Codex Alimentarius Commission. At last count, 
there were 129 member nations.

The Food Standards Programme has the following pur
poses:

(7) To protect the health of consumers and to ensure fair 
practices in the food trade.
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(2) To promote coordination of all food standards work 
undertaken by international governmental and nongovern
mental organizations.

(J) To determine priorities and to initiate and guide the 
preparation of draft standards through and with the aid of 
appropriate organizations.

(4) To finalize standards and, after acceptance by govern
ments, publish them in a Codex Alimentarius.

To cover the different aspects of Food Standards, Codex is 
organized into a number of World-Wide General Subject 
Committees which report to the main body, the Codex Ali
mentarius Commission, and deal with the following con
cerns:

C om m ittee  
Food Additives

and Environmental Contaminants 
Pesticide Residues 
Analysis and Sampling 
General Principles 
Food Labeling 
Food Hygiene 
Drug Residues

H ost Country

Netherlands
Netherlands
Hungary
France
Canada
United States
United States

In addition, the Codex system includes 13 World-Wide Com
modity Committees, dealing with products literally from 
soup to nuts, as well as regional and joint committees of 
various kinds. The Codex Committee on Pesticide Residues 
(CCPR) is, however, the one that will be described and 
related to the interests of AOAC in particular.

Codex Committee on Pesticide Residues
CCPR is an intergovernmental body which advises the 

Commission on all matters relating to pesticide residues. It 
meets every year in The Hague and submits its reports to the 
Commission. This meeting is attended by delegations from 
most member countries, as well as from the European Eco
nomic Community, the International Union of Pure and 
Applied Chemistry, and other international organizations, 
including AOAC.

CCPR has the following responsibilities:
(7) To establish maximum limits for pesticide residues in 

specific food items or in groups of foods.
(2) To establish maximum limits for pesticide residues in 

certain animal feedstuffs moving in international trade.
(3) To prepare priority lists of pesticides for evaluation by 

the Joint FAO/WHO Meeting on Pesticide Residues 
(JMPR).

{4) To consider methods of sampling and analysis for the 
determination of pesticide residues in food and feed.

(5) To consider other matters in relation to the safety of 
foods and feeds containing pesticide residues.

(6) To establish maximum limits in specific food items or 
groups of food for environmental and industrial contami
nants that show chemical or other similarity to pesticides.

To study these responsibilities in detail, CCPR establishes, 
on an ad hoc basis, a number of Working Groups that deal 
with questions of sampling, analysis, priorities, regulatory 
affairs, etc., as they arise.

Maximum Residue Limits
A list of Codex Maximum Residue Limits (MRLs) is 

published and updated on a regular basis (1), a typical page 
of which will indicate the following: (7) Pesticide number 
and name. (2) Classification number and name of the com
modity. (3) MRL expressed as mg/kg. (4 ) Notes on the

portion of the commodity to which the MRL applies. A 
number of considerations have to be agreed upon before the 
MRLs can be established and put into practice:

C lassifica tion  o f fo o d s  and fe e d s .—In dealing with such a 
variety of products on a worldwide basis, there is bound to be 
some uncertainty in the terminology for certain foods and 
crops. To overcome this, CCPR has produced a very useful 
document (2) which defines foods and some feeds. Each food 
is given a classification number which is included in the 
listing of MRLs. In this way, there is no doubt as to the 
commodity to which the MRL applies.

P ortion  o f  com m odity  to  which C odex M R L  a p p lie s .— 
Since residues are often localized on the outside of a com
modity, it is important to define exactly what part is to be 
analyzed. CCPR and most countries apply their limits to the 
whole commodity which moves in commerce. Some coun
tries, however, base their limits on the edible portion of the 
commodity. The outer leaves or skin, etc., which is not nor
mally eaten, often contains the majority of the residues, so 
removal of this part before analysis can make a significant 
difference in the level of residues found. Agreement on such 
questions is obviously very critical for acceptance of Codex 
standards.

M eth ods o f  sam plin g .—Two possible sampling approach
es for MRL enforcement are (a) Each individual unit of food 
in a consignment should conform with the MRL; then, if any 
unit is found to exceed the MRL, the whole consignment is 
considered to be not in compliance, (b) The MRL is applied 
to the average residue level in the sample taken from the lot. 
Under this approach, a number of units are sampled from the 
consignment, and if the sample composite is found to contain 
pesticide residues in excess of the MRL, the consignment is 
considered not in compliance.

CCPR has adopted the second of these approaches, i.e., the 
Codex limit applies to the average pesticide residue level of 
the sample taken from the lot under examination. Most coun
tries have adopted the Codex approach, although some still 
insist that each unit of food must comply with the residue 
limit.

The Working Group on the Development of Residue Data 
and Sampling has drawn up detailed guidelines (3) for sam
pling all types of commodities.

R e co m m en d ed  m e th o d s  o f  a n a ly s is .—The Working 
Group on Methods of Analysis deals with all questions that 
arise in CCPR with regard to the analysis of pesticide resi
dues. This Group has published a book of recommended 
methods of analysis for residues of pesticides for which there 
are Codex MRLs (4). This book is reviewed annually by the 
Working Group but, because of the many possible combina
tions of commodity and pesticide, the list is not exhaustive.

A number of criteria are used in selecting the methods. 
The methods should be published in the open literature; 
collaboratively studied or known to have been validated in a 
number of laboratories with validation data having been 
published in the literature; capable of determining more than 
one residue, i.e., multiresidue methods; suitable for as many 
pesticide and commodity combinations as possible at or be
low the specified MRLs; applicable in a regulatory laborato
ry equipped with routine analytical instrumentation.

G ood an a ly tica l p ra c tice .—The Working Group on Meth
ods of Analysis has also elaborated Codex Guidelines on 
Good Analytical Practice in Pesticide Residue Analysis (5) 
which are intended to assist in improving the reliability of 
analytical results. This is particularly important in regula
tory decision making, where the acceptability of a shipment 
of a commodity may be affected if it is decided that an MRL
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is exceeded. In such cases the analyst must use scientific 
judgment with regard to analytical uncertainty, and it is 
recommended that the following are essential to ensure the 
reliability of results: regular assessment of the performance 
of the method at the limit of determination; confirmation of 
the identity of the pesticide residue; adequate replications so 
that results can be given with confidence.

Development of Maximum Residue Limits
The previous discussion covered some of the definitions 

and procedures that affect the establishment and use of 
MRLs. The next part will briefly describe the steps in the 
development of a Codex MRL.

First, the need for an MRL for a particular pesticide must 
be established. CCPR, through the Working Group on Prior
ities, develops a priority list of pesticides for evaluation. To be 
placed on the list, the candidate pesticide should meet certain 
criteria. It should:

(/) Result in residues on the food commodity;
(2) Be a matter of public health concern;
(5) Affect international trade to a significant degree;
(4) Be creating or have potential to create commercial 

problems;
(5) Not already be under review at some stage of the 

Codex procedure;
(d) Be available for use as a commercial product!
The priority list is submitted to the Joint FAO/WHO 

Meeting on Pesticide Residues (JMPR). This is a meeting of 
experts who serve on a personal basis, i.e., they do not repre
sent any government or organization. They meet annually to 
evaluate pesticides in terms of their occurrence as residues in 
food and their potential effect on the health of consumers and 
on the environment.

Data are supplied by industry and governments on toxicol
ogy, chemistry, pest control practices, metabolism and fate, 
and other aspects of each pesticide. For each Joint Meeting, a 
report is published describing the general principles and con
clusions reached and the recommended MRLs for the pesti
cides evaluated. A more detailed examination of the data is 
presented in the published evaluations.

Toxicology
Since safety is the primary concern, toxicological data 

requirements are extensive. Acute, subacute and chronic tox
icity studies in several mammalian species are normally re
quired, as well as various types of special studies, such as 
reproduction, teratogenicity, and neurotoxicity studies where 
appropriate. All of these studies include extensive tests on 
body functions and internal examination of sacrificed ani
mals.

The total toxicological data base is evaluated in detail by 
the JMPR, and the “no observable effect levels” (NOELS) 
for the most sensitive toxicological parameters in the most 
sensitive species are determined. This maximum no-effect 
dose is then used as a basis for estimation of an acceptable 
daily intake (ADI) for humans by using a suitable safety 
factor. A margin of safety is necessary to allow for differ
ences in sensitivity between the test species and humans, the 
wide variation in sensitivity among humans, and the small 
numbers of experimental animals in comparison with the 
human population that might be exposed. The margin of 
safety applied is generally 100; however, it may range from 
10 to 5000, depending on a number of factors, including the 
range of studies available and the toxic effects observed at 
the maximum dosages. The Acceptable Daily Intake is the 
amount of chemical (mg/kg body weight/day) that may be

ingested daily for a lifetime without appreciable risk to hu
mans.

If there are deficiencies in the data base of a pesticide, or if 
there are concerns that the pesticide may be a carcinogen or 
teratogen for example, the Joint Meeting will not recom
mend an ADI, and a maximum residue level cannot then be 
considered. It should be noted that even though an ADI must 
be established first, it is not used in the development of the 
MRL.

Residue and Analytical Aspects
To recommend an MRL, JMPR requests that member 

governments, industry, and others provide residue data gen
erated in supervised field trials. These should produce the 
residue levels to be expected under Good Agricultural Prac
tice, the foundation on which the MRL is established. Good 
Agricultural Practice is defined by Codex as follows:

Good Agricultural Practice in the use of pesticides is de
fined as the officially recommended or authorized usage of 
pesticides under practical conditions at any stage of pro
duction, storage, transport, distribution and processing of 
food and other agricultural commodities, bearing in mind 
the variations in requirements within and between regions, 
and which takes into account the minimum quantities 
necessary to achieve adequate control, applied in a manner 
so as to leave a residue which is the smallest amount 
practicable and which is toxicologically acceptable.
The recommended MRLs estimated by JMPR are then 

introduced into the CCPR system for elaboration as Codex 
MRLs.

The recommended MRL takes into consideration the max
imum residues that might be expected to result when the 
pesticide is used according to approved instructions; the na
ture of the residues (parent compound + metabolites); the 
analytical methodology available for the residues; any other 
factors.

The views and recommendations of the FAO/WHO ex
perts are taken as the basis on which the CCPR can judge 
whether residues of pesticides in foods are unavoidable when 
the pesticide is used in accordance with good agricultural 
practice.

The recommended MRL goes through a total of 8 steps 
before it is finally adopted by the Commission as a Codex 
Standard. During this process, opportunities are given for 
member countries and various international organizations to 
review and comment on the proposals. Once the Codex MRL 
has been established, it is submitted to member countries for 
acceptance, which may be full, limited, or target.

Predicted Dietary Intake of Pesticide Residues
Once MRLs for a pesticide have been established in a 

range of commodities, on the basis of results of globally 
generated residue data, it is important for authorities in a 
country to know whether the MRLs are acceptable from the 
public health point of view. In other words, will the total 
amount of the pesticide in the typical diet of that country 
exceed the acceptable daily intake?

To arrive at a realistic estimate of dietary intake the fol
lowing factors have to be taken into account:

The kinds and qu an tities o f  fo o d s  consum ed .—The kinds 
of food consumed can be obtained, on a global basis, from 
average intakes published in the FAO food balance sheets. 
More accurate “cultural” diets for specific regions or coun
tries have also been prepared by FAO.

P estic ide residue levels in the fo o d s .—If the pesticide 
residue level in a food is assumed to be at the MRL, a value
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known as the Theoretical Maximum Daily Intake (TMDI) 
can be obtained by multiplying the MRL and the average 
daily per capita food consumption of each commodity for 
which an MRL has been established. The TMDI may be 
compared with the ADI, and if the ADI is not exceeded, any 
public health concern will be minimal. The TMDI is a gross 
overestimate because it does not take into account the follow
ing factors:

(/) The percentage of a crop treated with a pesticide is 
usually far less than 100%.

(2) Very few of the crops treated with a pesticide will 
contain residues at the maximum residue level.

(5) Residues normally dissipate during storage, transport, 
preparation, commercial processing, and cooking of the 
treated commodity.

(4) The MRL is set on the raw agricultural commodity, 
which frequently includes inedible portions that will be dis
carded, together with much of the residue.

Where these factors are taken into account, more realistic 
estimate of intake can be obtained. The most realistic esti
mate can be obtained if a typical diet is actually analyzed for 
its pesticide residue content, as in the case of Total Diet 
Studies in the United States and elsewhere.

If the ADI is exceeded in the more realistic intake esti
mates, public health may be of real concern, and the MRL in 
question may not be acceptable.

Conclusion
A great deal of information has been generated through 

the work of CCPR. MRLs have been established, or are 
being established, for some 153 pesticide chemicals in over 
3000 pesticide and commodity combinations. Guidelines 
have been published for sampling, analysis, classification of 
foods, and other matters of significance in the regulation of 
trade at the international level.

For countries which do not have the necessary infrastruc
ture to evaluate pesticides and develop their own system of 
MRLs, the Joint FAO/WHO Food Standards Programme

as implemented by Codex provides the necessary information 
to protect the health of consumers and to facilitate exporta
tion and importation of food commodities.

However, most of the major countries and trading blocks 
such as the European Economic Community have developed 
their own system of MRLs or tolerances which may or may 
not agree with the Codex values.

The Codex standards do help to facilitate international 
trade but a number of factors prevent universal adoption of 
Codex MRLs as national standards by countries:

( /)  National legislation prevents some governments from 
accepting the Codex MRLs.

(2) Where Codex limits are lower than the national 
MRLs, there may be a problem for one country to accept the 
good agricultural practice of another. This is seen most clear
ly in the different requirements between countries with tropi
cal and temperate climates.

(3) A national MRL may differ from the Codex MRL in 
terms of the definition of the residue, e.g., metabolites may be 
included in one case and not the other.

(4) There may be a difference in the definition of the 
portion of the food to which the MRL applies.

The Codex system has achieved a great deal by bringing 
together specialists from many disciplines worldwide to ex
change information and resolve differences. Progress may be 
slow, but a great deal is being gained in the process of 
working toward the universal acceptance of Codex standards 
for pesticide residues.
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