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E n v ir o n m e n ta l  C o m p lia n c e  
& S a fe ty

W ho Sho u ld  Take T h is  C o u rse :
Laboratory managers, supervisors, quality assurance coordi
nators, or anyone else responsible for the development and 
supervision of laboratory processes.

W hat Y o u ’l l  Lea rn :
How to prevent regulatory noncompliance action and guard 
yourself and your employees from health hazards. This 
course w ill cover the US EPA requirements for generators of 
hazardous waste, OSHA regulations for exposure of employ
ees to health hazards, and the components of good labora
tory waste management and hygiene programs, including 
record keeping, compliance reporting, and training.

Tw o-D ay P ro g ram  C o vers:
>  Introduction
>■ Hazard Communication, Labels, Tags, Signs, MSDs 

Substance Inventory, Information Sources 
Em ployee Information and Training 
Hazcom Exercise

>- Basic Toxicology
>- EPA Regulations and Inspections
>- RCRA Training Plans
>- Use of Spill Control Equipment r
>- Problem Session
>- Rule 120 for RCRA Generators
>- Laboratory Hygiene Plan
>- Elements of a Lab Health and Safety Program
>• D O T Regulations for Shippers of Hazardous Waste
>- Use of Monitoring Equipment and Exercise
>■ Respiratory Protection
>- Fire Protection and Control

R eg istratio n  fee: Members $495.00
Nonmembers $560.00

D i s c o u n t s  a r e  a v a i l a b l e  
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o n e  p e r s o n .
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Edited By
DARRYL M. SULLIVAN 
DONALDE. CARPENTER

This new book will provide the user with 
a thorough knowledge of how to test food 
products for compliance with provisions of the 
Nutrition Labeling and Education Act (NLEA) 
of 1990, which made mandatory the nutri
tional content labeling of nearly all processed 
foods. The book contains a concise abstract 
on the NLEA and all AOAC® Official Methods 
determined to be acceptable for use in nutrition 
labeling.

The methods are listed in alphabetical order 
by nutrient, and divided into chapters on 
carbohydrates, minerals and proximate, fat 
and fatty acids, and vitamins. Discussions on 
the use of these methods in the food labora
tory, current ideas on method adaption, and 
the use of many new unofficial methods are 
included.

A chapter on Standard Reference Material 
will assist the reader in locating appropriate 
standards for each method/matrix combina
tion and provides recommendations on how 
to prepare your own reference materials.
October 1993. $139.00 in North America (USA, 
Canada, Mexico). $155.00 outside North America. 
AOAC INTERNATIONAL members: subtract 10% 
discount.
To order: Send your name, address and payment to 
AOAC INTERNATIONAL. AOAC accepts checks (US 
funds on US banks only please) or VISA, MasterCard, 
Diners Club, American Express, andJCB credit cards. 
When paying by credit card please include the type of 
credit card, card number, expiration date, and your 
signature.
Mail to: AOAC INTERNATIONAL-J, 1970 Cham Bridge 
Road, Dept. 0742, McLean, VA 22109-0742.

or
Place credit card orders by phone: +1-703-522-3032, 
or FAX: +1-703-522-5468.
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DRUGS, COSMETICS, FORENSIC SCIENCES
1101 Screening of Chloramphenicol Residues in Pork Muscle by Planar
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J.P. Abjean

1104 Determination of Reserpine. Hydralazine HC1, and Hydrochlorothiazide in 
Tablets by Liquid Chromatography on a Short, Normal-Phase Column 
Ugo R. Cieri

1108 Rapid Ultraviolet Spectrophotometric Assay of Ibuprofen in Liquid Oral 
Formulations
A sis K. Sanyal and Dinabandhu Laha

1112 Liquid Chromatographic Determination of Multiple Sulfonamide Residues in 
Bovine Milk: Collaborative Study 
Michael D. Smedley

1122 Simultaneous Multiresidue Analysis of (3-Lactam Antibiotics in Bovine Milk by 
Liquid Chromatography with Ultraviolet Detection and Confirmation by 
Electrospray Mass Spectrometry
Krystyna L. Tyczkowska, Robert D. Voyksner, Rolf F. Straub, and Arthur L. 
Aronson

1132 Determination of Bronopol. Bronidox. and Methyldibromo Glutaronitrile in 
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J.W. Weyland, A. Stem, and J. Rooselaar

1137 Confirmation of Leucogentian Violet in Chicken Fat by Gas Chromatography/Mass 
Spectrometry
Roger T. Wilson, John Wong, John Johnston, Robert Epstein, and David N. 
Heller
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1143 Extraction of Light Filth from Bean Paste: Collaborative Study 
John R. Biyce and Larry E. Glaze

1146 Chemical Test for Mammalian Feces in Ground Black Pepper: Collaborative 
Study
Harriet R. Gerber

1150 Extraction of Light Filth from Whole Wheat Flour, Flotation Method:
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Larry E. Glaze and John R. Bryce

1153 Alternative Sieving Method for Extraction of Light Filth from Cheeses: 
Collaborative Study 
Mamin J. Nakasliima

1157 Effects of Incubation Atmosphere. Novobiocin, and Modified Plating Media on 
the Efficiency of a DNA Probe for Recovering Shigella flexneri 
Felicia B. Satchell, Verneal R. Bruce, Wallace H. Andrews, Geraldine June, 
Patricia S. Sherrod, Thomas S. Hammock, and Peter Feng

FOOD CHEMICAL CONTAMINANTS

1162 Quantitation and Stability of Fumonisins Bi and B2 in Milk 
Chris M. Maragos and John L. Richard
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1167 Application of Gas Chromatography/Matrix Isolation/Fourier Transform
Infrared Spectroscopy to the Identification of Pyrrolizidine Alkaloids 
from Comfrey Root (Symphytum officinale L.)
Magdi M. Mossoba, Hubert S. Lin, Denis Andrzejewski, James A. Sphon, 
Joseph M. Betz, Lee J. Miller, Robert M. Eppley, Mary W. Trucksess, and 
Samuel W. Page

1175 Reversed-Phase Liquid Chromatographic Determination of Hypoglycin A
(HG-A) in Canned Ackee Fruit Samples 
Ghulam Sarwar and Herbert G. Botting

1119 Analysis by Liquid Chromatography of Fusarochromanone (TDP-1) Added to
Com and Wheat
Yichun Xu, C. J. Mirocha, and W. Xie 

FOOD COMPOSITION AND ADDITIVES

1184 Determination of the Sum of Dimer and Polymer Triglycerides and of Acid Value
of Used Frying Fats and Oils by Near Infrared Reflectance Spectroscopy 
Andries J. Boot and Andries J. Speek

1190 Determination of Cholesterol by p-Nitrobenzoate Derivatization and Liquid
Chromatography
Thomas W. Hatnill and Abdel M. Soliman

1197 Comparison and Assessment of the Difference in Total Dietary Fiber in Cooked
Dried Legumes as Determined by Five Methods 
Roger Mongeau and René Brassard

1202 Evaluation of a Gas Chromatographic Method to Identify Irradiated Chicken,
Pork, and Beef by Detection of Volatile Hydrocarbons 
Georg A. Schreiber, Grit Schulzki, Almuth Spiegelberg, Norbert Helle, and 
Klaus W. Bogl

1217 Effect of Infrared Analyzer Homogenization Efficiency on Repeatability of
Uncorrected Fat A and Fat B Signals
Erika B. Smith, David M. Barbano, Joanna M. Lynch, and J. Richard 
Fleming

RESIDUES AND TRACE ELEMENTS

1224 Determination of Sulfite in Rainwater by Solid-Phase Spectrophotometry
Juan M. Bosque-Sendra, Francisca Molina, and Mounir Nechar

1230 Determination of Phthalates in Water and Soil by Tandem Mass Spectrometry
Under Chemical Ionization Conditions with Isobutane as Reagent Gas 
William C. Brumley, Elizabeth M. Shafter, and Paul E. Tillander

1237 Determination of Methyl 2-Benzimidazolecarbamate in Bulk Fruit Juice
Concentrates by Competitive-Inhibition Enzyme Immunoassay 
Rodney J. Bushway, Barbara E.S. Young, Lance R. Paradis, Lewis B. 
Perkins, Susan K. Martin, and Myrna P. Brown

1243 Determination of Thiabendazole in Fruits and Vegetables by Competitive
Inhibition Enzyme Immunoassay
Rodney J. Bushway, Barbara E.S. Young, Lance R. Paradis, and Lewis B. 
Perkins

1249 Determination of Levels of Lead Contamination in Food and Feed Crops
Carmen Cabrera, Carmen Gallego, Maria C. Lopez, Maria L. Lorenzo, and 
Enrique Lillo
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1253 Determination of Inorganic Anions in Water by Ion Chromatography.
Collaborative Study
K enneth  W. Edgell, Jam es E. Longbottom , a n d  John  D. P fa ff

1263 A Rapid Multiresidue Screen for Organophosphorus, Organochlorine, and
A-Methyl Carbamate Insecticides in Plant and Animal Tissues 
D irk M. H olstege, D avid  L. Scharberg, E lizabeth  R. Tor, Laura  C. Hart, and  
F rancis D. G aley

1275 Integration of Liquid Chromatography with Immunoassay: An Approach
Combining the Strengths of Both Methods 
P etra  M . Krämer, Q ing X. Li, a n d  B ruce D. H am m ock

1288 Graphite Furnace Atomic Absorption Method for the Determination of Lead in
Sugars and Syrups 
N ancy J. M iUer-Ihli

1293 Capillary Gas Chromatographic Determination of Thiabendazole in Citrus and
Apple Juices
M itsuo  Oishi, K azuo  Onishi, Itsu Kcmo, H iroyuki N akazaw a, a n d  S h in to  
Tanabe

1296 Analysis of Methyl Isothiocyanate in Wine by Gas Chromatography with Dual
Detection
Isao  Saito, Sadaji Yamada, H arum i O shima, Yoshitomo Ikai, H isao  Oka, and  
Junko  H ayakaw a

1299 Analysis of Calcium and Lead in Calcium Supplements by Inductively
Coupled Plasma-Atomic Emission Spectrometry and Graphite Furnace 
Atomic Absorption Spectrophotometry 
P aul H. Siitonen a n d  H aro ld  C. Thom pson, J r

1304 Analysis of Chlorophenols in Air at the Nanogram-per-Cubic- Meter-Level
K am al S w am i a n d  R a jinder S. N arang

1308 Determination of Cholinesterase Activity in Brain and Blood Samples Using
a Plate Reader
E lizabeth  R. Tot; D irk  M . H olstege, a n d  F rancis D. G aley  

STATISTICAL ANALYSIS

1314 Validation of Computerized Liquid Chromatographic Systems
William B. F urm an, Thom as P. Laylojf, a n d  R o n a ld  F. T e tzla jf

1318 Display Methods for Visual Comparison of the Results of Two Measurement
Methods
C hrista H artm ann a n d  D esire L. M assart

1326 Detection of Milk Fat Adulteration by Linear Discriminant Analysis of Fatty
Acid Data 
F ranz Ulberth

TECHNICAL COMMUNICATIONS

1335 Identification of Synthetic Colors in Beverage Alcohol Products by
Solid-Phase Extraction and Thin-Layer Chromatography 
S u m er M . Dugat; Jeffrey N. Leibow itz, a n d  R andolph  H. D yer

1338 Hydrolysis of Peptide Binding by Phosphotungstic Acid
A n n e  F iala ire a n d  E ric P ostaire
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Books in Brief
Scientific Evidence in the Courtroom: 
Admissibility and Statistical Signifi
cance After Daubert. By Robert R 
Charrow and David E. Bernstein. Pub
lished by the Washington Legal Founda
tion, Publications Department, 2009 
Massachusetts Ave, NW, Washington, 
DC 20036, 1994. Library of Congress 
Catalog Card No. 94-60916.

In 1992, the U.S. Supreme Court issued 
a landmark decision, D a ubert v. M errell 
D ow  P harm aceutical, which set general 
standards to govern the admissibility of 
scientific evidence. This monograph, 
which reviews the D aubert decision and 
the role of scientific evidence, was writ
ten by two of the nation’s leading ex
perts on science and the law, Robert 
Charrow and David Bernstein. It is an

invaluable resource for all who must 
deal with science in the courtroom. The 
monograph offers an insightful review 
of the D aubert decision and some lower 
federal court opinions, which have ap
plied the case to reject questionable sci
ence as evidence in tort and personal in
jury cases. What makes this monograph 
unique, however, is its original mathe
matical proof that sets a quantitative 
standard that a plaintiff must meet to 
show that this scientific evidence of cau
sation is sufficient to satisfy his legal 
burden of proof.

ELISA-Mation. Version 1.0. By Jarrett
N. Schmit. Published by CRC Press, Inc., 
2000 Corporate Blvd, NW, Boca Raton, 
FL 33431-9868, 1994. Price: $89.95. 32 
pp. 3.5 in. diskette. ISBN 0-8493-0753-8.

ELISA-Mation is a unique, color-ani
mated, easy-to-operate introductory tu
torial for the ELISA test. The manual 
uses both text and animated sequences 
to clearly describe the steps and reac
tions occurring in an ELISA test. It also 
provides many educational uses, includ
ing a review for professionals, an auto
tutorial for students, an adjunct to formal 
lectures, an in-class demonstration, and 
a training tool for laboratory personnel. 
The software package includes: full- 
color animation to enhance the learning 
efficiency and enjoyment of today’s stu
dents and professionals; comprehensive 
coverage of all topics required to under
stand ELISA; efficient learning princi
ples that include clearly stated objec
tives, reviews, and quizzes; short, sim
ple, and clearly written instructions for

HIGH-PURITY STANDARDS
We at High-Purity Standards are dedicated to 
providing accurate analytical standards in a timely 
and cost-effective manner. Our single-element 
standards are guaranteed to ± 0.3% and our multi
element standards are guaranteed to ± 0.5%. Each 
standard is directly traceable to the National 
Institute o f Standards and Technology (NIST) and 
is accompanied by a Certificate of Analysis and a 
Material Safety Data Sheet. All stock items are 
shipped within 24 hours o f order placement. 
Custom blends are shipped within three days. 
Your complete satisfaction with HPS products 
and service is our goal and our guarantee.
Call today for a free 1994 Catalog o f Analytical

Single-element Standards Subboiling, Distilled Acids
Multi-element Mixes Acid Reagent Blanks
Custom Designed Blends Metallo-organic Standards

CIRCLE 40 ON READER SERVICE CARD
Standards:

Quality Control Standards Starter Kits
Ion Chromatography Standards CRM Solutions
CLP Standards CRM Solids

P .O . BOX 3 0 1 8 8  CHARLESTON, S C  2 9 4 1 7  (803)  5 5 6 - 3 4 1 1  FAX (803)  7 6 9 -7 3 9 9
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Books in Brief

hard-drive installation, and removal; 
system operation by use of four easy-to- 
find keys; and system compatibility with 
all IBM compatible computers, requir
ing only 235 kb free memory, an EGA or 
VGA monitor, and DOS 3.3 or greater.

Perfumery: Practice and Principles.
By Robert R. Calkin and J. Stephan Jel- 
linek. Published by John Wiley & Sons, 
605 Third Ave, New York, NY 10158- 
0012,1994.296 pp. Price: $74.95. ISBN 
0-471-58934-9.

Perfumery, once an inexact process 
steeped in secrecy and dependent on 
subjective sensor perception and guess
work, has become a highly developed 
science. Over the past 30 years, gas 
chromatography, mass spectrometry, 
and other technological innovations 
have made it possible to analyze, study, 
and teach the formulas of perfumes. 
These developments have profoundly 
altered the perfume industry, making it 
more efficient and far more competitive. 
Modem perfumers now need to not only 
master the changing technology of per
fume manufacturing, but also to under
stand what, in terms of chemical struc
ture and perception, makes a particular 
material aesthetically pleasing. P erfum 
ery: P ractice a n d  P rincip les presents a 
comprehensive, easy-to-use guide to the 
basic techniques and evolving technol
ogy of manufacturing perfumes as well 
as providing guidelines for actual for
mulation and analysis. It includes real- 
life case studies and practical applica
tions of instrumentation, offering valu
able insights into the use of fragrance in a 
myriad of products such as detergents, 
soaps, cosmetics, and designer perfumes.

Directory of Capillary Electrophore
sis. Edited by D. Coleman. Published by 
Elsevier Science B.V., PO Box 211, 
1000 AE Amsterdam, The Netherlands,

1994. 156 pp. Price: Dfl. 137.00/US
70.00. ISBN 0-444-81798-0.
This directory of researchers in capillary 
electrophoresis not only contains the 
names and address of most leading sci
entists in this rapidly developing field, it 
also specifies their main interests in de
veloping and/or applying the technique. 
Additionally, the papers that each listed 
scientist considers as his or her most sig
nificant contribution in this area are 
given. A geographical index with tech
niques and applications areas shows 
who is doing what in each country. In
strument manufacturers and suppliers 
are given on a country by country basis, 
along with the products or services they 
offer. A subject index is also included, 
which lists scientists alphabetically ac
cording to their individual specialties.

Microcomputers and Electronic In
strumentation: Making the Right 
Connection. By Howard Maimstadt, 
Christie Enke, and Stanley Crouch. Pub
lished by the American Chemical Soci
ety, 1155 16th St, NW, Washington, DC 
20036, 1994. 464 pp. Price: US $75.00, 
Export $90.00. ISBN 0-8412-2861-2.

This book explores the new wave of mi
crocomputer instrumentation. It con
tains clear, concise descriptions and dia
grams of concepts, devices, circuits, and 
systems. Readers will find out how mi
crocomputers operate and explore the 
use of microcomputer fundamentals, in
cluding digital data formatting, trans
mission and storage, and converting and 
acquiring data in scientific instrumenta
tion. The book explains how to measure 
and control analog and digital signals, 
along with the basics of supplying 
power to instruments and computers. 
Readers will find out how to manipulate 
analog data with operational amplifiers 
and servo systems and receive an intro
duction to the principles of servo control 
and measurement systems. Later chap

ters describe methods for processing 
electronic signals and sensing and con
trolling in automation and robotics. 
Readers will learn about analog-to-digi- 
tal and digital-to-anolog converters, sig- 
nal-to-noise ratio enhancement, and 
more. The final chapter explains how to 
troubleshoot instruments. It begins with 
the basics and from there describes the 
troubleshooting process; finding a faulty 
unit; and “fixing it yourself.” M icrocom 
puters arid Electronic Instrumentation: 
M aking the R ight Connections is an inte
gral component of a unique electronics 
learning program that also includes two 
companion videotapes and a laboratory 
electronics kit and manual.

WHO Expert Committee on Biologi
cal Standardization: 43rd Report. Pub
lished by the World Health Organiza
tion, Distribution and Sales, 1211 Ge
neva 27, Switzerland, 1994. 218 pp. 
Price: Sw. fr.31 .-/US $27.90, in develop
ing countries: Sw. fr. 21.70. ISBN 92 4 
120840 6.

This book records the work of an expert 
committee commissioned to coordinate a 
range of research and other activities 
needed to ensure that biological products 
conform to international standards of pu
rity, potency, safety, and stability. The 
book has two parts. The first opens with a 
brief discussion of selected issues relevant 
to the production and quality testing of bi- 
ologicals, followed by comments on the 
status and development of international 
biological standards and reference re
agents for various antibiotics, antibodies, 
antigens, blood products, cytokines and 
growth factors, and endocrinological sub
stances. The main part of the report issues 
detailed requirements for the manufactur
ing and control of selected biologicals. 
New requirements are provided for Vi 
polysaccharide typhoid vaccine, and for 
live combined measles, mumps, and ru
bella vaccines.
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For Your Information
M eetings

Septem ber 29 -3 0 , 1994: AO AC 
Europe Section Meeting. Nyon, Swit
zerland. Contact: T. Rihs, Swiss Federal 
Research Station for Animal Production, 
CH-1725 Posieux, Switzerland, tele
phone+41 37 877 111.

O ctober 24 -2 6 , 1994: AO AC Cen
tral Section Meeting, Lexington, KY. 
Contact: Robert L. Beine, University of 
Kentucky, Kentucky Agricultural Ex
periment Station, Regulatory Services 
Building, Lexington, KY 40506, tele
phone+1 (606)257-4834.

O ctober 25 -2 6 , 1994: AO AC Cen
tral Europe (proposed subsection) Sec
tion Meeting, Smolenice, Slovakia. 
Contact: Pavel Farkas. Food Research 
Institute. Priemyselna 4. PO Box 25.

Bratislava. Slovakia, telephone +41 7 
61355.

O ctober 27, 1994: AO AC Mid Atlan
tic USA Section Meeting, College Park. 
MD. Contact: Charles P. Lattuada, U.S. 
Department of Agriculture, Building 
322, BARC-East, 10300 Baltimore Ave, 
Beltsville, MD 20733, telephone +1 
(717) 656-2301.

N ovem ber 10, 1994: AOAC New 
York/New Jersey Section Meeting, New 
Brunswick. NJ. Contact: Paul D. Duke, 
Hoffman La Roche, 340 Kingsland St, 
Nutley, NJ 07110, telephone +1 (201) 
235-3364.

N ovem ber 1994: AOAC MidCanada 
Section Meeting, Winnipeg, Manitoba, 
Canada. Contact: Jane M.L. Weitzel, 
Province of Manitoba. Department of 
Energy and Mines, 745 Logan Ave.

Winnipeg. MN. R3E 3L5. Canada, tele
phone + 1 (204) 945-2590.

D ecem ber 15-16, 1994: AOAC 
Short Courses, Baltimore. MD. Topic: 
Laboratory Waste Disposal. Contact 
AOAC Meetings and Education Depart
ment, AOAC INTERNATIONAL, 2200 
Wilson Blvd, Suite 400, Arlington, VA 
22201-3301, telephone +1 (703) 522- 
3032.

F ebruary 8 -9 , 1995: AOAC South
east USA Section Meeting, Atlanta, GA. 
Contact: Thomas W. Brooks, South 
Carolina Department of Agriculture, 
1101 Wilhams St, Columbia, SC 29211, 
telephone+1 (803)737-2070.

A pril 2 6 -2 8 , 1995: AOAC Pacific 
Southwest Section Meeting. South Lake 
Tahoe. CA. Contact: Gordon Bums, 
ETS Laboratories, 1204 Church St. St.

Simply the best replacement for Kjeldahl.
The NA 2 0 0 0  provides a safe 
replacement for your Nitrogen/Protein 
analysis by eliminating the need for acids 
and toxic chemicals. The simplicity of the 
design, complete 
automation and 
reliability makes 
the NA 2 0 0 0  the 
best Nitrogen/
Protein analyzer.

•  125 position autosampler

•  Results in  <  3 minutes

CIRCLE 102 ON READER 
SERVICE CARD

F l S p N ST Instrun
Fisons Instruments, Inc. 55 Cherry Hill Drive Beverly, MA 01915 Tel: 508524-1000 800999-5011 Fax:508 524-1100
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Helena, CA 94574, telephone +1 (707) 
963-4806.

S ep tem ber 17-21. 1995 : The 109th 
AOAC INTERNATIONAL Annual 
Meeting and Exposition, Nashville. TN. 
Contact: AOAC Meetings and Educa
tion Department, AOAC INTERNA
TIONAL, 2200 Wilson Blvd, Suite 400, 
Arlington, VA 22201-3301, telephone 
+ 1 (703)522-3032.

M ethods D evelopm ent in the 
Field of Food Irradiation

The fo llo w in g  article is based  on in
form ation  prov ided  by A O A C  A ssocia te  
R eferee fo r  Irradia ted  F ood  Leslie G. 
L adom ery o f  the In ternational A tom ic  
Energy Agency. It g ives the current 
sta tus o f  detection  m ethods developed  
through international cooperative ef
forts  f o r  irrad iated  food .

The literature abounds with refer
ences to published papers on various 
analytical approaches to the detection of 
irradiated food. In 1991, the Interna
tional Atomic Energy Agency (IAEA) 
published a literature review citing some 
500 references (IAEA-TECDOC-587, 
IAEA, March 1991). Since then, this 
number has probably doubled. Vast 
sums of money are being spent by insti
tutes and governments on research in 
this field.

Among the international organiza
tions actively engaged in this field are 
IAEA and the Food and Agriculture Or
ganization (FAO), through the Coordi
nated Research Program on the Detec
tion of Irradiation Treatment of Food 
(ADMIT), the European Union, through 
the European Standards Committee and 
the European Bureau of Reference 
(BCR), and AOAC INTERNA
TIONAL.

Food irradiation is a relatively new 
technology and the identification of irra
diated food represents a new and chal
lenging field of research. More impor

tantly, individuals, activist groups, and 
authorities under the political influence 
of anti-nuclear action groups claim that 
food irradiation cannot be authorized in 
the absence of suitable analytical meth
ods. Some even claim that a general 
method that would identify all irradiated 
food and determine the absorbed radia
tion dose with sufficient accuracy for 
regulatory purposes is required.

Although several methods are al
ready available with application to a 
wide range of irradiated food, a “super 
general’' method does not exist and, 
chances are, will never exist. However, 
the expectations of a single general 
method helps explain the intensity of re
search in the field of food irradiation. 
Still not a widely accepted technology, 
food irradiation has only been author
ized in some 37 countries and only on a 
food-by-food basis. It is subject to man
datory maximum, and occasionally 
minimum, limits for absorbed dose of 
radiation. Furthermore, irradiated food 
is subject to rigorous labeling require
ments.

Specifically, government authorities 
require detection (qualitative) methods 
for (7) monitoring their food supply to 
check compliance with food irradiation 
regulations, and (2) verifying labeling of 
irradiated or unirradiated food in trade. 
Some authorities and interest groups 
also consider quantitative methods es
sential for the determination of absorbed 
dose of radiation.

Q u a lita tive  M e th o d s

Qualitative methods verify label dec
larations and monitor the food supply to 
detect unauthorized applications of food 
irradiation, either in domestic or import 
trade. In comparison with the availabil
ity of analytical methods for other food, 
the availability of analytical methods for 
irradiated food is very good. The actual 
status of development and availability of 
detection methods developed through

international cooperative efforts is given 
in Table 1.

Q u a n tita tiv e  M e th o d s
Quantitative methods are required 

because legal maximum limits are set 
for absorbed energy (from gamma, x- 
rays, and electrons) based on the dose 
range required to achieve the intended 
technological purpose. This practice is 
similar to setting legal maximum limits 
for thermal energy in the canning indus
try (or other forms of heat processing), 
whereby accurate and collaboratively 
studied quantitative methods are then re
quired to determine heat absorbed by the 
food. Chemical, physical, or other 
changes that the food undergoes would 
be used as indicators.

In reality, the minimum dose of ion
izing energy imparted to the food during 
irradiation is important for commercial 
(extension of shelf-life) and public 
health (elimination of food-borne patho
gens) reasons. Furthermore, dose distri
bution in the consignment (dose uni
formity) is more important than 
absorbed dose in the sample. Although 
radiation dose determined analytically 
in the finished product can be used to 
verify minimum or maximum legal lim
its, governments only tend to set maxi
mum limits. Quantitative methods of 
analysis, as well as appropriate sampling 
plans, are required to enforce legal limits 
for absorbed radiation dose.

Dose distribution and dose uniform
ity can only be determined by proper 
dosimetry, as required by the Codex 
General Standard. Furthermore, good ir
radiation practices can only be assured 
by proper regulatory control and facility 
inspection, which is required by the Co
dex General Standard, as well.

S e lf-E n fo rc in g  N a tu re  o f  
T e ch n ica l D o s e  L im its
The effectiveness of the process and 

possible deleterious effects on product
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quality are based on the minimum and 
maximum doses. The maximum limit of 
10 kGy overall average (1 kiloGray = 1 
Joule radiation energy/kg) set by the Co
dex Alimentarius Commission for any 
good is based on the results of years of 
wholesomeness testing. The vast major
ity of food products are damaged by 
doses of radiation far below 10 kGy.

This limit is, therefore, inherently self- 
enforcing, except with dry food ingredi
ents such as spices, herbs, and other such 
products. Doses higher than 10 kGy are 
also tolerated by food products if very 
low temperatures are used during irra
diation in the preparation of sterile, 
shelf-stable products for astronauts, hospi
tals, etc. Such products are not yet available

on the market and wholesomeness rec
ommendation will have to be obtained 
from the FAO/IAEA/WHO experts for 
the general marketing of such products.

P o ss ib ilitie s  fo r  In te rn a tio n a l
S ta n d a rd iza tio n  o f  M e th o d s
International standardization of ex

isting detection methods is possible. The

Table 1. Status of research and collaborative trials on identification methods for irradiated food
Method Food products Status

Electron spin resonance 
(ESR)

Spices (paprika, black pepper, pistachio nuts), poultry 
(bones), fresh eggs (shells)

FAO/IAEA group carried out collaborative trials on 
spices and is carrying out trials on eggs (shells) and 
poultry (bones).

Thermo-luminescence (TL)

Beef, trout, sardines (bones), pistachio nuts, grapes 
(seeds), papaya (seeds)

Fruit (strawberries, mangoes, papayas), vegetables 
(potatoes, mushrooms), spices, herbs, mixtures of 
spices and herbs

BCR group carried out interlaboratory trials and 
submitted methods to the European Standards 
Committee.
German group (Bogl et al.) published method and 
results of interlaboratory trial.

Viscosity measurement

Various food products (isolated minerals) 

Black and white pepper

FAO/IAEA group is carrying out trials on improved 
method involving reirradiation normalization procedure. 
FAO/IAEA group is organizing collaborative trial.

Lipid volatiles (GLC)

Black and white pepper, cinnamon, ginger, other spices, 
onion powder, dried food ingredients, vegetables, fruits, 
gum arabic, shrimp 
Chicken, pork, beef

German group (Bogl et al.) published method and 
results of interlaboratory trial.

German group (Bogl et al.) is publishing method and 
results of collaborative trial in J. AOAC.

Cyclobutanones 
DNA fragmentation 
0-Tyrosine

Poultry, fish 
Poultry, pork
Chicken (bone marrow cells) 
Shrimp

FAO/IAEA group is organizing collaborative trial. 
FAO/IAEA group is organizing collaborative trial. 
FAO/IAEA group is organizing collaborative trial. 
FAO/IAEA group is studying this method.

Lipid hydroperoxides (LHP) 
Carbon monoxide 
Electrical impedence

Near infrared (NIR) 
Viscosity measurement

Chicken, pork, fish, shrimp 
Meat
Frozen food
Potatoes (several varieties)

Paprika, black and white pepper 
Black pepper

BCR group carried out interlaboratory trials. 
FAO/IAEA group is studying this method. 
FAO/IAEA group is studying this method. 
FAO/IAEA group is studying this method in limited 
interlaboratory trials.
FAO/IAEA group is studying this method. 
FAO/IAEA group is studying this method in 
interlaboratory trials.

DEFT/APC
(microbiological method)

Black and white pepper, cinnamon, ginger, onion power 
Powered black pepper, whole white pepper, paprika, cut 
basilicum, cut marjoram, crushed cardamon

German group (Bogl et al.) is studying this method. 
BCR group carried out collaborative trial and published 
method and results in J. AOAC (Vol. 76, No. 3, 1993); it 
should be accepted as an AOAC first action screening 
method.
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Q U A L I T Y
A S S U R A N C E :

P R I N C I P L E S !

A N A L Y T I C A L

L A B O R A T O R I E S

X vssential for any lab wanting to improve or initiate a quality assurance (QA) program. 
Material was extensively revised for this new edition which features new information and 
concepts developed since the handbook was last published. An important addition is a chapter 
on utilizing statistical applications and analytical control charting techniques. Appendixes, too, 
have been revised and one added on laboratory accreditation criteria — criteria which can be 
used for self-evaluation of lab QA programs and operations management procedures.

Each chapter offers recommendations for developing and operating a QA program. The book 
also provides solid justification for commitment of resources to a quality assurance program.

C ontents: Quality Assurance Planning. Statistical Applications and Control Charts. 
Personnel Considerations. Management of Equipment and Supplies. Sample and Record 
Handling. Sampling and Sample Analysis. Proficiency and Check Samples. Audit Procedure. 
Design and Safety of Facilities. Laboratory Accreditation.

A ppendixes: Typical Contents of a Quality Manual for Testing Laboratories. Forms Used 
by U.S. Federal Agencies. Instrument Performance Checks. FDA Audit Measure Procedures. 
Proficiency and Check Sample Programs. Accreditation Criteria.

192 pages. 2nd edition. May 1991. Softbound. ISBN 0-935584-46-3.
$65.00 In North America (USA, Canada, Mexico).
$73.00 Outside North America.AOAC INTERNATIONAL Members: subtract 10% discount.
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Validation C la im s of 
S N A P  B eta-Lactam  
Test Kit E xp an d ed

The AOAC Research Insti
tute expanded the validated 
performance claims of the 
IDEXX Laboratories, Inc., 
SNAP™ Beta-Lactam test kit 
to include a digital image 
reader instrument. The SNAP 
Beta-Lactam test kit was 
originally certified in Octo
ber 1993 as part of the joint 
evaluation of beta-lactam 
test kits by the U.S. Food and 
Drug Administration and the 
AOAC Research Institute. 
The evaluation was com
pleted in 1993 and validated 
the performance results of 
the SNAP Beta-Lactam test 
obtained with visual obser
vations only.

The new evaluation di
rectly compared the results 
obtained from visual obser
vations to those obtained us
ing a manufacturer supplied 
“Image Reader.” Analyses 
were performed for all ex
periments using both the Im
age Reader and the visual in
terpretation method, with 
one technician analyzing and

Table 1. Dose response comparison
Sample Visual Image reader

Control 0% (0/30) 0% (0/30)
Penicillin G (1 ppb) 0% (0/6) 0% (0/6)
Penicillin G (2 ppb) 0% (0/6) 0% (0/6)
Penicillin G (3 ppb) 33% (2/6) 67% (4/6)
Penicillin G (4 ppb) 67% (4/6) 100% (6/6)
Penicillin G (5 ppb) 100% (6/6) 100% (6/6)
Penicillin G (6 ppb) 100% (6/6) 100% (6/6)
Cephapirin (2 ppb) 0% (0/6) 0% (0/6)
Cephapirin (4 ppb) 83% (5/6) 83% (5/6)
Cephapirin (6 ppb) 100% (6/6) 100% (6/6)
Cephapirin (8 ppb) 100% (6/6) 100% (6/6)
Cephapirin (10 ppb) 100% (6/6) 100% (6/6)

Table 2. Selectivity and sensitivity
Sample Visual Reader

Zero control milk 0% (0/30) 0% (0/30)
Penicillin G (5 97% (29/30)
ppb) 100% (60/60)1 100% (30/30)
Cephapirin (8 ppb) 100% (30/30) 100% (30/30)

1 An additional 60 samples were analyzed according to 
testing protocol. SNAP™ Beta-Lactam test kit meets sen
sitivity requirements.

Table 3. Interference from somatic cells
Sample Visual Reader

Zero control milk 
Penicillin G (5ppb)

0% (0/30) 
100% (30/30)

0% (0/30) 
100% (30/30)

recording

European Union, through the European 
Standards Committee, is currently 
adopting several methods, most of 
which have been tested in interlabora
tory trials and could also be considered 
by AOAC INTERNATIONAL.

AOAC INTERNATIONAL is also 
considering some methods with a view 
to their adoption, and several more 
methods are currently undergoing col
laborative study within the FAO/IAEA 
Coordinated Research Program. These 
methods will also be submitted to the 
AOAC Official Methods Program.

Update Information: F ood  
Irradiation

The Food and Agriculture Organization 
(FAO) and the International Atomic En
ergy Agency (IAEA), through the Coor
dinated Research Programme on the De
tection of Irradiation Treatment of Food 
(ADMIT), involving 22 research insti
tutes, are developing detection methods 
for irradiated food. During this 5-year 
research program, several promising 
methods have been investigated, and a 
number of them have been tested col- 
laboratively. The final research coordi
nation meeting of ADMIT took place in 
Belfast, Northern Ireland, June 20-24, 
1994, in conjunction with an interna
tional meeting on the same subject or
ganized by the Department of Agricul
ture for Northern Ireland. The joint 
event was attended by 57 scientists from 
46 laboratories and 19 countries. The re
port from the ADMIT meeting is avail
able from the Food Pre-servation Sec
tion of the Joint FAO/IAEA Division, 
IAEA, Wagramerstrasse 5, A-1400 Vi
enna, Austria. The proceedings of the 
joint international meeting will be pub
lished by the Royal Society of Chemis
try by year end.

data from visual observations, and a sec
ond technician analyzing and recording 
data using the Image Reader. Techni
cians did not share analytical results, and 
analyses were recorded separately.

The comparison evaluation consisted 
of three studies: a dose-response study, a 
study on the potential interference 
caused by somatic cells, and a study on 
the potential interference caused by bac
terial cells. The dose-response and the 
somatic cell interference studies were 
conducted at the University of New 
Hampshire. Department of Animal and

Nutritional Sciences. The bacterial in
terference study was performed by the 
firm using coded samples prepared by 
the FDA Center for Food Safety and Ap
plied Nutrition. Laboratory Quality As
surance Branch. Bacterial interference 
results were delivered to the AOAC Re
search Institute, de-coded, and reviewed 
by the Research Institute and the FDA 
Center for Veterinary Medicine.

D o s e - R e s p o n s e  C o m p a r iso n

Analytical results from visual obser
vations were compared to those ob
tained from the Image Reader by devel-

Journal Of AOAC International Vol. 77, No. 5,1994 153A
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Statistical Manual of the AOAC.
93 pages. 1975. Softbound. ISBN 0-935584-15-3. 
$34.00* in North America (USA, Canada, Mexico) 
$38.00* outside North America 
Do-it-yourself statistical techniques for interlaboratory collaborative tests.
Use of Statistics to Develop and Evaluate 
Analytical Methods.
xvi + 183 pages. 1985. Softbound.
ISBN 0-935584-31-5.
$65.00* in North America (USA, Canada, Mexico) 
$68.00* outside North America 
A basic reference for evaluating collaborative studies and a natural extension to the Statistical Manual of the AOAC.

Principles of Food Analysis for Filth, Decomposition, and Foreign Matter — FDA Technical Bulletin No. 1, Second Edition.
1981. 286 pages. Softbound. ISBN 0-935584-33-1. 
$65.00* in North America (USA, Canada, Mexico) 
$73.00* outside North America
A comprehensive source of information on food sanitation analysis.
Key for Identification of Mandibles of 
Stored-Food Insects.
1985. vi + 166 pages. Softbound. ISBN 0-935584-32-3. 
$66.00* in North America (USA, Canada, Mexico) 
$71.00* outside North America 
Enables food sanitation analysts to identify species from all major stored-food insect pest groups.

FDA Food Additives Analytical Manual (FAAM).
2 volumes. Softbound.
Volume I: 364 pages. 1983. ISBN 0-935584-22-6. 
Volume II: xiv + 346 pages. 1987.
ISBN 0-935584-34-X.
$139.00* in North America (USA, Canada, Mexico) $157.00* outside North America
Provides analytical methodology for determining compliance with food additive regulations.
Classification of Visible Defects Poster.
1984. 24" x 36" chart. In color with photographs. ISBN 0-935584-27-7.
Single chart: $19.00* in North America (USA, Canada, Mexico), $24.00* outside North America. 
Package of 10 charts: $55.00* in North America (USA, Canada, Mexico), $63.00* outside North America.
For rapid identification of can defects.
Classification of Visible Flexible Package Defects Poster.
1989. 24" x 36" chart. Two-sided. In color with 
photographs. ISBN 0-935584-39-0.
One chart: $29.00* in North America (USA, Canada, 
Mexico), $34.00* outside North America. Package of 10 charts: $89.00* in North America (USA, Canada, Mexico), $97.00* outside North America.
For rapid identification of flexible package defects.
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oping a concentration-response curve for 
penicillin G and cephapirin (see Table 1).

Six samples of zero control milk for
tified with either penicillin G or 
cephapirin at six concentrations were in
dependently analyzed using the visual 
interpretation method and the Image 
Reader. Samples were blinded and ran
domized with regard to antibiotic con
centration. All analyses were performed 
strictly according to directions provided 
by the manufacturer, and samples were 
analyzed over 2 days.

The results of the dose response study 
were accepted as demonstrating substan
tial equivalence between the results ob
tained from visual observations and those 
obtained using the Image Reader.

S e n s it iv ity  a n d  S e le c t iv ity

Sensitivity and selectivity attributes 
were studied as a part of the dose-re
sponse study. Thirty samples of milk 
verified to contain no antibiotics, 30 
samples of milk fortified with 5 ppb of 
penicillin G. and 30 samples of milk for
tified with milk fortified with 8 ppb of 
cephapirin were randomly interspersed 
with dose response samples.

Beta-lactam test kits are required to 
demonstrate at least 90% sensitivity 
with a minimum 95% confidence level 
for each claimed beta-lactam drug, and 
90% selectivity with a minimum 95% 
confidence to obtain “Performance 
Tested” certification. Test kits meet this 
criteria if no failures occur (e.g., false
negative or false-positive results in 30 
trials). Test kits fail if three or more fail
ures are obtained from the initial trial of 
30 samples. Test kits that yield one or 
two failures from the initial trial require 
additional testing. Additional analyses 
are performed on a new, independent se
ries of 60 samples. Test kits fail if two or 
more failures occur in the second set of 
60 samples.

The independently conducted testing 
demonstrated that the results of the Im

age Reader are equivalent to those of the 
visual interpretation method, and that 
both methods meet or exceed minimum 
sensitivity and selectivity requirements 
(see Table 2).

In te r fe r e n c e  fro m  S o m a t ic  C e lls
This experiment was designed to as

certain the affects of high levels of so
matic cells ( 106/MI) in bulk tank milk on 
the sensitivity and selectivity perform
ance of test kits.

Thirty samples of milk contaminated 
with I06/M1 somatic cells were fortified 
with 5 ppb of penicillin G and combined 
with 30 unfortified samples contami
nated with I06/M1 somatic cells. The 
samples were combined and random
ized with regard to the presence or ab
sence of antibiotic.

Results indicated that high levels of 
somatic cells did not affect the perform
ance of the SNAP™ Beta-Lactam test 
kit, and that the results using the Image 
Reader were equivalent to those of the 
visual interpretation method (see Table 3).

In te r fe re n c e  fro m  B a c te r ia l C e lls
The objective of this study was to ex

amine test kit performance in the pres
ence of bacterial contamination that may 
be encountered by users of test kits. The 
FDA Center for Food Safety and Ap
plied Nutrition, Laboratory Quality As
surance Branch, prepared penicillin G 
and cephapirin fortified milk samples 
contaminated with mixtures of gram 
positive and gram negative bacterial 
strains that have recently been isolated 
from lactating cattle. These samples were 
coded and shipped to the manufacturer 
who assayed five portions of each sample.

Data submitted by IDEXX Laborato
ries. Inc., correctly identified the pres
ence or absence of antibiotic drugs with 
no discrepancies between the two inter
pretation methods. Results from the bac
terial interference study also supported 
the removal of a cautionary statement on

package inserts that high levels of bacte
ria may produce false-positive results.

New Packaging Method Tested 
to Improve Standard Reference 
Material Availability

The follow ing  article is based on inform a
tion provided by Jam es T. Tanner and  Wil
liam Horwitz o f  the FDA Center fo r  Food  
Safety and  Applied  Nutrition in Washing
ton, DC, and  previously distributed by the 
International O iganization fo r  Standard
ization. It repons on a new  packaging  
m ethod fo r  standard reference materials.

Two years ago. FDA scientists pre
pared, spray-dried, and packaged an in
fant formula under nitrogen in individ
ual packets weighing approximately 
30 g each. Since then, these packets 
have been stored and routinely ana
lyzed. Shelf life appears good, but test
ing is still being carried out.

If successful, this method of packag
ing could be applied to other organic 
compounds to ensure that their nutrient 
contents are stable for a “reasonable” 
time. These compounds could then be 
produced and made available as stand
ard reference materials.

M e th o d s  P ro v id e  O n ly  H a lf o f  
th e  R e q u ir e m e n t
Standard reference materials are nec

essary for regulatory agencies because 
methods “provide only half of the re
quirement.” In its regulatory programs, 
FDA uses AOAC methods, as well as 
methods developed by the American As
sociation of Cereal Chemists, the 
American Oil Chemists Society, the In
ternational Organization for Stand
ardization, and others. However, in addi
tion to well-studied methods, some means 
of determining that the methods were per
formed correctly is also necessary.

Obtaining acceptable results with 
validated methodology for a reference 
material that has a known concentration
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of the analyte and is similar in composi
tion to the material being analyzed is 
presumptive evidence that the method 
was performed correctly. This combina
tion provides a strong case that the re
sults obtained for the test materials are 
correct. Reference materials, for which 
the true values are known, are important 
for this validation. From a regulator’s 
point of view, the use of appropriate ref
erence materials is desirable for deter
mining compliance with existing regula
tions.

Reference materials are also neces
sary to determine the systematic error of 
new methods. Previously, some AOAC 
methods had used standard additions for 
checking the presence of method bias, 
when material of known concentration 
was not available. Although this tech
nique is useful under some conditions, it 
really only measures that analyst's abil
ity to recover what was added at the 
measurement stage and not their ability 
to determine what was in the matrix. For 
this reason, the technique of standard ad
ditions may give unreliable information.

The determination of precision is fre
quently used as a measure of the success 
of a method because of the ability of a 
laboratory to obtain the same values, as 
well as to replicate the results of other 
laboratories. This is an important part of 
method evaluation but does not address 
the accuracy question.

Unfortunately, reference materials 
are not available for many products and 
analytes. The main focus has been the 
major and trace elements and not the 
various organic compounds that are the 
major components of food. The main 
reason for this focus has been due to the 
fact that organic components change 
with time and, until now, have not been 
shelf stable. Therefore, the exact "true” 
concentration at the time of use could 
not be assigned.

S h e l f  L ife  Is  O n e  o f  Tw o  
P ro b le m  A r e a s

The AOAC Task Force On Methods 
For Nutrient Labeling Analyses was 
formed by AOAC INTERNATIONAL 
to determine the availability of methods 
to enforce the Nutrition Labeling and 
Education Act. It reported that the useful 
shelf life of standard reference materials 
is one of two problem areas that must be 
resolved before reference materials for 
organic nutrients content can be made 
available. The other problem focused on 
the selection of matrix materials to rep
resent many different foods.

The task force addressed the latter 
question in a creative way. Food is com
posed basically of only three essential 
components: protein, carbohydrate, and 
fat. Frequently, analysis of a food is not 
successful because of interference from 
one or more of these components. If 
food composition were plotted within a 
triangle with 100% fat, 100% protein, 
and 100% carbohydrate at the respective 
vertices with the concentration of each 
component decreasing as the side of the 
triangle opposite the vertex is ap
proached, then the composition of food 
could be divided into nine different 
groups, each encompassing a range of 
concentrations of the three components 
(protein, carbohydrate, and fat). If a 
method of analysis were successful for 
the nine different groups, then it should 
be applicable to all types of food. Such a 
method could then be accepted as appli
cable to food in general rather than to the 
specific matrix materials for which the 
method was studied, as is the current 
AOAC requirement.

The logical extension of this ap
proach would be to have reference ma
terials available for each of the nine 
groups. An appropriate reference mate
rial would be provided for each food 
type or category. By using the nine dif
ferent groups as part of the method-per

formance study and having a reference 
material for each group, all foods would 
have a method and a reference material 
similar to the actual food that could be 
used for regulatory purposes. This type 
of verification is part of the infant for
mula program.

In the case of infant formula, meth
ods of analysis have been developed and 
collaboratively studied because infant 
formula is the most highly regulated 
food in the United States today. It repre
sents the sole source of nutrition for a 
large segment of the population, namely, 
infants. As part of the Infant Formula 
Act of 1980, companies are required to 
manufacture formula within specified 
limits, and FDA is required to monitor 
the formulas to ensure that they are 
within those limits. Because of differ
ences in methodology, many questions 
have arisen as to the "true” concentra
tions of some analytes in the products. 
Currently, there are methods for infant 
formulation that both industry and FDA 
have agreed are to be used for regulator)' 
analyses. These methods are now part of 
AOAC’s Official Methods of Analysis 
and have been collaboratively studied 
by FDA. infant formula manufacturers, 
and several commercial laboratories. 
However, no reference material is cur
rently available for validating method 
performance in each laboratory.

Therefore, the first priority for FDA 
scientists is to produce reference materi
als for the nine food groups named 
above and for products in areas where a 
critical need exists for reliable analyses, 
such as medical foods. A reference ana
lytical method of known reliability cou
pled with a standard reference material 
to monitor analytical performance is the 
most important requirement for a regu
latory agency. With results produced by 
using this combination, the agency can 
proceed with appropriate regulatory ac
tion that is based on sound analytical sci
ence.
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New Products
New PathoScreen Medium 
Detects Waterborne Pathogens

Detect fecal contamination within 24 to 
48 h with new PathoScreen medium. 
PathoScreen is a reliable, inexpensive 
medium that is well-suited for monitor
ing drinking water systems in develop
ing tropical countries, in remote field lo
cations, and disaster or emergency situ
ations. You can easily detect 
hydrogen-sulfide producing bacteria in 
drinking water, surface water, and rec
reational water. PathoScreen detects 
Salm onella, Proteus, K lebsiella , Citro- 
bacter, C lostridium , E dw ardsiella , and 
other hydrogen-sulfide producing or
ganisms proven to be associated with fe
cal contamination and the presence of 
coliforms. In most tropical climates, in
digenous E. coli produces positive reac
tions when traditional coliform tests are 
used. These positive reactions may not 
indicate fecal contamination. However, 
indigenous E. co li do not interfere with 
the PathoScreen test, which makes it an 
excellent alternative to coliform testing. 
PathoScreen medium is ready-to-use 
and packaged in single-dose pillows for 
either Presence/Absence or Most Prob
able Number testing. Just pour a Patho
Screen medium pillow into the sample, 
incubate, and read the results. Positive 
results are easily identified by the for
mation of a black solution. You do not 
need an incubator, just keep samples at a 
constant temperature. Hach Co.
Circle No. 342 on reader service card.

New Autosampler Vials Offered 
with Five Different Caps

Thermo Separation Products offers a 
complete new line of autosampler vials 
with options for every application. The 
line consists of five different vials types: 
screw and crimp-cap vials, shell vials, 
caps with pre-loaded septa, and micro
volume inserts. Amber glass is also

available for light-sensitive samples. A 
re-sealable convenience package pre
vents vial contamination. The vials have 
undergone an extensive testing process 
by the company’s quality control engi
neers. They are designed and tested to be 
fully compatible with all Spectra SYS
TEM, SpectraSERIES, and SP88XX 
autosamplers for guaranteed reliability. 
Thermo Separation Products.
Circle No. 343 on reader service card.

GENESIS Series of Robotic 
Sample Processors

The new GENESIS series of robotic 
sample processors (RSPs) has been de
veloped by TECAN as a platform for 
both current and future laboratory auto
mation projects. TECAN’s proven ex
pertise and the application of new engi
neering technologies provide high 
throughput, outstanding flexibility, safe 
operation, and a wide range of new fea
tures. Modular development of the 
GENESIS series provides systems opti
mized for cost-effective performance in 
every laboratory. Instruments with four 
or eight tip pipetting arms are available. 
Any combination of Teflon-coated 
stainless steel tips and disposable tips 
(200 pL and 1000 |iL; with or without 
filters) can be chosen. Both series of dis
posable tips can be used in the same run 
without changing the system hardware. 
The GENESIS series worksurface is de
signed for unlimited flexibility. Micro
plates, deep well plates, tube racks, sam
ple tube strips, reagent bottles, disposal 
tip racks, and a wide range of other car
riers can be positioned by the operator 
anywhere on the worksurface. Reliabil
ity is ensured by the GENESIS series’ 
advanced positive identification system. 
The system reads both horizontal and 
vertical bar codes to identify and locate 
sources (e.g., sample tubes) and destina
tions (e.g., microplates) in any position 
on the worksurface. Further reliability is

provided by liquid level detection that is 
effective with disposable as well as 
standard tips. The sensitivity of liquid 
level detection is adjustable for opti
mized performance both with conduc
tive liquids and common nonconductive 
liquids such as DMSO. Integrated sen
sors check that disposable tips are prop
erly attached and remain attached during 
pipetting and arm movement. Vertical 
tip movement is controlled to allow 
piercing of caps on tubes but prevent in
jury to operators. Advanced software in 
a Windows environment makes even the 
most complex liquid handling proce
dures easy to control. Day-to-day opera
tion is simple through the graphical user 
interface. A revolutionary new process 
implementation and execution method 
makes programming straightforward. 
Integration of specialized user functions 
into the system software is simple and 
allows full customization of the GENE
SIS series RSPs to individual applica
tions. TECAN US.
Circle No. 344 on reader service card.

New Membrane Air Dryer from 
Balston

Balston, Inc. has synergized its superior 
coalescing technology with a proven, in
novative membrane system that will 
supply oil and particulate free, dry com
pressed air to dew points as low as -  
40°F. This new technology offers a reli
able, efficient, and economical alterna
tive to pressure swing and refrigerant 
dryer technologies as there are no mov
ing parts and no electrical requirements. 
Water vapor from the compressed air 
supply passes through the membranes’ 
hollow fibers. At the same time, a small 
portion of the dry air product is redi
rected along the length of the fibers to 
sweep out the water vapor, which has 
permeated the membrane. The mois
ture-laden sweep gas is then vented to 
the atmosphere and clean dry air is sup-
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When it Comes to Test Kits, Look For This Mark...
______ PERFORM ANCE TESTED71AOAC

R ES EA R C H  IN ST ITU TE
L I C E N S E  N U M B E R  O O O O

To E n su re  AO AC R esearch  In s titu te  Testing a n d  C e rtific a tio n

The AOAC Research Institute provides third party validation o f product performance claims
through the Institute’s test kit performance testing program.
Why use a “PERFORMANCE TESTED” certified test kit?
You can be sure the TEST KIT PERFORMANCE CLAIMS have been independently validated for:

''T sensitivity 'S  precision ^  ruggedness
^  calibration curve 'S  cross reactivity selectivity
^  comparison to other methods V  accuracy >/ detection limits

You can be sure that TEST KIT LABELS & DESCRIPTIVE INSERTS have also been independently 
validated

Validated instructions for use ensure consistent results
'T  Inclusion of important information on labels and inserts enables users to make better 

informed decisions about appropriate use of a test kit
Consistent labeling and insert format enables users to easily compare performance 
characteristics among “PERFORMANCE TESTED' certified test kits
Annual validation and review of labels and inserts ensures continued accuracy of 
product claims

“PERFORMANCE TESIED ” certified test kits are recognized
'S  FDA’s Center for Veterinary Medicine recognizes ‘PERFORMANCE TESTED ” certified test 

kits for official surveillance of milk for antibiotics
'S  USDA's Federal Grain Inspection Service and the American Association of Cereal

Chemists recognize the AOAC Research Institute’s Test Kit Performance Testing Program
How can you use ‘PERFORMANCE TESTED ” certified test kits?

All routine food processing surveillance and monitoring programs
For more information, contact the AOAC Research Institute:
2200 Wilson Boulevard, Suite 400 • Arlington, VA 22201-3301 USA 

Phone: +1-703-522-2529 or Fax: +1-703-522-5468
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plied to the application. The lightweight, 
compact membrane air dryer can be eas
ily mounted on an existing air line. A 
high efficiency coalescing prefilter is in
stalled directly upstream from the dryer 
module to protect the membrane from 
potential contamination caused by pipe 
scale, liquids, or other solids. The only 
maintenance required to keep the system 
operational is changing the prefilter car
tridge once each year—a 5 min proce
dure. Applications include: low dew 
point instrument air, pneumatic equip
ment, pressurizing electronic cabinets, 
analytical instrumentation, prevention 
of freeze-ups. dry air for hazardous ar
eas. and general laboratory air supply. 
Balston. Inc.
Circle No. 345 on reader service card.

USEPA— Accepted Phosphorus 
Method for Wastewater Testing

Hach’s new Test ’N Tube phosphorus 
method is now USEPA-accepted for 
NPDES compliance monitoring. Opera
tors can use the Test 'N Tube method to 
report both total phosphorus and ortho
phosphate results. The method is easier 
to use than traditional methods and re
quires less apparatus than any other 
phosphorus method currently available. 
Hach’s Test ’N Tube phosphorus system 
enables operators to monitor phospho
rus throughout the wastewater treatment 
process. Operators can detect from 0 to
5.00 mg/L total phosphorus and ortho
phosphate. For maximum convenience 
and economy, operators can reuse vials 
or dispose of them after analysis. Hach 
offers the space-saving COD Reactor 
for digesting phosphorus samples. The 
reactor holds up to twenty-five 16 mm 
Test ’N Tube vials, and replaces the hot 
plates and digestion flasks used in tradi
tional methods. Operators prepare, di
gest, and measure sample concentra
tions in a single vial. For colorimetric 
measurement of digested samples. Hach

offers a choice of several colorimeters 
and spectrophotometers preprogrammed 
with the calibration data for the Test ’N 
Tube phosphorus method. No calcula
tions or graphs are required. Hach Co. 
Circle No. 346 on reader service card.

Columbus Washer

The Columbus washer offers the best 
combination of wash features in a 
unique, compact case design. A com
pletely contained liquid system allows 
the choice of any bottle type or size, and 
eliminates the need for external vacuum 
pumps that take additional bench space. 
Selectable dispense and aspiration rates, 
and wash head speed, provide the capa
bility for gentle cell washing as well as 
robust wash procedures. Up to four dif
ferent wash liquids can be selected auto
matically to permit the use of four differ
ent wash reagents without changing bot
tles and reconnecting tubing for 
different wash buffers and rinse solu
tions. Onboard software features a sim
ple step-by-step menu structure and 
stores up to 30 programs. Easy to use 
and maintain, Columbus offers the se
lection of features you need in a micro
plate strip washer, at an affordable price. 
TECAN US.
Circle No. 347 on reader service card.

Azlon Distinction Water Still

Thomas Scientific is now offering a new 
compact water still with highly desirable 
features at an economical price. Twin 
thermostats provide added protection in 
case of feed water failure or boiler rup
ture. The heating element is silica 
sheathed for more even boiling and eas
ier cleaning. Fast output of up to 4 Lph. 
The Distinction water still also meets the 
most recent international electrical 
safety standards. Thomas Scientific. 
Circle No. 348 on reader service card.

Ohaus Precision Advanced 
Balances Assure GLP, Provide 
Five-Year Warranty

Ohaus Corp.'s precision advanced series 
of toploading balances has combined 
greatly enhanced performance capabili
ties and a new GLP protocol with a new
5-year warranty against defects in mate
rials or workmanship. According to a 
company spokesman: “Toploading bal
ances that cost a thousand dollars or 
more don’t deliver a better audit trail for 
verification and none are guaranteed to 
do it longer.’’ For customers required to 
comply with external standards or regu
lations, the selectable GLP protocol pro
vides time and date, calibration data, a 
unique balance ID number, and more. 
The precision advanced series also fea
tures memory capacity for 255 values 
used with the statistics function. An ad
ditional dozen new features include 
typical applications such as filling, for
mulating, and animal weighing, plus 
auto tare, net/gross, volume determina
tion, and more. All are covered under the 
5-year warranty. Ohaus Corp.
Circle No. 349 on reader service card.

New 3M Extraction Disks for Oil 
and Grease Eliminate Freon

A new method for performing routine 
monitoring of effluent water for oil and 
grease contamination, eliminating the 
use of Freon, has been developed by 
3M. The 3M Emporc solid phase extrac
tion disks for oil and grease and total pe
troleum hydrocarbons (TPHs) meet the 
proposed new EPA method 1664, which 
will replace EPA method 413.1 that 
authorized gravimetric methods using 
Freon 113. The proposed method ap
proves the use of /¡-hexane as the extrac
tion solvent for both solid-phase extrac
tion (SPE) and liquid-liquid extraction 
(LLE) and is expected to go into effect 
January 1, 1995. EPA method 1664 will

Journal Of AO AC International Vol. 77, No. 5,1994 159A



N ew  P rod u cts

be one of the first performance-based 
methods permitting method modifica
tion to overcome interferences or lower 
the cost of measurements. When com
pared to LLE, Empore extraction disks 
for oil and grease are much easier to use 
both in terms of setup and extraction 
time. The disk extraction can be run in 
about 10 min in contrast to a minimum 
of 35 to 45 min/extraction for LLE. Be
cause emulsions can commonly form 
between the aqueous and organic layers 
in an LLE separatory funnel, total sam
ple preparation time can easily extend 
beyond an hour when you include the 
procedure to break up the emulsion. 
Emulsions are eliminated by the Empore 
extraction disk. Another benefit of the 
new extraction disk is that it reduces sol
vent use to approximately 40% of that 
required for LLE extractions. Only 
minimal disk preparation is required, 
with 25 to 30 mL of solvent used during 
the elution step. Total solvent use for the 
LLE method can easily exceed 100 mL 
for the total procedure, including wash
ing and rinsing the apparatus. The 3M 
Empore extraction disks for oil and

COMING IN THE NEXT ISSUE

grease provide a high rate of flow and 
excellent recoveries because the thin,
0.5 mm, porous membranes consist of 
C-18 silica particles enmeshed in an in
ert, stable, uniform, nonpolar, and very 
high density fibril matrix that provide a 
high degree of separating power. During 
the extraction process, dissolved ana
lytes are adsorbed onto the bonded silica 
and then eluted for analysis. The disk 
will extract 5 to 1000 mg of organic ma
terial with no loss of recovery. They are 
available in 47 and 90 mm sizes from
J.T. Baker, Inc., Fisher Scientific Inter
national. and Varian Sample Preparation 
Products. 3M.
Circle No. 350 on reader service card.

Fully Automated Procedure for 
LC Determination of Aldehydes 
in Drinking Water

A new application note from Thermo 
Separation Products describes a fully 
automated procedure for LC determina
tion of trace levels of aldehydes in drink
ing water. The procedure reduces the to
tal analysis time of EPA method 8315

from 2 h to less than 30 min by com
pletely automating sample cleanup, SPE 
preconcentration, derivatization, and 
analysis steps. Additional benefits of the 
procedure over the manual EPA ap
proach include an improved method de
tection limit of less than 1 ppb for for
maldehyde and acetaldehyde and a sig
nificant reduction in the solvent waste 
generated. Thermo Separation Products. 
Circle No. 351 on reader service card.

Misonix Mystaire Ductless Fume 
Enclosure Video

A new video is available from Misonix 
on the company’s complete line of Mys
taire ductless fume enclosures. De
signed for use in clinical, biomedical, re
search, industrial, forensic, and aca
demic laboratories, Mystaire fume 
enclosures are available in six standard 
models in widths of 24, 36, and 48 in. 
Custom configurations are also avail
able. Misonix.
Circle No. 352 on reader service card.

DRUGS, COSMETICS, FORENSIC SCIENCES
Reversed-phase Liquid Chromatographic Determination of Cromolyn Sodium in Drug Substance and Select Dosage Forms—  
Linda L. Ng
FOOD BIOLOGICAL CONTAMINANTS
Development of a New Series of Agricultural/Food Reference Materials for Analytical Quality Control of Elemental Determina
tions—Milan Ihnat
FOOD CHEMICAL CONTAMINATS
Liquid Chromatographic Determination of Nifursol in Concentrates, Premixes, and Finished Turkey Feeds—Ellen De Vries, Rich
ard C. Bas, and Henny Kuil
FOOD COMPOSITION AND ADDITIVES
Radionuclides in Domestic and Imported Foods in the United States, 1987-1992—William C. Cunningham, David L. Anderson, 
and Edmond J Baratta
RESIDUES AND TRACE ELEMENTS
Evaluation of Two Field Screening Test Kits for the Detection of PCBs in Soil by Immunoassay—Lany C. Waters, Rob R. Smith, 
Joe H. Stewart, Roger A. Jenkins, and Richard W. Counts
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This is the seventh annual report 
summarizing the results of the 

Food and Drug Administration’s 
(FDA) pesticide residue monitoring 

program. The 6 previous reports, 
which were published in the 

journal of the Association of Official 

Analytical Cfiemists/lournal of AOAC 

INTERNATIONAL, presented results 

from Fiscal Years (FY) 1987 

through 1992. The present report 
includes findings obtained during 

FY93 (October 1, 1992 through 

September 30,1993) under 

regulatory and incidence/level 
monitoring. Selected Total Diet 

Study results for 1991-1993 

are also included. The findings 

from FY93, as in previous years, 
continue to indicate that the levels 

of pesticide residues found in 

the U.S. food supply are generally 

well below established limits.



F D A  M o n i t o r i n g  P r o g r a m

T h ree  federal government agencies share responsibil- 
ity for the regulation of pesticides (1). The Environ
mental Protection Agency (EPA) registers (i.e., 
approves) the use of pesticides and sets tolerances 
(the maximum amount of a residue that is 
permitted in or on a food) if use of that particular pesti
cide may result in residues in or on food (2). Except for 
meat, poultry, and certain egg products, for which the 
Food Safety and Inspection Service (FSIS) of the U.S. 
Department of Agriculture (USDA) is responsible, FDA is 
charged with enforcing tolerances in imported foods 
and in domestically produced food shipped in inter
state commerce. FDA also acquires incidence/Ievel 
data on particular commodity/pesticide combinations 
and carries out its annual market basket survey, the 
Total Diet Study. In 1990, USDA's Agricultural Marketing 
Service (AMS) initiated, through contracts with partici
pating states, a residue testing program directed 
primarily at raw agricultural products (fruits and 
vegetables). FSIS and AMS pesticide residue data are 
reported independently by those agencies.

R e g u l a t o r y  M o n i t o r i n g
One aspect of FDA's monitoring program involves the 
sampling of individual lots of domestically 
produced and imported foods and analysis of these 
foods for pesticide residues. Domestic samples are col
lected as close as possible to the point of production in 
the distribution system; import samples are collected 
at the point of entry into U.S. commerce. Emphasis is 
on the raw agricultural product, which is analyzed as 
the unwashed, whole, raw commodity, that is, with the 
peel or skin intact. Processed foods are also included. If 
illegal residues (above EPA tolerance or no tolerance 
for that particular food/pesticide combination) are 
found in domestic samples, FDA can invoke various 
sanctions, such as a seizure or injunction. For imports, 
shipments may be stopped at the port of entry when

illegal residues are found. "Automatic detention” may 
be invoked for imports based on the finding of 1 viola
tive shipment if there is reason to believe that the 
same situation will exist in future lots during the same 
shipping season for a specific shipper, grower, geo
graphic area, or country.

The food samples collected are classified as either 
"surveillance" or "compliance.” Most samples that FDA 
collects are the surveillance type, that is, there is no 
prior knowledge or evidence that a specific food ship
ment contains illegal pesticide residues. Compliance 
samples are taken as follow-up to the finding of an ille
gal residue or when there is other evidence of a pesti
cide residue problem.

FDA establishes monitoring priorities through 
development of an annual National Sampling Plan, 
which is a compilation of 6 Regional Sampling Plans pre
pared by FDA personnel throughout the United States. 
Each annual Plan is designed to provide for sampling 
and pesticide residue analyses of domestic and import
ed foods of dietary importance, including products from 
approximately 80 countries, all 50 states, and Puerto 
Rico. Some deviations from the Plan may occur depend
ing on circumstances in the individual FDA Districts.

Factors considered in preparing the Sampling Plan 
include review of recently generated FDA residue data 
and those produced by the states, regional intelligence 
on pesticide use, dietary importance of the food, infor
mation on the amount of imported food and domestic 
food that enters interstate commerce, chemical charac
teristics and toxicity of the pesticide, and production 
volume/pesticide usage patterns.

A N A L Y T I C A L  M E T H O D S
To analyze the large numbers of samples whose pesti
cide treatment history is usually unknown, analytical 
methods capable of simultaneously determining a 
number of pesticide residues are used. These mul
tiresidue methods (MRMs) can determine about half of 
the approximately 300 pesticides with EPA tolerances, 
and many others that have no tolerances. The most
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commonly used MRMs can also detect many metabo
lites, impurities, and alteration products of pesticides 
with and without tolerances (3).

Single residue methods (SRMs) or selective MRMs 
are used to determine pesticides not covered by an 
MRM (3). An SRM usually determines I pesticide; a 
selective MRM measures a relatively small number of 
chemically related pesticides. These types of methods 
are usually more resource-intensive per residue, and 
they may require at least as much time to perform as an 
MRM. They are much less cost efficient than MRMs.

The lower limit of residue measurement in FDA's 
determination of a specific pesticide is usually well below 
tolerance levels, which generally range from 0.1 to 50 
parts per million (ppm). Residues present at 0.01 ppm 
and above are usually measurable; however, for individ
ual pesticides, this limit may range from 0.005 to 1 ppm.
In this report, the term "trace” is used to indicate residues 
detected, but at levels below the limit of quantitation.

F D A / S T A T E  C O O P E R A T I O N
Personnel in FDA field offices interact with their coun
terparts in most states to carry out more effective pesti
cide residue monitoring. The extent of these coopera
tive efforts varies among the states and depends on 
the size and scope of the pesticide program in the indi
vidual states, i.e., states in which agriculture is a major 
industry tend to have greater resources and more per
sonnel devoted to agriculture-related programs.

FDA also acquires and uses state-generated pesti
cide residue data to complement its own and other 
federally sponsored residue programs. For many years, 
FDA has supported, through a contract with Mississippi 
State University (MSU), the "Foodcontam” database, 
which is a compilation of state-collected residue data.

A N IM A L  F E E D S
In addition to monitoring foods for human consump
tion, FDA also samples and analyzes domestic and 
imported feeds for pesticide residues. This monitoring

is carried out under the direction of FDA’s Center for 
Veterinary Medicine (CVM) via its Feed Contaminants 
Compliance Program.

CVM also reviews pesticide residue data supplied 
by various states under "Feedcon," a database operat
ed by MSU under the auspices of the Association of 
American Feed Control Officials. These data are 
reviewed periodically by CVM so that potential prob
lems stemming from pesticide residues in foods of ani
mal origin may be identified.

IN T E R N A T IO N A L  A C T I V I T I E S
FDA has obtained information on foreign pesticide 
usage via contract for several years. Under the current 
contract with Landell Mills (Bath, England), FDA 
receives pesticide usage data each year for about 30 
countries that export food to the United States. These 
data allow FDA to more accurately target particular pes- 
ticide/commodity/country combinations for monitoring.

In 1993, FDA continued to work with foreign 
governments and food producers to promote pesticide 
usage practices for foreign-grown foods that are consis
tent with U.S. registrations and tolerances. In some of 
these activities, FDA worked closely with staffs from 
EPA, USDA, and the Agency for International 
Development (AID) to assist foreign producers and 
governments in developing countries in understanding 
the U.S. pesticide regulatory system and in establishing 
their own pesticide regulatory infrastructure.

These programs were focused primarily on Central 
America. The activities included work with Guatemalan 
government and industry officials to establish pesticide 
usage control and oversight for snowpeas and other 
vegetables to ensure better compliance of Guatemalan 
exports with U.S. tolerances. In addition, a multiagency 
effort by FDA, EPA, and AID was continued throughout 
Central America to establish new analytical laboratories 
and improve existing ones so that Central American 
food exports to the United States and elsewhere could 
be monitored for compliance with residue tolerances.
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For several years, FDA and other U.S. agencies 
have worked with the Organization of American States’ 
Inter-American Institute for Cooperation on Agriculture 
(IICA), which is headquartered in San lose, Costa Rica, 
to promote the development of regulatory infrastruc
tures in the Americas. In 1993, IICA conducted a techni- 
cal/regulatory seminar series for Andean countries in 
Quito, Ecuador. Similar training for Caribbean countries 
is in process.

Canada, Mexico, and the United States continued 
their longstanding collaboration on pesticide issues. 
FDA and the other agencies worked extensively on a 
bilateral basis with both Canada and Mexico to resolve 
pesticide residue issues, both for food imports into the 
United States and U.S. exports to these countries. U.S.- 
Canada pesticide issues were addressed under the 
auspices of the CanadarUnited States Trade 
Agreement’s Technical Working Group on Pesticides; 
U.S.-Mexico issues were covered by FDA, EPA, and 
USDA in discussions with Mexico's Comisión 
Intersecretarial para el Cohtrol del Proceso y Uso de 
Plaguicidas, Fertilizantes y Substancias Toxicas, known 
as CICOPLAFEST.

In another area, FDA worked with the government 
of New Zealand to develop a New Zealand export certi
fication program for selected commodities designed to 
ensure that only U.S.-registered pesticides are used in 
their production. This program reflects FDA's recogni
tion of the effectiveness of New Zealand's pesticide 
usage control procedures, which have resulted in excel
lent compliance with U.S. tolerances.

FDA also provided technical and regulatory input 
on pesticide-related activities to Japan and South 
Korea concerning U.S. exports of rice and wheat to 
those countries.

I n c i d e n c e / L e ve l  M o n i t o r i n g
A complementary approach to regulatory monitoring, 
incidence/level monitoring is used to add to FDA’s 
knowledge about certain pesticide/commodity combi
nations by analyzing particular types of foods to deter
mine the presence and levels of selected pesticides. In 
1993, surveys of important aquaculture products and 
milk were conducted under incidence/level monitoring. 
In addition, a statistically based monitoring survey of 
pears and tomatoes, which had been initiated in 1992, 
was completed.

FDA data acquired under regulatory monitoring are 
extensive; however, they are not statistically represen
tative of the overall residue situation for a particular 
pesticide, commodity, or place of origin. In FDA’s sur
veillance sampling for pesticide residues, sampling 
bias may be incurred by weighting sampling toward 
such factors as commodity or place of origin with a 
history of violations or large volume of production or 
import shipments. In addition, the total number of 
samples of a given commodity analyzed for a particular 
pesticide each year may not b e sufficient to draw spe
cific conclusions about the residue situation for the 
whole volume of that commodity in commerce.

For the statistically based monitoring project, pears 
and tomatoes were chosen as test commodities because 
each has a significant domestic and import component, 
is consumed raw (and often unpeeled), is available year 
round, and has tolerances for about 90 different pesti
cide chemicals. The objective of the survey was to 
determine whether violation rates, frequency of occur
rence of residues, and residue levels obtained from 
such a sampling regimen differed from those obtained 
through FDA’s traditional surveillance approach.

Most FDA Districts participated in collecting the 
samples. Analyses were performed by the Buffalo 
(pears) and Minneapolis (tomatoes) District Labora
tories. The goal was to collect and analyze about 1600 
pear samples and 1600 tomato samples (800 domestic 
and 800 import of each) during the project.
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F I G U R E  1 .  SU M M A R Y  OF R E S U L T S  ( D O M E S T IC )  BY CO M MOD ITY  G RO U P OF 1 9 9 3  
S A M P L E  A N A L Y S E S  FOR P E S T I C I D E  R E S I D U E S  ( S U R V E I L L A N C E  S A M P L E S  O N L Y )

Grains/Grain Products 
421 Samples

5.6% —  0.1% Violative

Milk/Dairy Products/Eggs 
806 Samples

Fish/Shellfish 
947 Samples

53.3%

59.2%

39.3%

Vegetables 
2100 Samples

Fruits
1284 Samples

1.5%
Violative

83.4%

0.7%----
Violative Other

145 Samples
■ No residue found ■ Residue found, not violative Residue found, violative

F I G U R E  2 .  S U M M A R Y  OF R E S U L T S  ( IMPORT)  BY CO M MOD ITY  G RO U P OF 1 9 9 3  
S A M P L E  A N A L Y S E S  FOR P E S T I C I D E  R E S I D U E S  ( S U R V E I L L A N C E  S A M P L E S  O N L Y )

Grains/Grain Products 
310 Samples

Milk/Dairy Products/Eggs 
226 Samples

Fish/Shellfish 
444 Samples

27.7%

3.9%
Violative

I— 68.4%

Fruits
2261 Samples

Vegetables 
2813 Samples

13.2%

5.6% 
Violative

Other
409 Samples

H No residue found ■ Residue found, not violative Residue found, violative
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T otal  D iet  S tudy
The Total Diet Study is another major element of FDA’s 
pesticide residue monitoring program (4). In its 6 previ
ous annual pesticide reports (5-10), FDA provided Total 
Diet Study findings for 1987-1991. In September 1991, 
FDA implemented revisions to the Total Diet Study 
that were formulated in 1990 (II). These revisions pri
marily consisted of collection and analysis of an updat
ed and expanded number (currently 261) of food items, 
addition of 6 age/sex groups (for a total of 14), and 
revised analytical coverage. The 1987-88 USDA 
Nationwide Food Consumption Survey was utilized to 
revise the food list and diets (11). Additional details of 
the recent revision are presented elsewhere (12,13).

In carrying out the Total Diet Study, FDA personnel 
purchase foods from supermarkets or grocery stores 4 
times per year, once from each of 4 geographic regions 
of the country. Between September 1991 and July 1993, 
6 market baskets were collected. The 261 foods that 
comprise each market basket represent over 3500 dif
ferent foods reported in the USDA food consumption 
survey; for example, apple pie represents all fruit pies 
and fruit pastries. Each collection is a composite of like 
foods purchased in 3 cities in a given region. The foods 
are prepared table-ready and then analyzed for pesti
cide residues (as well as radionuclides, industrial 
chemicals, toxic elements, trace and macro elements, 
vitamin B0, and folic acid). The levels of pesticides 
found, used in conjunction with food consumption data, 
are used to estimate the dietary intakes of the pesti
cide residues.

R e s u l t s  a n d  D i s c u s s i o n

R e g u l a t o r y  M o n i t o r i n g
In 1993, 12,751 samples (12,166 surveillance and 585 
compliance) were analyzed under regulatory monitor
ing. Of these, 5926 were domestic and 6825 were 
imports.

Figure 1 shows the percentage of the 5703 domes
tic surveillance samples by commodity group with no 
residues found, nonviolative residues found, and viola
tive residues found. As in earlier years, fruits and veg
etables accounted for the largest proportion of the 
commodities analyzed in 1993; those 2 commodity 
groups comprised 59% of the total number of domestic 
surveillance samples. In 1993, no violative residues 
were found in 99% of all domestic surveillance samples 
(the same percentage as in 1991 and 1992).

Appendix A contains more detailed data on 
domestic surveillance monitoring findings by commodi
ty, including the total number of samples analyzed, the 
percent samples with no residues found, and the per
cent violative samples. Of the 5703 domestic surveil
lance samples, 64% had no detectable residues, less 
than 1% had over-tolerance residues, and 1% had 
residues of pesticides for which there was no tolerance 
for that particular pesticide/commodity combination. In 
the largest commodity groups, fruits and vegetables, 39 
and 70% of the samples, respectively, had no residues 
detected. About 1% of the fruit samples and about 2% 
of the vegetable samples contained violative residues 
(Figure I). In the milk/dairy products/eggs group, 94% of 
the samples had no residues detected. In the category 
Other, which includes a variety of foods, 83% of the 
samples had no residues detected.

The findings by commodity group for the 6463 
import surveillance samples are shown in Figure 2. 
Fruits and vegetables accounted for 79% of these sam
ples. Overall, no violative residues were found in about 
97% of the import surveillance samples (98% in 1991 
and 96% in 1992).

Appendix B contains detailed data on the import 
surveillance samples. Of the 6463 samples analyzed, 
69% had no residues detected, less than 1% had over
tolerance residues, and 3% had residues for which there 
was no tolerance for that particular pesticide/commodi
ty combination. Fruits and vegetables had 61 and 68%, 
respectively, with no residues detected. Each of these
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T A B L E  1 .  FO RE IGN C O U N T R I E S  AND N UM BER  OF S A M P L E S 3 C O L L E C T E D
AND ANALYZED IN 1 9 9 3

Country No. of Samples

Mexico 1820
Chile 612
Canada 368
Thailand 271
The Netherlands 268
Italy 241
China, People’s Rep. of 234
Guatemala 212
Dominican Republic 177
New Zealand 173
Costa Rica 164
Spain 164
Honduras 154
India 126
Colombia 118
Jamaica 103
Argentina 93
Belgium 87
Greece 69
Ecuador 62
Brazil 61
Peru 59
Taiwan 59
Indonesia 58
Turkey 58
Korea, Rep. of 52
Venezuela 49
Germany 48
Japan 47
Australia 46
Israel 44
France 40
United Kingdom 40
Portugal 38
Trinidad & Tobago 38
Philippines 37
Hong Kong 29
Denmark 27
Uruguay 26
Haiti 24
El Salvador 22
Lebanon 22
Pakistan 21
Grenada 19
Panama 18
Hungary 17
Poland 17
Austria 16
Morocco 16
Iceland 15
Singapore 14
Nicaragua 13
Switzerland 13
Egypt 12
Unspecified 17
a Surveillance plus compliance samples.

Country

Ten or fewer samples collected from the following:
Bahamas
Bangladesh
Barbados
Belize
Bolivia
Bosnia-Flerzegovina 
British Indian Ocean Terr.
British Virgin Islands
Bulgaria
Burma
Cayman Islands 
Croatia
Czechoslovakia
Dem. People’s Rep. of Korea
Ethiopia
Faeroe Islands
Fiji
Finland
Ghana
Greenland
Guyana
Ireland
Ivory Coast
Jordan
Kenya
Liberia
Liechtenstein
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mozambique
Netherlands Antilles
Nigeria
Norway
Oman
Papua New Guinea
Russia
Saudi Arabia
Slovenia
South Africa
Soviet Union (former)
Sri Lanka
St. Helena
St. Lucia
Surinam
Sweden
Tanzania
Tonga
Yugoslavia (former)
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groups had less than 1% with over-tolerance residues modities imported from that country, especially during
and 3% with no-tolerance residues. No residues were the winter months.
found in 97% of the milk/dairy products/eggs group and 
84% of the fish/shellfish group, and no violative 
residues were found in either group.

Pesticide monitoring data collected under FDA's 
regulatory monitoring approach in 1993 are available to 
the public as a computer database. This database sum-

P E S T I C 1 D E  C O V E R A G E

Table 2 lists the 325 pesticides that were detectable by 
the methods used; the 91 pesticides that were actually 
found are indicated.

FDA conducts ongoing research to expand the pesti-
marizes FDA 1993 regulatory monitoring coverage and cide coverage of its monitoring program. This research
findings by country/commodity/pesticide combination. includes testing the behavior of new or previously untest-
The database also includes the monitoring data by 
individual sample from which the summary information 
was compiled. Information on purchase of the database 
is provided at the end of this report.

G E O G R A P H I C  C O V E R A G E

Domestic. - In 1993, domestic surveillance samples were 
collected from all 50 states and Puerto Rico. The largest 
numbers of samples were collected from the states in 
which agriculture is a major industry. Import. - Samples 
representing food shipments from 107 countries were 
collected. Table I lists the numbers of samples collect
ed and the countries from which they originated. 
Mexico, as usual, was the source of the largest number 
of samples, reflecting the volume and diversity of com-

ed pesticides through existing analytical methods, and 
development of new methods to cover pesticides which 
cannot be determined by existing methods used by FDA. 
The research encompasses both U.S.-registered pesticides 
and foreign-use pesticides that are not registered in the 
United States. The list of pesticides detectable for 1993 
(Table 2) reflects the addition of a number of pesticides 
whose recovery through the analytical methods used was 
demonstrated as a result of ongoing research.

In 1993, about 19% of the 12,751 samples were ana
lyzed using 1 or more SRMs or selective MRMs. Of 
those samples, 55% were domestic and 45% were 
imports. About 9% of the compliance samples and 19% 
of the surveillance samples were analyzed using SRMs
or selective MRMs. 1v .- - . v,-;-

T A B L E  2 .  P E S T I C I D E S  D E T E C T A B L E  B Y  THE M ET H O D S U S E D  AND 
P E S T I C I D E S  FOUND ( * )  IN 1 9 9 3  R E G U L A T O R Y  M O N IT O R IN G a,b

Pesticide Pesticide Pesticide Pesticide

Acephate* Benoxacor Carbaryl* 3-Chloro-5-methyl-4-nitro-lH
Acetochlor Bensulide Carbofuran* pyrazole (Release)
Alachlor Benzoyl prop-ethyl Carbon tetrachloride Chloroneb
Aldicarb* BFIC* Carbophenothlon* Chloropropylate
Aldoxycarb Blfenox Carbosulfan Chlorothalonil*
Aldrln* Bifenthrin Carboxln Chloroxuron
Alletti rin Blnapacryl Chloramben Chlorpropham*
Allidochlor Bromacll Chlorbenslde Chlorpyrlfos*
Alpha-cypermethrin Bromophos Chlorbromuron Chlorpyrlfos-methyl*
Ametryn Bromophos-ethyl Chlorbufam Chlorthlophos
Aminocarb Bromopropylate Chlordane* Clomazone
Anilazlne* Bromoxynll Chlordecone Coumaphos
Aramite Bufencarb Chlordimeform* Crotoxyphos
Atrazine Buplrlmate Chlorfenvinphos* Crufomate
Azinphos-ethyl Butachlor Chlorflurecol methyl ester Cyanazlne
Azinphos-methyl* Butocarboxlm Chlorlmuron ethyl ester Cyanofenphos
Bendiocarb Butralin Chlornitrofen Cyanophos
Benfluralin Cadusafos Chlorobenzllate Cycloate
Benodanil
Benomyl/carbendazim-c

Captafol*
Captan*

Chloroform Cyfluthrin
Cyhexatin
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TABLE 2 . ( c o n t ’d) PESTICIDES DETECTABLE BY THE METHODS USED AND
PESTICIDES FOUND (* ) IN 1 9 9 3  REGULATORY MONITORING3'13

Pesticide Pesticide Pesticide Pesticide

Cypermethrin* Famphur Methabenzthiazuron Pirimicarb
Cyprazine Fenamiphos Methamidophos* Plrimiphos-ethyl
Daminozide Fenarimol Methazole Pirimiphos-methyl*
DCPA* Fenbuconazole Methidathion* Pretilachlor
DDT* Fenfuram Methiocarb* Probenazole
DEF* Fenitrothion* Methomyl* Prochloraz
Deltamethrin Fenobucarb Methoprotryne Procyazlne
Deltamethrin, trans Fenoxaprop ethyl ester Methoxychlor* Procymidone*
Demeton* Fenoxycarb Methylene chloride Prodlamine
Dialifor Fenpropathrln Metobromuron Profenofos*
Di-allate Fenpropimorph Metolachlor Profluralin
Diazinon* Fenson Metolcarb Promecarb
Dicamba Fensulfothion Metribuzin Prometryn
Dlchlobenil* Fenthion* Mevinphos* Pronamide*
Dichlofenthion Fenvalerate Mirex* Propachlor
Dichlofluanid Flamprop-M-isopropyl Monocrotophos* Propanil
Dichlone Flamprop-methyl Monolinuron Propargite*
Dichlorvos* Fluazifop butyl ester Myclobutanil* Propazine
Diclobutrazol Fluchloralin Naled Propetamphos
Diclofop-methyl Flucythrinate Napropamide Propham
Dlcloran* Flusilazole Neburon Propiconazole
Dicofol* Fluvalinate Nitralin Propoxur
Dlcrotophos* Folpet* Nitra pyrin Prothiofos
Dieldrin * Fonofos* Nitrofen Prothoate
Diethatyl-ethyl Formetanate hydrochloride* Nitrofluorfen Pyrazon
Dimethachlor Formothion Nitrothal-isopropyl Pyrazophos
Dimethametryn Gardona Norflurazon Pyrethrins
Dimethoate* Haloxyfop Nuarimol Pyrldaphenthion
Dinitramine Heptachlor* Octhilinone Quinalphos*
Dinobuton Heptenophos Of u race Quintozene*
Dinocap Hexachlorobenzene* Omethoate* Quizalofop ethyl ester
Dioxabenzofos Hexaconazole Ovex R25788
Dioxacarb Hexazlnone Oxadiazon* Ronnel
Dioxathion Imazalil* Oxadlxyl Schradan
Diphenamid Imazamethabenz methyl Oxamyl* Simazine
Diphenylamine* ester Oxycarboxin Simetryn
Disulfoton* Iprobenfos Oxydemeton-methyi Strobane
Diuron Iprodione* Oxyfluorfen Sulfallate
Edlfenphos Isazofos Oxythioquinox Sulfotep*
Endosulfan* Isofenphos Paclobutrazol Sulfur dioxide*
Endrin* Isoprocarb Parathion* Sulphenone
EPN* Isopropalin Parathion-methyl* Sulprofos
EPTC Isoprothiolane Pebulate TCMTB
Esfenvalerate* Lactofen Penconazole TDE*
Etaconazole Lambda-cyhalothrin Pendimethalin Tebupirimfosed
Ethalfluralin Leptophos Permethrin* Tecnazene
Ethiofencarb Lindane* Perthane TEPP
Ethion* Linuron* Phenothrin Terbacil
Ethofumesate Malathion* Phenthoate Terbufos*
Ethoprop* MCPA Phenylphenol, ortho- Terbumeton
Ethoxyquin Mecarbam* Phorate* Terbuthylazine
Ethylenebisdithiocarbamates-d Mephosfolan Phosalone* Terbutryn
Ethylene dibromide Merphos Phosmet* Tetradifon*
Ethylene dichlorlde Metalaxyl Phosphamidon* Tetraiodoethylene
Etridiazole Metasystox thiol Piperonyl butoxide Tetrasul
Etrimfos Metazachlor Piperophos Thiabendazole*
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TABLE 2 . ( c o n t ’d) PESTICIDES DETECTABLE BY THE METHODS USED AND
PESTICIDES FOUND (* ) IN 1 9 9 3  REGULATORY MONITORING3,13

Pesticide Pesticide Pesticide Pesticide
Thlobencarb
Thiodicarb
Thiometon
Thionazin
Thiophanate-methyl
Tolylfluanld

Toxaphene*
Tralomethrln
Triadlmefon*
Triadimenol*
Tri-all ate*
Triazophos

Trichlorfon
Trichloronat
Tricyclazole
Tridiphane
Triflumizole
Trifluralin

Triflusulfuron methyl ester
Triforme
Trimethacarb
Vernolate
Vinclozolin*
XMC

a The list of pesticides detectable is expressed in terms of the parent pesticide. However, monitoring coverage and findings may have included metabolites, impurities, and alteration products.b Some of these pesticides are no longer manufactured or registered for use in the United States. c The analytical methodology determines carbendazim, which may result from use of benomyl or carbendazim. d Such as maneb. e Proposed common name.
T A R G E T E D  P E S T I C I D E S
With the rapid growth of world agricultural trade, public 
concern about the safety of imported foods that could 
contain pesticide residues with no U.S. tolerance has 
increased. Over the past several years, an idea has 
been expounded that pesticides that are not registered 
for food use in the United States, but which are manu
factured in and exported from the United States to 
other countries, might be used on foods that are then 
imported into the United States and contain residues 
of these unregistered pesticides.

FDA regulatory monitoring has routinely covered 
some of these unregistered pesticides. Others are used 
on crops that represent relatively low import volumes 
to the United States and therefore were not identified 
as appropriate for routine FDA monitoring.

In 1993, FDA targeted some specific U.S.- 
manufactured unregistered pesticide/commodity/coun- 
try combinations based on foreign pesticide usage

information. A total of 321 samples of imported foods 
from 25 countries was analyzed for these pesticides. 
Table 3 shows the pesticides, commodities, and coun
tries that were targeted. No residues of these pesti
cides were found in the samples analyzed.

Targeted monitoring for'U.S.-manufactured pesti
cides was also directed to domestically produced 
foods. Table 4 shows the pesticides and commodities 
that were covered in 1993 under targeted monitoring 
for domestic foods. A total of 499 samples was ana
lyzed; 25 (5%) of the samples had residues; none were 
violative. The pesticide/commodity combinations in 
which below-tolerance residues were found were beno
myl in strawberries (2 residues in 6 samples analyzed), 
formetanate hydrochloride in apples, nectarines, 
peaches, and strawberries (13 residues in 130 samples 
analyzed), propargite in apples (7 residues in 20 sam
ples analyzed), and thiabendazole in oranges (3 
residues in 51 samples analyzed).

T A B L E  3 .  P E S T I C I D E / C O M M O D I T Y / C O U N T R Y  T A R G E T E D  MONITORING OF  
IM PO RTE D FOOD S C O N D U C T E D  IN 1 9 9 3

Pesticide Commodity Country Pesticide Commodity Country
Acetochlor
Butachlor

Carbosulfan

fruit preserves 
rice

beans, lentils, peas

Hungary 
India, Thailand, 
United Kingdom 
various

Prothiofos

Terbumeton

apples, cassava, 
chayotes, dasheens, 
oranges 
kiwi fruit

various

Chile, New 
Zealand

Flusilazole kiwi fruit Chile,
New Zealand Terbuthylazine apples, mango juice, 

pineapples, wheat, wine
various

Haloxyfop
Nuarimol

mung beans, pineapples
artichokes, bananas, 
cantaloupe,
fruit preserves, olive oil, 
olives, pimentos

China, Thailand 
various

Thiometon beans, corn, endive, 
grape juice, lentils, peas

various
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T A B L E  4 .  P E S T I C I D E / C O M M O D I T Y  T A R G E T E D  MONITORING OF 
D O M E S T IC  FOOD S C O N D U C T E D  IN 1 9 9 3

Pesticide Commodity
Atrazine
Benomyl
Bromoxynil
Dinocap
EPTC
Formetanate

hydrochloride

cucumbers, corn, grapes, pineapples
strawberries
corn, rice
apples, grapes, peaches 
dry beans
apples, nectarines, peaches, strawberries

Pesticide Commodity
Naled
Propargite
Propiconazole
Propoxur
Slmazine
Thiabendazole

milk, mushrooms
apples
wheat
rice
cucumbers, grapes 
apples, oranges

S U R V E I L L A N C E / C O M P L 1 A N C E  

VIO LATIO N R A T E  C O M P A R IS O N

In 1993, 223 domestic and 362 import compliance sam
ples were collected and analyzed (Table 5). Because 
compliance samples are collected when a pesticide 
residue problem is known or suspected, violation rates 
are expectedly higher than those for surveillance sam
ples: 17% for domestic (19% in 1992) and 11% for 
imports (14% in 1992). The corresponding violation 
rates for surveillance samples were 1.1% for domestic 
and 3.3% for imports (Figure 3).

Most of the 1993 compliance samples were collect
ed as follow-up on violative surveillance samples. These 
included follow-up samples from the same shipment as 
the violative surveillance sample, follow-up samples 
from additional product from the same grower or ship
per, and audit samples from shipments presented for 
entry into the United States with a certificate of analysis 
(i.e., shipments subject to automatic detention).

FO O D C O N TA M  DATA

In 1993, 17 states supplied pesticide residue data via the 
Foodcontam database. A wide variety of commodities was 
reflected in the 12,816 samples reported. Table 6 lists the 
17 states, the number of samples for each, and the num
ber and percentage of samples with positive and "signifi
cant" findings. In this instance, a significant finding indi
cates a residue that exceeds federal or state regulatory 
limits, a residue for which there is no tolerance for the par
ticular chemical/commodity combination, or reflects some 
unusual finding(s). For the 12,816 samples reported, 0.9% 
of the samples analyzed were classified as significant; this 
is similar to FDA's domestic surveillance violation rate. 
Fewer Foodcontam samples were reported by the states 
in 1993 than in 1992 because there was a net loss of 5 
cooperating states due to budgetary constraints which 
precluded pesticide residue monitoring and because sev
eral states directed many of their monitoring activities 
toward the USDA pesticide data program.

F IG U R E  3 .  D O M E S T IC  AND IMPORT S U R V E I L L A N C E  S A M P L E  
VIOLATION RA TE S FOR 1 9 9 3

Percent

Not Violative Violative Not Violative Violative
DOMESTIC IMPORT

5703  samples, 6 5  violative 6463  samples, 2 1 1  violative
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TABLE 5 .

Commodity Group

C O M P L I A N C E S A M P L E S  BY

Total No. of Samples

C O M M O D I T Y  G R O U P  IN

Samples with No Residues Found, %

1 9 9 3

Samples Violative, %
Domestic
Grains and grain products 21 62 29
Dairy products 4 100 0
F ish/she llfish 36 97 0
Fruits 28 7 29
Vegetables 81 31 30
Other 53 81 0

Total 223 55 17
Import
Grains and grain products 20 90 0
Dairy products 9 100 0
Fish 10 90 0
Fruits 96 68 4
Vegetables 199 57 17
Other 28 68 7

Total 362 65 11

State

TABLE 6 . S U M M A R Y  OF F O O D C O N T A M  F I N D I N G S  FOR 1 9 9 3

Vs, ' .. . 7
Total No. Positive, No. Samples Positive % Significant3 Significant,3

%

Arkansas 306 17 5 .6 o 0
California 474 1 1546 3 2 .6 v /  49 1.0
Delaware 11 1 9 .1 Q 0
Florida 1296 377 2 9 .1 3 0.2
Georgia 464 90 19 .4 4 0 .9
Hawaii 184 103 56 .0 4 2.2
Indiana 559 469 8 3 .9 0 0
Michigan 217 76 35 .0 2 0 .9
Minnesota 396 65 16.4 0 0
New York 766 96 12.5 30 3.9
North Carolina 624 178 28 .5 3 0.5
Oregon 497 90 18.1 0 0
Pennsylvania 456 223 48 .9 10 2.2
Rhode Island 20 4 20 .0 4 20 .0
Virginia 1413 380 26.9 9 0.6
Washington 87 0 0 0 0
Wisconsin 779 13 1.7 3 0 .4

Total 12,816 3728 29.1 121 0.9
a A significant finding denotes a residue that either exceeds federal or state regulatory limits, or a residue for which there Is no tolerance for the 

chemlcal/food combination, or It reflects an unusual finding.
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TABLE 7 . S U M M A R Y  OF F I N D I N G S  IN D O M E S T I C  
S U R V E I L L A N C E  F E E D  S A M P L E S  IN 1 9 9 3

Type of Feed Total No. of Samples Samples with No Residues Found Samples Violative
No. % No. %

W hole/ground grains 173 94 54 1 <1
Mixed feed rations 141 20 14 0 -

Plant by-products 125 62 50 3 2
Animal by-products 87 44 51 0 -

Flay & hay products 43 32 74 4 9
M inera ls /supp lem ents 2 2 100 0 -

Total 571 254 45 8 1

ANIMAL FEEDS
In 1993, 624 domestic feed samples (571 surveillance 
and 53 compliance) and 75 import feed samples (71 
surveillance and 4 compliance) were collected and ana
lyzed by FDA. Of the 571 domestic surveillance sam
ples, 254 (45%) had no pesticide residues detected and 
8(1%) contained violative residues (Table 7). Of the 71 
import surveillance samples, 25 (35%) had no pesticide 
residues detected and 1 (1%) contained violative pesti
cide residues. The 9 violative domestic and import sur
veillance samples involved 4 with residues that 
exceeded a tolerance and 5 with residues for which no 
tolerance had been established.

In the 3 17 domestic surveillance feed samples in 
which 1 or more pesticides were detected, malathion, 
chlorpyrifos-methyl, diazinon, and chlorpyrifos were 
most frequently found and accounted for 77% of all 
residues detected. The findings for these 4 pesticides 
were as follows:

No. of Samples Residue Found, ppm 
Pesticide with Residues Range Mean
malathion 232 trace-5.1 0 .05
chlorpyrifos-methyl 103 trace-5.1 0 .03
diazinon 45 trace-0.38 0 .03
chlorpyrifos 32 trace-0.79 0 .02

FIGURE 4 . C O M P A R I S O N  OF R E S U L T S  FOR D O M E S T I C  A N D  I M P O R T  
S U R V E I L L A N C E  S A M P L E S  IN 1 9 9 3

Thousands

Total Samples No Residues Violative Total Samples No Residues Violative ________________Found______ Samples Found Samples
DOMESTIC IMPORT
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S u m m a r y : R e g u l a t o r y  M o n i t o r i n g
In summary, no residues were found in 64% of domestic 
surveillance samples and 69% of import surveillance 
samples (Figure 4) analyzed under FDA's regulatory 
monitoring approach in 1993. Less than 1% of domestic 
and import surveillance samples had residue levels 
that were over tolerance and 1% of domestic and 3% of 
import surveillance samples had residues for which 
there was no tolerance. The findings for 1993 continue 
to demonstrate that pesticide residue levels in foods 
are generally well below EPA tolerances, and they cor
roborate results presented in earlier reports (5-10).

I n c i d e n c e / L e v e l  M o n i t o r i n g
In 1993, 3 projects were carried out under this approach 
to monitoring.

AQUACULTURE SURVEY
Aquaculture is the production and harvest of aquatic 
and marine species in a water environment other than a 
"wild” harvest. It has become an important segment of 
the seafood industry in recent years.

FDA initiated an aquaculture survey in 1990 that has 
been continued in succeeding years. This survey focuses 
on persistent halogenated pesticides, which, although 
no longer registered for use on foods, may be present in 
the water environment as a result of past agricultural 
uses on land associated with aquaculture activities.

Thirteen FDA Districts collected a total of 308 sam
ples (this number is included in the count under 
Fish/Shellfish in Appendix A) from important aquacul
ture areas of the United States and shipped them to 
the Buffalo District Laboratory for analysis. The 308 
samples included 121 catfish, 48 trout, 34 crayfish and 
shrimp, 31 oysters, 18 salmon, 16 tilapia, and 40 vari
ous other fish/shellfish. These species were empha
sized because they represent large segments of the 
commercial aquaculture harvest.

Of the 308 samples, 137 (44%) had no residues 
detected. Three catfish samples contained trace-0.02 
ppm chlorpyrifos; 2 catfish samples had trace levels of

diazinon; and 8 catfish samples contained 0.01-0.09 
ppm DCPA (an herbicide, trade name Dacthal). There 
are no tolerances for these chemicals in fish; therefore, 
the collecting Districts were notified of these findings 
for possible regulatory follow-up.

The other findings included DDT (total) found in 
170 samples at levels ranging from trace to 1.0 ppm 
(FDA action level is 5 ppm) and chlordane (total) found 
in 9 samples at levels of 0.01-0.07 ppm (action level is 
0.3 ppm).

MILK SURVEY
This survey takes advantage of an existing federal pro
gram that collects milk samples throughout the United 
States for the purpose of monitoring radionuclides in 
milk. EPA operates the Environmental Radiation 
Ambient Monitoring System (ERAMS), which collects 
and composites samples of pasteurized whole milk 
from metropolitan areas throughout the country. These 
composites are also analyzed for pesticide residues 
through an FDA-supported contract (14).

In 1993, 308 milk samples from 58 metropolitan 
areas were analyzed. Samples from 21 of the metropoli
tan areas had no pesticide residues detected. Of the 
308 samples, T()9 (35%) had detectable residues. The 
most frequently found residues were p,p’-DDE (69 find
ings) and dieldrin (49 findings). The highest residue 
level found was 0.01 ppm p,p’-DDE (whole milk basis). 
These results are similar to those found in earlier 
ERAMS monitoring, and reflect the presence of low lev
els of these environmentally persistent chemicals in 
foods of animal origin.

The sample numbers cited above represent about 
6 months of collections rather than an entire calendar 
year since the ERAMS pesticide survey was completed 
in 1993. The data obtained during the course of the sur
vey have been useful in providing a picture of the pesti
cide residue situation in milk. FDA will continue to sam
ple and analyze fluid milk through its regulatory moni
toring and cooperation with state pesticide authorities.

Jo u r n a l  Of AOAC In ternational  V o l . 77, No. 5,1994 175A



STATISTICALLY BASED  
MONITORING SURVEY
Pears. The original goal of the project had been to col
lect 1600 samples of pears (800 domestic and 800 
import). For pears, 710 domestic and 949 import sam
ples (these numbers are not included in the counts 
under Fruits in Appendixes A and B) were collected 
from 179 pear establishments and analyzed using both 
MRMs and SRMs. The number of domestic samples is 
less than planned because some of the targeted firms 
were no longer in business or pears were not available 
from a particular firm at the time of FDA's collection vis
its. The violation rate for the 710 domestic samples was 
0.4%, and for the 949 import samples it was 1.3% (FDA, 
unpublished data, 1994).

Tomatoes. As with the pears, 1600 samples were to 
be collected (800 domestic and 800 import). However, 
for the same reasons as noted above for the pears, the 
numbers of samples varied from those targeted. A total 
of 1219 domestic and 144 import samples (these num
bers are not included in the counts under Vegetables 
in Appendixes A and B) were collected from 10 packers 
and 240 repackers and analyzed using both MRMs and 
SRMs. The violation rate for the 1219 domestic samples 
was 2.7% and for the 144 import samples it was 3.5% 
(FDA, unpublished data, 1994).

The violation rates for these 2 commodities for 
1993 surveillance samples were pears, domestic, 4%; 
imports, 10%; and for tomatoes, domestic, 3%; imports, 
<1% (Appendixes A and B). In some instances, the vio
lation rates found under statistically based monitoring 
are considerably lower than those found under regula
tory monitoring (surveillance samples) mainly because 
sampling under the latter approach is somewhat 
biased. (A detailed report describing the statistically 
based survey and the results is in preparation.)

S u m m a r y : I n c i d e n c e / L e v e l  
M o n i t o r i n g
The findings obtained under this approach, which 
included the analysis of 308 samples of aquaculture 
products and 308 samples of milk, were consistent with 
those obtained under regulatory monitoring. Residues 
in the aquaculture products and whole milk were, with 
the exception of no-tolerance residues of 3 pesticides 
in several catfish samples, within regulatory limits. A 
statistically based monitoring survey of domestic and 
imported pears and tomatoes was completed in 1993.

T o t a l  D i e t  S t u d y
The Total Diet Study is unique in that it determines pes
ticide residues in foods which have been prepared as 
they would be consumed (4). Of the nearly 300 chemicals 
that can be determined by the analytical methods used, 
99 pesticide and pesticide-related chemicals were found 
in the foods analyzed in the 6 collections between 
September 1991 and July 1993. To measure the low levels 
of pesticides found in the Total Diet Study foods, the 
analytical methods used are modified to permit mea
surement at levels 5-10 times lower than those normally 
used in regulatory monitoring. In general, residues pre
sent at or above 1 part per billion can be measured.

Table 8 lists the 19 most frequently found residues, 
with the total number of findings and the percent 
occurrence in the 1566 food items analyzed during the 
1991-1993 period. Malathion, which is used on a wide 
variety of crops both pre- and postharvest, was the 
most frequently found residue. Low levels of DDT 
residues (principally p,p’-DDE) associated with animal- 
derived foods were the next most prevalent. Table 9 
lists the 29 Total Diet Study food items in which no 
organic pesticide-related residues were found. A large 
number of these items are beverages. An even larger 
number of these "no-residue” foods are either strained 
or junior foods intended for infants and children or 
foods consumed in significant amounts by infants and 
children. An extensive review of FDA’s monitoring of 
pesticide residues in infant foods and adult foods
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TABLE 8 . F R E Q U E N C Y  OF O C C U R R E N C E  OF P E S T I C I D E  R E S I D U E S  IN 
T O T A L  D I E T  S T U D Y  ( 1 9 9 1 - 1 9 9 3 ) 3

Pesticide11 Total No. of Findings Occurrence, %
Malathion 332 21
DDE, p.p' 298 19
Chlorpyrifos-methyl 251 16
Endosulfan 162 10
Chlorpyrifos 155 10
Dieldrin 142 9
Chlorpropham 90 6
M ethamidophos 83 5
Diazinon 72 5
Carbaryl0 66 4
Dicloran 61 4
Dimethoate 57 4
Thiabendazole0 50 3
Acephate 48 3
Omethoate 40 3
Lindane 36 2
Permethrin 35 2
Propargited 33 2
Ethion 32 2

a Based on 6  market baskets collected between September 1991 and July 1993 consisting of 1566 analyzed items.
6 Isomers, metabolites, and related compounds have not been listed separately; they are covered under the “parent" pesticide from which they arise.
c Reflects overall incidence; however, only 95 selected foods per market basket (i.e., 570 items total) were analyzed for N-methylcarbamates.
d Reflects overall incidence; however, only 50 selected foods per market basket (i.e.. 300 Items total) were analyzed for these sulfur-containing compounds.

T A B L jE  9 .  T O T A L  D I E T  F O O D  I T E M S  IN W H I C H  N O O R G A N I C  
P E S T I C I D E - R E L A T E D  R E S I D U E S  W E R E  D E T E C T E D  ( 1 9 9 1 - 1 9 9 3 ) 3

Bananas with tapioca, stra ined or ju n io r Infant form ula, soy-based, ready-to-feed
Beer s~ - \ Kidney beans, dry, boiled
Beets, strained or jun io r Margarine, stick, regular (salted)
Beverage, fruit-flavored, carbonated M ilk, skim
Coffee, decaffe inated, from  instan t Onions, m ature, raw
Coffee, from  ground - .... Peas, strained or jun io r
Cola carbonated beverage J} Pineapple ju ice , from  frozen concentrate
Corn, creamed, strained or jun io r ......' Pinto beans, dry, boiled
Corn flakes Sugar, white, granulated
Cream substitu te , frozen Syrup, pancake
Custard pudding, strained or jun io r Veal cutlet, pan-cooked
Gelatin dessert Water, tap
Honey Whiskey
Infant form ula, m ilk-based, high iron, ready-to-feed 
Infant form ula, m ilk-based, low iron, ready-to-feed

Yogurt, plain lowfat

a Based on 6  market baskets collected between September 1991 and July 1993 consisting of 1566 analyzed items.

eaten by infants and children has recently been pub
lished (15). In that paper, results for 1985-1991 reflect
ing regulatory, incidence/level, and Total Diet Study 
monitoring are discussed. Currently, increased monitor
ing of dom estic and imported foods likely to be con
sum ed by children is being im plem ented by FDA.

Information obtained through the Total Diet Study

is used to estim ate dietary intakes of pesticides; these  
intakes are then compared with established standards. 
Food consumption data to b e  used in estimating 
dietary intakes for the revised food list have not been  
finalized yet. Therefore, dietary intake information for 
the market baskets collected during this period will be 
presented in a future report.
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S u m m a r y : T o t a l  D ie t  S t u d y
In the 1991-1993 period, the types of pesticide residues 
found in the Total Diet Study and their frequencies of 
occurrence are consistent with those given in other FDA 
reports (5-10,15). Pesticide residue levels were general
ly very low; 29 food items had no pesticide-related 
residues detected in the 1991-1993 period assessed. 
The data for 1993 continue to indicate that consumer 
exposure to pesticide residues from foods is very low.

S u m m a r y
A total of 12,751 samples of domestically produced 
food from all 50 states and Puerto Rico and imported 
food from 107 countries was analyzed for pesticide 
residues in 1993. Of these, 12,166 were surveillance 
samples, which are collected when there is no evidence 
of a pesticide problem. No residues were found in 64% 
of the domestic surveillance samples and 69% of the 
import surveillance samples. Findings in the 585 com
pliance samples reflect the fact that they are collected 
and analyzed when a pesticide problem is suspected. 
Under incidence/level monitoring, 308 samples of 
aquaculture seafood/shellfish and 308 milk samples 
were analyzed for pesticide residues. The findings were 
similar to those from FDA's regulatory monitoring. In 
addition, a statistically based monitoring survey of 
pears and tomatoes was completed in 1993. Low viola
tion rates were found for both the domestic and import 
segments of the 2 commodities. The types of residues 
found in the Total Diet Study for 1991-1993 were similar 
to those found in earlier periods.

This report was compiled through the efforts of the fol
lowing FDA personnel: Norma ). Yess, Marcia G. 
Houston, Ellis L. Gunderson, Young H. Lee, and Byron 
O. Bohannon, Office of Plant and Dairy Foods and 
Beverages, Division of Programs and Enforcement 
Policy, and Sharon A. Schoen, Office of Management 
Systems, Division of Information Resources 
Management, Washington, DC.

Address reprint requests to:
Norma J. Yess
Food and Drug Administration
Office of Plant and Dairy Foods and Beverages
Division of Programs and Enforcement Policy
HFS-308, 200 C Street, SW
Washington, DC 20204

FDA pesticide monitoring data collected under the reg
ulatory monitoring approach in 1993 are available for 
purchase on personal computer diskettes from the 
National Technical Information Service, 5285 Port Royal 
Road, Springfield, VA 22161 (telephone 703-487-4650); 
order number PB94-501681.
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Samples with

A P P E N D I X  A .  A N A L Y S I S  O F  D O M E S T I C  S U R V E I L L A N C E  S A M P L E S  B Y
C O M M O D I T Y  G R O U P  I N 1 9 9 3

Commodity Group Total No. of Samples No Residues Found, % Samples Violative, % Over Tolerance No Tolerance
A. Grains and Grain Products

Barley 15 60 0 0
Com & com products 65 63 0 0
Oats 17 59 0 0
Rice & rice products 94 90 0 3
Soybeans 60 85 0 0
Wheat 146 45 < l a <1

Cereal products 13 77 0 0
Other grains & grain products 11 45 0 0

Total 421 66 < la <1

B. Milk/Dairy Products/Eggs
Cheese/cheese products 124 94 0 0
Eggs 265 96 0 0
M ilk & c ream /m ilk  products 417 93 0 <1

Total 806 94 0 <1

C. Fish/Shellfish
Total 947 53 <1 0

D. Fruits
Blueberries 28 54 0 4
Grapes 55 80 0 0
Raspberries 19 63 0 11
Strawberries 118 29 0 <1
Other berries 18 44 0 0

Grapefruit 28 36 0 0
Lemons 15 20 0 0
Oranges 122 21 0 0
Other c itrus fru its 25 20 0 0

Apples 312 39 0 <1
Pears 26 8 0 4

Apricots 31 6 0 6
Cherries 80 15 0 0
Nectarines 35 14 0 6
Peaches 134 20 4 a <1
Other pit fru its 24 71 0 0

Kiwi fru it 20 100 0 0
Papayas 22 91 0 0
Pineapples 13 100 0 0
Other tropical fru its 7 86 0 0
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A P P E N D I X  A .  ( c o n t ’ d )  A N A L Y S I S  O F  D O M E S T I C  S U R V E I L L A N C E  S A M P L E S  BY
C O M M O D I T Y  G R O U P  I N 1 9 9 3

Samples withTotal No. No Residues Samples Violative, %Commodity Group of Samples Found, % Over Tolerance No Tolerai
Cantaloupe 53 43 0 0
Watermelon 55 82 0 0
Other vine fru its 15 47 0 13

Fruit ja m s /je llie s /to p p in g s 13 77 0 0
Fruit ju ices 16 100 0 0

Total 1284 39 < la 1

E. Vegetables
Corn 136 97 0 <1
G reen /snow /sugar/sw ee t peas 61 84 0 0
String beans 90 54 0 0
Other beans & peas / 25 96 0 0

Cucumbers 95 67 0 2
Eggplant 38 55 0 5
Peppers 60 43 o 0
Squash 75 63 J  0 3
Tomatoes 37 65 3  \ \ 0
Other fru its  used as vegetables

\  / V,
8 50 0 0

\ \  .
Asparagus 43 98 0 0

Bok choy 
Broccoli

18
60

l
83
78

0
0

0
2

Cabbage 91 £ 81 0 0

Cauliflower 34 f . 94 0 0

Celery X . 52 15 0 0

Chinese cabbage \ 40 90 0 3

Collards 20 75 0 5

Endive/escarole 27 67 0 7

Kale 21 38 5a 19

Lettuce 1 242 57 < l a 2

M ustard greens 14 43 0 0

Spinach 41 56 0 2

Other le a f/s te m  vegetables 48 67 0 10

M ush room /tru ffle  products 11 55 0 0

Carrots 87 82 0 0

Ginger root 14 100 0 0

O n io n s /le e ks /sca llio n s /sh a llo ts 97 89 1 0

Potatoes 213 57 0 0

Radishes 30 90 0 0

Red beets 12 83 0 8

Sugar beets 15 93 0 0

Sweet potatoes 61 69 0 0
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APPENDIX A. ( c o n t ’d) A N A L Y S IS OF  D O M E S T I C  S U R V E I L L A N C E S A M P L E S BY

C O M M O D I T Y  G R O U P IN 1 9 9 3

Total No. Samples with No Residues Samóles Violative. %
Commodity Group of Samples Found, % Over Tolerance No Tolerance

Turnips 16 44 0 0

Other ro o t/tu b e r vegetables 18 44 0 17

Vegetables, dried or paste 127 88 0 <1

Other vegetables/vegetable products 23 83 0 4

Total 2100 70 < la 2

F. Other
Peanuts 34 68 0 0
Other nuts & related products 19 89 0 0

Vegetable oil 19 95 0 0

Honey 28 96 0 0

Baby foods 16 100 0 0

Other food products 29 69 0 3
Total 145 83 0 <1

A-F Total 5703 64 < la 1
a Includes samples that have both residue(s) over tolerance and resldue(s) with no tolerance.
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Samples with

A P P E N D I X  B .  A N A L Y S I S  O F  I M P O R T  S U R V E I L L A N C E  S A M P L E S  B Y
C O M M O D I T Y  G R O U P  I N 1 9 9 3

Total No. No Residues Samples Violative. %Commodity Group of Samples Found,% Over Tolerance No Tolerance
A. Grains and Grain Products

Rice & rice products 121 93 0 <1

W heat & wheat products 40 75 0 5

Other grains & grain products 36 81 0 3

Bakery products 24 79 0 0

M acaroni/spaghetti products 60 65 0 0

N oodles/noodle products 29 79 0 0

Total 310 81 0 1

B. Mllk/Dairy Products/Eggs
C heese/cheese products 215 98 0 0
Milk & eggs/egg products 11 73 0 0

Total 226 97 0 0

C. Fish/Shellfish f e
Total 444 84 0 0

‘A  kD. Fruits “1 1 ^  L:
... ex

Blackberries 56 57 0 4

Blueberries 49 73 0 0
Cranberries t  \ 11 73 0 0
Grapes "... 119 28 0 5
Raspberries J ; ' ^ 102 38 0 <1
Strawberries j  V . X 123 25 0 11
Other berries 7 71 0 14

m  * k W-
Clementines ....  16 0 0 13

Lemons 22 41 0 5

Limes 50 70 0 0

Oranges 41 71 0 0

Tangelos/tangerines 15 53 0 0

Other c itrus fru its 13 100 0 0

Apples 99 38 0 3

Pears 91 46 l a 9

Avocados 47 100 0 0

Cherries 30 70 0 0

Nectarines 22 14 0 0

Olives, stu ffed 27 89 0 0

Olives, other 56 91 0 4

Peaches 59 29 0 0

Plums 47 57 0 0

Other p it fru its 12 83 0 0

Bananas 187 68 0 0

Kiwi fru it 68 53 0 7
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APPENDIX B. ( c o n t ’d) A N A L Y S I S  OF  I M P O R T S U R V E I L L A N C E S A M P L E S BY
C O M M O D I T Y  G R O U P  IN 1 9 9 3

Total No. Samples with No Residues Samples Violative, %Commodity Group of Samples Found, % Over Tolerance No Tolerance
Mangoes 90 94 0 0
Papayas 113 80 0 10
Pineapples 144 74 3a <1
Plantains 30 93 0 0
Other tropical fru its 69 94 0 6

Cantaloupe 108 35 <1 0

Honeydew 68 22 0 0

Watermelon 52 73 0 4

Other vine fru its 21 62 0 10

Fruit jam s & je llies 26 85 0 0

Fruit ju ices 61 89 0 0

Fruit toppings 23 96 0 0

Fruits, dried or paste 78 83 0 5

Other fru it products 9 78 0 0

Total 2261 61 < la 3

E. Vegetables
Corn 30 97 0 0

Garbanzo beans/ch ick  peas 13 77 0 0

G reen /snow /suga r/sw ee t peas 105 63 0 13

Mung beans 11 82 0 0

String beans 67 51 I a 10

Other beans, peas, & corn 51 69 2 a 2

Cucumbers 101 46 0 0
Eggplant 26 58 0 0
Okra 67 75 0 7
Peppers, hot 329 43 3 a 5
Peppers, sweet 199 74 <1 0
Pumpkins 18 89 0 0
Squash 155 49 < l a 8
Tomatillos 22 41 0 0
Tomatoes 245 61 0 <1
Other fru its  used as vegetables 38 79 0 5

Artichokes 45 87 0 4
Asparagus 146 82 3' 1
Bamboo shoots 12 100 0 0
Broccoli 81 73 1 0
Broccoli raab 18 72 0 0
Brussels sprouts 13 69 0 0
Cabbage 34 79 0 3
Cauliflower 24 92 0 0
Celery 15 13 0 0
Chicory 32 100 0 0
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A P P E N D I X  B .  ( c o n t ’ d )  A N A L Y S I S  O F  I M P O R T  S U R V E I L L A N C E  S A M P L E S  B Y
C O M M O D I T Y  G R O U P  IN 1 9 9 3

Commodity Group Total No. of Samples
Samples with No Residues Found, % Samples Violative.Over Tolerance No Tolerance

Endive/escarole
Kale
Lettuce
Radicchio
Spinach
Other lea f/s tem  vegetables

61
11
58
49
19
62

92
36
53
88
58
61

0
0
2a
0
0
0

0
0
9
0
0

10
M ushroom s/tru ffles , whole 
M ushroom s/tru ffles , pieces & products

61
59

89
90

0
0

0
0

Carrots 
Cassava 
Garlic, bulb
O n ions /leeks /sca lllons  
Potatoes 
Radishes 
Shallots 
Sweet potatoes 
Water chestnuts 
Other ro o t/tu b e r vegetablesmV. -\
Vegetables, dried or paste 
Vegetables with sauce 
Other vegetables/vegetable products

m

p
V

51
12
13
53
49
18
17
18 
28 
59

182
26
10

2
0
0
0
0
0
0
0
0
3

4 
0  
0

Total
( t r  'y W?k

2813
i  “

jj l f ÿ f r
3

Other
Spices, whole 31 77

É S tft f5’-
0 10

Other spices, extracts/flavors 9
■ i '

44 0 11

Cashews 45 67 0 13

Other nuts & nut products
■C ■- y

54 87 0 6

Edible seeds 28 86 0 7

Vegetable oils 30 93 0 3

Beverage bases 21 86 0 0

C offee /tea 28 93 0 4

Water & ice 30 87 0 0

Honey 88 78 0 1

Other food products 45 80 0 11

Total 409 81 0 3

A-F Total 6463 69 < la 3
1 Includes samples that have both residue(s) over tolerance and residue(s) with no tolerance.
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AGRICULTURAL MATERIALS

Determination of Diclazuril in Avian Feed and Premixes with Gas 
Chromatography/Mass Spectrometry
W . J o h n  B l a n c h f l o w e r , P e t e r  J. H u g h e s , A n d r e w  C annavan, and D. G l e n n  K e n n e d y
Department of Agriculture, Veterinary Sciences Division, Stormont, Belfast, BT4 3SD, Northern Ireland, UK

A method is presented for the determination of the 
relatively new anticoccidial drug diclazuril in avian 
feed and premixes. The drug was extracted from 
feed with acidified methanol-water, and the ex
tracts were cleaned up by simple liquid-liquid extraction. These were then derivatized with ethereal 
diazomethane, and the methyl derivatives were ana
lyzed by gas chromatography/mass spectrometry 
on a bench-top instrument. An internal standard 
was used to enhance the reproducibility and 
ruggedness of the assay. The coefficients of vari
ation for a finished feed and premix assayed 5 
times each on 3 occasions were 6.6 and 6.0%, re
spectively. The detection limit of the assay is about 
0.02 mg/kg, which is adequate for measuring the 
normal inclusion rate of 1 mg/kg in finished feed.

D iclazuril (Janssen research compound R64433, Fig
ure 1), which is marketed under the trade name Clina- 
cox, is a relatively new drug used for the prevention 

and treatment of coccidiosis in chickens (1) and turkeys (2). It 
is currently licensed for use throughout Europe, Canada, and 
North America. The recommended inclusion rate is 1 mg/kg in 
feed. It is more potent than other coccidiostats such as monen- 
sin, narasin, and salinomycin, which are normally added to 
feed at the rate of 60-100 mg/kg (3), and its use is sometimes 
alternated with these compounds to reduce the possibility of 
occurrence of anticoccidial drug resistance.

To date, only one method (4), using liquid chromatography, 
is used to determine diclazuril in feedstuffs. The authors (4) 
used a ternary gradient system with a run time of about 
1 h/sample; however, many peaks other than that from di
clazuril showed on the chromatograms from sample extracts. 
The presence of many peaks is probably due to the high sensi
tivity demanded from the method because of the low inclusion 
rate of the analyte in feed. Interference from other compounds 
likely occurs with some feed samples.

In the method described in this paper, diclazuril is extracted 
from feed with acidified methanol-water. The extracts are 
cleaned up by simple liquid-liquid extraction, followed by 
derivatization with diazomethane. The methyl derivatives are

Received June 9, 1993. Accepted by RN November 4, 1993.

then detected and quantitated by gas chromatography/mass 
spectrometry (GC/MS), using a bench-top quadrupole 
GC/MS. An internal standard (IS; Janssen research compound 
R62646, Figure 1) is used to improve quantitation and rugged
ness of the assay.

Experimental
Materials

All solvents were GC grade (Rathbum Chemicals, Walker- 
bum, Scotland, UK). Other chemicals were Analar grade 
(Merck/BDH Ltd, Poole, Dorset, UK), except for /V-nitroso-/V- 
methylurea, which was obtained from Sigma Chemical Co., 
Poole, Dorset, UK. Diclazuril and IS (Janssen research com
pounds R64433 and R62646) were obtained from Janssen Re
search Products, Lammerdries, Olen, Belgium, and were certi
fied as greater than 99% purity.

(a) S tock so lu tions .—Prepare 500 pg/mL diclazuril stock 
solution and 500 pg/mL IS stock solution by sonicating in 
methanol-tetrahydrofuran (50 + 50, v/v). Store in the dark at 
4°C for up to 6 months.

(b) W orking solutions, 10  \ig /m L .—Prepare by diluting the 
stock standards in methanol. Store in the dark at 4°C for up to 
one month.

(c) D iazom ethane .—This reagent must be prepared in an 
efficient fume cupboard. The supplier’s safety precautions for 
the apparatus and reagents should be followed. Weigh 100- 
125 mg V-nitroso-V-methylurea into the inner reaction tube of 
a millimole-size diazomethane generator (Pierce and Warriner 
Ltd, Chester, UK) and cap the tube. Pipette 3 mL diethyl ether 
into the outer tube of the apparatus, fit the inner tube, and place 
the generator in an ice bath. Using a syringe, slowly add 0.5 mL 
4M sodium hydroxide through the septum cap of the reaction 
tube. Leave on ice for 1 h and then transfer the ethereal dia
zomethane solution into a glass vial. Add 0.3 mL methanol and 
store in a freezer at -20°C for up to one week.

(d) F eed  sam ples .—Premixes (formulated to contain 
150 mg diclazuril/kg) and finished poultry meals (formulated 
to contain 1 mg diclazuril/kg) were obtained from Compton 
Paddock Laboratories, Newbury, Berkshire, UK. These sam
ples came from various animal feed companies throughout the 
United Kingdom for quality control purposes. The finished 
feed samples were milled through a 1 mm sieve before analy
ses.
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Diclazuril

ci
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Figure 1. Chemical structures of diclazuril and internal 
standard.

A p para tu s

area data were captured on the Chemstation data system. A 
dwell time of 100 ms was used for each ion, and the mass win
dow size was set at 0.9 amu.

S a m p le  Extraction

(a) F in ished  fe e d s .—Weigh aliquots (10 g) of milled feed 
into 125 mL polyethylene, wide-mouth bottles. Add working 
IS (1 mL, 10 pg/mL), methanol-water (98 mL, 60 + 40), and 
hydrochloric acid (1 mL, 11.6N). Shake the bottles for 2 h on a 
reciprocating shaker and centrifuge for 15 min (2000 x g). 
Transfer aliquots (15 mL) of the supernatants to Quickfit cen
trifuge tubes and add water (10 mL).

(b) P rem ixes.—Weigh aliquots of premixes (0.5 g) plus 
aliquots (9.5 g) of a known negative finished feed sample into 
polyethylene bottles. Add stock IS (150 pL, 500 pg/mL), 
methanol-water, and hydrochloric acid, as described above, 
and extract and centrifuge as for finished feeds. Transfer 
aliquots (2 mL) of the supernatants to centrifuge tubes and add 
water (23 mL).

(a) G C /M S system .—HP5995 (Hewlett-Packard Ltd, 
Stockport, Cheshire, UK) bench-top GC/MS fitted with a di
rect capillary interface, Chemstation data system, and 
HP7671A autosampler.

(b) G C  column.—HP2 (Hewlett-Packard), 25 m x 0.32 mm 
fused-silica WCOT capillary column coated with a 0.5 pm film 
of cross-linked 5% phenyl methyl silicone. A small length (ca 
0.5 m) was periodically removed from the front of the column 
if peak broadening became a problem after the analyses of sev
eral batches of samples. This could be repeated until the length 
of the column is reduced to ca 15 m, at which stage it is re
placed.

(c) G C  conditions .—The GC was operated in the split mode 
with a split ratio of 10:1. The injector port was fitted with a 
2 mm id “gooseneck” liner (Restek Corp., Bellefonte, PA), 
which was packed with a small piece of deactivated silica wool 
(Restek). The liner was replaced if peak broadening became a 
problem after several batches of samples had been analyzed. It 
could be cleaned by boiling in nitric acid, rinsing in distilled 
water, and drying. It was then deactivated by rinsing with a 
solution of 5%  dimethylchlorosilane in toluene (Alltech Asso
ciates, Camforth, Lancashire, UK) and washed with anhydrous 
methanol followed by ethyl acetate. The injection port tem
perature was 330X1, and the column inlet pressure was set to 
10 psi. The initial oven temperature was 250°C, and after injec
tion, the temperature was ramped at 15°C/min for a final oven 
temperature of 325°C. The total run time was 15 min/sample. 
The derivatized standard and sample extracts (2 pL) were in
jected with an autosampler.

(d) M S  conditions .—The temperatures of the transfer line, 
source, and mass analyzer were 300°, 200°, and 150°C, respec
tively. The instrument was operated in the electron impact (El), 
single-ion-monitoring (SIM) mode and was tuned and cali
brated with perfluorotributylamine (Hewlett-Packard). The 
molecular ions at m /z  420 and 419 were monitored for the 
methyl derivatives of diclazuril and IS, respectively, and peak

L iq u id -L iq u id  C leanup

Wash the diluted supernatants with hexane (7 mL) by shak
ing gently for 1 min and centrifuging for 10 min (4°C and 1500 
x g). Remove and discard the hexane layers and any material 
that may collect at the interface. Add toluene (4 mL) to all the 
tubes and shake the tubes gently for 1 min. Centrifuge for 
10 min (4°C and 1500 x g) and transfer the toluene extracts to 
clean tubes. Evaporate to dryness under nitrogen at 80°C in a 
fume cupboard, using a Dri-block heater and needle manifold.

S ta n d a rd s

Pipette aliquots (150 pL) of the working standards 
(lOpg/mL diclazuril and 10 pg/mL IS) into glass tubes and 
evaporate to dryness under nitrogen at 60°C.

D erivatization

Add aliquots (0.4 mL ) of ethereal diazomethane to the dried 
standards and sample extracts. Leave at room temperature for 
10 min and evaporate to dryness under nitrogen at 40°C. Re
dissolve the residues in toluene (100 pL) and transfer to 
autosampler vials.

G C /M S  A n a ly se s

Tune and calibrate the GC/MS system and inject aliquots 
(5 pL) of the derivatized standards and sample extracts. A 
standard is injected after every 4 sample extracts. Monitor the 
ions at m /z  419 for the internal standard and at m /z 420 for di
clazuril and collect peak area data.

C alcu la tions

The standards are equivalent to 1 and 150 mg diclazuril/kg 
in finished feeds and premixes*, respectively, so that the con
centrations of diclazuril are calculated by using the following 
formula:
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Concentration (mg/kg) = — x —* 
d  D

where A  = m /z 419 IS peak area for standard, B  = m /z 420 peak 
area for standard, C = m /z 420 peak area for sample, D  = m /z  
419 IS peak area for sample, and * = multiply by 150 for premixes.

Results and Discussion
The El full scan spectra of the methyl derivatives of di- 

clazuril and IS are shown in Figure 2. The molecular ion at 
m /z 420 was chosen to monitor the derivatized extracts and 
standards for diclazuril, and the base peak ion at m /z 419 
(M-CH3) was chosen to monitor for IS. The chromatograms 
(Figure 3) for standards and sample extracts were clean and 
free of interference from other compounds; thus, the assay is 
very specific for diclazuril. Diclazuril elutes at 7.8 min, and the 
IS elutes at 8.55 min. The small peaks eluting at 8.55 min on 
the analyte chromatogram at m /z 420 are due to the isotopic ion 
of the IS peak at m /z  420 (Figure 2). The specificity of the assay 
could be further enhanced, if required, by monitoring some of 
the other prominent ions shown in Figure 2 and calculating the 
ion ratios.

The reproducibility of the assay was determined by analyz
ing a meal sample and a premix formulated to contain di- 
claruzil at 1 and 150 mg/kg, respectively, 5 times on each of 
3 days. The results are shown in Table 1. The mean values of 
diclazuril found in the finished meal sample ranged from 1.04

to 1.13 mg/kg on each of the 3 days, with an overall mean of
1.09 mg/kg. The coefficients of variation (CVs) ranged from
4.5 to 6.6%, with an overall value of 6.6%. The mean values 
for the premix ranged from 134 to 148 mg/kg over the 3 days, 
with an overall mean of 142 mg/kg. The CVs ranged from 3.4 
to 6.4%, with an overall value of 6.0%. These CVs may be 
improved by the use of a deuterated diclazuril internal standard 
for GC/MS instead of compound R62646, but at the present 
time, deuterated diclaruzil is not available.

The recovery values and linearity of the assay were deter
mined by spiking replicates of a known negative meal sample 
with diclaruzil at 0.20 to 5 mg/kg and carrying them through 
the assay. The results are shown in Table 2. Recoveries ranged 
from 90.7 to 100% when corrected for IS. The absolute recov
ery without correction for IS was about 50%. This relatively 
low value reflects the difficulty in extracting diclazuril from 
aqueous solutions into organic solvents, but with the inclusion 
of an internal standard, we did not find this to be a major prob
lem. Of the various solvents tried during assay development, 
toluene was the most efficient. The values for slope, intercept, 
and linear regression coefficient for diclazuril as calculated 
from Table 2 were 0.921, 0.006, and 0.999, respectively. The 
assay is, therefore, linear up to at least 5 mg/kg in feed. The IS 
concentration used is 1 mg/kg, which is the same as the normal 
inclusion rate of diclazuril in feed. When the levels of the IS 
were varied from 0.2 to 5 mg/kg in feed and the diclazuril con
centration was kept constant at 1 mg/kg (this was used as inter
nal standard for the purpose of calculations), the standard curve 
for the IS also was linear, with a regression coefficient o f0.999.

Figure 2. El full-scan spectra of diclazuril and internal standard.
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Ion m/z 419 (Internal standard)

Ion m/z 420 (Diclazuril)
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Figure 3. Single-ion chromatograms at m /z  420 (diclazuril) and m /z  419 (internal standard) for a standard equivalent 
to 1 mg/kg in feed (A), a negative feed extract (B), and an extract of feed containing diclazuril at 0.9 mg/kg (C). 
Diclazuril elutes at 7.8 min, and the IS elutes at 8.55 min.

The procedure we adopted for premixes is to add 0.5 g 
aliquots of the premixes to 9.5 g aliquots of a diclazuril-free 
finished feed sample and to carry them through the assay as for 
finished feeds, because some samples of premixes, which are 
made up in limestone or mineral bases, appear to adsorb some 
of the IS and diclazuril itself when extracted in the absence of 
a feed matrix. This results in very low absolute recoveries (typi
cally 10-20%) and, thus, reduced sensitivity of the assay. The 
presence of a feed matrix during the extraction step eliminates 
this problem and increases the absolute recovery to values 
similar to those for finished feeds. This response suggests that 
components of the feed matrix block active sites in some pre
mix bases.

In the published LC method (4) and in an unpublished LC 
method (Janssen), samples were extracted overnight. In our 
GC/MS method, we tried varying the extraction times from 1 h

to 18 h and found that 2 h was sufficient for optimum extrac
tion with a reciprocating shaker.

The detection limit of the assay is about 0.02 mg/kg at a 
signal-to-noise ratio of 3:1, which is adequate for the levels 
used in medicated feeds. We found, however, that the detection 
limit for diclazuril and IS can be very dependent on the type of 
injection port liner fitted to the GC/MS system. We recommend 
the use of a “gooseneck” splitless liner used in the split mode 
for best sensitivity and peak shape for diclazuril and IS. Simi
larly, a cup-type split liner can be used. This liner is packed with 
a 5 mm depth of deactivated silica beads held in place by a 
small quantity of deactivated silica wool. We also tried other 
deactivated injection port liners that work well with other ap
plications, but most of them gave poor sensitivities for di
clazuril and IS. Using a normal-type unpacked splitless liner 
and splitless injection for example, we expected larger peaks

Table 1. Reproducibility of the assay for diclazuril in finished feed and premix
Data for finished feed

Determination---------—--------------------------------------------------------------------------  --------------------
day Mean, mg/kg SD CV, % n Mean, mg/kg

Data for premix 

SD CV, % n

Day 1 1.04 0.069 6.6 5 143 5.9 4.1 5
Day 2 1.13 0.068 6.0 5 134 8.6 6.4 5
Day 3 1.10 0.049 4.5 5 148 5.0 3.4 5
Overall 1.09 0.072 6.6 15 142 8.6 6.0 15
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Table 2. Recovery and linearity of diclazuril in finished 
feed
Am ount 
ad d ed , mg/kg

Am ount found, 
mg/kga R eco very , %

0.2 0 .2 0 0  (0 .007) 100.0

0.5 0 .4 7 6  (0 .031) 95 .2

1.0 0 .9 3 2  (0 .017) 93 .2

2 .0 1 .8 1 3 (0 .0 1 8 ) 90 .7

5 .0 4 .6 2 4  (0 .298) 92 .5

a R e su lts  a re  the m e a n s of triplicate determ inations (± S D ).

and better sensitivity; instead, the peaks were only just detect
able. We have no explanation for this phenomenon and do not 
know if it depends on the particular make of GC used in the 
assay. It is, however, an important point of which to be aware 
when setting up the assay with a different GC/MS system.

Conclusions
The described assay has been used in this laboratory for 

about 2 years, during which time about 1000 feed samples 
have been analyzed for diclazuril. The method is relatively fast, 
specific, and easy to carry out and has not shown any problems 
of interference by other compounds.
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Ruggedness of the Monensin and Narasin Liquid Chromatographic
Assays
Mark R. Coleman, Thomas D. Macy, John W. Moran, and J. Matthew Rodewald
Lilly Research Laboratories, A Division of Eli Lilly & Co., 2001 West Main St, Greenfield, IN 46140-0708

Supplementary validation data were generated for the monensin and narasin liquid chromatographic 
(LC) assays. Several parameters of the LC system 
and the sample preparation procedures were evalu
ated. Feed samples are routinely extracted in meth
anol-water (9 + 1, v/v). The ratio of methanol to 
water was varied to evaluate the ruggedness of the 
extraction procedure. The LC parameters evaluated 
included flow rates of the mobile phase and vanillin 
reagent, reactor temperature, and water content of 
the mobile phase. The resolution of monensin A, 
monensin B, and narasin A; retention times; tailing 
factors; peak areas; and peak widths were moni
tored as LC parameters were varied. The stabilities 
of monensin and narasin reference standard solu
tions over time when stored at room temperature 
and under refrigeration were also monitored. The

Received July 28, 1993. Accepted by RN November 3, 1993.

results show that deviations in the methanol-water 
ratio of the extraction solution did not significantly 
affect final assay results. Modification of LC pa
rameters may substantially affect retention time, 
peak area, and resolution factors.

T he quantitative determination of monensin and narasin 
(Figures 1 and 2) by liquid chromatography with post
column derivatization (LC-PCD) has been previously 

described (1,2). The LC systems used to analyze these com
pounds, as outlined in Figure 3, are essentially the same, with 
the only difference being the reference standard used for each 
assay. These methods are currently being used in a number of 
laboratories, and the monensin method is currently being 
evaluated by an AOAC collaborative study as an alternative to 
the current microbiological methods (3). To prepare for the col
laborative study, several additional validation parameters spe
cifically centered on ruggedness were evaluated. The extrac
tion procedure for both methods is a simple extraction of
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R 2
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A C2H5 H H
B c h 3 H H
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Figure 1. Structures of monensin and factors.
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Figure 2. Structures of narasin and factors.
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M onensin/N arasin L C -PC D  System

Mobile Phase = methanol/water/acetic acid 94/6/0.1 (v/v/v)
Pump 1 = Beckman 110B pulse-dampened pump, or equivalent (0.7 mL/min)
Autosampler = Varian Model 8055, or equivalent, with 200 jiL injection loop 
Column = C l8 - Whatman Partisil 5 ODS-3 (4.6 mm x 25 cm)
90° Tee = SSI 01-0165, or equivalent - inlet flows directly oppose one another 
Pump 2 = LDC minipump, or equivalent (0.7 mL/min)
Vanillin reagent = methanol/H2S04/vanillin, 95/2/3 (v/v/w) {Protect from UV light}
Warning: Special care should be taken when adding concentrated I^SC  ̂ to methanol, as it will splatter if added improperly, or too rapidly. Add H2S04 slowly and carefully with a pipette; do not pour. Allow methanol/H2S04 solution to cool to room temperature before adding vanillin.
Reaction chamber = stainless steel reaction chamber (0.02 in x 20 ft) enclosed in a 98°C oven/heater.
Detector = Kratos Model 757, or equivalent, variable wavelength absorbance (520 nm) 
Recorder = Varian Model 9176, or equivalent

Figure 3. LC-PCD system for analysis of monensin and narasin.

samples with methanol-water (90 + 10, v/v). This ratio was 
evaluated by extraction of representative poultry and cattle ra
tions and liquid feed supplements. Because there is no cleanup 
of sample extracts, the only other area to evaluate for rugged
ness is the detection system. The parameters considered most 
critical in the LC system for monensin and narasin were water 
content of the mobile phase, reactor temperature, acid/vanillin 
reagent ratio, and flow rates of the mobile phase and vanillin 
reagent pumps. Each of these parameters was evaluated indi
vidually with the resolution mixture to determine how changes

Table 1. Acceptance limits for monensin and narasin 
LC system s
Parameter Item measured Acceptance limit

Resolution Monensin A and monensin B >1.25
Monensin A and narasin A >3.5

Retention time Monensin A 600-720 s
Narasin A 750-1000s

Tailing factor Monensin A <1.4
Narasin A <1.4

in these parameters would affect the established acceptance 
limits for each method. The information generated will be very 
useful in evaluating the results of the AOAC INTERNA
TIONAL collaborative study for the monensin LC assay and 
for all laboratories that will use this method.

Table 2. Ruggedness of sample preparation procedure

Feed type
Monensin,

g/ton

Methanol/ 
water ratio, 

v/v
Mean,
g/tona

RSD,
%

Poultry 100 85/15 93 10.8
90/10 97 1.9
95/5 96 9.3

Cattle 35 85/15 35 12.3
90/10 35 6.4
95/5 34 10.9

LFSb 200 85/15 211 7.6
90/10 223 2.5
95/5 202 2.4

a n=  3.
b LFS = Liquid feed supplement
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Table 3. Ruggedness of the LC system for monensin and narasin9
Retention time, s Peak width Peak tailing Peak area Resolution factors

Parameter varied 
from written method Mon Nar Mon Nar Mon Nar Mon Nar

Mon A and 
Mon B

Mon A 
and Nar

None 637 830 42.9 52.2 1.12 1.15 162841 194565 1.86 4.45
None 619 799 41.9 50.6 1.12 1.14 151656 150827 1.68 4.25
Reaction chamber, 
95°C 638 828 43.8 52.7 1.12 1.14 167398 161682 1.76 4.30

Reaction chamber, 
90°C 639 829 43.7 52.9 1.12 1.14 150664 132838 1.75 4.29

Mobile phase 
(96 + 4 + 0.1) 590 738 39.8 46.7 1.12 1.14 179705 230554 1.49 3.72

Mobile phase 
(90 + 10 + 0.1) 775 1108 54.7 70.8 1.13 1.15 134718 95143 2.36 5.73

MP = 0.7 mL/min, 
V = 0.5 mL/min 653 845 45.9 54.7 1.12 1.14 158146 133319 1.68 4.16

MP = 0.7 mL/min, 
V = 0.6 mL/min 653 805 43.1 50.8 1.11 1.12 153145 132651 1.65 4.13

MP = 0.7 mL/min, 
V = 0.8 mL/min 607 785 40.6 49.0 1.12 1.14 145239 165187 1.76 4.35

MP = 0.6 mL/min, 
V = 0.7 mL/min 710 919 46.5 55.8 1.12 1.15 172351 195320 1.75 4.44

MP = 0.8 mL/min, 
V = 0.7 mLYmin 544 700 37.9 45.4 1.12 1.14 129377 109599 1.60 4.05

MP = 0.8 mL/min, 
V = 0.8 mL/min 535 691 36.6 44.1 1.12 1.13 129448 128847 1.66 4.19

MP = 0.6 mL/min, 
V = 0.6 mL/min 720 928 48.0 57.6 1.03 1.14 180273 188161 1.70 4.31

a Mon, monensin A; Nar, narasin A; MP, mobile phase; V, vanillin reagent.

Experimental
Methods and Reagents

The monensin and narasin methods are as described pre
viously (1, 2) with the modifications listed below:

(a) M obile  ph ase .—Methanol-water-acetic acid (940 + 60 
+ 1). Filter under vacuum through 0.45 pm nylon-66 filter 
(Cat. No. 38-114, Rainin Instrument Co., Woburn, MA). Degas 
by stirring for 5-10 min under vacuum or by sparging with 
helium (recommend 3-5 min). Prepare fresh as required.
(1) M obile  p h ase  A .—Methanol-water-acetic acid (90 + 10 + 
0.1). (2) M obile  ph ase  B .—Methanol-water-acetic acid (94 + 
6 + 0.1). (3) M obile  p h ase  C.—Methanol-water-acetic acid 
(96 + 4 + 0.1).

(b) R eaction  cham ber.—The reaction chamber tempera
ture is typically 98°C. The reaction chamber temperatures 
tested were 90°, 95°, and 98X7

(c) E xtraction  so lu tion .—The extraction solution is typi
cally methanol-water (90 + 10, v/v). The extraction solutions 
tested were (7) methanol-water (85+15, v/v), (2) methanol- 
water (90 + 10, v/v), and (3) methanol-water (95 + 5, v/v).(d) F low  rates.—The flow rates of the mobile phase and 
reagent pumps were modified to evaluate the effect of flow 
rates. How rates of 0.6,0.7, and 0.8 mL/min were evaluated for 
the mobile phase pump and 0.5,0.6,0.7, and 0.8 mL/min were 
evaluated for the vanillin reagent pump.

Apparatus

(a) L iq u id  chrom atograph .—With postcolumn reactor 
(Figure 3). A Beckman Model 110B pulse-dampened pump 
was used to deliver the mobile phase, and a LDC minipump 
was used to deliver the vanillin reagent. Both pumps were op
erated at 0.7 mL/min during method development and valida
tion.

LC System Control Parameters

The reproducibility of the LC system to resolve monensin 
and narasin was evaluated within a day and across days. The 
parameters evaluated included resolution, tailing, peak width, 
peak area, and retention time.

(a) R esolu tion .—Prepare resolution mixture as described 
previously (1,2) and analyze daily to ensure that the LC system 
is performing acceptably and that monensin A, monensin B, 
and narasin A can be separated from other vanillin-positive 
ionophores. Inject resolution mixture and adjust instrumenta
tion such that the peak height response is 60-90% of full-scale 
deflection. Calculate the resolution factor R, for each pair of 
adjacent peaks as described previously (1, 2). If 7?s does not 
meet the specified requirements, adjust the LC conditions to 
improve the resolution.

(b) R eten tion  tim e .—The retention time for narasin should 
be between 750 and 1000 s. The retention time for monensin 
should be between 600 and 720 s.
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Table 4. Stability of monensin reference standard when stored at 5°C and at room temperature

Storage condition
Assay interval, 

weeks
Monensin theory, 

pg/mL Mean, ug/mL COV, %
Percentage of theory 

or initial3

_b 0 10 10.1 1.0 100.6
— 1 10.0 1.1 100.4
— 2 10.2 0.9 102.0
— 3 10.1 0.6 101.3
— 4 10.2 1.1 101.6
— 0 20 20.1 0.3 100.5
— 1 20.1 0.5 100.6
— 2 20.3 0.6 101.4
— 3 20.1 0.6 100.7
— 4 20.4 0.9 101.9
Room temperature 1 10 9.9 0.6 98.0

2 10.1 1.2 100.0
3 10.1 1.1 100.3
4 10.1 1.2 100.8

Room temperature 1 20 19.9 0.2 98.8
2 20.1 0.5 99.8
3 20.1 0.4 99.8
4 20.1 1.7 100.1

5°C 1 10 10.0 0.4 99.1
2 10.1 0.5 99.9
3 10.0 1.1 99.4
4 10.0 0.5 99.3

5°C 1 20 20.0 0.3 99.5
2 20.1 0.3 99.9
3 20.0 0.3 99.4
4 20.1 0.4 99.7

a Percentage of theory was calculated tor freshly prepared standard. Percentage of Initial was calculated for stored standards. 
b Prepared fresh on the day of assay.

(c) Tailing fac to r .—The tailing factors for monensin A and 
narasin A, determined at 10% of peak height, must be <1.4. The 
tailing factor was calculated according to:

_________________10% width_______________
s  2 x  (retention time -  time of front 10% point)

where 10% width = time of back 10% point-time of front 10% 
point and retention time = time of the maximum of the fitted 
Gaussian curve. A 10% point is the point where the response of 
a side of the peak reaches a height equal to 10% of the differ
ence between the response of the fitted peak maximum and the 
response of the peak start of finish.

Table 1 lists the established acceptance limits for the 
monensin and narasin LC assays. These acceptance limits were 
established based on data from the developing laboratory only 
and may be modified at the completion of the AOAC INTER
NATIONAL collaborative study.

Results and Discussion

Ruggedness o f the LC -P C D  System

The ruggedness was examined by evaluating several pa
rameters of the chromatographic system and the sample prepa
ration procedure. Samples are routinely extracted in methanol- 
water (90 +10). The methanol/water ratio was varied, as shown 
in Table 2, to evaluate the ruggedness of the extraction solu
tion. The data indicate that similar results are obtained with a 
methanol/water ratio of 85/15 or 95/5; however, the overall 
variability is lower when the methanol/water ratio is 90/10. Re
covery is also slightly higher with a methanol/water ratio of 
90/10. Slight deviations in the methanol/water ratio do not have 
a significant effect on final results.

Several LC parameters were evaluated to examine method 
ruggedness (Table 3), including flow rates of the mobile phase 
and vanillin reagent, reactor temperature, and water content of 
the mobile phase. Two LC runs were performed with no vari
ations from the methods as written; they served as a reference 
point. The acceptance limits listed in Table 1 were met when 
the methods were performed without variation.

When the temperature of the reaction chamber in reduced to 
either 95° or 90°C, all LC control parameters were still met, but
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Table 5. Stability of narasin reference standard when stored at 5°C and at room temperature

Storage condition
Assay interval, 

weeks
Narasin theory, 

pg/mL
Mean,
pg/mL COV, %

Percentage of theory 
or initial3

_b 0 10 10.2 1.6 100.6
— 1 10.1 0.8 100.8
— 2 10.0 1.4 100.2
— 3 9.8 1.1 98.0
— 4 9.7 2.3 97.4
— 0 20 20.0 2.7 100.5
— 1 20.1 0.7 100.4
— 2 19.7 1.8 98.6
— 3 19.9 0.3 99.4
— 4 19.6 2.2 97.9
Room temperature 1 10 10.0 1.5 98.4

2 9.8 1.3 95.9
3 9.7 0.9 95.5
4 9.6 0,7 94.4

Room temperature 1 20 20.0 0.6 100.3
2 19.8 0.5 99.2
3 19.7 0.3 98.7
4 19.6 0.4 98.3

5°C 1 10 10.0 0.4 98.0
2 9.7 1.1 95.3
3 9.6 1.0 94.6
4 9.4 1.6 92.7

5°C 1 20 19.9 0.8 99.6
2 19.6 1.1 98.3
3 19.5 1.1 97.6
4 19.6 0.8 98.1

a Percentage of theory was calculated for freshly prepared standard. Percentage of initial was calculated for stored standards. 
b Prepared fresh on the day of assay.

there was a decrease in peak area, especially with narasin, 
which resulted in reduced sensitivity.

An increase in methanol content with a decrease in water 
content in the mobile phase (methanol-water-acetic acid, 96 + 
4 + 0.1) decreased the retention time, increased the peak area, 
and decreased the resolution factor. A decrease in methanol 
content with an increase in water content in the mobile phase 
(methanol-water-acetic acid, 90 + 10 + 0.1) increased the re
tention time, peak width, and resolution factor but decreased 
the peak area.

The effect of changing the flow rates of the mobile phase 
and the vanillin reagent on the LC parameters was evaluated 
(Table 3). Retention time, peak width, and peak area can be 
affected by the flow rate; therefore, these parameters must be 
controlled closely to ensure that the system is functioning 
within the established control limits.

The data indicate that variations in LC parameters can affect 
retention time, peak width, peak area, and resolution factors. 
However, when the method is performed without modification, 
the established acceptance limits (Table 1) can be met.

Stability o f Reference Standards

The stability data for monensin reference standard solutions 
stored at room temperature and at 5°C for 4 weeks are pre

sented in Table 4. For the standard curve, concentrations of 10 
and 20 pg/mL were prepared and assayed at 0, 1, 2, 3, and 
4 weeks after storage at room temperature and at 5°C against a 
freshly prepared standard solution. These data demonstrate that 
at 4 weeks, the responses for both the 10 and 20 pg/mL stand
ard solutions are above 98% of initial levels and support the 
stability of standards stored for at least 4 weeks at room tem
perature.

The stability data for narasin reference standard solutions 
stored at room temperature and at 5°C for 4 weeks are pre
sented in Table 5. For the standard curve, concentrations of 10 
and 20 pg/mL were prepared and assayed at 0, 1, 2, 3, and 
4 weeks after storage at room temperature and at 5°C against a 
freshly prepared standard solution. These data support the sta
bility of standards stored for 2 weeks at room temperature.

Resolution

Resolution was evaluated according to USP XXII, Chapter 
621 (4). The reproducibility data (Table 6) were determined by 
6 replicate injections of the resolution mixture containing 
monensin and narasin. The resolution factors for monensin A 
and monensin B (Mon A-Mon B) and for monensin A and 
narasin A (Mon A-Nar A) were reproducible, with relative 
standard deviations (RSDs) of less than 2%. The consistency



Coleman Et Al .: Journal Of AOAC International Vol. 77, No. 5,1994 1071

Table 6. Retention time, peak tailing, peak area, and resolution factors for monensin A, monensin B, and narasin 
within a run

Injection
number

Retention time, s Peak tailing Peak area Resolution factors

Mon A Mon B Nar3 Mon A Mon B Nar Mon A Mon B Nar
Mon A and 

Mon B
Mon A 

and Nar

1 642 568 844 1 .2 1 1.07 1.24 175216 6681 134309 1.64 3.83
2 643 571 845 1 . 2 2 1.08 1.24 174167 6648 133973 1.63 3.81
3 642 570 844 1.23 1 .1 1 1.25 174830 6597 133852 1.59 3.71
4 640 567 841 1 . 2 2 1.08 1.24 173685 6558 134665 1.65 3.82
5 640 568 842 1 .2 2 1.08 1.24 174844 6563 133473 1.64 3.80
6 640 567 841 1.24 1.08 1.26 174136 6503 132178 1.59 3.69

Mean 641 569 843 1 .2 2 1.08 1.25 174480 6592 133742 1.62 3.78
RSD, % 0 .2 1 0.29 0 . 2 0 0.84 1.26 0.67 0.33 0.98 0.65 1.64 1.60

a Nar = narasin A.

of the retention times of monensin A, monensin B, and 
narasin A are shown in Table 6. The RSDs for the average re
tention times of these compounds were less than 0.3%. The 
individual and average peak areas for monensin A and B and 
narasin A varied little throughout the 6 injections. The RSDs 
for the average peak area for these compounds were less than 
1.0%. The tailing factors for monensin A, monensin B, and 
narasin A were consistent between injections, with RSDs of 
0.84, 1.26, and 0.67%, respectively. All of these parameters 
were within the established limits for these methods (Table 1) 
and were consistent.

The reproducibility of the resolution mixture over time was 
evaluated (Table 7). These data were obtained from 6 randomly 
selected resolution determinations over several months. In 
each case, the resolution mixture was injected and evaluated 
prior to analyses of samples or reference standards. The indi
vidual and average resolution factors for the 6 determinations 
all passed the acceptance limits required for further analyses, 
as indicated in Table 1. The individual and average retention 
times for monensin A, monensin B, and narasin A demon
strated that the retention times were reproducible over time.

The individual and average peak areas for monensin A, monen
sin B, and narasin A are expected to vary to some degree over 
time, and the degree of variability was acceptable. The individ
ual and average tailing factors for monensin A, monensin B, 
and narasin A were reproducible over time, with RSDs of 1.1,
2.2, and 1.9%, respectively.

Each chromatographic ran included standard solutions (1, 
5,20, and 40 |ig/mL) at the beginning and end of each run. The 
responses from the standard solutions were averaged and used 
in calculating final results. Standard curves were plotted to 
evaluate linearity and precision between the beginning and end 
of each run. The data within a single chromatographic run (Ta
ble 6) were highly reproducible; therefore, we recommend run
ning a single resolution mixture on a daily basis and ensuring 
that the parameters in Table 1 are met prior to analyses of sam
ples.

The data demonstrate that the methods are very rugged and 
reproducible over time. This information should aid laborato
ries planning to perform these assays in obtaining acceptable 
results.

Table 7. Retention time, peak tailing, peak area, and resolution factors for monensin A, monensin B, and narasin 
over a 3-month period

Run
number

Retention time, s Peak tailing Peak area Resolution factors

Mon A Mon B Nar3 Mon A Mon B Nar Mon A Mon B Nar
Mon A and 

Mon B
Mon A 

and Nar

4538 646 575 838 1.13 1.04 1.18 179595 6411 155796 1.58 3.64
4572 662 582 897 1.14 1.05 1.18 186050 7194 132653 1.55 3.60
4589 697 605 953 1 .1 1 1.06 1.14 155303 5907 106028 1.65 3.85
4619 663 586 879 1 . 1 2 1.04 1.13 160983 6364 118247 1.55 3.68
4647 678 594 912 1 .1 1 1 .0 1 1.16 197272 7106 141370 1.44 3.64
4652 696 607 944 1 .1 1 1.08 1.14 200742 7318 142573 1.75 3.95

Mean 674 592 904 1 .1 2 1.05 1.16 179991 6717 132778 1.59 3.73
RSD, % 3.0 2 . 2 4.7 1 .1 2 . 2 1.9 10.4 8.5 13.6 6 . 6 3.8

Nar = narasin A.
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AGRICULTURAL MATERIALS

Determination of Bacitracin-MD in Complete Feed by 
Microbiological Plate Assay: Collaborative Study
A n il  D . D e sa i, A r n o l d  H ir sc h , a n d  L a rry  A . M uir
A .L . L ab orato ries , In c ., 4 0 0  S tate S t, C h ic a g o  H e ig h ts , IL  6 0 4 1 1

C ollaborators: J. B e ll;  M . Burkhart; N . D etab lan; A . Gardner; M . H asselberger: A . K nutson; J. L am b; E . L u igs; D .R . M oore; H. 
R agheb; M . Shah

Eleven laboratories evaluated the double extraction 
procedure for the determination of bacitracin methyl
ene disalicylate in swine and poultry feeds at 22,
44, and 88 g/2000 lb. Bacitracin activity w as deter
mined on each of 2 days using blind duplicates in a 
random order. All collaborators submitted their 
data for statistical evaluation. No significant differ
ence was found between the assay  results and the 
label claim at 22, 44, and 88 g/2000 lb for swine and 
poultry feed. For both feed types, reported ranges 
at 9 5 %  confidence limit for 22, 44, and 88 g/2000 lb 
were 1 7 -3 0  g/2000 lb, 2 9 -6 1  g/2000 lb, and 
6 4 -1 1 2  g/2000 lb, respectively. The microbiological 
plate a ssa y  procedure for determination of BMD in 
complete feed w as adopted first action by A O A C IN
TERN ATIO NAL.

1 Submitted for publication April 20, 1993.
The recommendation was approved by the Committee on Feeds, 

Fertilizers, and Related Topics, and was adopted by the Official Methods 
Board of the Association. See “Official Methods Board Actions” ( 1993) J. 
A O A C  Int. 76. 125A, and “Official Methods Board Actions” (1993) The 
Referee  17, September issue.

B acitracin  is  a  p o ly p ep tid e  an tib iotic  prod u ced  b y  Bacil
lus licheniformis. B acitracin  is  added  to  an im al feed s  
for grow th  p rom otion , feed  e ff ic ie n c y , and d isea se  c o n 

trol and is  s ta b ilized  w ith  m eth y len e  d isa licy lic  acid  (M D A ). 
T h e m icr o b io lo g ica l a ssay  p roced u res d e v e lo p e d  for th is study  
w ere  co lla b o ra tiv e ly  tested  b y  q u a lified  p erso n n el trained to  
perform  m icr o b io lo g ica l assays. P rev iou s m eth o d s d ev e lo p e d  
for m easu rin g  z in c  bacitracin  in  feed  h a v e  a lso  b een  used  for  
reco v ery  o f  b ac itracin -M D  (B M D ) from  feed  ( 1 -4 ) .  T he n ew  
m eth od  w a s d e v e lo p e d  to im p ro ve the accu racy  o f  m easu rin g  
B M D  in feed  at le v e ls  o f  2 2 - 8 8  g /2 0 0 0  lb.

Collaborative Study

S w in e  and poultry feed s  (4 0 0  lb  ea ch ) w ere  form u lated  by  
the D epartm ent o f  Grain S c ie n c e  and Industry, K an sas State  
U n iversity , M anhattan, K S . F ifty  p o u n d s o f  ea ch  feed  w as  
b len d ed  w ith  b ac itracin -M D  p rem ix  (h o u se  standard assayed  
at 5 2 .7  ±  3 .4  g /lb  a ctiv ity ) at an estim ated  lev e l o f  2 2 ,4 4 ,  and  
8 8  g  B M D  a c tiv ity /2 0 0 0  lb  u s in g  a W en ger  m ixer (5 0  lb  ca p a c
ity). S w in e  and poultry feed s  at ea ch  le v e l w ere  in itia lly  as
sayed  prior to sh ip m en t o f  the sam p les  to the co llaborators to  
ascertain  the c la im  p oten cy . E ach  p ack age w a s la b e led  w ith  a 
sam p le  c o d e  in  random  order w ith ou t the c la im  p oten cy . C o l
laborators w ere ask ed  to  fo llo w  the d eta iled  d ilu tion  sc h e m e  for  
ea ch  sam p le. E ach  co llab orator w a s  su p p lied  w ith  z in c  b a c i
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tracin w o rk in g  standard (B Z n , A .L . L aboratories, In c .), a slant 
o f  Micrococcus luteus (A T C C  1 0 2 4 0 ) test cu lture, a  c o p y  o f  the 
m eth od , m aterial sa fety  data sh eets , h o m o g en eo u s  sam p les , 
and data reporting form s. In -h ou se  va lid ation  o f  the m eth od  
w a s p erform ed  at the laboratory o f  the O ffic e  o f  Indiana State  
C h em ist, W est L afayette , IN .

993.29 Bacitracin-M D (BMD) in Complete 
Feed— Microbiological Plate A ssa y  Method 
First Action 1993

(A p p lica b le  to  determ in ation  o f  2 2 - 8 8  g /2 0 0 0  lb  [22— 
88  g /9 0 7 .1 8  k g] b acitracin  m eth y len e  d isa licy la te  in  sw in e  and  
poultry  co m p le te  feed s .)

M eth o d  P erform ance:
See T able 9 9 3 .2 9 A  for  m eth o d  perform an ce data.

A. Principle

B acitracin  m eth y len e  d isa licy la te  (B M D ) in  ac id -extracted  
feed  sa m p les  in h ib its grow th  o f  M. luteus, form in g  in h ib ition  
z o n e s  o n  p lates. R esu lts  are com p ared  w ith  standard B Z n  p lates  
and are ca lcu la ted  as standard d o se-re sp o n se  lines.

B. Apparatus

See 9 5 7 .2 3 C (a ) - (c )  for c y lin d ers, Petri d ish es, and cy lin d er  
dispenser.

(a ) Shaker.— M a g n etic  stirrer or recip rocatin g  shaker is  
suitable.

(b ) Blender.— W ith  sh o ck -p r o o f m otor.
(c) Centrifuge.— C ap ab le o f  5 2 0 0  rpm  (4 2 7 5  x  g) (Interna

tional E q u ip m en t C o ., 3 0 0  2n d  A v e, N eed h a m  H eig h ts, M A , is  
su itab le  source).

(d )  Inhibition zone reader.— Z o n e reader (F ish er-L illy  
Z o n e  R eader, F ish er  S c ie n tific , P ittsburgh, PA ) or autom atic  
reader.

(e) Incubator.— C ap ab le o f  m ain tain in g a 3 0 ° -3 7 °  tem 
perature range w ith in  ± 1 ° .

Table 993.29A. Method performance for determination 
of Bacitracin-MD (BMD) in swine and poultry feeds by 
microbiological plate assay method
BMD, 
added 
g/2000 lb

BMD found, g/2000 lb

RSD r, % RSD r , %Mean sr SR
Swine feed

22 22.97 2.02 4.18 8.78 18.22
44 47.62 4.18 9.79 8.78 20.57
88 92.81 9.43 17.20 10.16 18.53

Poultry feed

22 22.98 2.13 3.94 9.27 17.15
44 43.95 6.34 7.01 14.42 15.94
88 89.76 7.73 14.08 8.08 15.69

C. Reagents

(a) Methanol.— (Note: S tore in  tigh tly  c lo se d  conta iners. 
K eep  a w ay  from  heat, sparks, and o p e n  fla m es.)

(b ) Phosphate buffer.— 5% , p H  6 .5 . D is s o lv e  2 2 .1 5  g  an
hyd rou s K 2H P 0 4 and 2 7 .8 5  g  an h ydrous K H 2P 0 4 in  H zO  and  
d ilu te  to  1 L.

(c) HCl-methanol solution.— 0 .2 4 N . A d d  2 0 .4  m L  co n 
centrated  HC1 to  1 L  m ethanol.

(d ) Methanol-phosphate buffer.— 5% . M ix  1 5 0  m L  
m eth an o l (a) and 2 8 5 0  m L  5%  p h osp h a te  buffer, p H  6 .5 . A d 
ju st p H  to 6 .5  ± 0 .1  w ith  LON HC1.

(e )  Test organism.— M. luteus (A T C C  1 0 2 4 0 , a lso  k n o w n  
as M. flavus). M aintain  cu lture and  prepare in o c u lu m  as in  
957.23D(a). B e fo r e  u se , d eterm in e b y  trial p la tes , op tim u m  
con cen tration  to  add to  a ssay  m ed iu m  to  obtain  sharp in h ib ition  
z o n e s  o f  adequate s iz e  (1 5 - 1 8  m m  for  referen ce  con cen tration , 
0 .0 4  un its/m L ).

(f) Plate preparation.— D is s o lv e  3 0 .5  g  agar m ed iu m  A , 
957.23A(a), in  1 L  H20; ster ilize  at 15 lb  stea m  pressure  
2 0  m in , c o o l to  c a  50° , and in o cu la te  w ith  test organ ism  (e). 
P ou r ca  12 m L /p late. S tore p lates in verted  at 4 ° -1 0 ° ;  w arm  to 
2 2 ° -2 5 °  b efo re  d osin g .

D. Preparation o f Standard Solutions

A ccu ra te ly  w e ig h  an am ou nt o f  Z in c  B acitracin  U S P  R efer
e n c e  Standard or A .L . W orking Standard (B Z n ) (4 0 0  State St, 
C h ica g o  H eigh ts, IL); d is so lv e  and bring to  v o lu m e  in  5 0  m L  
vo lu m etric  fla sk  w ith  0 .0 I N  HC1 to  a c h ie v e  con cen tra tio n  o f  
100  units/m L . S to ck  so lu tion  is  stab le  for  c a  1 w e e k  stored at 
4 ° -1 0 ° .

O n d ay  o f  use, prepare in term ed iate so lu tio n  (1 0  un its/m L )  
b y  d ilu tin g  5 m L  sto ck  so lu tion  to 5 0  m L  w ith  p h osp h a te b u ff
er, C (b ).

O n d ay  o f  u se , prepare 1 u n it/m L  so lu tio n  b y  d ilu tin g  5 m L  
o f  interm ediate so lu tion  (1 0  u n its/m L ) to  5 0  m L  w ith  p h o s
phate buffer. U s e  1 u n it/m L  so lu tio n  to  prepare the standard  
w o rk in g  so lu tio n s lis ted  in  T able 993.29B, m a k in g  a ll d ilu tion s  
w ith  5%  m eth a n o l-p h o sp h a te  buffer, C (d ) , in  vo lu m etric  
flask s.

E. Sample Preparation

(1) G rind sam p le  in  b len d er  to  ob ta in  h o m o g e n e o u s  m ash  
o f  ca  1 m m  particle s ize ; a v o id  f in e  grin d in g . A ccu ra te ly  w e ig h  
2 0 - 5 0  g  o f  ground sam p le  to  n earest ±  0 .1  g  in to  2 5 0  m L  c e n 
trifuge bottle.

Table 993.29B. Preparation of standard so lutions

Volume of 1 unit/mL Final concentration,
solution, mL Diluted volume, mL units/mL

4 25 0.16
4 50 0.08
4 100 0.04
2 100 0.02
1 100 0.01
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Table 993.29C. Dilution scheme for determination of bacitracin-MD (BMD) in swine and poultry feeds by 
microbiological plate assay method
Feed claim, 
g BMD/2000 lb Sample wt, g Extractions3

HCI in methanol, 
mLb

Methanol in 
pH 6.5 buffer, mLc

Total extradons 
volume, mL Final dilution

20-25 26 1 45 45 130 5:25
2 25 25

40-50 25 1 50 50 150 3:25
2 25 25

80-100 21 1 45 45 130 3:50
2 20 20

3 1 and 2 refer to first, E(2), and second, E(4), sample extractions. 
b 0.24N HCI in methanol solution, C(c). 
c 5% Methanol in 5% potassium phosphate buffer, pH 6.5, C(d).

(2) U s in g  v o lu m es  in  T able 9 9 3 .2 9 C , add H C l-m e th a n o l  
so lu tion , C (c ), to  sam p le , sw irl gen tly , and add m e th a n o l-p h o s
phate buffer, C (d ). P la ce  m agn etic  stir bar in  bottle , stopper  
tightly, and stir v ig o ro u sly  o n  m agn etic  stirrer for 15 m in.

(3) C en trifu ge sam p le  10  m in  at 2 1 0 0  rpm . D e ca n t and  
sa v e  supernatant (“V olu m e 1”) in  a stoppered  container.

(4) U s in g  appropriate v o lu m es  in  T able 9 9 3 .2 9 C , add  
H C l-m e th a n o l so lu tio n  to sam p le, sw irl gen tly , and add m eth a
n o l-p h o sp h a te  buffer. P la ce  stir bar in  bottle , stop p er tightly, 
and stir v ig o ro u sly  on  m a g n etic  stirrer 10 m in.

(5) C en trifuge sam p le  5 m in  at 2 1 0 0  rpm . T ransfer “V ol
u m e 1” b ack  to ex traction  b ottle . (C o m b in ed  extracts are “V ol
u m e 2 .”) M ix  w e ll  and cen tr ifu ge  sam p le  b ottle  5 m in  at 
2 1 0 0  rpm.

(6) O n the b a sis  o f  the e x p ec ted  B M D  con cen tration , d ilu te  
an a liquot o f  su p em ate  to  referen ce con cen tration  (0 .0 4  ±  
0 .01  u n its/m L ). F inal m eth an o l con cen tration  in  sam p les  and  
standards sh ou ld  not vary b y  > 10% .

(7) S tore all assay so lu tio n s at 4 ° -1 0 °  i f  p late d o sin g  is  d e 
la y ed  m ore than 1 h.

F. Plating

B rin g  a ssay  so lu tion s to 2 0 ° -2 5 °  and shake w e ll b efo re  p la t
ing.

D o s e  ea ch  cy lin d er  w ith  2 5 0  p L  a ssay  so lu tio n , fo llo w in g  
9 5 7 .2 3 E . Incubate p lates at co n stan t (±  1 °) tem perature in  3 0 ° -  
3 5 °  range, u s in g  sa m e tem perature for  standards and sam p les.

G. Calculations

M easu re d iam eter o f  in h ib ition  z o n e s  to  the nearest 0.1 m m . 
F o llo w  9 5 7 .2 3 E , F  to  ca lcu la te  standard d o se-re sp o n se  line. 
F or m anual ca lcu la tion , draw  b est fit lin e . F or greater accuracy, 
u se  least-sq u are fit linear or p o ly n o m ia l eq u ation  ca lcu la tion  
from  co m p u ter  or calculator.

D eterm in e B M D  in sam p le  b y  read ing con cen tration  from  
standard resp o n se  lin e . C a lcu la te  sam p le  p o ten cy  b y  co n v ert
in g  u n it/m L  to  g /2 0 0 0  lb  o f  fe e d  as fo llo w s:

g  B a c itr a c in /2 0 0 0  lb  =  (u n it/m L  x  total 
d ilu tio n /sa m p le  w e ig h t)  x  2 1 .6 1 9

R ef.: J. AOACInt. 7 7 , 1 0 7 2  (1 9 9 4 ).

Table 1. Collaborative study results for determination of bacitracin-MD (BMD) in swine and poultry feeds (day 1), for
blind duplicates at 3 levels (claim level)

Swine samples, g BMD/2000 lb Poultry samples, g BMD/2000 lb

Lab. 22 44 88 22 44 88

1 29.9 27.4 55.3 69.7 98.6 126.9 24.3 25.0 59.7 43.6 90.3 84.1
2 19.0 18.7 39.0 38.7 94.7 68.8 19.0 17.9 46.3 43.6 79.9 69.0
3 14.8 12.1 26.2 22.8 44.6 57.7 13.4 16.3 36.2 22.9 51.3 44.3
4 26.2 29.4 52.2 55.2 102.7 100.5 26.2 33.8 45.3 60.6 109.4 99.9
5 25.9 26.9 44.1 54.6 96.4 95.9 26.2 20.3 48.6 38.1 105.2 118.6
6 27.8 19.1 48.0 45.9 64.9 77.7 27.5 26.4 43.2 49.7 92.2 93.6
7 20.8 19.3 38.3 47.3 84.0 99.4 24.4 20.2 43.3 45.0 89.1 99.5
9 34.6 35.7 60.0 72.0 140.2 158.4 21.6 28.1 64.0 132.9 98.6 57.6

10 20.3 24.9 42.2 47.4 85.5 110.0 21.9 16.9 47.6 44.8 100.8 71.4
11 24.2 24.9 44.8 56.3 77.0 88.5 18.3 19.0 41.8 44.0 86.7 91.5
12 20.5 20.5 42.2 33.8 92.0 109.3 22.7 25.4 37.8 51.2 96.4 93.7
Detna 11 11 11 11 11 11 11 11 11 11 11 11

3 Number of determinations.
Note-. Collaborator 8 withdrew from the study.



Desai Et Al.: Journal Of AOAC International Vol. 77, No. 5,1994 1075

Table 2. Collaborative study results for determination of bacitracin-MD (BMD) in swine and poultry feeds (day 2), for
blind duplicates at 3 levels (claim level)

Swine samples, g BMD/2000 lb Poultry samples, g BMD/2000 lb

Lab. 22 44 88 22 44 88

1 26.0 24.3 57.3 50.7 81.0 94.0 18.7 26.8 51.9 34.2 89.4 74.8
2 25.6 14.7 43.6 38.5 72.5 76.3 26.5 27.3 51.2 24.4 100.6 73.8
3 19.0 16.8 23.4 37.8 75.9 79.5 19.8 22.1 35.5 27.7 88.3 73.2
4 27.7 33.0 52.6 67.4 130.5 99.2 34.3 27.8 45.4 49.5 100.6 112.4
5 23.8 25.8 54.1 55.2 96.4 116 25.4 29.8 44.4 57.8 120.5 111.5
6 20.0 22.4 44.7 45.0 89.4 84.1 26.2 21.8 49.3 44.3 88.1 97.6
7 22.3 21.9 47.1 64.5 82.9 104 28.0 17.9 45.3 44.2 106 77.2
9 18.4 18.3 54.4 45.7 95.7 94.2 26.8 22.0 58.0 66.6 103.8 119.7

10 24.3 23.5 49.7 43.0 95.3 98.1 19.7 18.4 40.5 38.1 85.5 72.5
11 18.7 24.1 52.0 50.2 76.0 98.7 18.7 17.4 56.4 41.9 85.2 77.9
12 20.5 16.8 41.1 41.3 85.5 84.8 19.5 20.5 41.1 41.4 84.7 84.8
Detna 11 11 11 11 11 11 11 11 11 11 11 11

3 Number of determinations.
Note: Collaborator 8 withdrew from the study.

Results and D iscussion

B lin d  d u p lica tes  o f  ea ch  m aterial w ere  a ssa y ed  o n  ea ch  o f  
2  d a y s. A s s a y  resu lts (T ables 1 and 2 ) w ere  averaged  across  
d ay s (T able 3 ) and then sta tistica lly  a n a ly zed  (5 ). R esu lts  w ere  
ch eck ed  for  ou tliers u s in g  the C ochran  and G rubbs procedu re  
as p ro p osed  b y  the co llab ora tiv e  stu dy gu id e lin es . Statistical 
ev alu ation  o f  the resu lts is  p resen ted  in  T able 4 . R e la tiv e  and  
ab so lu te rep eatab ility  standard d ev ia tio n s for  the sw in e  feed  
ranged  from  8 .8  to  10.2%  and from  2 .0  to  9 .4  g  B M D /2 0 0 0  lb, 
resp ective ly . R e la tiv e  and ab so lu te rep eatab ility  standard d e 
v ia tio n s for  the poultry  feed s  ranged  from  8.1 to  14.4%  and  
from  2.1  to  7 .7  g  B M D /2 0 0 0  lb , resp ectiv e ly . R e la tiv e  and ab
so lu te  rep rod u cib ility  standard d ev ia tio n s for the sw in e  feed s  
ran ged  from  1 8 .2  to  20 .6%  and from  4 .2  to  1 7 .2  g

B M D /2 0 0 0  lb , resp ective ly . R e la tiv e  and ab so lu te  rep rod u ci
b ility  standard d ev ia tio n s for the p oultry  feed s  ra n ged  from
15.7  to  17.2%  and from  3 .9  to  14.1 g  B M D /2 0 0 0  lb.

N o  outliers w ere  d etected  ex c e p t for L aboratory 9  for  p o u l
try sam p le  at 4 4  g  B M D /2 0 0 0  lb . T h o se  results (d ay  2 ) w ere  
ex c lu d ed  from  the statistical eva lu ation .

Collaborators’ Comments

S o m e  co llaborators in d icated  that: (7 )  the sa m p les  w e re  not 
h o m o g en eo u s; (2) the fin al con cen tration  o f  m eth an o l in  the  
a ssay  so lu tion  in  1 o f  the sam p les  e x c e e d e d  10%  (c a  14% ); (3) 
after the seco n d  ex traction  the con ta in er had to  b e  rin sed  after  
transferring ‘ V o lu m e 1” to  “V olu m e 2;” and (4) the procedure  
w a s length y. T h e last p ro b lem  co u ld  h a v e  b een  so lv e d  b y  u sin g  
d o u b le  ex traction  as an alternative procedure.

Table 3. Collaborative study average results for determination of bacitracin-MD (BMD) in swine and poultry feeds 
(days 1 and 2)

Swine samples, g BMD/2000 lb Poultry samples, g BMD/2000 lb

Lab. 22 44 88 22 44 88

1 27.95 25.85 56.30 60.20 89.80 110.45 21.50 25.90 55.80 38.90 88.85 79.45
2 22.30 16.70 41.30 38.60 83.60 72.55 22.75 22.60 48.75 34.00 90.25 71.40
3 16.90 14.45 24.80 30.30 60.25 68.60 16.60 19.20 35.85 25.30 69.80 58.75
4 26.95 31.20 52.40 61.30 116.60 99.85 30.25 30.80 45.35 55.05 105.00 106.15
5 24.85 26.35 49.10 54.90 96.40 105.95 25.80 25.05 46.50 47.95 112.85 115.05
6 23.90 20.75 46.35 45.45 77.15 80.90 26.85 24.10 46.25 47.00 90.15 95.60
7 21.55 20.60 42.70 55.90 83.45 101.70 26.20 19.05 44.30 44.60 97.55 88.35
9 26.50 27.00 57.20 58.85 117.95 126.30 24.20 25.05 61.00a 99.75 101.20 88.65

10 22.30 24.20 45.95 45.20 90.40 104.05 20.80 17.65 44.05 41.45 93.20 71.95
11 21.45 24.50 48.40 53.25 76.50 93.60 18.50 18.70 49.10 42.95 85.95 84.70
12 20.50 18.65 41.65 37.55 88.75 97.05 21.10 22.95 39.45 46.30 90.55 89.25

3 Outlier.
Note: Collaborator 8 withdrew from the study.
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Table 4. Statistical evaluation of the collaborative study results for determination of bacitracin (BMD) in swine and 
poultry feeds (days 1 and 2)

Swine feed Poultry feed

Claim level, g BMD/2000 lb 22 44 88 22 44 88

No. of labs 11 11 11 11 10 11
No. of determinations 22 22 22 22 20 22
Mean, g BMD/2000 lba 22.97 47.62 92.81 22.98 43.95 89.76
Sr 2.02 4.18 9.43 2.13 6.34 7.73
S R 4.18 9.79 17.20 3.94 7.01 14.08
RSDr, % 8.78 8.78 10.16 9.27 14.42 8.08
RSD r , % 18.22 20.57 18.53 17.15 15.94 15.69

a Overall mean of the laboratory values = X.

A  fe w  collaborators en cou n tered  so m e  practical prob lem s  
o n  day 1 or day 2; therefore, the assa y s w ere  repeated  o n  day 3 
and th ose results w ere  reported.

N o  m ajor p rob lem s w ith  the tech n iq u e w ere  n oted  b y  any  
collaborator.

Conclusions and Recom m endations

O n the b asis o f  the statistical ev a lu ation  o f  the test resu lts o f  
th is co llab ora tiv e  study, the statistical param eters, e .g ., C o 
chran’s test, G rubbs’ test, P rec isio n  test, /'-v a lu e  (95%  c o n fi
d en ce  lim it), and % C V  ca lcu la ted  w ith ou t the outliers, w ere  
fou n d  w ith in  U .S . F o o d  and D ru g A d m in istration  and A m eri
can  A sso c ia tio n  o f  F eed  C ontrol O ffic ia ls  (A F F C O ) a ssay  c o n 
trol lim its  (±  30%  o f  the c la im ). T h e repeatab ility  standard d e
v ia tion s for co m m ercia l feed s  b e in g  assa y ed  rou tin ely  at A .L . 
L aboratories, Inc. are very  sim ilar to the sta tistica l data gen er
ated b y  th is co llab ora tiv e study.

O n the b asis o f  the resu lts o f  th is study, it is  reco m m en d ed  
that the m eth od  for determ ination  o f  b ac itracin -M D  in c o m 
p lete  feed  b y  m icr o b io lo g ica l p late a ssay  procedu re b e adopted  
first action .
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AGRICULTURAL MATERIALS

Improved Esterification of Mecoprop for Sensitive Detection on 
Capillary Gas Chromatography with Mass Selective and Electron 
Capture Detection
A r th ur  S. L e e ,  M o o -K i  H o n g , 1 and A l be r t  E .  S m ith
U n iv ers ity  o f  G eo rg ia  D ep a rtm en t o f  C rop  and S o il  S c ie n c e s ,  G riffin , G A  3 0 2 2 3 -1 7 9 7

Analytical methods for determination of the deriva
tives of the herbicide mecoprop, (±)-2-(4-chloro-2- 
methylphenoxy)propionic acid (MCPP), by capillary 
column gas chromatography with m ass selective 
detection (G C -M S D ) and electron capture detec
tion (G C -E C D ) were studied. A  successful proce
dure w as introduced for the ester preparation us
ing H2S O 4 as the catalyst and the alcohols 
2,2,2-trichloroethanol (TCE) or 2,2,2-tri- 
fluoroethanol (TFE). The identification and elucida
tion of M CPP by G C -M S D  following the esterifica
tion with diazomethane, B F 3-m ethanol, 
H2S 0 4 -m ethanol, T C E , T FE , or pentafluorobenzyl 
bromide (PFB) were carried out. A  com parison of 
the response sensitivities among those M CPP e s
ters was made with G C -E C D . Although the méthyla
tion product of M CPP w as confirmed with G C -  
MSD, its low sensitivity to the E C D  limited the 
detection of MCPP. T C E , T F E , and PFB  derivatiza- 
tion methods resulted in a high rate of M CPP esteri
fications and very sensitive E C D  molecular re
sponses. On the basis of efficiency, convenience, 
worker safety, and least sam ple contamination,
T F E  esterification was considered as  the superior 
method for M CPP analysis compared with the 
other methods of derivatization. An accurate 
method is described for quantifying M CPP in soil 
leachates by G C -E C D  at very low concentrations 
without the requirement of a complicated cleanup  
process. A s a result, M CPP residues at concentra
tions of less than 0.1 p.g in 100 m L soil leachate 
were detected.

M ecop ro p , (± )-2 -(4 -ch lo ro -2 -m eth y lp h en o x y )p ro p io n -  
ic  a c id  (M C P P ), a p h e n o x y  ac id  herb icid e , is  u sed  
e x te n s iv e ly  for  m ain ten an ce o f  h o m e  la w n s and g o lf  

cou rses  b ec a u se  o f  its se le c tiv e  w eed -co n tro l e ff ic ie n c y  and  
lo w  m am alian  tox icity . E ith er h igh  polarity  or lo w  v o la tility  o f

Received August 3, 1993. Accepted by RN November 4, 1993.
1 National Institute of Health, Department of Food Chemistry, Seoul 

122-020, Republic of Korea

M C P P  m ak es it in e ffec tiv e  for  a n a ly sis  b y  gas chrom atograp h y  
(G C ) w ith ou t gen era tin g  a m ore vap orou s d er ivative . S ev era l 
m eth od s for the preparation o f  d er iv a tiv es  o f  h erb ic id es, to  fa 
c ilita te  G C  an a lysis , w ere  r e v ie w e d  b y  C o ch ra n e (1). A  few  
m eth od s for ester ify in g  M C P P  w ere  stud ied; m o st o f  th em  in 
v o lv e  m éth yla tion  w ith  d ia zo m eth a n e  ( 2 - 5 ) ,  B F 3-m e th a n o l  
m ixtu re ( 6 ,7 ) ,  and fu m in g  su lfu ric  a c id -e th a n o l (8 ). T h e for
m ation  o f  m eth y l-M C P P  b y  u s in g  d ia zo m eth a n e  w a s  c o n 
firm ed  b y  G C -m a ss  se le c tiv e  d etec tio n  (M S D ) in  th is study. 
T h e U .S . E n viron m en ta l P rotectio n  A g e n c y  (E P A ) m eth od  for  
M C P P  d eterm in ation  (4 ) u ses  d ia zo m eth a n e  m éth y la tio n  for  
G C -e le c tr o n  capture d etec tio n  (E C D ) an a lysis . T h is  m eth od  is 
co n sid ered  dan gerou s b y  m an y  u n iversity  sa fe ty  o fficers , and  
m eth y l-M C P P  resu lts in  a lo w  resp o n se  w h en  a n a ly zed  b y  G C -  
E C D . W h en  determ in in g  the fa te  o f  p es tic id e s  in  th e  en v iro n 
m ent, the u se  o f  m eth od s that are very  se n s it iv e  and accurate is  
o f  great im portance.

M C P P  d er ivatives , form ed  to  im p ro v e  th e  sen sitiv ity  and  
se le c tiv ity  o f  su b seq u en t d etec tio n  b y  G C -E C D , in c lu d e  the  
form ation  o f  2 -ch lo ro eth y l-M C P P  (9 ), 2 ,2 ,2 -tr ich lo ro eth y l 
(T C E )-M C P P  (1 0 ), and p en ta flu o ro b en zy l (P F B )-M C P P  (11). 
U n fortunately , th ese  m eth od s h a v e  co m p lica ted  c lean u p  p ro ce
dures that e lim in a te  their u tility  w h en  p ro cess in g  large n u m 
bers o f  sam p les . A  stu dy ( 12) u s in g  B F 3 as the ca ta ly st in d icated  
that B F 3-2 ,2 ,2 -tr if lu o r o e th a n o l (T F E ) fa iled  to  react w ith  
M C P P  and d ica m b a (3 ,6 -d ic h lo r o -2 -m e th o x y b e n z o ic  acid), 
w h ich  e lic ited  our attem pt to  ap p ly  H 2S 0 4-T F E  for  form ation  
o f  T F E -M C P P .

W e report the d ev e lo p m e n t o f  a  s im p le  and  p racticab le  
m eth od  for  d er ivatiz in g  M C P P  w ith  T F E  b y  u s in g  H 2S 0 4 as the 
catalyst. T h e form ation  o f  th e  resu ltin g  ester  w a s  co n firm ed  b y  
G C -M S D . T h e sen sitiv ity  o f  th e  T F E  ester  w a s  com p ared  w ith  
other esters b y  G C -E C D . T h e m eth od  w a s ev a lu ated  further 
w ith  M C P P  resid u e extracted  from  a  so il leach ate.

Experimental

Apparatus

T h e H ew lett-P ack ard  (S u n n y v a le , C A ) M o d e l 5 8 9 0  gas  
chrom atograph  series II w a s lin k ed  to  a H P  3 3 6 5  series II 
C h em S tation  and w a s eq u ip p ed  w ith  an e lectron  capture d e tec 
tor. T h e R tx -1 (R E S T E R , In c., B e lle fo n te , P A ) cap illary  c o l-
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um n, 3 0  m  x  0 .5 3  m m  id, had  a f i lm  th ick n ess o f  1 p m  and a 
5 m  guard co lu m n  co n n ected  to  the entrance end . T h e co lu m n  
w a s co n n ected  to  the E C D  system . Injection  port and detector  
tem peratures w ere  2 5 0 °  and 3 0 0 CC , resp ectiv e ly . H e liu m  w a s  
u sed  to  carry an a lytes at a  rate o f  1 3 -1 5  m L /m in . T h e m ak e-u p  
g a s  w a s  5%  argon in  m eth an e. T w o  m icro liters o f  ea ch  sam p le  
w a s in jected  and ea ch  sa m p le  in jection  w a s  repeated . O v en  
co n d itio n s w ere  adjusted  for  ea ch  h erb ic id e  ester.

T h e o v e n  tem perature co n d ition s for the esters w ere  as fo l
lo w s: (7 ) TFE esters.— Initial 130°C  (6  m in  h o ld ), program 
m in g  rate 3 0°C /m in , fin a l 2 5 0 °C  (5  m in  h o ld ). (2 )  Methyl es
ters.— Initial 150°C  (5  m in  h o ld ), program m in g rate 30°C /m in , 
fin a l 2 50 °C  (5 m in  h o ld ). (3) TCE esters.— Initial 180°C  (8  m in  
h o ld ), p rogram m ing rate 30°C /m in , fin a l 2 5 0 °C  (5 m in  h old ). 
(4) PFB esters.— Initial 190°C  (7 m in  h o ld ), program m in g rate 
2 0°C /m in , h o ld  2 5 0 °C  (3  m in  hold).

T h e M S D  sy ste m  w a s a H ew lett-P ack ard  5 8 9 0  G C  
eq u ip p ed  w ith  a 5 9 7 1 A  M S D  sy ste m  co n tro lled  b y  an H P  
G 1 0 3 4 B  M S  C h em S tation . W e u sed  an H P -5  fu sed -s ilic a  ca p 
illary co lu m n , 3 0  m  x  0 .2 5  m m  id, w ith  a f ilm  th ick n ess  o f  0 .2 5  
p m  and a sp litless  in jection . T h e in jection  port and in terface  
tem peratures w e re  2 3 0 °  and  2 8 0 °C , resp ective ly . T h e  o v en  
tem perature w a s  co n tro lled  w ith  an in itia l tem perature o f  80°C  
(3  m in  h o ld ), a program  rate o f  2 0 °C /m in  to  a tem perature o f  
2 00 °C  (4  m in  h o ld ), and in creased  to  25 0 °C  (3 m in  h o ld ). T h e  
carrier gas w a s  h eliu m  set at a h ea d  pressure o f  9 0  kpa. T w o  
m icroliters o f  ea ch  sam p le  w a s  in jected  w ith  an au tom atic sam 
p le  in jector (H P  7 6 7 3 ) , and ea ch  sam p le  in jection  w as repeated. 
Sam ples w ere injected in  a seq u en ce program  b y  using an inter
m ittent so lven t injection fo llo w in g  sets o f  3 sam ples.

Reagents

P estic id e  grade h ex a n e, m eth an o l, d ieth y l ether, and a c e 
tone; and an a lytica l grade su lfuric ac id  w ere  purchased  from  
J.T. B ak er (P h illipsb urg, N J). T FE , T C E , P F B , B F 3-m e th a n o l  
m ixtu re (14%  w /v ), and  d ie th y len e  g ly c o l m o n o eth y l ether  
w ere  ob ta in ed  from  S ig m a  C h em ica l C o . (St. L ou is, M O ). 
D ia za ld , anhydrous so d iu m  su lfate , so d iu m  ch lo rid e , and p o 
ta ssiu m  carbonate w ere ob ta in ed  from  A ld rich  C h em ica l C o. 
(M ilw a u k ee , W I). M CPP, (2 ,4 ,5 -tr ich lo ro p h en o x y )a ce tic  ac id  
(2 ,4 ,5 -T ), and d ica m b a w ere  p u rchased  from  C h em  S er v ice  
(W est C hester, PA ). D ia zo m eth a n e  w a s  m ad e accord in g  to  the 
m eth o d  d escr ib ed  in  T ech n ica l In form ation  B u lletin  N o . A L -  
113 (A ld r ich  C h em ica l C o .).

T h e sto ck  so lu tion  o f  M C P P  w a s prepared b y  d isso lv in g  
0.1  g  in  100  m L  a ceto n e in  a 100  m L  v o lu m etric  flask , and the 
ca libration  standards w ere  d e v e lo p e d  b y  d ilu tin g  and d erivatiz- 
in g  th e  s to ck  so lu tion  to  con cen tration s ranging from  0 .0 0 5  to
1.0  m g /L  M C P P  in  h exan e.

Diazomethane Methylation

O n e m illiliter  o f  the sto ck  so lu tion  o f  M C P P  w a s p laced  in  
a 10 m L  T eflon -cap p ed  v ia l and dried s lo w ly  under nitrogen. 
D ia zo m eth a n e  so lu tion  (2  m L ) w a s  added  to  the v ia l, the v ia l 
w a s sw ir led  gen tly  for  1 m in , and the reaction  w a s a llo w ed  to 
p ro ceed  at ro om  tem perature (ca  23 °C ) for  3 0  m in . T h e rem ain
in g  d iazom eth an e w a s evap orated  under a g e n tle  n itrogen

stream , and 2  drops o f  m eth an o l w e re  ad d ed  to  the so lu tion  that 
w a s c o m p le te ly  dried w ith  n itrogen . T w o  m illiliters o f  h ex a n e  
w a s added  to  the v ia l, fo llo w e d  b y  c a  5 m L  bu ffer so lu tion  
(0 .1 M  N a O H  +  0 .0 5 M  N a H C 0 3) (ca  p H  10), and  the m ixture  
w a s  v ig o ro u s ly  shaken . T h e 2  p h ases w ere  a llo w e d  to  separate, 
and a  1 m L  a liq u ot o f  the h ex a n e  layer (top  layer) w a s  trans- 
fered  to a v o lu m etric  f la sk  and d ilu ted  w ith  h ex a n e  to  the fin a l 
v o lu m e. A ll p rocedu res in v o lv in g  d iazom eth an e or B F 3 w ere  
co n d u cted  under the h o o d  w ith  su ffic ien t air flow .

M eth y la tion -reaction  tem peratures w e re  co n tro lled  in  an 
adjustable w ater bath (B lu e  M  C o ., B lu e  Island , IL). T h is sam e  
m eth od  w a s u sed  for  d ev e lo p in g  the m eth y l esters o f  2 ,4 ,5 -T  
and d icam ba.

BFs-M ethanot Methylation

O n e m illiliter o f  the M C P P  sto ck  so lu tion  w a s  transferred to 
a 10 m L  T eflon -cap p ed  v ia l and dried s lo w ly  under n itrogen . 
T w o  m illiliters  o f  the B F 3-m e th a n o l m ixture w a s  ad d ed  to  the  
v ia l, and the v ia l w a s ca p p ed  tightly, m ix ed  thoroughly , and  
a llo w ed  to  react at 23°, 60°, 80°, and 100°C  for  3 0  m in . A fter  
the reaction , the rem ain in g  B F 3 w a s ev ap orated  u nder n itrogen  
for  3 0  s. F iv e  m illiliters o f  bu ffer so lu tion  (ca  p H  10) and 2  m L  
h ex a n e  w ere  added  to the m ethanol solution, m ixed  vigorously, 
and a llow ed  to partition. O ne m illiliter o f  the hexane layer w as  
pipetted into a volum etric flask, and the solution  w a s diluted to 
vo lu m e with hexane.

H2 SOA-Methanot Methylation

T h is procedu re w a s sim ilar to  the B F 3-m e th a n o l m ethod , 
ex c e p t 0 .5  m L  H 2S 0 4 and 1 m L  m eth an o l w ere  u sed  as re
agents.

H2 SO4 -T F E  Esterification

O n e m illiliter  o f  the M C P P  sto ck  so lu tion  w a s dried in  a 
T eflon -cap p ed  v ia l under n itrogen , and 0 .5  m L  H 2S 0 4 and
1.0 m L  T F E  w ere  added  to  the v ia l. T h e v ia l w a s  c a p p ed  tightly, 
the m ixtu re w a s  sw ir led  gently , and the reaction  w a s  a llo w ed  
to  occu r at ro om  tem perature for  3 0  m in . F o llo w in g  the reac
tion , 1 m L  saturated aq u eou s so d iu m  ch lo rid e so lu tion , 4  m L  
d e io n ized  w ater, and 2  m L  h ex a n e  w ere added  to  the v ia l. T he  
v ia l w a s  shak en  v igo rou sly . T h e 2  liqu id  p h ases w ere  a llo w ed  
to  separate, and 1 m L  o f  the h ex a n e  layer w a s transferred to  a 
vo lu m etric  fla sk  and dilu ted  to  v o lu m e  w ith  h ex a n e. R ea ctio n  
tim es o f  3 0 ,6 0 ,1 2 0 ,2 4 0 ,  and 4 8 0  m in  w e re  tested  to  m a x im iz e  
the e ff ic ie n c y  o f  esterifica tion .

H2 SO4 -T C E  Esterification

T h is procedu re w a s  sim ilar to the m eth o d  u sed  for the for
m ation  o f  M C P P -I  F E  ester, w ith  the ad dition  o f  a 16 h reac
tio n  tim e and the u se  o f  T C E  for  derivatization  o f  M C PP. T h e  
tem perature w a s  in creased  to  60°C  for 3 0 , 6 0 , and 120  m in  to  
co n firm  the c o m p le tio n  o f  the reaction .

PFB Esterification

A  m o d ifica tio n  o f  the m eth od  p resen ted  b y  A g em ia n  and  
C hau (1 1 ) w a s  u sed . O n e m illiliter  o f  the M C P P  sto ck , 0 .2  m L  
P F B  (1%  v /v ) , and 2  drops o f  aq u eou s p otassiu m  carbonate
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(30%  w /v )  so lu tio n s  w ere  added  to  a 10  m L  via l. T h e ca p p ed  
v ia l w a s  v ig o ro u s ly  shaken  for  1 m in , and the reaction  occurred  
at ro om  tem perature for 3 0  m in . F o llo w in g  the reaction , 2  m L  
h ex a n e , 1 m L  aq u eou s saturated N a C l, and 4  m L  d e io n ized  
w ater w ere  added  to  th e  v ia l. T h e so lu tion  w a s  shak en  v ig o r
o u s ly  fo r  1 m in , then 1 m L  o f  the h ex a n e  la y er  w a s  transferred  
to  a  v o lu m etric  fla sk  and d ilu ted  to  v o lu m e  w ith  h exan e.

S ev era l reaction  p eriod s w e re  tested  to  determ in e the m o st  
e ffic ie n t  co n d itio n s  for  form in g  the P F B  derivative.

Extraction o f Fortified Soil Leachate Samples

T h e so il lea ch ate w a s  ob ta in ed  from  ly sim eters  con stru cted  
in  the g reen h o u se  (1 3 )  and  f ille d  w ith  a rootin g  m ix  o f  s a n d -  
sp h agn u m  p ea t m o ss  (8 5  +  15). T h e ly sim eters  su btended  
grow th  b o x e s  that co n ta in ed  ‘T ifd w a r f  ’ berm udagrass (Cyno- 
don dactylon [L] Pers. X  C. transvaalensis B u rtt-D avy). S o il 
leach ate w a s fortified  u s in g  the sto ck  so lu tion  o f  M C P P  to  g iv e  
a final con cen tration  o f  5 p g /L . T h e th orou gh ly  m ix ed  so lu tion  
w a s filtered  u s in g  W h atm an  (H illsb oro , O R ) filter  paper 
(G F /A ) and h o m o g en ize d  for  3 0  m in  b efo re  extraction .

A 1 0 0  m L  aliquot o f  the fortified  lea ch ate w a s  a c id ified  w ith  
2  m L  con cen trated  H 2S 0 4 to  c a  p H  1. T h e lea ch ate w a s  stirred  
u n iform ly , transferred to  a 2 5 0  m L  separatory fu n n el, and e x 
tracted 3 tim es  w ith  5 0  m L  aliq u ots o f  d ieth y l ether. T h e d ieth y l 
ether ex tracts w ere  saved . T h e  co m b in ed  eth er extracts w ere  
d eh ydrated  o v e r  N a 2S 0 4 and con cen trated  to c a  3  m L  b y  u sin g  
a K u d em a -D a n ish  (K -D ) apparatus (S U P E L C O , Inc., B e lle -  
fon te , P A ) in  a 6 0°C  w ater bath. T h e K -D  tube and 3 -b a ll S n y 
d er co lu m n  w e re  rin sed  3 tim es  w ith  2  m L  d ieth y l ether, and  
the rinsate w a s  dried  under a  stream  o f  n itrogen . T h e extracted  
M C P P  w a s ester ified  accord in g  to  the m eth od s p rev io u sly  d e
scribed.

R esults and D iscussion

T h e m eth yla tio n  o f  M C P P  b y  B F 3-m e th a n o l (6 ), d ia 
zo m eth a n e  (5 ), and H 2S 0 4-m e th a n o l m eth od s w ere  carried  
out. T h ere has b een  n o report on  the m eth y la tio n  o f  M C P P  w ith  
H 2S 0 4-m e th a n o l. H o w ev er , the re la tive resp o n se  (R R ) valu e, 
the p ea k  area o f  an a lyte  per p ea k  area o f  internal standard, for  
the product from  the H 2S 0 4-m e th a n o l m eth od  w a s co m p ara
b le  to  m eth y l-M C P P  form ed  accord in g  to  the B F 3-m e th a n o l  
m ethod . D u rin g preparation, the sam e reaction  tim e (3 0  m in ) 
but d ifferent reaction  tem peratures w ere  u sed  to  determ in e the 
op tim u m  reaction  tem perature for ea ch  m eth od . T h e syn th e
s iz e d  esters and a certain con cen tration  o f  m eth y l-2 ,4 ,5-T , the  
internal standard, w ere  in jected  in to  the G C -M S D  sy stem  to  
v e r ify  the product and q u an tify  the e ff ic ie n c y  o f  the ester ifica 
tion  m eth od . T h e  product w a s  id en tified  b y co m p arison  o f  the 
m ass spectra w ith  the resp ectiv e  spectra in  a referen ce library 
(G 1 0 3 4 C  M S  C h em S tation , H ew lett-P ack ard ). D a ta  from  the 
total ion  ch rom atogram  (T IC ) o f  M S D  are p resen ted  in  T able 1. 
T h e R R  v a lu e  w a s  determ in ed  from  the ratio o f  the peak  areas 
o f  m eth y l-M C P P  to  m eth y l-2 ,4 ,5-T . T h e data in d icate that the 
m eth yla tion  o f  M C P P  reach ed  an op tim u m  at room  tem pera
ture (T able 1). In creasin g  the tem perature from  room  tem pera
ture to  60°C  during m eth yla tio n  b y  the B F 3-m e th a n o l m eth od

Table 1. Comparison of the RR values for different 
reagents of the méthylations of MCPPa

Tem perature , °C  B F 3-m eth an o l D iazo m eth an e  H 2S 0 4-m eth ano l

23 3 .2 3  (± 0 .1 9 ) 4 .7 4  (± 0 .07) 4 .5 9  (± 0 .09)

60 4 .7 3  (± 0 .07) 4 .7 2  (± 0 .04) 4 .2 7  (± 0 .11)

80 4 .6 5  (± 0 .02) 4 .7 7  (± 0 .08) 4.21 (± 0 .1 2 )

100 4 .6 8  (± 0 .08) 4 .4 8  (± 0 .1 0 ) 4 .1 0  (± 0 .1 8 )

a R R  (from the T IC )  = p eak  a re a  of analyte/peak  a re a  of 
m ethyl-2,4 ,5 -T  (internal stand ard). R R  v a lu e s  a re  the a v e ra g e  of 
4  repeat experim ents ± stand ard  deviation.

im p ro ved  the m eth yla tio n  e ffic ien cy . Further in creases  in  tem 
perature d id  not in flu en ce  e f f ic ie n c y  o f  th is m eth od , and in 
creasin g  the tem perature a b o v e  ro om  tem perature d id  n ot im 
p ro ve the e ff ic ie n c y  o f  ester ifica tio n  b y  the d ia zo m eth a n e or 
H 2S 0 4-m e th a n o l m eth od s. T h e h igh er tem peratures resu lted  
in  the form ation  o f  sid e-p rod u cts for  the H 2S 0 4-m e th a n o l  
m ethod . In creasin g  the tem perature a b o v e  ro om  tem perature  
fo r  the d iazom eth an e m eth od  resu lted  in  crysta lliza tion  in  the 
so lu tion , w h ich  co u ld  p rod u ce an e x p lo s io n  (1 4 ). A cco rd in g  to  
the resu lts sh o w n  in T able 1, w e  co n c lu d e d  that the 3 m eth od s  
can  b e  ap p lied  su c c e ss fu lly  for  th e  m eth y la tio n  o f  M CPP.

A lth o u g h  the m eth y la tio n  o f  M C P P  co u ld  b e  acco m p lish ed , 
the resp o n ses o f  the resp ectiv e  M C P P  d er ivatives  to  E C D  
m easu rem en t w ere  not ad eq u ately  sen sitiv e  for  our in ten d ed  
u se. T h e lo w  sen sitiv ity  o f  the m eth y l-M C P P  resp o n se  in  G C -  
E C D  is p robably  d u e to  the lo w  e lectron  w ith d raw in g  ca p acity  
o f  the fun ction a l groups. T h e m u ltih a lid es co n ta in ed  in  T FE , 
T C E , and P F B  a lc o h o ls  co u ld  m ak e a m ajor d ifferen ce  in  the  
resp o n se  o f  the d er ivative w ith  M C P P  co m p ared  to  the m eth y l-  
M C P P  w h en  u sin g  G C -E C D  d eterm ination  (1 0 ). T FE -M C PP , 
T C E -M C P P , and P F B -M C P P  w ere  su c c e ss fu lly  d e v e lo p e d  at 
ro om  tem perature and the d er ivatives  w ere  co n firm ed  b y  G C -  
M S D . F igure 1 p resents the T IC s for  the d er ivatives  o f  M CPP. 
Iden tification  o f  the co m p o u n d s w ere  b a sed  on  the m olecu lar  
p ea k  and certain m ajor p eak s in c lu d ed  in  the corresp on d in g  
m ass spectra (T able 2 ). T h e internal standard, m eth y l-2 .4 ,5 -T , 
had a retention  tim e o f  11 .30  m in  and w a s w e ll  separated  from  
all M C P P  d er ivatives (F igu re 1). A ll  b a se  p ea k s for  the M C P P  
d er ivatives w ere m /z  169, w h ich  rep resen ted  (± )-2 (4 -ch lo ro -2 -  
m eth y lp h en oxy jp rop an e (d eca rb ox y la ted  M C P P ). T h e  m o 
lecu lar io n s  m atch ed  the ca lcu la ted  m o lecu la r  w e ig h t for the 
resp ectiv e  M C P P  d erivatives. F igu re 2  p resents the m a ss sp ec-

Table 2. Molecular peak and base peak of herbicide 
esters in mass spectra
E ste r M olecular p eak  (m/z) M ajor p e a k s  {m/z)

M eth yl-M C PP 228 169a, 1 4 2 ,1 0 7

T F E - M C P P 296 1 6 9 ,141a, 107

T C E - M C P P 346 169a, 142, 107

P F B - M C P P 394 181, 1 6 9 a, 142

a B a s e  peak  in the spectrum .



1080 Lee Et Al.: Journal Of AO AC International Vol. 77, No. 5,1994

Figure 1. Total ion chromatograms of (A) TFE-MCPP, 2 mg/L; (B) methyl-MCPP, 2 mg/L; (C) methyl-2,4,5,-T, 
1 mg/L; (D) TCE-MCPP, 2 mg/L; and (E) PFB-MCPP 2 mg/L.

Figure 2. Mass spectrum of TFE-MCPP ester.
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Table 3. Comparison of the RR values for different 
reagents of the esterifications of MCPPa
T im e , min T C E T F E P F B

30 0 .4 2  (± 0 .02) 3 .3 6  (± 0 .04) 3 .5 5  (± 0 .3 1 )
60 1 .55  (± 0 .0 2 ) 5.61 (± 0 .1 0 ) 7 .1 0  (± 0 .1 2 )
120 2 .1 6  (± 0 .0 4 ) 7 .0 6  (± 0 .1 6 ) 9.01 (± 0 .11)
240 3 .6 0  (± 0 .2 1 ) 6 .9 4  (± 0 .23) 9 .7 0  (± 0 .30)
480 5.31 (± 0 .11) 7 .0 7  (± 0 .20) 9 .6 0  (± 0 .1 9 )
960 5 .5 7  (± 0 .05) — —

a R R  (from the T IC )  = p eak  a re a  of analyte/peak a re a  of 
m ethyl-2,4 ,5 -T  (internal standard). R R  v a lu e s  are  the a v e rag e  of 3 
repeat experim ents, ± stand ard  deviation.

trum  o f  T F E -M C P P . T h e m ajor ion s o n  the spectru m  are as 
fo llo w s: m/z 2 9 6  (m olecu lar  ion ), mJz 169  (M C P P -T F E  le ss  
I E E -ca rb o x y lic  io n ), m/z 141 and 142  (M C P P -T F E  le ss  eth yl 
T F E -ca r b o x y lic  io n ), m/z 107  (m/z 142  le s s  C l io n ), m/z 125  
and 83  ( LEE io n  fragm en tation ), and m/z 7 7  (M C P P  ion  frag
m en tation ). A cco rd in g  to  the a b o v e  descr ip tion , the product is 
M C P P -T F E . T h e ester ifica tio n  w a s  p ro cessed  s im p ly  and 
w ith ou t u se  o f  co m p lica ted  eq u ip m en t.

D ifferen t reaction  tim es w ere  carried out during the prepa
ration to  determ in e an o p tim u m  reaction  period . T able 3 lists  
the re la tiv e  resp o n ses o f  T C E -M C P P , T F E -M C P P , and P F B -  
M C P P  b y  u s in g  m eth y l-2 ,4 ,5 -T  as the internal standard for d e 
term ination  o f  th e  R R  v a lu es. T h e T F E -M C P P  esterifica tio n

reaction  reached  m a x im u m  at 2  h. P F B -M C P P  required about 
4  h to  reach a reaction  m a x im u m , and T C E -M C P P  reaction  
required m ore than 8 h to  reach  a m axim u m . T h e saturated state  
w a s co n firm ed  b y  in creasin g  reaction  tem perature to  6 0°C  dur
in g  the M C P P -T C E  preparation.

T h e sen sitiv ity  o f  M C P P  esters to  G C -E C D  w a s in v e sti
gated  (F igure 3). T h e tem perature program  d escr ib ed  m Appa
ratus for  T F E  esters w a s  u sed  for  th is m ixture. T h e separation  
and retention  tim e o f  the products w ere  a ccep tab le , ex cep t for  
T C E -M C P P  and P F B -M C P P  (F igu re 3 , p ea k  C ), and th ese  
an a ly ses  w ere  co n d u cted  in d iv id u ally .

T he relative detection  lim its w ere obtained b y  the m easure
m ent o f  each  M C P P  derivative (1 0 0  p g /L ) w ith  G C -E C D . T he  
results g iven  in Table 4  w ere com pared b y setting the response o f  
m ethyl-M C P P  as 1. A s  expected , PFB  and T C E  derivatives re
sulted in higher detector responses com pared w ith  the other esters. 
T F E -M C P P  w as not as sensitive as the PFB  and T C E  derivatives 
o f  M CPP. H ow ever, it resulted in about 100 tim es greater response  
than m ethyl-M CPP. T h e estim ated lim it o f  detection  for M C P P -  
T F E  w a s 2  p g (2  p L  injection o f  1 (ig /L  sam ple).

T h ese  resu lts in d ica te  that the 3 m eth o d s for esterifica tio n  
o f  M C P P  (T EE, T C E , and P F B ) are superior to  d iazom eth an e  
m eth yla tion . W e tested  th ese  m eth o d s for  d eterm in in g  M C P P  
in  a  so il lea ch ate and for form in g  p roducts that w ill  interfere  
during G C -E C D  an a ly ses. C on cen tration  resp o n se  cu rves  
w ere  d ev e lo p e d  for  T F E -M C P P , T C E -M C P P , and P F B -  
M C P P  b y  u s in g  m eth y l-d ica m b a  as the internal standard for

Figure 3. Gas chromatogram of MCPP derivatives (A) 100 pg/L TFE ester; (B) 500 pg/L methyl ester; and 
(C) 25 pg/L TCE and PFB esters.
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Table 4. The sensitivity of MCPP derivatives measured 
by G C-ECD 3

E ste r P e a k  a re a  integration
P e a k  height 
integration

M eth yl-M C PP 1 1

T F E - M C P P 80 140

T C E - M C P P 660 700

P F B - M C P P 1130 1240

Estim ated  m inimum detection: 1.0 ppb x  2 p L  injection f o r T F E  
derivatives. D ata  obtained from the co m pariso n  of the re sp o n se s  
of 100 ppb sa m p le s .

T F E -M C P P  and m eth y l-2 ,4 ,5 -T  for T C E -M C P P  and P F B -  
M CPP. T h e d ifferent internal standards w ere  u sed  for the c o n 
v e n ie n c e  o f  m easurem ent. T h e tem perature program  co n d i
tion s during ch rom atography w ere  se lec te d  to  obtain  product 
p ea k s w ith ou t in terference. T h e R R  v a lu e  w a s  lin ear o v er  the 
con cen tration  range o f  5 .0  to  2 5 0  p g /L  (R 2 >  0 .9 9 )  for  a ll co n -

centration  resp o n se  cu rves (cu rv es not in clu d ed ). F ortified  
(5  p g /L ) so il  leach ate w a s u sed  for testin g  th e  derivatizin g  
m eth od s. D ifferen t reaction  tim es  w ere  u sed  to en su re reaction  
op tim iza tio n . T F E -M C P P  and T C E -M C P P  esters  w ere  d e v e l
o p e d  at a tem perature o f  60°C  for 2  h. P F B -M C P P  ester  w a s  
reacted  for 8 h  at ro o m  tem perature. F igu re 4  sh o w s  the ex trac
tion  resu lts o f  100  m L  sp ik ed  (F igu res 4 A  and 4 C ) and non -  
sp ik ed  b lank  (F ig u res 4 B  and 4 D )  so il leach ates. T h e sca le  in  
F igures 4 A  and 4 B  is  10 tim es sm aller  than their real va lu es. 
M C P P -P F B  (F igu re 4 A )  g a v e  a very  strong resp o n se  (about 
120%  reco v ery ) to  E C D . H o w ev er , th is m eth od  resu lted  in nu 
m erous fo re ig n  p eak s o n  the chrom atogram . T h is e v id e n c e  w a s  
a lso  sh o w n  in F igu re 4 B , w h ich  w o u ld  require a  clean u p  pro
ced u re b efo re  it co u ld  b e  re liab ly  u sed . T h e T C E -M C P P  
m ethod gav e  sim ilar results (data not sh ow n ). F igure 4 C  show s  
the results o f  the T F E -M C P P  m ethod for deri vatization o f  M C P P  
in so il extract. T h e chrom atogram  indicates a g o o d  peak separa
tion w ith  n o  interference from  peaks o f  foreign  substances in  the  
leachate. T h e average recovery w as above 90%  from  soil leachate.

Figure 4. Gas chromatograms of soil leachate samples: (A) 100 pg/L methyl-2,4,5-T, retention time 2.50 min (*);
250 pg/L PFB-MCPP, retention time 4.65 min (**); (B) leachate with PFB only; (C) 250 pg/L TFE-MCPP, retention time 
4.81 min (*); 100 pg/L methyl-dicamba, retention time 5.52 min (**); and (D) leachate with TFE only.
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C om pared w ith  the T C E  and PFB  m ethods for esterifying  
M CPP, the THE m ethod resulted in  slightly less m olecular re
spon se in  the E C D  but resulted in  a m uch  cleaner chrom ato
gram.

A cco rd in g  to  the preparation p roced u re and resid u e esteri
fica tio n  resu lts d escr ib ed  ab o ve, a m eth o d  has b ee n  d ev e lo p e d  
for  an a ly zin g  M C P P  in  so il leach ate. T h e T E E  m eth od  is  s im 
p le , sa fe , e c o n o m ic a l, and h as a lo w  d etection  lim it (< 2  p g  b y  
G C -E C D  an a lysis).
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Particle Concentration Fluorescence Immunoassay for 
Determination of Tylosin in Premix, Feeds, and Liquid Feed 
Supplement: Comparison with Turbidimetric Assay
A l a n  L. W ic k e r , D a n ie l  H. M o w r e y , D a n ie l  J. S w e e n e y , a n d  M a r k  R. C o le m a n
L illy  R e se a rch  L ab orato ries, A  D iv is io n  o f  E li L illy  &  C o ., 2 0 0 1  W est M ain  St, G r een fie ld , IN  4 6 1 4 0 -0 7 0 8
D e b o r a h  K . M o r r is  a n d  C a th er ine  L . B r o c k u s
In tern ation al D ia g n o s t ic  S y s te m s  C orp ., P O  B o x  7 9 9 , S t. Josep h , M I 4 9 0 8 5

A rapid, competitive particle concentration fluores
cence im m unoassay (PCFIA) for the determination 
of tylosin (Tylan) concentrations in extracts of pre
mix, feeds (cattle, chicken, and swine), and liquid 
feed supplement is described. Tylosin-p -phyco- 
erythrin conjugate, tylosin standard or diluted sam 
ple extracts, and rabbit anti-tylosin antibody are in
cubated for 1 5  min in PC FIA  plates. Rabbit 
anti-tylosin antibody is then captured, during a 
15  min incubation, with goat anti-rabbit antibody 
that is  attached to latex beads. A ssa y  plates are 
washed to remove unbound tylosin-p -phyco-

erythrin and unbound, free tylosin. Fluorescence is  
measured with a fluorimeter. Tylosin concentration 
is inversely proportional to the p-phycoerythrin 
fluorescence signal. The method, evaluated and 
validated with an IDEXX Screen Machine, show s  
high specificity with regard to com pounds ex
pected to be found in the presence of tylosin, and 
results correlate well with traditional turbidimetric 
a ssa y  results. Hydrolysis of TU A  (tylosin-urea ad
duct), necessary with m icrobiological methods, 
and cleanup of extracts beyond filtration are unnec
essary with the P C FIA  for tylosin.
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T y lo s in  is  ty p ica lly  a ssa y ed  b y  m ic r o b io lo g ica l (1 )  or tur- 
bid im etr ic  m eth o d s ( 2 - 7 ) .  E n zy m e  im m u n o a ssa y s  for  
d etectio n  o f  co m p o u n d s u sed  in  treatm ent o f  an im als  

and co m p o u n d s o f  in terest in  the fo o d  industry h a v e  b ee n  re
ported (8 -1 6 ) . P C F IA  (particle concentration flu orescen ce im m u
n oassay) has a lso  b een  u sed  for the detection  o f  gentam icin  (17).

T h e P C F IA  for  ty lo s in  h as 5 m ajor ad v an tages o v er  m icro
b io lo g ic a l m eth od s. (7 )  P C F IA  d o e s  n ot require the e x te n siv e  
sa m p le  p ro cess in g  n ecessa ry  w ith  m icro b io lo g ica l m eth od s
(7). E xtraction  and filtration  are su ffic ien t w ith  P C F IA . M icro 
b io lo g ic a l m eth od s require the u se o f  ac id ic  a lu m in a  and, for  
lo w -le v e l sam p les , so lid -p h a se  ex traction  w ith  C 18 (7 ). (2 )  H y 
d ro lysis  o f  ty lo s in -u r e a  adduct (T U A ) prior to  a ssay  b y  m icro
b io lo g ic a l m eth od s (1 8 )  is  not n ecessa ry  w ith  P C F IA . T ylosin  
in  the p resen ce  o f  urea w ill  fo rm  an adduct, w h ich  has very  
little  an tim icrob ia l ac tiv ity  (1 8 ). H y d ro ly s is  o f  extracts from  
sa m p les  co n ta in in g  urea (7 , 8 ) is  n ecessa ry  to  free ty lo s in  for  
d etec tio n  b y  m ic r o b io lo g ica l assay. P C F IA  d o e s  n ot require h y 
d ro ly sis, b ec a u se  the m o lecu la r  structure o f  T U A  a llo w s  it to  
react w ith  the an ti-ty lo sin  antibody. (3) E v en  w ith  the rev ised  
turbidim etric assay  (7 ), the p oten tia l e x is ts  for co m p o u n d s and  
m aterials to  a ffec t m icrob ia l grow th  and the resu ltin g  p oten cy  
d eterm inations. P C F IA  sp ec ific ity , w ith  resp ect to  the c o m 
p ou n d s and m aterials ev a lu ated , is  q u ite g o o d . (4 ) A g a r plate  
m icr o b io lo g ica l a ssa y s require o vern igh t in cu b ation  (1 ), and  
turbidim etric m ic r o b io lo g ica l a ssa y s require 3 V2 to  5 h  o f  in 
cu b ation  (2 - 7 ) .  P C F IA  requires ap p rox im ately  4 5  m in  for 
1 p late  (ap p rox im ately  1 .75  h for 4  p lates). (5 )  T h e  P C F IA  
w o rk in g  range is  1.8 to  1 8 0  n g /m L  (ca lib ration  cu rve  range, 
0 .0 1 8  to  5 6 0  n g /m L ). T h e resp o n se  ran ge for  m icr o b io lo g ica l 
plate a ssay  is  ty p ica lly  0 .2 5  to  2  p g /m L  (1). M icro b io lo g ica l 
A utoturb a ssay  resp o n se  range ( 2 - 7 )  is  ty p ica lly  2  to  5 p g /m L .

E x istin g  sam p le  extraction  m eth od  (6 , 7 )  is  u tilized . A  m in i
m u m  1:10 d ilu tion  o f  ex tracts is  required to a v o id  the e ffe c ts  o f  
m eth an o l and/or m atrixes. S p e c if ic ity  ev a lu a tio n  in d icates n o  
in terferen ce from  m o n en sin , narasin, or su lfam eth azin e  c o n 
centrations 2  tim es  h igh er  than the h ig h est le v e l e x p ec ted  to  b e  
fo u n d  in  the p resen ce  o f  ty lo sin . H o w ev er , tilm ico s in  (M ico til), 
a m acrolid e, d o e s  interfere, as m ig h t b e  ex p ected .

M ETHOD

A pparatus

(a )  Screen Machine.— P C F IA  instrum ent (ID E X X  C orp.).
(b ) Assay plates.— C ellu lo se  acetate, 0 .2  p in  (ID E X X  Corp.).
(c )  Gyratory shaker.— N e w  B m n sw ic k  S c ie n tific , M o d el 

G -3 3 , or eq u iva len t.
(d ) Filter paper.— W hatm an N o . 4 , or equivalent; Sch leicher  

and S ch u ell prepleated filters N o . 5 8 8 , or equivalent.
(e )  Autoturb (automated microbiological turbidimetric) 

system .— M icro b io lo g ica l a ssay  sy ste m  (M itch u m -S ch aefer , 
In c.) in c lu d in g  d ilu ter m o d u le , w ater bath (37°C ), and reader  
m od u le .

(f) Water baths.— 9 5 °  to  9 9°C  for  h y d ro ly sis  o f  T U A  and 
80°C  (or steam  sterilizer) for  in activ ation  o f  m icrob ia l grow th ,

(g) Filters, 0.5 pm .— C am eo (Fisher Scientific), or equ ivalent

Safety

U s e  appropriate p ro tective eq u ip m en t and tech n iq u es to  
a v o id  inhalation  and d irect con tact w ith  the reagen ts, m aterials, 
and m icroorgan ism s.

Reagents

(a) Solvents.— R eagen t grade m ethanol, concentrated phos
phoric acid, concentrated sodium  hydroxide, d eion ized  water, and  
water from  a M illi-Q  U F  Plus water treatment system .

(b) Phosphate buffers, 0.1M.— Prepare pH  8 and 7  p h o s
phate b u ffers accord in g  to 42.204(b) and (c), re sp e c tiv e ly  (2).

(c) Autoturb extraction solution.— M eth a n o l-p h o sp h a te  
bu ffer (pH  8) (1 +  1, v /v ).(d) PCFIA assay buffer, 0.02M.— A d d  2 .8 8  g  p otassiu m  
p h osp h a te d ib asic  anhydrous, 0 .4 7 3  g  p otassiu m  phosphate  
m o n o b a sic  anhydrous, 8 .1 8  g  so d iu m  ch lo rid e, and  0 .5  m L  
T w een  2 0  to 1 .0  L  M illi-Q  U F  P lu s water.

(e) Chromatographic phases.— A lum ina W oelm  A , Akt. 1 
(acid ic alum ina) and Sep-P ak C l8 cartridges (W aters A ssociates).

(f) Tylosin stock reference standard solution.— D ry refer
e n c e  standard (ty lo s in  b ase, E li L illy  and C o .)  for  3 h  at 60°C  
in  a vacu u m  o v en . A ccu ra te ly  w e ig h  dried standard to  obtain  
1 0 0 0  p g  ty lo s in  a ctiv ity  per m L . D is s o lv e  in  m ethanol (1 m L  
m eth a n o l/1 0  m g  standard) and d ilu te  to  v o lu m e  w ith  pH  7 
p h osp h a te buffer.

(g ) Standard solutions fo r  PCFIA.— O n the d ay  o f  assay, 
d ilu te the sto ck  10 0 0  p g /m L  ty lo s in  standard so lu tion  w ith  
P C F IA  assay  bu ffer to  obtain  so lu tio n s w ith  ty losin  con cen tra
tion s o f  5 6 0 , 180 , 5 6 , 18, 5 .6 , 1.8, 0 .5 6 , 0 .1 8 , 0 .0 5 6 , and  
0 .0 1 8  ng/m L .

(h ) Standard solutions fo r  Autoturb assay o f samples con
taining no urea.— O n the d ay  o f  assay, p ip et 10 m L  o f  the stock  
1 0 0 0  p g /m L  ty lo s in  standard so lu tion  in to  a 100  m L  vo lu m et
ric flask . F ill to  v o lu m e  w ith  ex traction  so lu tio n , and m ix  thor
o u g h ly  (con cen tration , 100  p g  ty lo s in  a ctiv ity  per m L ). P re
pare ch rom atograp h ic co lu m n  w ith  c a  3 0  m L  ac id ic  a lum ina, 
pou r c o n ten ts  o f  v o lu m etric  fla sk  o v e r  co lu m n , and c o lle c t  the 
efflu en t. D ilu te  w ith  ex traction  so lu tion  to obtain  so lu tion s  
w ith  ty lo s in  con cen tration s o f  2 , 3 ,4 ,  and 5 p g  ty lo s in  activ ity  
p er m L.

(i) Standard solutions fo r  Autoturb assay o f  samples con
taining urea.— Prepare a so lu tion  w ith  100  p g  ty lo s in  activ ity  
p er m L  as in d icated  in (h ). P ip et 2 5  m L  co lu m n  e fflu en t in to  a 
1 5 0  m L  beaker and add 2 5  m L  pH  8 p h osp h a te buffer. A d ju st 
p H  to 5 .5  ±  0 .2  w ith  con centrated  p h osp h o ric  ac id  and p lace  in  
a w ater bath at 9 5 ° -9 9 °C  for 1 h. L et so lu tio n  equilibrate to 
ro om  tem perature and adjust p H  to  8 .0  ±  0 .1  w ith  sod iu m  h y 
droxid e. T ransfer co n ten ts o f  beaker in to  a vo lu m etric  fla sk  
(e .g ., 2 5  m L ), r in se beak er w ith  ex traction  so lu tion , and add  
rinsing to  flask. F ill the flask  to vo lu m e with extraction solution. 
D ilu te w ith extraction solution to obtain solutions w ith tylosin  
concentrations o f  2, 3 ,4 ,  and 5 p g  ty losin  activity per mL.(j) Microorganism and media.— M aintain  Staphylococcus 
aureus A T C C  9 1 4 4  on  A n tib io tic  M ed iu m  1 slants. U s e  a lo o p 
fu l from  slants to in ocu la te  D ifc o  A n tib io tic  M ed iu m  3. In cu 
b ate for 1 6 -1 8  h at 37X 1 o n  a gyratory shaker to  ob ta in  in o cu -
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lum . O n th e  d ay  o f  an a lysis , filter  A n tib io tic  M ed iu m  3 w ith  
S ch le ich e r  and  S ch u e ll prep leated  filter  paper N o . 5 8 8  to  re
m o v e  p articu lates from  m ed ia . A d ju st the p H  o f  m ed iu m  to  8 .0  
± 0 .1 .  In ocu la te  A n tib io tic  M ed iu m  3 w ith  c a  2 0  m L  in o cu -  
lu m /L . D ilu te  sa m p les  and standards w ith  10 m L  in ocu la ted  
A n tib io tic  M ed iu m  3 b y  u s in g  th e  A utoturb autom ated  turbidi- 
m etric sy s te m  (1 9 ).

(k) PCFIA reagents.— T ylosin -(3 -p h ycoeryth rin  co n ju 
gate, rabbit an ti-ty lo s in  antibody, and la tex  b ea d s w ith  goa t  
anti-rabbit an tib od y (International D ia g n o stic  S y stem s  C orp.).

Preparation o f Samples and Standard Solutions for
PCFIA

E xtracts are prepared b y  p la c in g  the sp e c if ie d  am ou nt o f  
sa m p le  in  a su itab le  container, su ch  as a  M a so n  jar. T h e sp e c i
f ied  am ou nts o f  ex traction  so lu tio n  are added , and the m ixtures  
are ag itated  o n  a  gyratory shaker for  at lea st 1 h. T h e extracts  
are filtered  through N o . 4  W h atm an paper. F o llo w in g  are the  
sa m p le  w eig h t/ex tra ctio n  so lu tio n  v o lu m e  ratios fo r  the d iffer

ent m atrixes: (7 )  P rem ix: E xtract 10 g  sam p le  w ith  2 0 0  m L  e x 
traction  so lu tion . (2 )  F eed , ty lo s in  le v e ls  > 1 0 0  ppm : Extract 
5 0  g  sam p le  w ith  2 0 0  m L  extraction  so lu tion . (3 )  F eed , ty losin  
le v e ls  < 1 0 0  ppm : E xtract 100  g  sa m p le  w ith  4 0 0  m L  extraction  
so lu tion . (4 ) L iq u id  su p plem ents: E xtract 2 0  g  sam p le  w ith  
2 0 0  m L  extraction  so lu tion .

S a m p le  extracts and standard so lu tio n s  are d ilu ted  to  
1 0 0 0  n g /m L  w ith  P C F IA  assay  buffer. T h e 1 0 0 0  n g /m L  so lu 
tion s are filtered  through 0 .5  p m  C a m eo  filters. S a m p le  e x 
tracts and standard so lu tion s are further d ilu ted  to  a ssay  co n 
centration  (1 .8  to  1 8 0  n g /m L ) w ith  P C F IA  assay  buffer  
(F igu re 1). Standard so lu tion s in c lu d e  ty lo s in  co n cen tration s at 
5 6 0 ,1 8 0 ,5 6 ,  1 8 ,5 .6 ,  1 .8 ,0 .5 6 ,0 .1 8 ,0 .0 5 6 ,  and 0 .0 1 8  ng/m L .

Preparation o f Samples and Standard Solutions for
Autoturb Assay

S a m p les for A utoturb a ssay  ( 7 ,1 9 )  are ex tracted  in  the sam e  
m anner in d icated  p rev io u sly  fo r  the P C F IA . A d d itio n a l proc
e ss in g  is , h o w ev er , required  for  A utoturb a ssay  (F igu re 1).

Premix Liquid supplement Feed >100 ppm Feed <100 ppm4 4 410g/2j)0mL 20g/2jX)mL

T
50 g/200 mL 100g/400mL

Premix, samples >100 ppm without urea, liquid supplement, and extracts >10 ppm without urea

Mix, gyratory shaker, 1 h4Filter (No. 4 paper)

AUTOTURB ASSAY  
^  100 mL 

Acidic alumina column

Samples with urea & extracts <10 ppm without urea1 25 mL effluent 
150 mL beaker

itPCFIA
IDilute to 1000 ng/mL4Filter (0.45 micron)

Dilute to 1.8 - 180 ng/mLiAssay
Add 25 mL pH 8 phosphate buffer

1 .1>15 ppmL _ p

Samples containing urea4Adjust pH to 5.5 ±  0.2
„  I9N C water bath, 1 h

cool to room temperature 
Adjust pH to 8.0 ±0.1

<15 ppm

Extracts <10 ppm not containing urea

TQuantitatively transfer 
to volumetric flask

Dilute to M  mcg/mL •*- 

Assay

Prepare Cl 8 Sep-Pak 10 mL methanol and 10 mL phosphate buffer, pH 8
'llConcentrate tylosin 

— Elute tylosin with methanol

Figure 1. Sam ple preparation  of prem ix, liquid supp lem en t, and  feed sam p les  for tylosin A utoturb a s sa y  and  PCFIA.
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Negative Sample Positive Sample

Add sample. 
V  tylosin

Add goat
anti-rabbit antibody 

on latex beads.

Incubate 15 min.

Wash and read. 
Tylosin

concentration is 
inversely 

proportional to 
signal.

Figure 2. Tylosin PCFIA execution.

N = 46 Assays

e'w'

I
£
*8
OX)

a

6.0% jR S D
2.8%  R S D

11.5%  R S D
j........f ........ ] 4.9%  R S D......... l .........

13.4%  R S D  
: 1 : ,

5 6 0 180 5 6 18 5 .6 1.8
Theoretical Concentration (ng/mL)

Figure 3. Tylosin PCFIA range. Variability of calibration curve solutions from 0.56 to 560 ng/mL.

‘20.0%  R S D  

0 .5 6
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Uniformity - 80 individual wells (columns 2 - 1 1 )

Uniformity - replicate sets (20 sets, 4 wells per set, replicate 
pattern derived from rank order evaluations)

Figure 4. Tylosin PCFIA uniformity (precision) of individual well potencies and replicate set potencies derived from 
the same data.

F or sa m p les  co n ta in in g  urea, h y d ro ly sis  is  p erform ed  to  free  
the ty lo s in  so  it is  m ic r o b io lo g ica lly  a c tiv e  (1 8 ). E xtracts o f  
u rea-con ta in in g  sa m p les  are h yd ro lyzed , after the p H  is ad
ju sted  to  5 .5  ±  0 .2  w ith  p h osp h oric  acid , for 1 h at 9 5 ° -9 9 °C .  
A fter eq u ilibration  to ro om  tem perature, the pH  o f  the hydro
ly z ed  so lu tion s are adjusted  to  8 .0  ±  0 .1  w ith  so d iu m  h yd rox
ide. E xtracts w ith  ty lo s in  co n cen tra tio n s greater than 15 ppm  
are d ilu ted  to  3 .0  to  4 .0  p g /m L  w ith  pH  8 p h osp h ate b uffer for  
assay. E xtracts w ith  ty lo s in  con cen tration s le ss  than 15 p p m  are 
co n cen tra ted  through C 18 cartridges. T h e C 18 cartridges are 
co n d itio n ed  w ith  10 m L  m eth an o l fo llo w e d  b y  10 m L  p H  8 
p h osp h a te buffer. T h e p H  8 extracts are p assed  o v e r  the c o n d i
tion ed  C |8 cartridges, and the e fflu en t is  d iscarded . T y lo s in  is  
elu ted  from  the cartridges w ith  m eth an o l then d ilu ted  to  3 .0  to
4 .0  p g /m L  w ith  p H  8 p h osp h ate buffer for  assay.

E xtracts o f  sa m p les  n o t co n ta in in g  urea are not h yd rolyzed . 
P rem ix extracts, ex tracts o f  sam p les  co n ta in in g  ty lo s in  at 
> 1 0 0  ppm , liqu id  su p p lem en t extracts, and ex tracts co n ta in in g  
ty lo s in  at > 1 0  p p m  are d ilu ted  to  3 .0  to  4 .0  p g /m L  for  assay

w ith  pH  8 p h osp h ate buffer. E xtracts co n ta in in g  ty lo s in  at 
< 1 0  p p m  are con cen trated  throu gh  C 18 cartridges. E fflu en t 
from  the ac id ic  a lu m in a  co lu m n  is d ilu ted  w ith  p H  8 ph osp h ate  
bu ffer (2 5  m L  +  2 5  m L ). T h e C )8 cartridges are co n d ition ed  
w ith  10 m L  m eth an o l fo llo w e d  b y  10 m L  pH  8 p h osp h a te b u ff
er. T h e d ilu ted  ac id ic  a lu m in a  co lu m n  efflu en t is  p assed  over  
the c o n d ition ed  C 18 cartridges, and the efflu en t is  discarded. T y
lo sin  is  e lu ted  from  the cartridges w ith  m eth an o l and then d i
lu ted  to  3 .0  to  4 .0  p g /m L  w ith  pH  8 p h osp h ate bu ffer for  assay.

Particle Concentration Fluorescence Immunoassay

P C F IA  is p erform ed in sp ec ia l a ssay  p lates w ith  0 .2 2  p m  
c e llu lo se  acetate  m em b ran es in  the b ottom  o f  ea ch  w e ll. T he  
plates h a v e  a ch am b er b e lo w  the w e lls  to  fa c ilita te  ev acu ation  
o f  liq u id  from  the w e lls  under v acu u m . T h e w e lls  are arranged  
in  standard m icrotiter p late form at (8  ro w s x  12 co lu m n s). T h e  
ty lo s in  P C F IA  w a s va lid ated , b y  c o m p arison  w ith  A utoturb as
say, b y  u sin g  an ID E X X  S creen  M ach in e . A fter  addition  o f  
standard and sam p le  so lu tio n s to  a ssa y  p la tes  (2 0  p L /w e ll) , the
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Table 1. Tylosin PCFIA specificity: correlation 
coefficients of potencies from tylosin calibration curve 
solutions and tylosin calibration curve solutions 
assayed in the presence of monensin, narasin, or 
sulfamethazine3

Tylosin
Tylosin and 
monensin

Tylosin and 
narasin

Tylosin and 
sulfameth

azine

Tylosin 
Tylosin and 
monensin

1.000

0.998 1.000
Tylosin and 
narasin 1.000 0.999 1.000
Tylosin and 
sulfameth
azine 1.000 0.999 1.000 1.000

Data are correlation coefficients. Compound concentrations: 
tylosin, 8 g/ton; monensin, 60 g/ton; narasin, 144 g/ton; 
sulfamethazine, 200 g/ton.

plates are p laced  in  a S creen  M ach in e  for p ro cessin g . A ll assay  
reagen ts (2 0  p.L ea ch  per w e ll)  are added  b y  the S creen  M a 
ch in e . Incubation , w a sh in g , and read ing a lso  are p erform ed b y  
the S creen  M ach in e .

D o se d  p lates are p la ced  in  a S creen  M a ch in e  w h ere  t y lo s in -  
(3-phycoerythrin co n ju gate  is  added  to ea ch  w e ll , im m ed ia te ly  
fo llo w e d  b y rabbit a n ti-ty losin  antibody. D u rin g a 15 m in  in cu 
bation , free ty lo s in  and ty lo s in -p -p h y co ery th r in  co n ju gate  
co m p ete  to  react w ith  the rabbit a n ti-ty losin  antibody. A  m ix 
ture o f  la tex  b ead s w ith  goa t anti-rabbit antibod y attached and 
referen ce p articles (particles w ith  flu orescen t d y e  attached) is  
then added  to ea ch  w e ll. R e feren ce  p artic les are u sed  to  c o m 
p en sate for  the S creen  M a ch in e  p ip ettin g  and/or read ing vari
ability. D u rin g a 15 m in  incu bation , rabbit an ti-ty losin  anti
b o d y  is  captured b y  the goa t anti-rabbit an tib od y attached to  the 
la tex  bead s. T h e liq u id , co n ta in in g  unbou n d  ty lo s in  and un 
bou n d  ty lo s in -P -p h y co ery th r in  co n ju gate , is  then rem o v ed

through the m em b ran es and lo w e r  p late ch am b er to w a ste  b y  
vacu u m . E ach  w e ll  is  w a sh ed , w ith  the w a sh  so lu tion  b ein g  
lik e w ise  rem o v ed  through the m em b ran es and lo w er  p late  
ch am b er to w a ste  b y  vacu u m . T h e latex  b ea d s, w ith  the at
tach ed  g o a t anti-rabbit an tib od y and captu red rabbit anti-ty
lo s in  antibody, are retained w ith in  the w e lls  o f  the p la tes  T he  
plates are then read, w ith  a fluorom eter; the v a cu u m  is su s 
ta ined  during p late reading to m aintain  the la tex  b ead s in  a 
p ack ed  state for m axim u m  in ten sity  o f  the f lu o rescen ce  sign al. 
T h e p-ph ycoeryth rin  (ty lo s in -P -p h y c o er y th r in  reacted  w ith  
rabbit an ti-ty losin  an tib od y and co n se q u en tly  captured b y  goat 
anti-rabbit an tib od y attached to the la tex  b ea d s) is  ex c ite d  at 
5 4 5  nm , and the em ission  is m easured at 575  nm. T he reference  
particle dye is  ex cited  at 4 0 0  nm , and the em ission  is  m easured at 
4 5 0  nm. E xecution  o f  the assay is  dep icted  in Figure 2.

For ea ch  w e ll , the ratio o f  P -p h ycoeryth rin  co n ju gate  R F U  
(rela tiv e flu o re sc en ce  un its) to  referen ce p article d y e  R F U  is 
ca lcu lated . Standard and sam p le  data are p ro cessed  and an a
ly z e d  to  q uan tify  the le v e l o f  an a lyte present in  test sa m p les  
b ased  o n  the d o se -r e sp o n se  o f  the standard so lu tio n s. D ata  
an a ly ses  incorporate m an y o f  the id ea s d iscu sse d  b y D u d ley  et 
al. (2 0 ), in clu d in g  u se  o f  the 4 -p aram eter lo g is t ic  m od el to d e 
scribe the sig m o id a l rela tion sh ip  b e tw een  an a lytical resp o n se  
and logarith m  o f  d o se . A n  estim ated  resp o n se  at zero  c o n c e n 
tration, the s lo p e , the E C 5 0  ( an estim ated  con cen tration  at 50%  
m a x im u m  resp o n se), and an estim ated  r esp o n se  at in fin ite  c o n 
centration  are ca lcu la ted . A  w e ig h ted , nonlinear, least-squ ares  
procedu re s im ilar to  that d escr ib ed  b y  R odbard and F razier (21) 
is used  to  determ ine the standard calibration curve. T he poten cies  
o f  test sam ples are then estim ated b y  d ose  interpolation.

A n a ly s is  o f  the calibration  cu rve param eters and ca lcu la ted  
d etectab le  co n cen tra tio n s from  the v a lid ation  stu dy data in d i
ca ted  the param eters that are u sefu l for  a s se ss in g  sy ste m  su it
ability: s lo p e , E C 5 0 , M D C  (m in im u m  d etectab le  concentration  
or the lo w e s t  con cen tration  that resu lts in  an e x p ec ted  resp on se  
sig n ifica n tly  d ifferent from  the ex p ec ted  resp o n se  at zero  c o n 
centration), and M M C  (m a x im u m  m easu rab le con cen tra tio n  or 
the h igh est con cen tration  that resu lts in  an ex p e c te d  resp o n se

Theoretical Concentration 
(ng/mL)

-tr

tylosin
monensin
narasin
sulfameth.

Figure 5. Tylosin PCFIA specificity. Potencies of tylosin calibration curve solutions and tylosin calibration curve 
solutions assayed in the presence of monensin, narasin, or sulfamethazine.
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s ig n ifica n tly  d ifferen t from  the e x p ec ted  resp o n se  for  in fin ite  
con cen tration ).

Autoturb Assay

T h e A utoturb au tom ated  turbidim etric sy stem  has b ee n  d e 
scrib ed  p rev io u sly  (1 9 ) . D u p lica te  tu b es o f  in ocu la ted  m ed iu m  
are d o sed  w ith  0 .1 0  and 0 .1 5  m L  standard or test sam p le  so lu 
tion  (2 2 ). A fter  an appropriate period  o f  in cu b ation , turbidities  
o f  a ssa y  tu b es are determ ined . P oin t-to -p o in t d o se -r e sp o n se  
cu rves are con stru cted  from  the standard data for ea ch  d o se  
s ize . T est sam p le  p o ten c ie s  are estim ated  from  the appropriate  
d o se -r e sp o n se  cu rve  b y  d o se  in terp olation , and the av era g e  p o 
ten cy  fo r  ea ch  test sa m p le  is  c a lcu la ted  from  the in d iv id u a l d e
term inations.

Results and D iscussion

Range

T h e a ssa y  is  sen s itiv e  and re liab le  in  the range from  1.8 to  
5 6 0  n g /m L  (F igu re 3). D u rin g  va lid ation , ea ch  ser ies  o f  stand
ard so lu tio n s  w a s  u sed  to  gen erate a ca libration  curve; the data  
u sed  to  gen era te ea ch  calibration  cu rve  w a s  run aga in st the  
cu rve, and  th e  resu lts w ere  recorded. T h e re co v er ies  (p ercen t
a g e  o f  th eory) and th e  R S D s  (% ) w ere ca lcu la ted  for e a ch  c o n 
centration . A n a ly s is  o f  the variab ility  o f  determ in ation s for the  
so lu tio n s  in d icated , accord in g  to  R odbard (2 3 ) , that the deter
m in ation s w ere  a ccep ta b le  in  the range from  1.8 to  5 6 0  ng /m L .

Assay Limits

T h e L O D  (lim it o f  d etec tio n ) w a s  d eterm in ed  b y  u s in g  the 
variab ility  asso c ia ted  w ith  the M D C  ca lcu la ted  b y  the a n a lysis  
program . T h e  actual L O D  w a s 0 .3 5  n g /m L  (th e M D C  p lu s 3 
standard d ev ia tio n s). In  p ractice, 0 .5 6  n g /m L , the con cen tra
tion  o f  o n e  o f  the ca libration  cu rve  so lu tio n s, is  co n sid ered  to  
b e  th e  L O D  to  fa c ilita te  determ in in g  the c u to ff  for  u n k n ow n  
sa m p les  b y  com p arin g  the m ean  u n k n ow n  sam p le  and L O D  
s ig n a ls  (P -p h ycoeryth rin  R F U  d iv id ed  b y  referen ce  particle

Table 2. Tylosin PCFIA specificity: monensin, narasin, 
sulfamethazine, and tilmicosin assayed in the absence 
of tylosin
Compound Result, ng/mL

Monensin < LODa
Narasin < LOD
Sulfamethazine < LOD
Tilmicosin 54*

a LOD = 0.56 ng/mL. 
b 6.4% of the expected 840 ng/mL.

d y e  R F U ). T h e L O Q  (lim it o f  q u an tifica tio n ) w a s  determ in ed  
b y  u sin g  the variab ility  asso c ia ted  w ith  the practica l L O D  
(0 .5 6  n g /m L ). T h e actual L O Q  w a s  0 .6 6  n g /m L  (th e practical 
L O D  p lu s 3 standard d ev ia tio n s). A g a in , the con cen tration  o f  
o n e  o f  the calibration  cu rve  so lu tio n s, 1.8 n g /m L , is  co n sid ered  
the practical L O Q  to  fa c ilita te  d eterm in in g  the c u to ff  for  u n 
k n o w n  sam p les  b y  co m p arin g  th e  m ean  u n k n o w n  sa m p le  and  
L O Q  sign a ls  (P -p h ycoeryth rin  s ig n a l d iv id e d  b y  referen ce  par
tic le  d y e  s ign a l). V ariabilities o f  the practical L O D  
(0 .5 6  n g /m L ) and L O Q  (1 .8  n g /m L ) p o ten c ie s  are p resen ted  in  
F igu re  3.

Precision

T h e a ssa y  w a s p erform ed w ith  3 d ifferen t S creen  M a ch in es. 
T w o  o f  the S creen  M a ch in es  had  lim ited  ev a lu a tio n s that re
su lted  in  g o o d  p recision . A  n otab le  but rep rod u cib le  trend w a s  
o b serv ed  w h en  u sin g  the S creen  M a ch in e  for  va lid ation . Indi
v id u a l w e ll  p o ten c ie s  d er ived  fro m  a ssa y  p lates d o sed  in  all 
w e lls  w ith  th e  sa m e ty lo s in  so lu tio n  w e re  ev a lu a ted  (L illy  c o m 
puter program  U N IF O R M ) to  d eterm in e o v era ll un iform ity  
(variab ility ) and to  obtain  varian ce co m p o n en t estim ates . In
itially , w e ll-to -w e ll  w ith in -p la te  u n iform ity  w a s  inadequate  
(m ed ian  R S D , 2 2 .1  %); 8 0  w e lls /p la te  ex c lu d in g  c o lu m n s  1 and  
12; n  =  17 p lates). W e u sed  a rank order approach  to  a n a ly ze  
the trend (trend an a ly sis) b y  n onparam etric tech n iq u es. T h e or-

Calculated Parameters

tylosin
■  monensin 
s  narasin 
Hi sulfamethazine 
B  tilmicosin

Figure 6. Tylosin PCFIA specificity. Calculated parameters resulting from tylosin calibration curves and tylosin 
calibration curves assayed in the presence of monensin, narasin, sulfamethazine, or tilmicosin. Data for each 
parameter were normalized to result in the lowest value being 1 to facilitate charting all parameters on the same scale.
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MYCAROSYL GROUP

Rl r 2 R3
TYLOSIN (A) -CHO -c h 3 MYCAROSE
DESMYCOSIN (B) -CHO -c h 3 -H
MACROSIN (C) -CHO -H MYCAROSE
RELOMYCIN (D) -c h 2o h -c h 3 MYCAROSE

Figure 7. Tylosin factor structures.

dering resulted  in a rep lication  pattern u sin g  4  w e lls  per deter
m in ation  to co m p en sate  for  the trend. T h e m ed ian  R S D s (2 0  
rep lica te  sets  o f  4  w e lls  ea ch  per p late) w ere  reduced  to 8.5%  
at 0 .5 6  n g /m L , 6 .8%  at 5 .6 0  n g /m L , and 5 .1%  at 5 6 .0  n g /m L  
after u sin g  the rank order rep lication  pattern. F igure 4  graphi
c a lly  p resents the trend resu ltin g  from  the S creen  M a ch in e  u sed  
for  va lid ation  (8 0  w e lls;  5 .6  n g /m L  ty lo s in ) and a lso  the e ffec t  
on  the sam e data o f  the rank order rep lication  pattern  
(4  w ells/d eterm in ation ).

It w a s  d eterm in ed  that 4  p la tes  w a s  the m axim u m  that co u ld  
b e  p ro cessed  at o n e  tim e in  the S creen  M a ch in e  used  for v a li
dation . T h e num ber o f  ty lo s in  P C F IA  p lates that can  b e proc
es se d  at the sa m e tim e in  a S creen  M ach in e  sh ou ld  b e deter
m in ed  b y a ssess in g  u n iform ity  (p rec isio n ) as w e ll  as 
calibration  cu rve results. A  S creen  M ach in e can  acco m m o d a te

R jC H O  +2 H2N C O NH 2

n h c o n h 2

R j-CH +H20

^ ^ N H C O N H z

Tylosin + 2 urea .. » tylosin urea adduct + water
Figure 8. TUA (tylosin-urea adduct) structure.

a m a x im u m  o f  10 p lates at the sa m e tim e. A ccu ra cy  and p reci
s ion  w ere  co m p ro m ised  b y p ro cess in g  m ore than 4  p lates at a 
tim e in  the S creen  M ach in e  u sed  for  va lid ation .

Specificity

D ata w ere  co lle c te d  from  so lu tio n s  co n ta in in g  ty losin  c o n 
cen tration s o f  5 6 0 , 180, 5 6 , 18, 5 .6 , 1 .8 ,0 .5 6 ,0 .1 8 ,  0 .0 5 6 , and  
0 .0 1 8  n g/m L . T h ese  data w ere  co m p ared  to  data c o lle c te d  from  
so lu tio n s  co n ta in in g  ty lo s in  at the sa m e co n cen tra tio n s and a lso  
m on en sin , narasin, su lfam eth azin e , or t ilm ico s in . T h e c o m 
p ou n d s u sed  to  ev a lu ate  for sp e c if ic ity  w ere  in clu d ed  at 2  tim es  
the h ig h est con cen tration  ex p ected  to b e fou n d  in co m b in ation  
w ith  ty lo sin , eq u iva len t to the fo llo w in g : m on en sin  at 6 0  g /ton , 
narasin at 144 g /ton , su lfam eth azin e  at 2 0 0  g /ton , and t ilm i
c o s in  at 6 0 0  g /ton . A  total o f  2  p lates for ea ch  w ere  p ro cessed . 
P o ten c ie s  for ea ch  con cen tration  w ere  ca lcu la ted . A n a ly s is  o f  
the data, w ith  tilm ico s in  ex c lu d ed , in d ica ted  n o  d ifferen ces  
(p  =  0 .9 7 )  in  ty lo s in  con cen tration  at any d o sa g e  le v e l. A  chart 
o f  the logarith m  (n g /m L ) o f  re sp o n se  v s  k n o w n  concentration  
(n g /m L ) for ty lo s in  and for ty lo s in  in  the p resen ce  o f  m on en sin , 
narasin, or su lfam eth azin e  is  p resen ted  in  F igure 5 . C orrelation  
co e ffic ie n ts  are presented  in T able 1. T ilm ico s in , a m acrolid e, 
interfered  w ith  the assay, as e x p ec ted , w ith  6 .4%  cro ss-rea ctiv 
ity  at a tilm ico s in  con cen tration  o f  8 4 0  ng/m L .

In co n ju n ction  w ith  the p o ten cy  an a lyses, data for ty lo s in  
a lon e and data for  ty lo s in  in co m b in ation  w ith  oth er c o m 
p ou n d s w ere fitted  to  the 4 -p aram eter lo g istic  m o d e l. T h e  4  
cu rve param eters, A  (ca lcu la ted  resp o n se  at zero  co n cen tra-
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Calculated Parameters

A
IB B 
M  D 
llllll TUA

Figure 9. Tylosin PCFIA. Calculated parameters of factors A, B, and D plus TUA.

tion), s lo p e , E C 5 0 , and  D  (ca lcu la ted  resp o n se  at in fin ite  c o n 
centration), as w e ll  as M M C , M D C , and lo g 10 (M M C /M D C ), 
w ere e x a m in ed  for ty lo s in  in  co m b in a tio n  w ith  ea ch  co m p ou n d  
and for  ty lo s in  a lon e (F igu re 6 ). R esu lts  from  ty lo s in  in  c o m b i
nation  w ith  m on en sin , narasin, and su lfam eth azin e  sh o w e d  no  
d ifferen ces  (p > 0 .0 5 )  from  resu lts w ith  ty lo s in  a lon e. T ilm i-  
c o sin , a  m acro lid e , resu lted  in  m arked d ifferen ces (p > 0 .0 1 )  in  
s lo p e , M M C , and M D C . T h e data in d ica te  that s lo p e , E C 50 , 
M M C , and M D C  are param eters in d ica tiv e  o f  a ssay  p erform 
a n ce  and sh ou ld  b e m onitored . S lo p e  is  lo g ic a lly  the m o st criti
ca l. A n y  atyp ica l v a lu e  for s lo p e  or for m ore than o n e  o f  the 
param eters requires c lo s e  in v estig a tio n  o f  the data.

M o n en sin , narasin, su lfam eth azin e , and t ilm ico s in  w ere  
a lso  a ssa y ed  in  the ab sen ce  o f  ty lo s in  at the sa m e le v e ls  in d i
ca ted  for  the ty lo s in  co m b in ation  a ssays at the 5 .6  n g /m L  ty 
lo s in  con cen tration . T h e actual con cen tration s o f  th ese  c o m 
p ou n d s w ere  m o n en sin , 4 2 .0  ng /m L ; narasin, 101 ng/m L ;  
su lfam eth azin e , 112 n g/m L ; and tilm ico s in , 8 4 0  n g /m L . N o  in 
terferen ce w a s  in d icated , ex cep t w ith  t ilm ico s in  (T able 2).

S o lu tio n s  o f  ty lo s in  factors B , C , and D  and o f  T U A  at 5 6 0 ,  
180, 5 6 , 18, 5 .6 , 1.8, 0 .5 6 , 0 .1 8 ,0 .0 5 6 ,  and 0 .0 1 8  n g /m L  w ere

Table 3. Tylosin PCFIA potencies of factors and TUA 
relative to factor A, indicated as percentage of factor A 
potency

Factor Mean potency, %a

Potency expressed as 
a percentage of the 

potency of factor A, %a

A 55.2 1 0 0 . 0
B 16.0 28.9
C 1.3 2.3
D 62.8 113.7
TUA 44.9 81.2

Concentration range analyzed, 1.8 to 180 ng/mL.

assa y ed  and com p ared  w ith  the referen ce  standard (m o stly  fa c
tor A ) to  determ in e their activ ity . Structures for  th e  factors and  
for  T U A  are sh o w n  in F igu res 7  and 8, resp ective ly . T h e refer
e n c e  standard w a s a ssa y ed  as factor A . T h e  a ssay  resu lts w ere  
u sed  to  ca lcu la te  standard cu rve param eters and m easurable  
con cen tration s for  ea ch  so lu tion  (F igu re 9; factor  C  ex c lu d ed

+------T U A

Figure 10. Tylosin PCFIA. Potencies of factors A, B, C, D, and TUA calibration curve solutions.
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B uffer  
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H  C A  feed  

l i  C K fe e d  

BR S W  feed  

H  L iquid  Supp lem ent

Calculated Parameters
Figure 11. Tylosin PCFIA matrix effects including 560 ng/mL data: calculated parameters from buffer and matrix 
calibration curves. Data for each parameter were normalized to result in the lowest value being 1 to facilitate charting 
all parameters on the same scale.

to m aintain  a  reason ab le sca le; see F igure 10), and to  d eterm ine  
p o ten c ies  re lative to the referen ce standard (F igu re 10). T he  
p o ten c ie s  re lative to  factor A  (referen ce standard), ex p ressed  as 
a p ercen tage o f  the p o ten cy  o f  A , w ere  determ in ed  from  an 
average o f  the p o ten c ies  ob ta in ed  for  the con cen tration s from  
1.8 to 180 n g /m L . T h e p o ten cy  data are g iv e n  in  T able 3.

Matrix Effects

M atrix e ffec ts  w ere stu d ied  w ith  ty lo s in  so lu tio n s at 5 6 0 , 
180, 5 6 , 18, 5 .6 , 1.8, 0 .5 6 , 0 .1 8 , 0 .0 5 6 , and 0 .0 1 8  ng/m L . T h e  
so lu tion s w ere  prepared b y d ilu ting referen ce standard w ith  as
say  buffer and extracts o f  u n m ed icated , n eg a tiv e-co n tro l cattle, 
ch ick en , and sw in e  feed s  and liq u id  sup p lem en t. T h e m atrixes  
w ere  eva lu ated  at le v e ls  2  or m ore tim es the le v e ls  norm ally  
en countered . T h e m atrixes sim u lated  a 4  g /to n  cattle feed  e x 
tract, a 4  g /ton  ch ick en  feed  extract, a 5 g /to n  sw in e  fe e d  e x 

tract, and a 3 0  m g /lb  liq u id  su p p lem en t extract. In addition , an  
extract o f  ty lo s in  p rem ix w a s  d ilu ted  w ith  a ssa y  buffer. F our 
p lates per m atrix w ere  p ro cessed  for  ea ch  o f  2  periods.

T h e m atrix data w ere  p ro cessed , as p rev io u sly  d iscu ssed , b y  
u sin g  a 4 -p aram eter lo g is tic  m o d e l to  d eterm in e the curve p a
ram eters A , s lo p e , E C 5 0 , and D . A n a ly se s  o f  the param eters  
p ro v id ed  in form ation  o n  w h eth er  the bu ffer and m atrix cu rves  
w ere  parallel. Param eters A , s lo p e , and E C 5 0  (F igu re 11) w ere  
affected  (p < 0 .0 5 ), w h ich  led  to further in v estig a tio n  o f  the  
data. T h e con cen tration  a ffec tin g  the param eters w as  
5 6 0  ng/m L .

D ata from  the 5 6 0  n g /m L  le v e l w ere  rem o v ed , and a 4 -p a 
ram eter lo g is t ic  fu n ction  w a s  refitted  for  ea ch  m atrix. T h e re
su lts (F ig u re 12) for  ea ch  param eter for  the 6  m atrixes w ere  
nearly id en tica l (p > 0 .0 5 ). T h erefore, th ese  m atrixes d o  not a f
fec t  a ssay  results. P o ten c ie s  o f  the buffer and  m atrix so lu tion s

v
3

3
2 .5  

2
1.5  

1
0 .5  

0

Calculated Parameters

B uffer

I  Prem ix  

M  C A  feed  

llllll C K fe e d  

■  S W  feed

I I  L iquid  Supp lem ent

Figure 12. Tylosin PCFIA matrix effects excluding 560 ng/mL data: calculated parameters from buffer and matrix 
calibration curves. Data for each parameter were normalized to result in the lowest value being 1 to facilitate charting 
all parameters on the same scale.
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L iquid
Su p p lem en t

Figure 13. Tylosin PCFIA matrix effects excluding 560 ng/mL data: calibration curve potencies.

from  1.8 to  180 n g /m L  are charted in  F igu re 13. T able 4  co n 
tains correlation  co e ffic ie n ts  for  the data.

Accuracy and Comparison o f PCFIA and Autoturb

P rem ix  extracts; fortified  extracts o f  cattle, ch ick en , and  
sw in e  feed s; and fortified  extracts o f  liq u id  feed  su p p lem en t  
w ere p ro cessed  and assa y ed  b y  P C F IA  and A utoturb. T h e  
ch ic k en  and sw in e  fe e d  extracts w ere  fortified  w ith  ty lo s in  ref
eren ce  standard. C attle feed  and liq u id  fe e d  su p p lem en t e x 
tracts w ere  fortified  w ith  T U A . A v erag e P C F IA  and A utoturb  
reco v eries  from  p rem ixes and feed s  co n ta in in g  ty lo s in  at 
greater than 10 g /to n  w ere  1 0 4 .0  and 98 .6% , resp ectively . For 
feed s  co n ta in in g  ty lo s in  at < 1 0  g /ton , averag e  reco v er ies  w ere
8 7 .6  and 66 .8%  for  P C F IA  and A utoturb, resp ective ly . A verage  
reco v eries  from  liq u id  su p p lem en ts w ere  9 3 .0  and 113.6%  for  
P C F IA  and  A utoturb, resp ectively . A  graphic co m p arison  o f  
P C F IA  and A utoturb results is  p resen ted  in  F igure 14. C orrela
tion  co e ffic ien ts  are in d ica ted  in  T able 5.

Trend Analysis

T h e f o llo w in g  approach w a s u sed  to  a n a ly ze  the trend a sso 
cia ted  w ith  the S creen  M a ch in e  u sed  for v a lid ation  and for d e
riv in g  a su itab le rep licate  set pattern.

( / )  G en erate u n iform ity  data (a ll w e lls  d o sed  w ith  the sam e  
con cen tration  o f  an a ly te) o n  severa l p lates.

(2 )  R ank order th e  w e ll  p o s it io n s  b y  a ssay  result.
(3) D eterm in e c o e ffic ie n ts  o f  correla tion  b e tw e e n  rank or

der v s  w e ll p o sitio n  for  the data sets. F or the data u sed  to  d erive  
the pattern in  the v a lid ation  study, the m ean  correlation  c o e ff i
c ie n t w a s  0 .8 3  (n -  6 1 ) , w ith  an R S D  o f  7 .6% .

(4) I f  the correlation  is  reaso n ab le  (r  >  0 .7 5 ) , then  the re
p rod u cib ility  o f  the trend is  verified .

(5) Average the data b y w ell position (m ean o f  all A 1 w ells,etc.).
(6 ) R ank order the data b y  m ean  a ssa y  result; take care to 

m aintain  the relation sh ip  b e tw een  rank order and w e ll  p osition .
(7 ) C a lcu la te  the su m  o f  the rank order (SO),

w h ere N  =  num ber o f  ob servation s. N o te  that th is ca lcu la tion  
in v o lv e s  rank order, n ot a ssay  resu lts.

Table 4. Tylosin PCFIA matrix effects excluding 560 ng/mL data: correlation coefficients of calibration curve 
potencies3

Expected Buffer Premix Cattle feed Chicken feed Swine feed
Liquid

supplement

Expected 1.000
Buffer 1.000 1.000
Premix 1.000 1.000 1.000
Cattle feed 0.998 0.998 0.998 1.000
Chicken feed 1.000 1.000 1.000 0.997 1.000
Swine feed 1.000 1.000 1.000 0.997 1.000 1.000
Liquid
supplement 1.000 1.000 1.000 0.999 0.999 0.999 1.000

a Data are correlation coefficients.
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Figure 14. Tylosin PCFIA and Autoturb results from premixes, feeds, liquid supplements, and a TUA control solution.

(8) C a lcu la te  the num ber o f  rep licate sets (R) to partition  
the p late into,

w h ere  N  =  num ber o f  ob servation s and  W  =  num ber o f  w e lls  to  
b e averaged  per d eterm ination  (rep licate  set).

T h e  nature o f  the trend sh ou ld  b e co n sid ered  in  d eterm in in g  
the n u m ber o f  w e lls  per rep licate  set. (Four w e lls  per set w ere  
su ffic ien t to  co m p en sate  for  the trend from  the S creen  M a ch in e  
u sed  for  va lid ation .)

(9 ) C a lcu la te  the m ean  rep licate  set su m  (SR),

w h ere SO =  su m  o f  the rank order and R =  num ber o f  rep licate
sets.

(10) D e r iv e  the rep lication  pattern b y  partition in g the rank  
order in to  rep lica te  sets w ith  su m s o f  the in d iv id u al w e ll  rank  
orders in  ea ch  set =  S R  (th e m ean  rep licate  set su m  from  step  
9). F or ex a m p le , for the data set w ith  rank order 1 , 2 , 3 , 4 , 5 , 6 ,  
7 , 8, the v a lu es  resu ltin g  for  step s 7 - 9  are step  7. SO -  8 (8 /2 )  +  
8 /2  =  36; step  8, R =  8 /2  =  4; and step  9 , SR =  3 6 /4  =  9. T he  
partition, therefore, is  as fo llo w s: rep h cate set 1 =  1 and 8 , rep
lica te  set 2  =  2  and 7 , rep licate set 3 =  3 and 6 , and rep licate  set 
4  =  4  and 5 . I f  rank order 1 =  w e ll  A 8 , rank order 2  =  w e ll  A 7 , 
rank order 3 =  w e ll  A 6 , rank order 4  =  w e ll  A 5 , rank order 5 =  
w e ll A 4 , rank order 6  =  w e ll  A 3 , rank order 7 =  w e ll  A 2 , and  
rank order 8 =  w e ll  A l ,  then the rep lication  pattern w o u ld  b e  
rep licate  set 1 (rank orders 1 and 8 ) =  w e lls  A 8  and A 1, rep licate  
set 2  (rank orders 2  and 7) =  w e lls  A 7  and A 2 , rep licate  set 3 
(rank orders 3 and 6 ) =  w e lls  A 6  and A 3 , and rep licate  set 4  
(rank orders 4  and 5 )  =  w e lls  A 5  and A 4 .

(11) P artition th e  un iform ity  data, u sed  to  d er ive  the rep li
ca tio n  pattern, in to  rep licate  sets accord in g  to  the d er ived  pat
tern. C a lcu la te  the m ean  v a lu e  for ea ch  rep h cate set. D eterm in e

i f  the variab ility  o f  the v a lu es for the rep licate  sets  is  w ith in  a  
range accep tab le  for the in ten d ed  ap p lication  o f  the assay.

Sum m ary and Conclusions

T h e P C F IA  for  ty lo s in  prod u ced  resu lts co m p arin g  favor
ab ly  w ith  the current A utoturb assay. S a m p le  preparation is 
co n sid erab ly  le s s  co m p lex  and co n seq u en tly  m u ch  le s s  tim e  
co n su m in g  for  P C F IA  than for m icr o b io lo g ica l A utoturb  
a n a lysis  (F igu re 1). P C F IA  requires o n ly  filtration  (tw o ) and  
dilu tion  o f  the extract. P ro cessin g  o f  extracts for m ic r o b io lo g i
ca l a ssa y s can  in clu d e tw o  co lu m n  step s (ac id ic  a lu m in a  and 
C |g) p lu s h y d ro ly sis  (adjust pH , heat, c o o l, adjust p H ), d ep en d 
in g  o n  the ty lo s in  con cen tration  and the p resen ce  o f  urea in  the 
sam p le. P C F IA  is a lso  le s s  tim e co n su m in g  than turbidim etric  
m eth od s. T h e P C F IA  p erform ed  as d escr ib ed  here requires ap
p ro xim ately  1.75 h for 4  p lates or 4 0  sam p les  and con tro ls p lus  
standards. T h e sa m e 4 0  sam p les  and co n tro ls p lu s  standards 
w o u ld  require 3 .5  to 5 h  o f  in cu b ation  tim e for  a turbidim etric  
assay  p lu s app roxim ately  3 8  m in  to  read the 2 2 0  a ssay  tubes. 
S p ec ific ity , w ith  resp ect to  the co m p o u n d s ev a lu ated  in  the 
valid ation  study, is  a lso  m u ch  greater w ith  P C F IA , b eca u se  
th ese  co m p o u n d s interfere w ith  m icro b io lo g ica l a ssays.

T h e tim e and labor sa v in g s rea lized  w ith  the P C F IA , a s  w e ll  
as the in creased  sp ec ific ity , m ak es the P C F IA  a v ery  attractive  
alternative to turbidim etric and m ic r o b io lo g ica l a ssa y s. L ab o
ratories w ith  m od erate to  h igh  v o lu m e  sa m p le  load s should

Table 5. Correlation coefficients for tylosin PCFIA and 
Autoturb results from premixes, feeds, liquid 
supplements, and a TUA control solution3

Expected Autoturb PCFIA

Theory 1.000
Autoturb 0.999 1.000
PCFIA 0.999 0.996 1.000

Data are correlation coefficients.
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co n sid er  th is m eth od  for the d eterm ination  o f  ty lo s in  c o n c e n 
trations in  prem ix , liq u id  sup p lem en t, and feed  sam p les.
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CHEMICAL CONTAMINANTS MONITORING

Monitoring Pesticide Residues in Olive Products: 
Organophosphorus Insecticides in Olives and Oil
C h a id o  L e n t z a -R iz o s
B en a k i P h y to p a th o lo g ic a l In stitu te , P e s tic id e  R e s id u e  L aboratory, 14561 K ifis s ia , G reece

A sim ple and efficient g as-liq u id  chromatographic 
method was used to screen and quantitate resi
dues of azinphos ethyl, chlorpyrifos, diazinon, di- 
methoate, fenthion, fenthion sulfoxide, methi- 
dathion, parathion ethyl, and parathion methyl in 
olive fruit and olive oil. Most olive fruit sam ples  
analyzed during 1 9 9 1 -19 9 2  either contained no de
tectable residues of the insecticides or contained 
low concentrations of fenthion, dimethoate, and 
chlorpyrifos. One sam ple contained fenthion sul
foxide at a level exceeding FAO/W HO Codex Ali- 
mentarius maximum residue levels (MRL) for total 
fenthion. Com m ercially packed oil sam ples either 
contained no detectable residues of the insecti
cides or contained low concentrations of fenthion, 
fenthion sulfoxide, and chlorpyrifos. More than half 
of the virgin oil sam ples collected from individual 
growers contained no detectable residues. The oth
ers contained mostly fenthion and its sulfoxide me
tabolite. Of the sam ples analyzed, 1 3 %  exceeded  
Codex MRL for total fenthion residues. These sam 
ples were from a monitoring program targeted at 
produce most likely to contain residues. Refining 
procedures seem  to act as  a decontamination tech
nique for oil containing fenthion residues.

T ab le o liv e s  and o liv e  o il are prod u cts o f  great im portance  
for  G reece . T h ey  co n stitu te  an im portant part o f  the na
tion al d iet and are a lso  ex p orted  to  fo re ig n  co u n tries, in

c lu d in g  the U n ited  S tates, Japan, R u ssia , and  cou n tries in  
N orthern E urope. O liv e  trees are attacked b y  severa l p ests and  
d isea ses . T reatm en ts are carried ou t m o stly  aga in st in sec ts  and  
sca le s , n a m ely  Prays oleae, Bactrocera (Dacus) oleae. and  
Saissetia oleae, w h ich  a ffec t b oth  the quantity and quality  o f  
the product. S ev era l in sec tic id es  are reg istered  for  u se  o n  o liv e  
trees. A m o n g  organ op h osp h oru s in sec tic id es , th ose  m ore e x 
te n s iv e ly  u sed  are d iaz in on , d im eth oa te , parathion eth y l and  
parathion m eth y l, ch lo rp yr ifo s, a z in p h o s eth y l, m eth idath ion , 
and fen th ion  (M in istry  o f  A gricu ltu re, G reece , p ersonal co m 
m u n icatio n ).

Received August 16, 1993. Accepted by JM November 16, 1993.

G iv en  the s ig n ifica n c e  o f  o liv e  products for  the country, the  
con cen tration  o f  p estic id e  resid u es in  th em  is m on itored  regu 
larly (1 )  to ensure co n su m er p rotection . T h is paper d escr ib es  
the m eth od  u sed  for the sim u lta n eou s determ in ation  o f  in secti
c id e  resid u es and g iv e s  the results o f  a n a ly ses  carried ou t dur
in g  1 9 9 1 -1 9 9 2 .

Literature o n  in sectic id e  resid u es in o liv e  products is  very  
scarce and re la tive ly  o ld . M o st papers ( 2 - 4 )  refer to  resid u es  
resu ltin g  from  su p erv ised  fie ld  trials. O n e paper (5 ) reports 
m on itorin g  data from  5 0  o liv e  o il  sam p les co lle c te d  during  
1 9 6 5 -1 9 6 7  from  the S w ed ish  m arket and a n a ly zed  for d ia z i
non, d im eth oate , m alath ion , parathion eth y l, and parathion  
m eth yl. T h e m eth od  u sed  in v o lv es  extraction  o f  p es tic id e s  b y  
sw e e p  co d istilla tio n  and d eterm ination  b y g a s - liq u id  ch rom a
tography or ch o lin estera se  in h ib ition .

METHOD

Apparatus and Reagents

C o m m o n  p estic id e  resid u e a n a lysis  eq u ip m en t w a s  used . 
R eagen ts  w ere  an a lytica l grade.

Extraction and Cleanup

(a ) Oil.— A  m eth od  for the determ in ation  o f  fen th ion  and  
its 5  o x id a tiv e  m etab o lites  in  o liv e  o il w a s  d ev e lo p e d  in  our  
laboratory (6 ). T h is m eth od  in v o lv e s  (1) ex traction  o f  residu es  
w ith  «-h exan e saturated w ith acetonitrile, (2) cleanup b y partition
ing betw een  «-h exan e and acetonitrile in the presence o f  1 % (by  
volu m e o f  acetonitrile) water, and (5 ) oxidation  o f  total fenthion  
residues to fenthion su lfone and fenthion oxo n  sulfone.

O n ly  the first 2  step s o f  this m eth od  (extraction  and clean u p ) 
w ere  u sed  for d iaz in on , d im ethoate, parathion e th y l, parathion  
m eth y l, ch lo rp yr ifo s, az in p h os eth y l, m eth id ath ion , fen th ion , 
and the m ost im portant (1 , 7 )  o f  fen th io n ’s o x id a tiv e  m etab o
lites , its su lfo x id e .(b) Olives.— S ton es from  a rep resentative sam p le w ere re
m o v e d  w ith  a k n ife , and 5 0  g f le sh  w a s  h o m o g en ize d  for 2 m in  
at h igh  sp eed  in  an O m n i-M ix er  p o t w ith  100 g  anhydrous so 
d ium  su lfate  and 7 5  m L  aceton e. T h e pot w as co o led , w h en  
n ecessary. T h e h o m o g en a te  w a s  filtered  under vacu u m  through  
a B u ch n er fu n n el, paper W h atm an s iev e , and a layer ( 0 .5 -  
1 cm ) o f  C e lite  (d ia to m a ceo u s earth). T he ca k e w a s c o llec ted , 
the ex traction  procedure w a s  repeated  w ith  a m ixtu re o f  2 5  m L  
a ceto n e and 5 0  m L  d ich lorom eth an e, and the ex tract w a s  fil-
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Figure 1. Gas chromatogram of a 3 pL injection of mixed standard made up in acetone: 1, diazinon, 0.3 ng; 2, 
dimethoate, 0.3 ng; 3, parathion methyl, 0.3 ng; 4, chlorpyrifos, 0.3 ng; 5, parathion ethyl, 0.3 ng; 6, fenthion, 0.3 ng; 7, 
methidathion, 1.5 ng; 8, fenthion sulfoxide, 1.5 ng; azinphos ethyl, 3 ng. For GC conditions, see text.

tered w ith  the sa m e fu n n el. T h e p ot and fu n n el w ere  rinsed  
tw ic e  w ith  12 .5  m L  e a ch  tim e o f  an a ce to n e -d ich lo ro m e th a n e  
m ixtu re ( 1 + 2 ) ,  and the filtrate w a s  transferred to  a 1 L  separa
tory fu n n el. T h e w a lls  o f  th e  v a cu u m  fla sk  w ere  rinsed  w ith  
5 0 0  m L  o f  an a q u eou s so lu tio n  o f  1% N aC I, w h ich  w a s  added  
to  the separatory fu n n el. T h e fu n n el w a s  sh ak en  g e n tly  and  left  
to  equilibrate. T h e lo w e r  (d ich lo rom eth an e) p h ase  w a s  c o l
lec ted  through anhydrous so d iu m  su lfate  in  a p rev io u sly  
w e ig h e d  rou n d -b ottom  flask . T h e  c lea n u p  p rocedu re w a s  re
p ea ted  tw ic e  w ith  5 0  m L  d ich lorom eth a n e ea ch  tim e. T h e an 
hyd rou s so d iu m  su lfa te  w a s  rin sed  w ith  a fe w  m illiliters  o f  d i
ch lo rom eth a n e, and the extract w a s  evap orated , u s in g  a fe w  
m illiliters o f  a ceto n e , in  a rotary evap orator until all the d ich lo 
rom eth an e had  b ee n  rem oved . T h e fla sk  w a s  re w eig h ed , and  
the quan tity  o f  o il  rem a in in g  w a s  ca lcu la ted . A  10 g  a liq u ot o f  
this o il, or  the w h o le  sa m p le  i f  le s s  than 10 g , w a s  a n a ly zed  for  
p estic id e  resid u es b y  th e  m eth o d  for  o il a n a ly sis , and the results  
w ere adjusted  w h ere  n ecessa ry  to  refer to  the actual m a ss o f  the  
sam ple.

Determination

A  g a s  ch rom atographic (G C ) a n a lysis  w ith  p ack ed  co lu m n s  
w a s carried out under tem perature-program m ed co n d ition s  
that separated the p eak s o f  the c o m p o u n d s o f  interest, in clu d in g  
that o f  fen th ion  su lfo x id e , w h ich  is  the m ain  m etab o lite  o f  fe n 
th ion  (1 ). A  P erk in -E lm er S ig m a  2  gas chrom atograph w as  
u sed  w ith  a n itrog en -p h osp h oru s detector (N P D ) and a 
b o ro silica te  g la ss  co lu m n  (2  m m  x  Va in. x  6  fee t) p ack ed  w ith  
5%  O V -1 7  on  G as C hrom . Q ., operating under the fo llo w in g  
con d ition s: in jector tem perature, 320°C ; d etector tem perature, 
310°C ; in itial o v e n  tem perature, 230 °C ; in itial tim e, 12 m in; 
in itia l rate, 16°C /m in; fin al o v e n  tem perature, 290°C ; final 
t im e, 5 m in; fin al rate, 20°C /m in ; o v e n  p ost tem perature, 
310°C ; tim e p ost, 5  m in; bead  adjust control, 370 ; carrier gas  
(n itrogen) f lo w  rate, 2 0  m L /m in; h yd rogen  f lo w  rate, 
3 m L /m in; air f lo w  rate, 100 m L /m in; chart sp eed , 3 0  cm /h; 
range, 1; and attenuation , 4.

A  m ix ed  standard so lu tion  w a s  prepared co n ta in in g  d ia z i
non , d im eth oate , parathion eth y l, parathion m eth y l, and fen -
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T a b le  1. R e c o v e r ie s  o f in se c t ic id e s  from  fo rtified  o live  
s a m p le s

Compound
Fortification 
level, mg'kg

Mean ree. of 
10 fortified 
samples,
± SD, %

Limit of 
detection3

Diazinon 0.02 80 ±20 0.002
Dimethoate 0.02 155 ± 25b 0.005
Parathion methyl 0.02 102 ±9 0.005
Chlorpyrifos 0.02 90 + 15 0.01
Parathion ethyl 0.02 90 ±8 0.005
Fenthion 0.02 96 ±16 0.01
Methidathion 0.1 106 ±20 0.01
Fenthion
sulfoxide 0.1 200b± 22 0.02
Azinphos ethyl 0.2 100 ± 17 0.05

3 For olives giving ca 10 g of oil from 50 g of analytical sample.
6 These high values, presumably due to enhancement by crop 

coextractives, fell to 110% when the peaks of fortified samples 
were compared with the corresponding peaks of the mixed 
standard made up in control sample extract.

th ion  at 0.1 )ig /m L ; m eth idath ion  and fen th ion  su lfo x id e  at 
0 .5  p g /m L ; and a z in p h os eth y l at 1 (4g/m L. T h e sa m e standard  
so lu tio n  w a s  u sed  to  fortify  (sp ik e) con trol sam p les  and as an 
extern al standard for  G C . F igure 1 g iv e s  a typ ica l ch rom ato
gram  o f  th is m ix ed  standard.

Method Assessment

T en con trol sa m p les  (untreated o liv e s )  w ere  sp ik ed  w ith  the 
co m p o u n d s o f  in terest at the fo llo w in g  fortifica tion  lev els:  
d iaz in on , d im eth oate , parathion m eth yl, ch lo rp y ifo s , parathion  
eth y l and fen th ion  at 0 .0 2  m g/k g; m eth idath ion  and fen th ion  
su lfo x id e  at 0 .1 0  m g/k g; and az in p h os eth y l at 0 .2 0  m g /k g  
(co m p o u n d s o f  lo w er  sen sitiv ity  w ere  sp ik ed  at h igh er lev e ls) .

T able 1 g iv e s  the m ean  reco v eries  and standard d ev ia tion s  
for  ea ch  o f  the 9  co m p o u n d s. A s  noted , d im eth oate and fen 
th ion  su lfo x id e  g a v e  h igh  reco v er ies , presu m ab ly  d u e to  en -

Tab le  2 . FAO /W HO  C o d e x  A lim e n ta r iu s  m axim um  
re s id u e  lim its  fo r o liv e s  and  o il

Compound

Maximum residue limit, mg/kg

Olives Oil

Fresh Processed Virgin Refined

Diazinon 2 2 —
Dimethoate 1 0.05a —  0.05a
Parathion methyl — — --  —
Chlorpyrifos — — --  --
Parathion ethyl 0.5 — 2 —
Fenthion 1 — 1 —
Methidathion — — --  --
Azinphos ethyl — — — —

Limit of determination.

Tab le  3 . C o n cen tra tio n  ra n g e s  o f fen th io n  (parent 
co m p ou n d ) re s id u e s  in s a m p le s  from  in d iv id u a l g ro w ers

Concentration range, mg/kg Number of samples within range

NDa 62
0.01-0.05 15
0.06-0.10 13
0.11-0.20 9
0.21-0.50 7
0.51-1 2
>1 7

3 ND, Not detectable (<0.01 mg/kg).

h an cem en t b y  crop co extractiv es . F or th is reason , the extracts  
o f  the sa m e sp ik ed  sam p les  w ere d eterm in ed  by co m p arin g  the  
peak  h eig h t o f  the sam p les w ith  th ose o f  the m ix ed  standard  
m ade up in an extract o f  an u n fortified  control sam p le . R e c o v 
er ies o f  d im eth oate and fen th ion  su lfo x id e  fe ll to  110% . T h e  
lim its  o f  d etection  (T able 1)(8) w ere  su ffic ien tly  lo w  to  en a b le  
en fo rcem en t o f  F A O /W H O  C o d ex  A lim en tariu s M R L s (Ta
b le  2 )(9 ).

Confirmation o f Results

T h e m eth od  w a s used  as a prelim inary screen in g  step  for all 
sam p les . S a m p les  p o sit iv e  for any co m p o u n d  w ere  quantitated  
m ore p rec ise ly  and accurately  b y  u s in g  a standard so lu tion  o f  
the in sec tic id e  in itia lly  d etected . T h e results w ere  c o n firm ed  on  
a Varian 3 7 0  g a s  chrom atograph  w ith  a fla m e photom etric  d e
tector and a b o ro silica te  g la ss  co lu m n  (2  m m  x  14 in . x  1.5 feet)  
p ack ed  w ith  3%  O V -101  on  C a rb ow ax 2 0 M -tr ea ted  C hro- 
m osorb  1 0 0 /1 2 0  operating under the fo llo w in g  co n d ition s: in 
jec to r  tem perature, 250°C ; detector tem perature, 250 °C ; in itial 
o v e n  tem perature, 180°C ; in itial tim e, 5 m in; in itial rate, 
22°C /m in ; fin a l o v e n  tem perature, 2 0 0 qC; fin a l tim e, 2  m in; 
carrier g a s  (h eliu m ) f lo w  rate, 3 0  m L /m in; h yd rogen  f lo w  rate, 
140  m L /m in; air f lo w  rates, 8 0  and 170  m L /m in ; and chart 
sp eed , 1 cm /m in .
Results and D iscussion

Olives

S ev en  sa m p les  o f  fresh  o liv e s  (o liv e  fruit w ith ou t any p ro c
es s in g )  and 10  sam p les  o f  p ro cessed  o liv e s  w ere  a n a ly zed . T h e

T ab le  4 . C o n cen tra tio n  ra n g e s  o f fen th io n  s u lfo x id e  
re s id u e s  in  sa m p le s  from  in d iv id u a l g ro w e rs

Concentration range, mg/kg Number of samples within range

NDa 86
0.01-0.05 5
0.06-0.10 7
0.11-0.50 4
0.51-1 4
>1 9

3 ND, Not detectable (<0.01 mg/kg).
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Figure 2. Gas chromatogram of a 3 pL injection of olive fruit extract (5 g/mL) in acetone: 1, peak of crop 
coextractives; 2, fenthion. GC conditions were the same as those for Figure 1 ; se e  text.

fresh olive samples were collected from olive groves treated 
with bait sprays of fenthion or dimethoate close to harvest. The 
residues detected ranged from 0 .0 1  to 0.15 mg/kg (fenthion) 
and from 0.005 to 0.07 mg/kg (dimethoate). The processed ol
ive samples were from ready-to-eat packed table olive lots des
tined for export. Among these samples, 3 contained no detect
able residues; 4 contained fenthion or chlorpyrifos at low 
concentrations ranging from 0.01 to 0.15 mg/kg (chlorpyrifos) 
and from 0.02 to 0.05 mg/kg (fenthion); one sample contained 
fenthion and chlorpyrifos at 0.05 and 0.01 mg/kg, respectively; 
and another contained fenthion and dimethoate both at 
0.05 mg/kg. Only one sample (olives prepared by natural fer
mentation) contained residues of fenthion sulfoxide at a con
centration higher than FAO/WHO Codex Alimentarius MRL 
for total fenthion (9).

O il

(a) Commercially packed oil.—Thirty samples of commer
cially packed oil were analyzed. Some were virgin oil samples; 
the categories of other samples (virgin or refined) were not 
known. Thirteen samples contained no detectable residues. 
Thirteen samples contained fenthion residues at concentrations 
ranging from 0.01 to 0.15 mg/kg. Two samples contained both

fenthion (0.03 and 0.06 mg/kg) and fenthion sulfoxide (0.02 
and 0.08 mg/kg). Finally, 2 samples contained chlorpyrifos 
residues at 0.03 mg/kg.

(b) Samples from individual growers.—A total of 115 sam
ples of virgin oil (oil extracted from olives without any refin
ing) were analyzed. Of these, 59 contained no detectable insec
ticide residues, one sample contained chlorpyrifos residues at 
0.26 mg/kg. one sample contained parathion methyl at 
0.01 mg/kg, and another contained parathion ethyl at 0.05 mg/kg. 
Fenthion residues were detected in 53 samples (Table 3). Fen
thion sulfoxide was detected in 29 samples at concentrations 
ranging from 0.1 to 1.30 mg/kg (Table 4).

These results confirm our previous finding ( 1 ) that fenthion, 
together with its sulfoxide, is the most important residue in oil. 
They also indicate that the concentration of residues in com
mercially packed oils is consistently low. This trend is partly 
attributed to dilution caused by mixing several lots, many of 
which contain no residues, and partly to refinement procedures. 
Refinement acts as a decontamination technique, as shown by 
the following analysis of the deodorization distillate of an olive 
oil refinery. This distillate, a 3-ton viscous concentrate that re
mained in the barometric concentrator of the deodorizer was 
collected over a period of one year after treatment of 5000 tons
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of oil. The analysis revealed the following concentrations 
(mg/kg) of insecticides: diazinon, 0.52 mg/kg; parathion 
methyl, 0.28; chlorpyrifos, 0.28; methidathion, 2 ; parathion 
ethyl, 0.30; and fenthion sulfoxide, 138.

It seems that fenthion and its sulfoxide metabolite are 
trapped in the concentrator during the procedure. Furthermore, 
the absence of fenthion parent compound residues indicates 
that, under the conditions of the deodorization procedure (pas
sage through ultrahot vapor of 190°C under vacuum of 5 mm 
Hg), it is metabolized to its sulfoxide.

Conclusions

The multiresidue method used to determine 8  insecticides 
and one important metabolite in olive fruits and olive oil is a 
simple, time- and cost-effective method that permits handling 
of large sample loads with simple equipment and materials. 
This simplicity is particularly important, given that olive trees 
are grown mainly in countries with limited analytical re
sources.

Of the total number of samples analyzed during 1991-1992, 
only one sample of olive fruits exceeded the Codex MRL. 
None of the commercially packed oil samples contained resi
dues higher than Codex MRLs. Some samples (13% of total) 
from individual growers contained fenthion and its sulfoxide 
metabolite at levels exceeding Codex MRLs. However, most 
of these were surveillance samples: The sampling was de
signed to focus on a likely problem area, where it was sus
pected that violative treatments may have been carried out. 
Thus, the samples were more likely to contain higher levels of 
residues. The study aimed to confirm the consequences of the 
misuse of insecticides so that appropriate instructions could be 
given to government extension agents and olive growers. The 
oil from which these samples came was not sold commercially

nor was it consumed by the producers; instead, it was directed 
to the soap-making industry.

In relation to other insecticides, the higher incidence of fen
thion residues was to be expected because it is the compound 
mainly used against B a c tr o c e ra  (D a c u s)  o le a e  (olive fruit fly), 
and some treatments are carried out in autumn, that is, close to 
the harvest period. It is also fat soluble (log of partition coeffi
cient between octanol and water, 4.84).
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DRUGS, COSMETICS, FORENSIC SCIEN CES

Screening of Chloramphenicol Residues in Pork Muscle by 
Planar Chromatography
J.P. A bjean
Centre National d’Etudes Vétérinaires et Alimentaires, Laboratoire des Médicaments Vétérinaires, La Haute Marche, 
Javené - 35133 Fougères, France

A rapid planar chromatographic method is de
scribed for the qualitative determination of chloram
phenicol residues in muscle. The drug is extracted 
with ethyl acetate and purified by solid-phase ex
traction. After elution, the collected phase is evapo
rated to dryness. The residue is dissolved in metha
nol, spotted on a silica gel plate, and chromato
graphed. After elution, the chloramphenicol is visu
alized after reduction with fluorescamine. This meth
od detects chloramphenicol in meat at 10 pg/kg 
and has a sample throughput of about 25 samples 
per analyst per day.

C hloramphenicol (CAP) is a very effective broad-spec
trum antibiotic. In the European Community, a maxi
mum residue limit (MRL) in foods of animal origin is 

set at 10 pg/kg. In the United States, the use of CAP in food- 
producing animals was never authorized. Nevertheless, the 
monitoring of illegal use is determined also at the 10  pg/kg 
level (1). For inspection of food of animal origin, a 2-stage 
strategy may be of interest (2, 3), involving (7) screening with 
a well-suited method and (2 ) confirmation with a method par
ticularly suited for specificity if the drug of interest is of illegal 
use and suited also for accuracy in case a MRL has been estab
lished. In addition to analytical characteristics, such as false
positive and -negative rates, the screening method should have 
a high sample throughput for the lowest possible cost.

Planar chromatography is particularly well suited for 
screening purposes. Allen (4) reviewed chromatographic 
methods for CAP residues in food of animal origin. The only 
planar chromatographic method that reportedly meets the re
quired sensitivity was difficult to obtain, and we found no other 
published method consistent with our goal. We, therefore, 
started our work with a detection method of nitro compounds 
at nanogram level (5) and with some previously published 
works describing extraction-purification methods for CAP 
residues in animal tissues (3 ,6 ,7).

Received March 19, 1993. Accepted by JW September 8, 1993.

Experimental

Pork muscle was purchased at a local supermarket.
Reagents

(a) W ater.—Use deionized water (Milli-Q, Millipore).
(b) S o lv en ts .—Analytical grade ethyl acetate, hexane, and

1-propanol (Merck); diethyl ether and methanol (Prolabo).
(c) S o d iu m  c a rb o n a te  a n d  so d iu m  su lfa te .—Analytical 

grade (Merck).
(d) S e p -P a k  s i l ic a -v a c .—Waters Chromatography Divi

sion.
(e) S i-6 0  s i l ic a  g e l  p la te s .—With concentrating zone 10 x 

10 or 10 x 20 cm, 0.2 mm (Merck).
(f) S o lu tio n  f o r  C A P  red u c tio n .—Dissolve 0.4 g stannous 

chloride (Merck) in 10 mL 5% acetic acid (Prolabo) in deion
ized water and add 0.1 mL 5 %  phenolphthalein (Merck) in di- 
oxane (Merck). The solution is unstable and should be made 
shortly before use.

(g) B u ffer  p H  8 .3 .—Dissolve 19 g boric acid (Sigma 
Chemical), 19.75 g potassium chloride (Prolabo) in 0.8 L 
deionized water, adjust pH with concentrated NaOH (Prolabo), 
and dilute to 1 L.

(h) V isu a lizin g  rea g en t.—Dissolve 50 mg fluorescamine 
(Sigma Chemical) in 500 mL acetone (Merck). The solution is 
stable for at least 12 months when stored at - 1 8°C.

(i) F ortification  solu tion .—Chloramphenicol (Sigma Chemi
cal), 0.1 pg/mL in methanol.

Apparatus

(a) C h ro m a to g ra p h ic  c h a m b e r  a n d  s p r a y e r —Camag.
(b) T a b le -ty p e  U V 3 6 6  n m  U V  la m p  ( 6 x 1 5  W ).—Prolabo.
(c) N itro g e n  e v a p o r a to r  w ith  a lu m in u m  b lo c k  h e a te d  to  

c a  6 0 °C .—Prolabo.
(d) S olid -phase extraction  system  (P rolabo).—Adaptors. 8 mL 

reservoirs, and taps (Analytichem).

Extraction

Weigh 1 ± 0.05 g ground muscle in a 12 x 70 mm test tube. 
Add 2 mL ethyl acetate (disperse the muscle in the organic 
phase by shaking by hand). Place the tube for 10 min in an 
ultrasonic bath. Centrifuge for 10 min at 4000 x g. Transfer the
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Table 1. Raw results of 7 experiments

Experiment

Results3

Fortified sample Control sample

1 2 3 4 5 6 7 8 9 10

1 + _ _ + + + _ +
2 + + + + + - - -  -  -
3 + - ? ? - - - -  -  -
4 + + + + + - - -  -  -
5 - + + + + - - -
6 + + + _ b + - +b -  -  -
7 + + + ? + - - ~ -  -

3 +, C A P  resid ue present; C A P  resid ue ab sen t; ? ,  doubtful result. 
b R e su lts  to be corrected b e ca u se  inversion w a s  noted.

organic phase to a 15 mL tube containing 0.25 g sodium sul
fate. Stir for 1 min and centrifuge for 5 min at 4000 x g. Add 
5 mL hexane and mix; avoid bringing back the sulfate into sus
pension.

Purification

Transfer the solution to the reservoir connected to the Sep- 
Pak and let the solution elute through the silica bed (generally 
elution proceeds by gravity flow, after initiation by gentle over
pressure of the reservoir). Wash the column successively with 
2 mL ethyl acetate-hexane (3 + 7) and then 2 mL diethyl ether- 
hexane (1+3). Elute CAP with 5 mL diethyl ether. Evaporate 
the collected organic phase under a nitrogen flow.

Chromatography

Dissolve the residue in 50 jiL methanol. Spot the whole ex
tract on the silica gel plate. At the edges of the plate, spot also

Table 3. Data for calcuation of sensitivity rate and its 
standard error

Experim ent

2  5 5

3 5 3
4 5 5
5 5 4
6  5 5
7  5 5

a m{, n um ber of ch loram phenico l-sp iked portions. 
b a,, num ber of portions an a lyzed  positive am ong the known positive  

test portions.

3 and 5 pL CAP solution corresponding to 3 and 5 ng of the 
drug. Develop with 1-propanol-hexane (1.5 + 8.5) forca4cm .

Visualization

Remove the solvent from the plate solvent with a hair dryer. 
Then evenly spray the dried plate with stannous chloride solu
tion (spray should moisten but not wet the plate). Let the plate 
stand for 15 min and then place it under an air flow until it 
appears dry. Place the plate into a 110°C oven for 15 min. Spray 
with 2N sodium hydroxide solution; the plate should become 
slightly pink (carefully avoid an excess of reagent, which 
would appear as dark background when the plate is observed 
under 366 nm UV lamps). Evenly spray with buffer solution 
(see remarks for the first reagent). Leave the plate under air 
flow until it looks dry and place it again in a 110°C oven for 
5 min. After the plate has cooled, spray it with fluorescamine 
solution (ca 10 mL for a 10 x  10 cm plate). Place the plate for 
15 min in the dark and examine under 366 nm UV light. CAP 
appears as a yellow-green spot on a purple background (a 
somewhat blue background may signify degradation of the

Table 2. Transformed experimental results

R e su lts3

Experim ent 1 2 3 4 5 6 7 8 9 10 T i6 T|2 c

1 1 0 0 1 1 0 1 0 1 1 6 3 6
2 1 1 1 1 1 1 1 1 1 1 10 100
3 1 0 1 1 0 1 1 1 1 1 8 64
4 1 1 1 1 1 1 1 1 1 1 10 100
5 0 1 1 1 1 1 1 1 1 1 9 81
6 1 1 1 1 1 1 1 1 1 1 10 100
7 1 1 1 1 1 1 1 1 1 1 10 100
S id 6 5 6 7 6 6 7 6 7 7 63 581
S i2 e 36 25 36 4 9 36 36 49 36 49 49 401

3 0, fa lse  result; 1, good result. 
b T i, total for the line. 
c T i2, sq u ared  total for the line. 
d S i, total for the colum n.
3 S i2, sq u ared  total for the colum n.
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Table 4. Data for calculation of specificity rate and its Table 6. Data for calculation of false-negative rate and 
standard error its standard error

Exp erim ent m f * ib Experim ent am n f

2 5 5 2 5 0 0 25
3 5 3 3 7 2 14 49
4 5 5 4 5 0 0 25
5 5 4 5 6 1 6 36
6 5 5 6 5 0 0 25
7 5 5 7 5 0 0 2 5

a m„ num ber of negative portions ana lyzed . 
b aj, num ber of portions an a lyzed  negative am ong ch loram phenicol- 

free portions.

a m„ num ber of portions an a lyzed  negative am o ng both sp iked  and  
blank test portions.

b av num ber of portions an a lyzed  negative am ong chloram phenicol- 
sp iked  portions.

fluorescamine solution; a yellow background is generally due 
to an excess of fluorescamine; in both cases, the sensitivity of 
the method can be dramatically diminished).

Validation

Validation of the method was conducted on the basis of 
McClure’s paper (8 ). Trials were made on batches of 5 samples 
spiked at 10 jig/kg and 5 control samples. Samples were forti
fied by the analyst after they were coded by a second analyst. 
For analysis of results, 3 rules were followed: (7) To insure 
reproducibility, it was imperative to visualize the standard spot 
at the 3 ng level. (2) Doubtful results were classified as posi
tive. (3) Problems noted before the code is discovered may be 
cause for an authorized result correction. For example, a possi
ble tube inversion was noted in experiment 6  (Table 1). The 
code revealed that it involved 1 blank and 1 fortified sample. 
Because the experimental results gave false-positive and false
negative results for these 2  tubes, we assumed that the inver
sion had been done by the analyst. Consequently, these 2 re
sults were switched and considered correct.

The raw results are summarized in Table 1; the transformed 
results are given in Table 2. According to McClure (8 ), statisti
cal results give a %2 value of 14.7 for 6  degrees of freedom (df) 
expressing differences in experiments. Testing the first experi
ment as the outlier give a %2 value of 11.25 (P = 0.05; 1 df =

Table 5. Data for calculation of false-positive rate and 
its standard error

Experim ent m f a\m\ rtf
2 5 0 0 25

3 3 0 0 9

4 5 0 0 25

5 4 0 0 16

6 5 0 0 25

7 5 0 0 25

a m„ num ber of portions an a lyzed  positive am ong both sp iked  and  
ch loram phenicol-free portions. 

b a„ num ber of portions an a lyzed  positive am ong the known  
negative test portions.

3.412). The test carried out for the other 6  experiments give 
%2 = 3.65 (P = 0.05; 5 df = 11.07). Results, therefore, were 
homogeneous.

Method performance was based on the following parame
ters: (7) sensitivity (probability to find positive a sample con
taining CAP at 10 (ig/kg), P + = 0.90 ± 0.068 (Table 3); (2) 
specificity (probability to find negative a sample containing no 
CAP), P  -  = 1 (Table 4); (3) the false-positive rate (probability 
to find positive a sample containing no CAP), p f+  = 0 (Ta
ble 5); and (4) the false-negative rate (probability to find nega
tive a sample containing CAP at 10 (tg/kg), p f -  = 0.091 ± 
0.159 (Table 6 ).

Discussion

Method validation was conducted, as generally accepted, 
with fortified samples. The method was also used to analyze 
pig meat treated with chloramphenicol. The screening method 
gave a negative result, but the meat contamination was quanti
fied by liquid chromatography to 5 (J-g/kg. So we assume that 
the extraction process, assisted with an ultrasonic bath, is effec
tive for incurred residues.

Method performances were calculated for a lot contamina
tion rate of 50%. As it may be expected, the true contamination 
rate is less than 5%; therefore, the false-negative rate can be 
calculated (8 ) as p f -  -  0.0050. That is, for every 10 000 sam
ples tested as negative, no more than 50 would be expected to 
be positive (as long as the contamination rate is 5%). Once 
familiar with the method, one analyst can analyze ca 20-24 
samples in one working day. The described method does not 
require any expensive apparatus, which can be left free for con
firmatory purposes. Moreover, the planar chromatographic 
process does not need time-consuming column equilibration as 
does liquid chromatography. The analyst, therefore, may, if 
needed, conduct at the same time the extraction-purification 
and chromatography of different analytes. For these reasons, 
planar chromatography may be of interest for regulatory con
trol.
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DRUGS, COSMETICS, FORENSIC SCIENCES

Determination of Reserpine, Hydralazine HC1, and 
Hydrochlorothiazide in Tablets by Liquid Chromatography on a 
Short, Normal-Phase Column
U g o  R. C ie r i
U.S. Food and Drug Administration, 900 U.S. Customhouse, 2nd and Chestnut Sts, Philadelphia, PA 19106

A procedure is presented for the determination of 
reserpine, hydralazine HCI, and hydrochlorothiaz
ide in tablets by liquid chromatography. The sam
ple is extracted with methanol, and the extract is 
filtered through paper. Chromatography is per
formed in 2 stages, each using a 7.5 cm-long nor
mal-phase column but different mobile phases. In 
the first stage, intended exclusively for reserpine, 
the mobile phase consists of methanol containing 
2% aqueous 1-pentanesulfonic acid sodium salt at 
4 parts/1000. Detection and quantitation of reser
pine was by fluorescence at 280 nm (excitation) 
and 360 nm (emission). In the second stage, the 
amount of the salt solution in the mobile phase 
was increased to 5%. Detection and quantitation of 
hydrochlorothiazide and hydralazine HCI was by 
UV absorbance at 260 nm. One commercial sample 
of tablets was analyzed by the proposed method. 
Two determination of each ingredient were made 
on a ground composite. Ten individual tablets also 
were examined.

Received June 18, 1993. Accepted by JW October 4, 1993.

R eserpine, an alkaloid isolated from the root of Rauwol- 
fia serpentina, is used primarily to control mild cases of 
.hypertension. Because the drug is rather potent, dosage 

levels per unit are very low: generally between 0 .1  and 
0.25 mg. It has been reported (1) that reserpine may easily un
dergo partial decomposition for a variety of reasons and that the 
degradation products are therapeutically ineffective.

Some commercial preparations contain, in addition to reser
pine, 1 or 2  of the diuretics hydrochlorothiazide, chlorothiaz
ide, hydroflumethiazide, and hydralazine HCI.

One product, official in the U.S. Pharmacopeia (USP), is 
reserpine-hydralazine HCl-hydrochlorothiazide tablet. In this 
tablet, dosage levels per unit of the 3 ingredients, in the order 
listed, are 0.1, 25, and 15 mg (2).

The USP monograph contains 3 assay procedures, one for 
each ingredient, to be performed on separate portions of a 
ground composite. Hydrochlorothiazide is determined spectro- 
photometrically after isolation by ion-exchange chromatogra
phy. Hydralazine HCI and reserpine are determined by 2 sepa
rate colorimetric procedures.

The advent of liquid chromatography (LC) as an analytical 
tool has greatly facilitated the analysis of multicomponent drug 
preparations. Honigberg et al. (3) studied the LC behavior on 
reversed-phase columns of several drugs that may be present in 
antihypertensive-diuretic preparations but did not conduct any 
quantitative determinations.



C ie r i: Jo u rn a l  Of AOAC In ternational  V o l . 77, No. 5,1994 1105

Different mobile phases were tried, and for the reserpine- 
hydralazine HCl-hydrochlorothiazide product (2 ), the authors
(3) recommend a 20 + 80 mixture of acetonitrile and 0.1% 
aqueous ammonium acetate. Hydrochlorothiazide and hy
dralazine HC1 elute quickly and are well-separated, but reser- 
pine elutes extremely slowly and produces a wide peak. Sub
sequently, a method was published (4) for LC determinations 
of mixtures of reserpine and hydrochlorothiazide, which used 
a 30 cm-long normal-phase column, methanol as mobile 
phase, and 2 detectors arranged in series. Hydrochlorothiazide, 
which elutes first, is determined by UV absorbance, and reser
pine, which follows immediately, is determined by fluores
cence. This investigation was initiated to develop a suitable LC 
procedure for the analysis of the 3-component mixture listed as 
official in the USP (2).

Experimental

Reagents and Apparatus

(a) Reserpine.—USP, available from U.S. Pharmacopeial 
Convention (Rockville, MD), or equivalent.

(b) Hydrochlorothiazide.—USP, or equivalent.
(c) Hydralazine HCl.—USP, or equivalent.
(d) Methanol.—LC grade (Mallinckrodt Co., Paris, KY), 

or equivalent.
(e) 1-Pentanesulfonic acid sodium salt.—Aldrich Chemi

cal Co. (Milwaukee, WI), or equivalent.
(f) LC column.—Novapak silica, 7.5 cm X 3.9 mm id (Mil- 

lipore Corp., Bedford, MA), or equivalent.
(g) Injection valve.—With 5 |iL loop (Rheodyne Corp., 

Cotati, CA, or Alltech Associates, Deerfield, IL).
(h) Solvent delivery system.—Model M-45 (Millipore 

Corp.), or equivalent.
(i) Fluorescence LC monitor.—Model RF 535, connected 

to a recorder (Shimadzu Corp., Kyoto, Japan), or equivalent. 
Set excitation at 280 nm and emission at 360 nm.

(j) UV absorbance LC detector.—Connected to a recorder 
(Applied Biosystems, Ramsey, NJ), or equivalent. Set absor
bance at 260 nm.

Solutions

(a) Reserpine stock solution.— Store in the dark; discard af
ter 2 weeks. Weigh accurately ca 50 mg reserpine and transfer 
to a 100 mL volumetric flask. Add 1.0 mL chloroform, swirl 
well to dissolve, dilute to volume with methanol, stopper the 
flask, and mix the contents.

(b) Reserpine intermediate solution.—Dilute 4.0 mL re
serpine stock solution to 200.0 mL with methanol.

(c) Solution o f partially degraded reserpine.—Transfer 
0.20 mL reserpine stock solution to a small beaker and evaporate 
to dryness. Add 1.0 mL chloroform to beaker, swirl to dissolve 
residue, and irradiate for 10 min under long-wave UV light. 
Evaporate chloroform to dryness, dissolve residue in warm 
methanol, dilute to 100 mL with methanol, and mix.

(d) Reference solution.—Weigh accurately ca 25 mg hy
dralazine HCl and 15 mg hydrochlorothiazide. Transfer both to

a 100 mL volumetric flask, add 40 mL methanol, heat gently to 
dissolve, cool to room temperature, add 10.0 mL reserpine in
termediate solution in methanol to mark, stopper, and mix.

(e) Sample solution.—(7) Assay o f ground composite.— 
Weigh at least 20 tablets, calculate average tablet weight, and 
grind to a uniform powder. Transfer to 100 mL beaker a 
weighed amount of sample approximately equivalent to 1 tab
let, add 40 mL methanol, heat gently on a hot plate, and stir 
with a glass rod. Remove the beaker from the hot plate as soon 
as solution begins to simmer, transfer solution to a 100 mL 
volumetric flask, rinse beaker with several portions of metha
nol, and add rinsings to the flask. Cool to room temperature, 
dilute to volume with methanol, stopper, and mix. Filter 
through paper; discard first 10 mL of filtrate. (2) Assay o f sin
gle tablet.—Place a tablet in a 100 mL beaker, add 40 mL 
methanol, heat gently over a hot plate, carefully crush the tablet 
with flat-bottom glass rod, and stir. Continue as described in (7) 
beginning with removal as soon as solution begins to simmer.

(f) Salt solution.—Dissolve 2 g of 1-pentanesulfonic acid 
sodium salt in 100 mL water.

Determination o f Reserpine

To prepare the mobile phase, mix 4 mL salt solution (f) with 
1000 mL methanol. Connect column to fluorescence detector, 
and set the flow rate at 0.4 mL/min. Allow system to equilibrate 
for at least 15 min and then inject an aliquot of a solution of 
partially degraded reserpine. In addition to reserpine, which 
elutes after about 3 min, the chromatogram should have 2 
smaller peaks, both eluting earlier. The resolution, as defined 
in ref. 2 (p. 1565), between reserpine and the second degrada
tion peak is not less than 1.5. Inject an aliquot of reference 
solution. Hydrochlorothiazide elutes after about 1.8 min; the 
resolution between this peak and that of reserpine is not less 
than 2.0. The tailing factor of the reserpine peak, as defined in 
ref. 2 (p. 1567), is not greater than 2.0.

Inject replicate aliquots of the reference solution. The rela
tive standard deviation of reserpine peak response in 4 con
secutive chromatograms is not greater than 2.5%. Adjust the 
composition of the mobile phase if necessary to meet system 
suitability requirements. Inject reference solution once, sample 
solution twice, and then reference solution again. Take the av
erage of the responses of reserpine peaks in the sample chro
matograms (Rul) and in the reference chromatograms (Rsl). 
Determine the amount of reserpine in the sample solution ac
cording to the following formula:

Reserpine, mg = (Rul) (Wr)/(Rsl)

where Wr is the weight of reserpine (mg) in the reference solution.
If several samples are analyzed successively, as in the case 

of content uniformity determinations, use the following order 
of injections: reference, 2  injections of sample 1, reference, 
2 injections of sample 2, reference and so on. For each sample, 
calculate Rul as the average response of the reserpine peaks in 
the chromatograms preceding and following the 2  sample 
chromatograms. Rul also could be calculated as the average 
response of reserpine peaks in a larger number of reference
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Figure 1. (From left to right) Chromatograms of reserpine, partially degraded reserpine, reference solution, and 
sample solution. The mobile phase was 2% aqueous 1-pentanesulfonic acid sodium salt-methanol (4 parts/1000). The 
flow rate was 0.4 mL/min, the volume of injection was 5 g.L, and the fluorescence monitor was set at 280 nm 
(excitation) and 360 nm (emission).

Table. 1. Analysis of commercial tablets

Analysis

Hydralazine HCI 
(Label amount, 25 mg)

Hydrochlorothiazide 
(Label amount, 15 mg)

Reserpine
(Label amount, 0.1 mg)

Amt found, % % of label Amt found, mg % of label Amt found, mg % of label

Assay

Determination 1 23.6 94.4 14.6 97.3 0.0991 99.1
Determination 2 23.7 94.8 14.7 98.0 0.0983 98.3

Content uniformity

Tablet 1 23.2 92.8 14.8 98.7 0.0958 95.8
Tablet 2 24.1 96.4 15.2 101 0.0972 97.2
Tablet 3 24.6 98.4 15.0 100 0.100 100
Tablet 4 23.3 93.2 14.8 98.7 0.102 102
Tablet 5 24.5 98.0 14.7 98.0 0.0983 98.3
Tablet 6 24.6 98.4 15.1 101 0.0983 98.3
Tablet 7 22.7 90.8 14.6 97.3 0.0959 95.9
Tablet 8 22.9 91.6 14.6 97.3 0.0977 97.7
Tablet 9 23.3 93.2 14.8 98.7 0.0998 99.8
Tablet 10 22.8 91.2 14.0 93.3 0.102 102
Average 23.6 94.4 14.8 98.6 0.0987 98.7
RSD 3.3% 2.3% 2.3%



C ier i: Jo u rn a l  O f  AOAC In tern a tion a l  V o l . 77, N o . 5 ,1 9 9 4  1107

chromatograms and applied to the determination of several 
samples, provided that the relative standard deviation of all re
sponses averaged is not greater than 2.5%.

Determination of Hydrochlorothiazide and 
Hydralazine HCI

To prepare the mobile phase, mix 50 mL salt solution ( / )  
with 1000 mL methanol. Connect the column to UV absor
bance detector, and set flow rate at 0.6 mL/min. Allow the sys
tem to equilibrate for at least 15 min and then inject aliquot of 
reference solution. Hydrochlorothiazide elutes after about 
1 min, and hydralazine HCI elutes after 2 min. The resolution 
between the 2 peaks is not less than 2.5; the tailing factor for 
hydrochlorothiazide is not more than 2 .0  and that for hy
dralazine HCI is not more than 3.5. Inject replicate aliquots of 
reference solution. For both compounds, the relative standard 
deviation of the peak response in 4 consecutive chromato
grams is not greater than 2.0%. Follow the order of injections 
described in Determination ofReserpine.

Determine the amount of hydrochlorothiazide in sample so
lution according to the following formula:

Hydrochlorothiazide (mg) = (Ru2)(B/t)/(Rs2)

where Ru2 is the average peak response of hydrochlorothiazide 
in 2 sample chromatograms, Rs2 is a similar average in 2 ref
erence chromatograms, and VFt is the weight (mg) of hydro
chlorothiazide in the reference solution.

Determine the amount of hydralazine HCI in sample solu
tion according to the following formula:

Hydralazine HCI (mg) = (Ru3) (Wz)/(Rs3)

where Wz is the weight (mg) of hydralazine HCI in the refer
ence solution and Ru3 and Rs3 are average peak responses of 
hydralazine HCI in sample and reference chromatograms, re
spectively.

Results and Discussion

In the LC analysis of multicomponent drug preparations, it 
is highly desirable to determine all the ingredients in a single 
system. For this particular product, however, previous informa
tion and results of preliminary investigations indicated that it is 
preferable to use 2  systems: one for determination of reserpine 
and the other for determination of hydrochlorothiazide and hy
dralazine HCI.

The procedure for the determination of reserpine is basi
cally the same as the one published earlier for a similar product
(4), but minor changes, based on experience and the composi
tion of this mixture, were introduced. A normal-phase column 
was used, as before, but the length was 7.5 cm rather than 
30 cm. The mobile phase, previously pure methanol, was 
modified to contain 2 % aqueous 1-pentanesulfonic acid so
dium salt at 4 parts/1000. Detection was done only by fluores
cence because the intent at this stage was to determine only 
reserpine. As seen in Figure 1, chromatograms of reference and

sample solutions have 2  peaks, approximately equal in size, 
due to hydrochlorothiazide and reserpine. Hydralazine HCI 
elutes extremely late as a wide band, beginning at 30-40 min 
after injection. Because it is practically nonfluorescent, it is not 
detected.

If reserpine is partially decomposed, degradation products 
elute earlier but may not be detected because they are generally 
small and also because they may overlap with hydrochlo
rothiazide.

The other 2 ingredients are chromatographed on the same 
column with a slightly different mobile phase (the percentage 
of salt solution is increased to about 5%); detection and quan
titation is by UV absorbance at 260 nm. Chromatograms of ref
erence and sample solutions have 2  peaks due to hydrochlo
rothiazide and hydralazine HCI (Figure 2). The quantity of 
reserpine is too small to produce a detectable peak at the level 
of detector sensitivity used.

Table 1 shows the results of the analysis of a commercial 
sample of tablets. Duplicate determinations were made on a 
ground composite of 2 0  tablets; 1 0  tablets were examined for 
content uniformity.

0  1 0  1

M I N
Figure 2. (From left to right) Chromatograms of 
reference solution and sample solution of 
hydrochlorothiazide and hydralazine HCI. The mobile 
phase was 2% aqueous 1-pentanesulfonic acid sodium 
salt-methanol (50 parts/1000). The flow rate was 
0.6 mL/mln, the volume of injection was 5 pL, and the UV 
absorbance detector was set at 260 nm.
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Rapid Ultraviolet Spectrophotometric Assay of Ibuprofen in 
Liquid Oral Formulations
Asis K. S a n y a l  and D in a r a n d h l  L a h a

University College of Science, Department of Biochemistry, Microbiology Laboratory, 35 Ballygunge Circular Rd, Calcutta 
700 019, India

A selective and sensitive method was developed 
for rapid estimation of ibuprofen in complex liquid 
oral formulations. The method is based on spectro
photometric (352 nm) measurement of iodine re
leased by ibuprofen from an iodide-iodate mixture. 
Absorbance of liberated iodine was linearly related 
to ibuprofen at concentrations within the range of 
10-40 pg/mL. Ibuprofen was made free from inter
fering excipients and additives through selective 
extraction with hexane before assay. The results of 
ibuprofen determination in a syrup and an oral sus
pension and of recovery experiments performed on 
various excipients confirmed the applicability of 
the proposed method to complex formulations.

I buprofen, an inhibitor of prostaglandin biosynthesis, has 
unique anti-inflammatory and analgesic properties. Its 
combination with paracetamol in particular, has had exten

sive therapeutic applications in recent years. Most of the meth
ods available for estimation of this drug are based on liquid 
chromatography (LC).

Official methods (1,2) for the assay of ibuprofen in pure 
form or in tablets are based either on acid-base titration or liq
uid chromatography. The titration method is not suitable for 
complex liquid formulations like syrups or suspensions. The 
liquid chromatographic analyses (2-5) described for pharma
ceutical and biological samples require expensive instrumental

R e c e i v e d J u n e  1 9 ,  1 9 9 2 .  A c c e p t e d  b y  JW O c t o b e r  4 ,  1 9 9 3 .

setup not always available for routine analysis particularly in 
developing countries.

This paper describes a simple, sensitive, and selective spec
trophotometric assay of ibuprofen applicable to complex phar
maceuticals. The method is based on the property of the drug
(I), which is a propionic acid derivative, to liberate iodine from 
the iodide and iodate. Hydrogen ion-mediated iodine release 
from the iodide-iodate mixture is a common property of all 
acids, the extent and rate of iodine liberation being determined 
by the strength of the particular acid used.

CH, CH,
(CH,),-CH-CH. <Q>-CHCOOH ^  (CH,),-CH-CH - <Q>-CHCOO 

(I) + H*
IO3 + 5F  + 6 H+ 3I2 + 3HzO

We observed that ibuprofen, by virtue of its free carboxyl 
group, can liberate iodine quantitatively from the iodide-iodate 
system.

The iodine liberation reaction by ibuprofen, however, must 
be performed in an isolated system completely free of any 
acidic, alkaline, or other compounds that may interfere with the 
reaction. So it is necessary to have a one-step extraction with a 
highly nonpolar solvent such as hexane, which can selectively 
isolate ibuprofen from a complex mixture in a sufficiently pure 
state necessary for subsequent assay. The applicability of the 
method for a syrup and an oral suspension, which are the most 
complex dosage forms of this drug, was demonstrated. There 
is no officially accepted assay method at present for these for
mulations.
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Experimental

Apparatus and Chemicals

A Hitachi Model U-3210 spectrophotometer was used. 
Authentic samples of ibuprofen were obtained from Boots 
(United Kingdom). Brufen syrup (Boots Co., Ltd, India) and 
Ibugesic plus oral suspension (Cipla, Ltd, India) were pur
chased locally.

Reagents

(a) Potassium iodate solution.—2% w/v.
(b) Potassium iodide solution.—0.5% w/v.
(c) Potassium iodide solution.—0.07% w/v.
(d) N ,N -D im ethylform am ide (D M F ).

(e) M ethano l—MS grade (E. Merck, India, Ltd).
Preparation o f Standard

Approximately 100 mg ibuprofen was weighed accurately 
and dissolved in 30 mL /V, /V-dimethylformamide in a 50 mL 
volumetric flask. The solution was diluted to volume with the 
same solvent.

Preparation o f Samples (Syrup and Oral 
Suspension)

The contents of the bottle were shaken vigorously before 
adding a measured volume (containing ca 1 0 0  mg ibuprofen) 
to 30 mL A/A-dimethylformamide in a 50 mL volumetric 
flask. The contents were mixed well for 1 min to dissolve the 
drug. The mixture was diluted to volume with the same solvent, 
and the flask was stoppered and shaken well. The undissolved 
excipients were allowed to settle and the clear supernatant was 
used for the subsequent assay.

Determination

hO t-4 t-J -F* •_n
CJ1 ■S U1 •S' ■in CD
(Si CSi CD •3D •3D •3D 3
■ ■ . . . . a
CD <3D CD CD •Si CD

Figure 1. Absorption spectra of (A) iodine in potas
sium iodide solution (0.08%), (B) ibuprofen, (C) ibupro
fen after reaction with iodate and iodide, and (D) reagent 
blank (iodate and iodide).

To 0.6 mL standard or test solution in a 25 mL glass-stop
pered cylinder, 5.4 mL 0.05M HCL was added followed by 
5 mL hexane. Ibuprofen was extracted into the organic phase 
by vigorous shaking of the mixture for 1 min. The mixture was 
allowed to stand until the layers were separated completely. A 
portion (2 mL) of the top hexane layer was transferred to a cali
brated, glass-stoppered tube (25 mL). The highly volatile sol
vent was removed easily by evaporation with a gentle stream 
of nitrogen. The tube may be kept immersed in a thermo
statically controlled water bath (SO'U) to facilitate evaporation. 
The residue in the tube was dissolved in 1 mL methanol. Potas
sium iodate solution (0.5 mL) was then added, and the tube 
contents were mixed well. The iodine liberation reaction was 
initiated by the addition of 1 mL 0.5% potassium iodide solu
tion. The tube was then stoppered, and the contents, after thor
ough mixing, were allowed to stand for 30 min at room tem
perature (20°-30°C). The reaction mixture was then diluted 
with 20 mL 0.07% potassium iodide solution, and the absor
bance of the solution was measured at 352 nm against an ap
propriate blank prepared as described above, except that 
0.6 mL methanol was taken in place of standard or test solution.

Kinetics o f Iodine Liberation by Ibuprofen

At suitable time intervals following the addition of 0.5% 
potassium iodide solution (10 mL) to a mixture of 10 mL 
ibuprofen solution (prepared in methanol; 600 pg/mL) and 
5 mL potassium iodate solution, 2.5 mL aliquots of the reaction 
mixture was diluted with 20 mL 0.07% potassium iodide solu
tion. The solution was mixed well, and the absorbance at 
352 nm was read immediately against a reagent blank prepared 
by diluting a mixture of 1 mL methanol, 0.5 mL potassium io
date solution, and 1 mL 0.5% potassium iodide solution with 
20 mL 0.07% potassium iodide solution.

Calculations

The ibuprofen content of a syrup or an oral suspension was 
calculated by using the following equation:

Ibuprofen (mg/5 mL) = ^ x C x ^ x f l
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Figure 2. Kinetics of ibuprofen-induced liberation of 
iodine from iodide-iodate mixture.

where S and U are the absorbance values at 352 nm for stand
ard and sample, respectively; C is the concentration of the 
standard preparation (mg/mL); Vis the volume of sample taken 
for analysis; and D is the sample dilution.

Results and Discussion

Liberation of iodine by ibuprofen from iodide and iodate 
can be measured conveniently by ultraviolet spectro-

Figure 3. Effect of temperature on iodine liberation by 
ibuprofen. The reaction was carried out as described in 
the text at different temperatures.

Table 1. Recovery of ibuprofen from authentic samples9

Amount added,
Experiment mg/50 mL Recovery, %

1 60 99.1 ± 1.3
2 80 99.5 ± 1.5
3 100 100.8 ± 1.1
4 120 99.2 ± 1.8

a Authentic samples are standard ibuprofen solutions containing the 
stated amounts of ibuprofen. Each recovery is the average of 3 
determinations ± standard deviation.

photometry. Iodine shows 2 absorption maxima: at 288 and 
352 nm (Figure 1). The maximum at 352 nm was selected for 
measurement of iodine absorbance because at this longer 
wavelength, chances of interference by other UV-absorbing 
substances are less. Moreover, ibuprofen, having negligible ab
sorbance at 352 nm, does not interfere during the measurement 
of iodine absorbance (Figure 1).

The kinetics of iodine liberation by ibuprofen, followed by 
measuring the absorbance at 352 nm, is shown in Figure 2. The 
reaction reached steady state within 30 min, and at equilibrium, 
the absorbance of liberated iodine was linearly related to the 
concentration of ibuprofen within a range of 10-40 pg/mL 
(correlation coefficient [r] = 0.9999). This relationship forms 
the basis of the estimation of ibuprofen by measuring iodine 
release. Temperature change does not significantly affect io
dine liberation by ibuprofen (Figure 3). Considerably high io
dine liberation was observed even at 0°C. The reaction attained 
a steady state at 20°C.

Iodine liberation by ibuprofen can be used to assay the drug 
in complex samples like syrup and oral suspension. The main 
sources of interference in such systems are the organic or inor
ganic acids used as buffering agents. Interference from these 
substances can be avoided completely by a single extraction 
with a nonpolar solvent such as hexane. Because of its nonpolar 
nature, ibuprofen is very soluble in hexane and is easily ex
tracted by this solvent, whereas the other organic acids (e.g., 
citric, tartaric, lactic, acetic, malic, and fumaric acids) used 
commonly as additives in liquid oral formulations are hydro
philic and are not soluble in a nonpolar solvent like hexane. For 
the successful performance of the method, the glass-stoppered

Table 2. Determination of ibuprofen in a syrup and an 
oral suspension9

Sample
Concentration found,

mg/5 mL Percent of label claim

Brufen syrup6 99.8 ± 1.4 99.8 + 1.4
Ibugesic plus oral
suspension0 100.3 + 1.6 100.3 + 1.6

a Each result is the mean of 5 independent determinations ± 
standard deviation.

b Label claim, each 5 mL contains 100 mg ibuprofen. 
c Label claim, each 5 mL contains 100 mg ibuprofen and 162.5 mg 

paracetamol.



Sanyal  & L a h a : Jo u r n a l  O f  AOAC In tern a tion a l  V o l . 77, N o . 5 ,1 9 9 4  1111

Table 3. Recovery of ibuprofen from commercial 
samples and some pharmaceutical additives

Commercial sample 
or additive

Amount added, 
mg/50 mL of DMFa

Recovery,
% b

Brufen syrup 5C 99.5 ±1.5
Ibugesic plus oral
suspension 5C 99.7±1.8
Paracetamol 100 100.8 ±1.2
Citric acid 100 99.2 + 0.8
Sodium acetate 100 99.611.1
Tartaric acid 100 99.211.4
Calcium lactate 100 99.911.3
Malic acid 100 100.511.2
Fumaric acid 100 99.1 ±1.4
Methyl paraben 20 100.511.2
Propyl paraben 20 99.410.9
Benzoic acid 8 100.610.8
Bronopol 20 99.411.5
Povidone 100 100.1 ±1.3
Vanillin 6 99.811.1
Menthol 6 100.211.2
Peppermint oil 0.04c 100.511.3
Saccharin sodium 12 99.8 11.0
Sodium alginate 100 99.910.9
Bentonite 100 99.711.2
Pineapple 6 99.1 ±1.2
Tartrazine 2 100.1 ±1.0
Sunset Yellow 2 99.310.9
Carmoisine 2 99.611.3

a The mixture was processed as described under Syrup and Oral 
Suspension prior to analysis. The commercial samples or 
additives each contained 100 mg ibuprofen originally. 

b Each result in the mean of 5 independent determinations ± 
standard deviation. 

c Volume added, mL.

tubes used for the iodine liberation reaction should be totally 
free from any acid, alkali, or grease. It is also important that all

the reaction tubes should be allowed to stand undisturbed in a 
vertical position during the iodine liberation reaction.

The recoveries obtained from authentic samples demon
strate the good accuracy and precision of the proposed method 
(Table 1). Results of the determination of the ibuprofen content 
of a syrup and an oral suspension by the proposed method agree 
well with the declared amount of the drug (Table 2). Quantita
tion of ibuprofen added to syrup and an oral suspension of 
known ibuprofen content indicated satisfactory recovery of the 
drag from these complex mixtures (Table 3). Ibuprofen also 
was estimated from various pharmaceutic excipients and addi
tives (Table 3). Because the concentrations of various excipi
ents and additives may differ in different commercial formula
tions, their amount in the binary mixture was selected on the 
basis of the type of material taken. The results show satisfac
tory recoveries of the drag from different excipients, indicating 
lack of interference from these substances. The assay also is not 
affected by the presence of paracetamol; thus, it can be used to 
analyze ibuprofen in ibuprofen-paracetamol combinations.
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Liquid Chromatographic Determination of Multiple Sulfonamide 
Residues in Bovine Milk: Collaborative Study
M ic h a e l  D. S m e d l e y

U.S. Food and Drug Administration, Center for Veterinary Medicine, Division of Residue Chemistry, Beltsville, MD 20705 

Collaborators: W. Bargo; G. Carignan; J. Jenkins; M. Li; E. Piotrowski; B. Schmid; R. Thompson; C. Thorpe

A collaborative study involving 8 laboratories was 
conducted on the determination of 8 sulfonamide 
residues in raw bovine milk using a liquid chroma
tographic (LC) method. The sulfonamides are ex
tracted with chloroform-acetone, the organic 
phase is evaporated, the residues are dissolved in 
an aqueous potassium phosphate solution, and the 
fatty residues are removed by washing with hex
ane. The aqueous layer is collected, filtered, and in
jected onto an LC system, and the analyte is de
tected by ultraviolet (UV) absorption at 265 nm. To 
quantitate all 8 sulfonamides isocratically, 2 chro
matographic conditions are required: 12% metha
nol in the mobile phase for 5 sulfonamides, and 
30% methanol in the mobile phase for 4 sulfona
mides. Sulfamethazine (SMZ), the most widely 
used sulfonamide, is detected by both systems. 
Collaborators were instructed to analyze 3 repli
cates each of control milk and control milk fortified 
at 3 levels. They were also provided with 20 blind 
incurred samples (10 samples in duplicate) to ana
lyze. For 10 ppb fortified milk, the average interlabo
ratory recovery for the 8 sulfonamides ranged from 
56.2% for sulfaquinoxaline (SQX) to 82.7% for SMZ 
in the 12% methanol mobile phase (SMZ12). Also at 
this level, Sr ranged from 3.2 for SQX to 8.9 for 
SMZ12, and Sr ranged from 6.9 for sulfadimethox- 
ine to 17.2 for SMZ in the 30% methanol system 
(SMZ30). At 10 ppb, RSDr and RSDr ranged from 
5.7% for SQX to 10.8% for SMZ12, and 10.1% for sul- 
famerazine to 20.9% for SMZ30, respectively. These 
results demonstrate that the method is suitable for 
the determination of the 8 sulfonamide residues in 
milk at 10 ppb. However, the identification of posi
tives by this procedure needs additional confirma
tion by procedures comparable to the specificity

Submitted for publication June 8. 1993.
The recommendation was approved by the Committee on Drags and 

Related Topics, and was adopted by the Official Methods Board of the 
Association. See “Official Methods Board Actions” (1993) J. A O A C  Int. 76, 
125A, and “Official Methods Actions” (1993) The Referee 17, September 
issue.

achievable by liquid or gas chromatography com
bined with mass spectrometry.

A  liquid chromatographic (LC) multiresidue determina
tive procedure for 10  sulfonamides in raw milk was de
veloped in the author’s laboratory (1). The initial sul

fonamides were selected on the basis of informal reports of 
their use in dairy animals. The present procedure was used in a 
limited nationwide survey of shelf milk for all 1 0  residues in 
1990 (Smedley et al., unpublished milk survey, U.S. Food and 
Drug Administration, Washington, DC). The results of that 14- 
city survey showed the need for a validated method for the 
determination of sulfonamide residues in milk. Due to ques
tions concerning the quantification of 2  of the drugs, 8 were 
selected for this study. Therefore, a collaborative study of the 
procedure was conducted in 4 U.S. Food and Drug Administra
tion laboratories, 2 state laboratories, one U.S. Department of 
Agriculture laboratory, and a laboratory of Health and Welfare 
of Canada. This report presents the results of a collaborative 
study wherein the recovery and precision of the procedure were 
determined.

Collaborative Study

Prior to the study, each participating laboratory was asked 
to review the procedure, which was essentially the same as that 
of Smedley and Weber ( 1 ). After the reviews, a few minor clari
fications were made to the method and appropriate safety pre
cautions were included. Due to questions concerning the reso
lution and quantitation of sulfanilamide and sulfamethizole, 
the method was revised to analyze for 8 sulfonamides instead 
of the original 1 0 .

The study consisted of 3 phases. Phase I was used to evalu
ate the participating laboratories’ equipment, capabilities, and 
technical proficiency. It was intended to demonstrate the 
amount of work a multiresidue method involved and the exper
tise required by the analyst to interpret the data. If a laboratory 
determined that it did not have the expertise, adequate instru
mentation, or the required time, the laboratory could withdraw 
at this time before the start of the study. Once a laboratory com
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pleted phase I, it was invited to participate in the evaluation of 
the method during phases II and III.

Each laboratory was sent ca 1 g of each of 8 sulfonamides, 
3 tubes of frozen control milk (50 mL each), and one blind for
tified sample. All samples during the study were shipped frozen 
on dry ice, and the participants were instructed to keep them 
frozen until analysis.

Phase I involved the construction of standard curves with 
coefficients of correlation of at least 0.99, and the duplicate 
analysis of the following: control milk, control milk fortified at 
10  ppb of each sulfonamide, and an unknown fortified sample. 
Participants were told that the unknown sample may contain 
more than one sulfonamide, necessitating its analysis under 
both chromatographic conditions. As each laboratory com
pleted phase I, it was instructed to return the results to the spon
sor; then the laboratory was sent additional samples and was 
asked to proceed to phases II and III of the evaluation.

Each participating laboratory was shipped 5 tubes of control 
milk (50 mL each) for use in phase II and 20 blind samples for 
use in phase III. During phase II, the laboratories were in
structed to analyze the following in triplicate: control milk and 
fortified control milk, which each laboratory individually for
tified at 5,10, and 20 ppb. The 3 replicates were to be analyzed 
on 3 different days to provide data of maximum ruggedness. 
Once the participating laboratory successfully analyzed the 
12 samples of phase n , it proceeded to phase III.

During phase HI, the participating laboratories analyzed the 
20 blind samples. The samples were coded as 20 individually 
labeled blind tubes of milk, but were actually duplicates of 
10 different samples. The 10 blind duplicate samples included 
a control milk, 6  incurred samples containing one sulfonamide 
per sample, and 3 incurred samples with 2 sulfonamides each. 
The incurred residues were in the range of the standard curve, 
5-20 ppb.

Participants were instructed to prepare standard curves and 
analyze one positive and one negative sample daily. A positive 
control was identified as a control milk sample that the individ
ual laboratories fortified at the 10  ppb level with each sulfona
mide. A negative control was identified as a control milk sam
ple. Results from analyzing the positive and negative controls 
were considered the quality control for the method and instru
mentation.

The raw milk used in this study was collected at the author’s 
facility by Herbert F. Righter. Initially 4 cows, with known his
tories, were obtained from the U.S. Department of Agriculture 
dairy farm in Beltsville, MD. Raw control milk was collected 
and analyzed by the author. The milk from these 4 cows was 
mixed together and used as the control milk for this study. The 
milk was subdivided into 50 mL tubes and frozen at -80°C un
til it was shipped. Each cow was dosed with a different sulfona
mide drug. Milk at the level of interest was subdivided and 
frozen. Milk containing multiple sulfonamides was produced 
by blending the fresh incurred milk from 2  cows dosed with 
single drugs. This process was repeated with 4 different cows 
with a similarly documented history, to produce the incurred 
milk for the remaining 4 sulfonamides.

993.32 Multiple Sulfonamide Residues in Raw 
Bovine Milk—Liquid Chromatographic Method

First Action 1993

(Applicable to determination of 5-20 ppb of 8 sul
fonamides in raw bovine milk: sulfadiazine, sulfathiazole, sul- 
fapyridine, sulfamerazine, sulfamethazine, sulfachloropyri- 
dazine, sulfadimethoxine, and sulfaquinoxaline.) (Caution: 
See Appendix: Laboratory Safety for safe handling of chloro
form, acetone, and hexane. Avoid inhalation or contact with 
eyes or skin. Use only in well-ventilated fume hood. Chloro
form is possible carcinogen.)

Method Performance:
See Table 993.32 for method performance data.
Note. In the collaborative study, post-dose milk contained 

peaks in addition to parent drug, and these are assumed to be 
metabolites. For confirmation of eluate identity, additional 
specificity comparable to that provided by liquid or gas chro
matography combined with mass spectrometry is required.

A. Principle

Sulfonamides in milk samples are extracted by chloroform- 
acetone. After solvent evaporation, residues are dissolved in 
aqueous potassium phosphate solution. Fatty residues are ex
tracted with hexane. The aqueous layer is filtered and analyzed 
by liquid chromatography (LC). Sulfonamides are detected by 
ultraviolet (UV) absorption at 265 mm. Eight sulfonamides 
can be quantitated isocratically: 5 sulfonamides using 12% 
methanol and 4 using 30% methanol in mobile phase. Sul
famethazine is detected under either condition.

B. Apparatus

(a) LC system.—Equipped with autoinjector, fixed or vari
able UV detector, 250 x 4.6 mm reversed-phase C !8 column 
with deactivated phases (octadecyldimethylsilyl, 1 0 0  Á pore 
id), and 5 pm particle size; 2 cm guard column of similar pack
ing; and 0.5 pm precolumn filter.

Operating conditions: Oven temperature (C18 and guard 
column), 35 ± 0.2°; flow rate, 1.5 mL/min; standards and sam
ple injection size, 100 pL; run time, 40 min; chart speed, 
0.5 cm/min; detector set at 265 nm. {Note. If room temperature 
is not constant, prewarm mobile phase by passing preinjector 
LC tubing through column heater to attain more reproducible 
retention times.)

Clean LC system and column by substituting flush solution 
for mobile phase. Flush column >15 min at 1.5 mL/min, or at 
reduced flow rate overnight. If system will be unused for over 
1 week, flush column with methanol-H20  (60 + 40). Overnight 
equilibration may be necessary for reproducible sample analy
sis with 1 2% methanol system.

(b) Rotary evaporator.
(c) Polypropylene plastic tubes.—50 mL volume, plug- 

sealed.
(d) Pipettors.— 10 mL, 1 mL, and 100 pL.
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Table 993.32. Method performance for determination of multiple sulfonamides in raw bovine milk by liquid 
chromatographic method

Mean
Sulfona

mides3
recovery,

% Sr SR RSDr, % RSDr , %

5 ppb Fortified

SDZ 74.09 6.00 11.55 8.09 15.58
STZ 54.64 8.30 14.15 15.20 25.90
SPD 80.46 7.48 12.66 9.29 15.74
SMR 87.06 10.19 12.63 11.70 14.50
SMZ-12 86.82 9.31 9.89 10.72 11.39
SMZ-30 85.38 9.26 27.13 10.85 31.78
SCP 79.08 11.35 12.18 14.35 15.40
SDM 68.03 12.08 13.13 17.76 19.30
SQX 59.11 9.14 14.03 15.46 23.74

10 ppb Fortified

SDZ 75.36 5.37 7.81 7.13 10.36
STZ 57.19 4.99 11.56 8.73 20.22
SPD 76.73 5.82 9.54 7.58 12.43
SMR 82.46 6.69 8.36 8.11 10.14
SMZ-12 82.71 8.91 8.91 10.77 10.77
SMZ-30 82.36 6.78 17.20 8.23 20,89
SCP 71.22 6.11 7.81 8.58 10.97
SDM 66.54 4.23 6.85 6.35 10.29
SQX 56.15 3.20 8.94 5.71 15.92

Mean
Sulfona

mides3
recovery,

% Sr SR RSDr, % RSDr, %

20 ppb Fortified

SDZ 75.01 5.14 6.91 6.85 9.21
STZ 56.14 6.23 9.70 11.10 17.28
SPD 76.23 5.47 7.93 7.18 10.41
SMR 82.44 5.77 8.17 7.00 9.91
SMZ-12 80.73 3.12 5.48 3.87 6.79
SMZ-30 82.87 5.78 11.60 6.98 14.00
SCP 67.88 3.82 5.13 5.56 7.46
SDM 67.05 3.18 5.57 4.74 8.31
SQX 52.55 2.82 6.60 5.37 12.56

Incurred Residues, ppb (Blind Samples)

SDZ 11.32 0.50 1.25 4.46 11.08
STZ 13.95 0.48 2.50 3.46 17.90
SPD 14.60 0.66 1.53 4.54 10.44
SMR 14.27 0.71 1.14 4.95 8.02
SMZ-12 10.16 1.86 2.25 18.32 22.11
SMZ-30 15.11 1.19 2.57 7.89 16.99
SCP 12.83 2.62 2.72 20.45 21.23
SDM 13.60 1.08 1.82 7.93 13.38
SQX 7.41 1.73 1.84 23.30 24.80

8 Sulfonamides: SDZ, sulfadiazine; STZ, sulfathiazole; SPD, sulfapyridine; SMR, sulfamerazlne; SMZ-12, sulfamethazine analyzed with the 
12% methanol-88% 0.1M potassium dihydrogen phosphate solution mobile phase; SMZ-30, sulfamethazine analyzed with the 30% 
methanol-70% 0.1 M potassium dihydrogen phosphate solution mobile phase; SCP, sulfachloropyridazlne; SDM, sulfadimethoxine; SQX, 
sulfaquinoxaline.

(e) Fluted filter paper.— 12.5 cm id, pleated, grade 588, 
smooth surface, retains coarse precipitates, thickness 
0.215 mm, fast speed.

(f) Nylon filters(N66).— (1) 0.45 pm porosity, 47 mm. (2) 
2  pm pipet-tip filters.

(g) Vortex mixer.
(h) Freezer.—Capable of maintaining -80  ± 2° (See E for 

use in sample storage).
(i) Micro weighing funnel.—To fit 100 mL volumetric 

flask.
(j) Volumetric pipets.— 1,2,5 , and 10 mL; Class A.
(k) Separatory funnel.— 125 mL, with ground glass stop

per and Teflon stopcock.
(l) Funnel.—Short stem, 75 mm id.
(m) Pear-shaped flask.— 100 mL, with 24/40 standard ta

per neck and stoppers.
(n) Volumetric flasks.—50 mL, 100 mL, and 2 L; Class A.
C. Reagents

LC solutions may be stored at room temperature (24 ± 3°) 
for <3 months, unless otherwise noted.

(a) Water.—Distilled and deionized, <17 megohm-cm.
(b) Potassium dihydrogen phosphate (PDP) solution.— 

0.1M. Dissolve 27.2 g potassium dihydrogen phosphate in

H20  in 2 L volumetric flask, dilute to volume with H20 , mix, 
and filter through 0.45 pm nylon fdter.

(c) Solvents.—Methanol, hexane, acetone (EM Science, 
Gibbstown, NJ, is suitable source), and chloroform (without 
ethanol additive) (Burdick & Jackson, Muskegon, MI, is suit
able source); all LC grade.

(d) Mobile phases.— (1) 12% methanol-PDP solution (12 
+ 88, v/v). (2) 30% methanol-PDP solution (30 + 70, v/v). 
Filter methanol through 0.45 pm nylon filter before mixing 
with 0.1M PDP solution. If LC is equipped with 2 or more 
reservoirs, pump corresponding percentages of methanol and 
PDP solution from separate reservoirs for the 2 conditions; oth
erwise premix mobile phases.

(e) Flush solutions.— (1) 12% methanol-H20  (12 + 88, 
v/v). (2) 30% methanol-H20  (30 + 70, v/v). Filter methanol 
through 0.45 pm nylon filter before mixing with H20 .

(f) Extraction solution.—Chloroform-acetone (2+1 , v/v). 
Prepare daily ca 100 mL/sample. Measure chloroform and ace
tone in separate graduated cylinders, add acetone to chloro
form, and mix thoroughly. Let mixture equilibrate (ca 10- 
15 min) to room temperature before using.

(g) Sulfonamide standards.— (1) Sulfapyridine (SPD). (2) 
Sulfathiazole (STZ). (3) Sulfamerazine (SMR). (4) Sulfachlo- 
ropyridazine (SCP). (5) Sulfamethazine (SMZ). (6) Sulfaqui-
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noxaline (SQX). (7) Sulfadimethoxine (SDM). (8) Sul
fadiazine (SDZ). Use Analytical Reference Grade free base for 
standards preparation (Pfaltz & Bauer, Waterbury, CT, is suit
able source for SQX; Sigma Chemical Co., St. Louis, MO, for 
others).

D. Preparation o f Standard Solutions

Store stock solutions at <10° for no longer than 6  months. 
Use deionized, distilled, and 0.45 pm nylon-filtered H20  for 
sulfonamide standard preparation. To minimize cross-contami
nation, rinse glassware before use first with IN HC1, then dis
tilled deionized water, and then methanol; remove stopcocks 
from separatory funnels to ensure thorough rinsing. Use Class 
A volumetric glassware.

(a) Stock solutions.—Accurately weigh ca 100 mg, to 
nearest 0.1 mg, STZ, SMR, SCP, SMZ, SDM, SDZ, and SPD 
standards and 10 mg SQX standard at room temperature into 
separate glass weighing boats, transfer to separate 100 mL 
volumetric flasks. Dissolve in methanol, sonicating if neces
sary; then allow these solutions to reequilibrate to room tem
perature, dilute to volume with methanol, and mix thoroughly. 
SQX stock solution is 100 pg/mL (due to lower solubility in 
methanol); other stock solutions are 1 mg/mL.

(b) Intermediate solutions (10 pg/mL).— Using separate 
pipets, transfer 1.0 mL of each stock solution, except 10.0 mL 
for SQX, into separate 100 mL volumetric flasks, dilute to vol
ume with H20 , and mix thoroughly.

(c) Fortification solution (1 \ig/mL o f each sulfona
mide).— Using separate 10 mL pipets, transfer 10.0 mL of each 
intermediate standard solution into single 100 mL volumetric 
flask, dilute to volume with H20 , and mix thoroughly.

(d) Sulfonamide standards.—(1) 200 ng/mL (20 ppb).— 
Dilute 10.0 mL fortification solution to 50 mL with H20  in 
50 mL volumetric flask and mix thoroughly. (2) 100 ng/mL 
(10 ppb).—Dilute 10.0 mL fortification solution to 100 mL 
with H20  in 100 mL volumetric flask and mix thoroughly. (3) 
50 ng/mL (5 ppb).—Dilute 5.0 mL fortification solution to 
100 mL with H20  in 100 mL volumetric flask and mix thor
oughly.

E. Sample Storage

Store fresh raw bulk tank milk at <10°. If milk will not be 
analyzed within 2-3 days, subdivide into polypropylene plastic 
tubes and store at -80°. If this is not possible, store samples 
frozen at the lowest temperature possible. Thaw frozen milk in 
slightly warm tap water on day of analysis and mix by shaking 
tube before sampling.

Stored at -80°, milk and sulfonamide residues are stable for 
ca 12 months; stored at -15°, milk is stable only 3^1 months.

F. Sample Extraction

Place fluted filter paper, B(e), in funnel, B(l), and wash filter 
with 5 mL extraction solution, C(f); discard eluate. Pipet 
10 mL milk sample into separatory funnel, B(k).

(When testing for recovery is desired, fortify samples by 
adding 50,100, or 200 pL fortification solution D(c) to 10 mL 
milk in separatory funnel [5,10, or 20 ppb fortified samples].)

Add 50 mL extraction solution to milk in separatory funnel 
and stopper. Shake milk and extraction solution vigorously 
1 min; carefully vent through stopper. (Note: Venting separa
tory funnel through stopper is critical. Do not vent through 
stopcock. Milk solids clogging stopcock may result in sample 
loss.)

Shake for 1 additional min, vent, and let phases separate
1 min. Repeat shaking sequence and let phases separate 5 min. 
Draw off extraction solution, filtering through washed fluted 
filter and collecting in pear-shaped flask, B(m). (Note: Take 
extreme care to prevent any milk from entering stopcock.)

Add 25 mL extraction solution to separatory funnel and re
peat exactly as before. After filtering second extraction into 
same pear-shaped flask, rinse filter 2x with 5 mL extraction 
solution, collecting washings in same pear-shaped flask.

G. Sample Preparation

Carefully evaporate extract solution just to dryness on ro
tary evaporator at 32 ± 2°. During first few minutes, closely 
regulate vacuum to prevent foaming.

Dissolve residue in 1 mL 0.1M PDP solution, C(b), by agi
tating vigorously 1 min on vortex mixer.

Immediately add 5 mL hexane and vortex 1 min. Let phases 
separate 2 min, then immediately vortex 1 more min. Let 
phases separate >15 min before removing aqueous (bottom) 
layer.

Using 1 mL pipettor, draw off aqueous layer and immedi
ately place nylon pipet-tip filter on pipet tip. (Note: Aqueous 
layer will be homogeneous; therefore it is not necessary to re
move 100% of layer; 50-75% of aqueous layer is adequate for
2 injections.) Filter aqueous layer into glass tube or autoinjec
tor vial (or subdivide into 2 vials if 2 LC systems are being 
used).

Prepared samples, in sealed injection vials, may be stored in 
autoinjector at room temperature overnight while being in
jected. Sealed injection vials may be stored at <10° up to 24 h 
before injection.

H. Chromatographic Systems

Two mobile phase systems are used to resolve 8  sul
fonamides: 12% methanol-8 8 % 0.1M PDP solution mobile 
phase (“ 12% system”) for SDZ, STZ, SPD, SMR, and SMZ; 
and 30% methanol-70% 0.1M PDP solution mobile phase 
(“30% system”) for SMZ, SCP, SDM, and SQX (Note: SMZ is 
detected in both systems). Set up 2 separate LC systems for the 
2 mobile phases, or if only one LC is available, analyze sam
ples using 12% system first, then equilibrate 1 h with 30% sys
tem and analyze remaining samples. Reequilibrate to 12% sys
tem for several hours or overnight at reduced flow rate. To 
optimize resolution for different LC columns and pumps, vary 
methanol concentration in mobile phase between 10 and 30%. 
(Note: Use of 12 and 30% systems minimizes background and 
provides adequate resolution for all 8  sulfonamides, but does 
not necessarily reflect best resolution for individual sul
fonamides.)
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Table 1. Interferences (ppb) in control milk, collaborative study results for determination of sulfonamide residues

Lab. Rep.6

Sulfonamidesa

SDZ STZ SPD SMR SMZ12 SMZ30 SCP SDM SQX

A 1 1.06 NDC 2.01 1.33 ND ND ND ND ND
2 ND ND 1.65 2.20 ND ND ND ND ND
3 ND ND 1.31 0.98 ND ND ND ND ND

B 1 ND ND ND ND ND ND ND ND ND
2 ND ND ND ND ND ND ND ND ND
3 ND ND ND ND ND ND ND ND ND

C 1 ND 1.00 0.50 ND ND 0.71 0.27 ND ND
2 ND 1.74 ND ND ND ND 1.70 ND ND
3 ND 1.75 1.94 ND ND 1.45 0.08 ND ND

D 1 ND ND ND ND ND 2.30 ND ND ND
2 ND ND ND ND ND ND ND ND ND
3 0.41d ND ND ND ND ND ND ND ND

E 1 ND ND ND ND ND 2.70 1.80 ND ND
2 ND ND ND ND ND 2.20 2.30 ND ND
3 ND ND ND ND ND 2.20 1.80 ND ND

F 1 ND 0.50 0.90 0.50 ND 1.00 1.20 ND 1.40
2 ND 0.40 0.40 0.40 ND 0.60 1.00 ND 1.40
3 ND 0.40 0.40 0.30 ND 0.50 1.30 ND 1.30

G 1 ND ND ND ND ND ND ND ND ND
2 ND ND ND 2.60 ND ND ND ND ND
3 ND ND ND ND ND ND ND ND ND

H 1 ND ND ND 0.17 ND ND 1.02 ND ND
2 ND ND ND ND ND ND 1.55 ND 0.62
3 ND ND ND ND ND 0.23 ND ND ND

Av. 0.06 0.24 0.38 0.35 0.00 0.58 0.58 0.00 0.20

a SDZ = sulfadiazine; STZ = sulfathiazole; SPD = sulfapyridine; SMR = sulfamerazine; SMZ12 = sulfamethazine analyzed with the 12% 
methanol-88% 0.1 M potassium dihydrogen phosphate solution mobile phase; SMZ30 = sulfamethazine analyzed with the 30% 
methanol-70% 0.1 M potassium dihydrogen phosphate solution mobile phase; SCP = sulfachloropyridazine; SDM = sulfadimethoxine; SQX = 
sulfaquinoxaline. 

b Rep. = replicate. 
c ND = none detected.
d Value was recalculated using consistent baseline technique. Note that Laboratory D’s integrator did not draw baselines.

I. Standard Curve

Check system suitability before sample determination by 
injecting 100 piL of 5,10, and 20 ppb sulfonamide standards in 
duplicate under both LC conditions. Prepare 8 standard curves 
using peak heights. Correlation coefficients should be >0.99.

J. Sample Determination

Inject, in duplicate, 100 pL of redissolved sample extract, 
G, into LC system.

K. Calculations

Calculate linear regression coefficients using least-squares 
regression for each sulfonamide of interest (concentration vs 
peak height) to obtain values for:

Y = m X + b

then solve for concentration of unknown, X, from equation of 
the line where Y is peak height at corresponding sulfonamide 
retention time of the samples.

(Note: Extracted dried residues from 10 mL milk samples 
are redissolved in final volume of 1 mL; therefore, an analysis 
of 100 ng/mL in final extract is equivalent to 10 ppb of that 
analyte in milk sample.)

L. Notes

(a) This method was developed using raw milk. In limited 
use of the method with retail fluid milk, one interference was 
observed and was identified by mass spectrometry as theo
bromine. Sulfadiazine and theobromine coelute under the 
specified LC conditions; however, they may be fully resolved 
by using 6 % methanol mobile phase and 30° column tempera
ture. Their UV spectra are not sufficiently different to be dis
tinguished using wavelength ratio technique.

(b) In the collaborative study, post-dose milk contained 
peaks in addition to parent drug, and these are assumed to be 
metabolites. For confirmation of eluate identity, additional 
specificity comparable to that provided by liquid or gas chro
matography combined with mass spectrometry is required. For 
added confidence in identity, use wavelength ratio compari
sons (250/265 nm).
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Table 2. Collaborative study results (%) for determination of multiple sulfonamide residues in 5 ppb fortified milk

Sulfonam ides3
Lab. Rep.b SDZ STZ SPD SMR SMZ12 SMZ30 SCP SDM SQX

A 1 87.00 57.40 100.80 114.20 78.60 64.00 74.40 69.20 50.80
2 85.40 62.80 90.50 119.50 94.20 65.40 70.60 81.20 56.10
3 76.00 39.20 88.60 75.80 70.80 90.20 106.80 87.80 59.00

B 1 83.10 74.30 91.40 98.00 89.60 92.70 __ c 63.30 56.00
2 82.50 70.70 106.90 101.20 103.60 96.30 __ c 53.20 61.40
3 85.30 74.40 98.90 104.00 101.80 103.60 __ c 85.30 54.00

C 1 58.94 57.43 72.29 77.61 79.25 69.07 84.45 74.38 73.87
2 59.68 81.86 86.37 76.66 98.13 63.66 68.50 68.63 57.36
3 50.19 73.56 70.41 85.28 88.07 57.72 100.70 61.24 53.68

D 1 63.00 42.00 71.00 87.00 75.00 __ d 60.00® 64.00 61.00
2 77.00 48.00 77.00 79.00 91.00 __ d 70.00® 64.00 55.00
3 83.00® 48.00 75.00 74.00 91.00 __ d 66.00® 66.00 55.00

E 1 70.60 42.40 74.80 81.10 85.30 126.20 77.60 73.50 65.60
2 78.50 52.10 85.00 85.50 95.40 137.80 76.90 79.80 69.00
3 67.00 40.40 72.10 76.60 92.90 139.70 75.70 90.60 71.60

F 1 85.80 59.00 81.80 89.80 80.60 100.40 89.00 71.20 76.40
2 82.40 57.20 84.40 84.40 85.20 90.80 88.80 68.00 63.00
3 91.60 64.60 85.60 82.40 81.00 91.60 88.20 62.00 85.20

G 1 63.50 38.20 57.80 91.90 73.50 44.00 61.60 36.30 22.00
2 57.90 63.70 77.20 85.90 84.50 66.00 68.80 63.30 36.40
3 68.00 47.20 60.20 68.70 77.80 66.00 90.00 66.90 45.50

H 1 68.30 36.30 70.50 86.30 85.70 71.50 79.70 79.00 55.60
2 73.40 39.20 67.00 80.70 74.70 70.40 82.50 39.90 81.20
3 80.10 41.40 85.50 83.90 106.10 86.00 80.50 63.90 53.90

Av. recovery 74.09 54.64 80.46 87.06 86.82 85.38 79.08 68.03 59.11
Int. CV' 15.58 25.90 15.74 14.50 11.39 31.78 15.40 19.30 23.74

a SDZ = sulfadiazine; STZ = sulfathiazole; SPD = sulfapyridine; SMR = sulfamerazine; SMZ12 = sulfamethazine analyzed with the 12% 
methanol-88% 0.1 M potassium dihydrogen phosphate solution mobile phase; SMZ30 = sulfamethazine analyzed with the 30% 
methanol-70% 0.1 M potassium dihydrogen phosphate solution mobile phase; SCP = sulfachloropyridazine; SDM = sulfadimethoxine; SQX = 
sulfaquinoxaline. 

b Rep. = replicate.
c Laboratory B did not get adequate resolution for SCP. Data have been omitted because in many cases recovery data were calculated from 

either a peak at the wrong retention time or from a large coeluting interference peak. 
d Results from Laboratory D could not be recalculated from manual measurements because of off-scale peaks. 
e Values were recalculated using manual peak height measurements.
' Int. CV = interlaboratory coefficient of variation.

(c) Some metabolites can be used as aids in identification 
of parent compounds, i.e., in 12% system, incurred SMZ has 
one metabolite peak ca 30 s after STZ peak. Incurred SPD and 
STZ each have one metabolite peak ca 2 and 4 min, respec
tively, after SMZ peak. SQX presence in 30% system can be 
verified by 3 metabolite peaks; 2 peaks eluting within 6  min 
after SQX and one peak eluting a few minutes after SCP peak.
These metabolites do not interfere with analysis of any sul
fonamides detected in 30% system.

(d) Incurred SCP and SQX are both quantified using 30% 
system. If an extract containing SCP is analyzed for other sul
fonamides using 1 2% system, one very broad metabolite peak 
elutes at ca 65 min (25 min after the 40 min ran time). When 
SCP is detected in 30% system, follow that sample by a flush 
injection in 12% system, or a 30 min wait before next injection, 
or equilibrate and reinject the following day. Incurred SCP and 
incurred SQX both have large metabolite peaks that coelute

with SDZ on some LC systems. In this case, incurred SDZ can
not be quantified in samples that also contain incurred SCP or 
SQX. It is important to evaluate chromatograms from 30% sys
tem for presence of SCP or SQX before quantifying a peak at 
SDZ retention time using 12% system.

(e) SDM also gives one very small metabolite peak near 
SDZ retention time, only equivalent to 1-2 ppb.

(f) Standard addition may be used to distinguish parent sul
fonamide pea<s from possible metabolite peaks.

Ref.: J. AOAC Int. 77,1112 (1994).

Results and Discussion

Initially 13 laboratories agreed to participate in the collabo
rative study. All were sent the method for review with milk 
samples and standards to complete phase I. After 5 months, 
2  laboratories had not yet started phase I, and one participant
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Table 3. Collaborative study results (%) for determination of multiple sulfonamide residues in 10 ppb fortified milk

Sulfonam ides3
Lab. Rep.b SDZ STZ SPD SMR SMZ12 SMZ30 SCP SDM SQX

A 1 84.00 61.10 91.20 100.80 88.70 72.50 78.70 68.50 54.70
2 81.50 64.90 83.40 98.00 94.60 71.30 70.10 72.80 57.70
3 78.10 50.30 73.50 78.90 65.00 86.50 88.10 70.00 55.30

B 1 80.80 70.10 89.20 91.90 92.40 88.60 _C 63.70 55.30
2 80.80 70.00 88.30 93.80 84.00 91.30 _c 63.30 61.00
3 76.40 66.10 83.20 86.50 87.00 87.80 _c 66.70 56.40

C 1 68.59 68.01 72.96 78.42 72.08 69.74 62.56 65.73 64.91
2 62.22 73.76 81.77 72.38 87.37 71.67 80.13 74.41 65.62
3 70.04 75.05 73.68 78.50 76.47 57.78 79.25 64.71 61.77

D 1 65.00 48.00 72.00 79.00 77.00 _d 55.00e 65.00 58.00
2 76.00 52.00 77.00 78.00 88.00 _d 69.00e 69.00 55.00
3 88.00 51.00 72.00 78.00 89.00 _d 66.00e 72.00 60.00

E 1 71.50 41.00 77.00 79.50 80.80 113.40 69.80 80.20 60.00
2 82.40 52.10 85.00 88.00 89.70 107.90 69.30 76.50 69.00
3 77.60 47.70 83.80 83.20 89.30 114.40 68.60 74.00 62.10

F 1 84.30 67.30 84.90 82.80 _f 96.50 80.20 66.90 64.10
2 79.60 65.00 81.80 84.60 86.70 85.50 78.00 67.20 60.70
3 88.80 63.70 79.60 80.40 84.30 88.80 75.50 59.40 65.70

G 1 67.10 47.10 53.80 63.80 66.70 60.00 63.40 54.60 40.50
2 65.20 61.10 73.10 87.50 85.80 66.60 67.80 64.20 40.90
3 70.40 50.00 62.40 75.00 80.70 69.40 64.30 65.10 43.20

H 1 70.20 48.00 72.80 81.10 83.40 73.80 66.90 62.70 51.00
2 67.20 37.20 61.80 74.50 67.40 67.20 68.30 51.70 44.40
3 72.90 42.10 67.40 84.50 85.90 88.80 74.60 58.50 40.30

Av. recovery 75.36 57.19 76.73 82.46 82.71 82.36 71.22 66.54 56.15
Int. CV* 9 10.36 20.22 12.43 10.14 10.77 20.89 10.97 10.29 15.92

a SDZ = sulfadiazine; STZ = sulfathiazole; SPD = sulfapyridine; SMR = sulfamerazine; SMZ12 = sulfamethazine analyzed with the 12% 
methanol-88% 0.1 M potassium dihydrogen phosphate solution mobile phase; SMZ30 = sulfamethazine analyzed with the 30% 
methanol-70% 0.1 M potassium dihydrogen phosphate solution mobile phase; SCP = sulfachloropyridazine; SDM = sulfadimethoxine; SQX = 
sulfaquinoxaline. 

b Rep. = replicate.
c Laboratory B did not get adequate resolution for SCP. Data have been omitted because in many cases recovery data were calculated from 

either a peak at the wrong retention time or from a large coeluting interference peak. 
d Results from Laboratory D could not be recalculated from manual measurements because of off-scale peaks. 
e Values were recalculated using manual peak height measurements.
' Analyst omitted data because of irregular peak shape.
9 Int. CV = interlaboratory coefficient of variation.

had withdrawn because of a major instrument failure. Ten labo
ratories completed phase I and submitted their results. Results 
from one laboratory were dropped due to inadequate instru
mentation. Therefore, samples for phases II and HI of the study 
were sent to 9 laboratories. After 6  months, 8 laboratories had 
completed the study and submitted their data. The ninth labo
ratory withdrew from the study due to time constraints.

Tables 1-4 contain the results from analyses of the control 
milk and recovery data for the 5,10, and 20 ppb levels fortified 
milk by the 8  participating laboratories. For 10 ppb fortified 
milk the average interlaboratory recovery for the 8  sul
fonamides ranged from 56.2% for SQX to 82.7% for SMZ12.
Also at this level of fortification, Sr ranged from 3.2 for SQX 
to 8.9 for SMZ12, and SR ranged from 6.9 for SDM to 17.2 for 
SMZ30. The RSDr and RSDr values at the 10 ppb level ranged 
from 5.7% for SQX to 10.8% for SMZ12, and 10.1% for SMR

to 20.9% for SMZ30, respectively. These values fall on the 
curve which Hall and Selinger (2) called the Horwitz trumpet.

Table 5 contains the data from all 8  laboratories for the 
20 blind incurred samples. Table 6  contains the statistical 
analyses of these blind incurred samples. The 20 blind sam
ples contained a total of 30 sulfonamide residues. Sul
famethazine was evaluated in both mobile phase systems. 
Three laboratories correctly identified all 20 blind samples, 
and one laboratory only misidentified one metabolite as a 
parent. The other 4 laboratories either did not detect a par
ent, identified some metabolites as parents, or both. In 
3 separate samples, a total of 3 parent sulfonamides were 
not detected. A total of 240 possibilities existed in the blind 
incurred samples. Across all laboratories, the procedure cor
rectly identified over 98% of the parent drug residues pre
sent. In no instance where an incurred residue was present
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Table 4. Collaborative study results (%) for determination of multiple sulfonamide residues in 20 ppb fortified milk

Sulfonam ide3
Lab. Rep.6 SDZ STZ SPD SMR SMZ12 SMZ30 SCP SDM SQX

A 1 80.10 60.10 86.60 90.30 85.70 82.60 75.60 69.10 52.80
2 77.80 64.30 79.90 84.60 83.50 77.60 68.70 68.50 53.80
3 76.40 54.70 76.50 82.10 78.60 81.90 75.40 75.10 61.50

B 1 77.90 65.60 83.20 84.30 86.40 87.00 _c 65.10 46.70
2 84.80 70.60 89.40 90.60 87.90 96.00 _c 67.20 49.50
3 80.80 63.90 85.40 86.50 89.80 100.80 _c 66.50 45.40

C 1 71.59 64.79 72.76 74.19 76.67 67.61 63.26 63.88 53.18
2 68.58 58.02 67.02 69.36 75.56 72.24 70.14 66.75 53.94
3 68.27 60.59 67.53 71.63 71.69 63.73 66.69 60.67 49.80

D 1 64.00 52.00 70.00 74.00 74.00 _d 53.00® 62.00 52.00
2 76.00 52.00 75.00 78.00 77.00 __d _d 68.00 53.00
3 81.00 54.00 73.00 77.00 78.00 _d _d 70.00 54.00

E 1 76.90 41.70 80.30 82.70 85.30 99.20 69.80 76.00 60.00
2 86.70 48.10 85.00 88.00 87.40 92.50 67.40 76.50 64.40
3 74.70 40.40 78.80 82.30 84.80 103.70 63.50 80.10 62.70

F 1 80.50 66.50 80.50 83.00 86.00 88.50 76.00 65.50 58.50
2 77.50 65.00 80.00 82.50 81.50 83.50 72.00 64.50 57.00
3 79.50 64.00 79.00 81.00 81.00 79.50 71.50 61.00 58.00

G 1 58.50 41.30 59.90 103.10 72.80 74.00 58.90 64.70 39.90
2 67.10 57.90 70.30 97.90 82.40 76.80 66.60 63.80 42.60
3 70.60 54.20 78.90 78.10 82.30 79.60 63.00 65.60 47.70

H 1 77.50 62.00 76.80 85.00 78.30 79.20 73.00 65.40 50.40
2 66.90 36.10 59.60 72.00 72.60 67.20 63.20 56.80 49.60
3 76.50 49.60 74.00 80.40 78.30 87.00 72.10 66.50 44.70

Av. recovery 75.01 56.14 76.23 82.44 80.73 82.87 67.88 67.05 52.55
Int. CV' 9.21 17.28 10.41 9.91 6.79 14.00 7.46 8.31 12.56

a SDZ = sulfadiazine; STZ = sulfathiazole; SPD = sulfapyridine; SMR = sulfamerazine; SMZ12 = sulfamethazine analyzed with the 12% 
methanol-88% 0.1 M potassium dihydrogen phosphate solution mobile phase; SMZ30 = sulfamethazine analyzed with the 30% 
methanol-70% 0.1 M potassium dihydrogen phosphate solution mobile phase; SCP = sulfachloropyridazine; SDM = sulfadimethoxine; SQX = 
sulfaquinoxaline. 

b Rep. = replicate.
c Laboratory B did not get adequate resolution for SCP. Data have been omitted because in many cases recovery data were calculated from 

either a peak at the wrong retention time or from a large coeluting interference peak. 
d Results from Laboratory D could not be recalculated from manual measurements because of off-scale peaks. 
e Values were recalculated using manual peak height measurements. This single replicate was omitted during statistical analysis.
1 Int. CV = interlaboratory coefficient of variation.

was the sample classified as negative. The 3 undetected resi
dues were correctly identified and quantitated in their repli
cates. One of these was an SMZ12 residue; however, the peak 
was clearly in the chromatogram and the analyst had correctly 
identified SMZ in 30% methanol. Another of the undetected 
parents was intentionally not quantitated because a small in
terference peak was identified as SCP; therefore, this analyst 
reported that he could not quantitate SDZ because SCP was 
present.

Sometimes metabolites were quantitated as parent sul
fonamides. This happened 16 times during the study. In all 
cases where a metabolite was identified and quantitated as a 
parent sulfonamide, the sample had already been identified as 
containing a sulfonamide. Of these 16 incorrectly identified 
peaks, 7 mistakes were made by one participant. Also, in the 
tables of results of the 20 blind samples, 3 participants reported 
a total of 29 values as “L F ’ (less than 5 ppb sulfonamide de

tected). They did not quantitate these values because they were 
below the standard curve. Of these 29 low level results re
ported, 17 were reported by one laboratory. Chromatograms 
from this laboratory contained very noisy baselines, possibly 
indicating some instrument problems.

One laboratory did not achieve adequate resolution for SCP. 
The SCP data from this laboratory have been omitted because 
in many cases recovery data were calculated from either a peak 
at the wrong retention time or from a large co-eluting interfer
ence peak. Two of the 20 blind samples were control milk. 
When the random SCP data from this laboratory were deleted, 
1 0 0 % of the blind samples which were control milk were iden
tified correctly as not containing any sulfonamide greater than 
5 ppb. Seven laboratories reported “ND” (none detected) for 
all sulfonamides in both replicates of the control milk; how
ever, the laboratory, which reported a total of 17 LFs, reported 
one LF in each of its control replicates.
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Table 5. Collaborative study results (ppb) for sulfonamide residues determination in blind incurred samples

Laboratory

Code3 A B C D E F G H Average1

1.SDZ 12.0 10.95 8.95 12.50 10.70 11.32 10.61 11.8 10.73

2.SCP 11.9 _c 12.31 19.8 11.7 14.42 10.08 11.9 12.36
3.SMZ12 12.5 32.58 __d 14.7 15.8 14.72 13.40 16.5 13.80

3.SMZ30 15.8 17.11 13.68 17.2 18.2 15.80 13.03 16.6 14.70

3.SDM 16.4 14.75 14.06 12.4 15.0 13.49 10.71 14.2 12.73

4. SQX 7.1 5.82 5.89 3.9 7.0 6.83 7.03 9.91 8.95

5.SMZ12 14.5 15.33 14.83 15.4 14.0 14.72 13.40 14.8 13.80

5.SMZ30 14.7 16.19 15.97 18.1 14.2 15.60 13.19 15.1 14.70

5.SDM 14.4 14.03 16.23 14.2 NDe 12.89 10.24 12.4 12.73

7.SPD 14.5 16.98 12.87 15.0 14.9 13.47 13.61 15.3 14.83

8.SPD 14.3 17.18 12.28 15.2 13.3 13.10 14.88 16.8 14.83

10.STZ 13.5 16.65 14.08 14.7 8.8 15.51 13.09 15.8 12.89

10.SMZ12 14.0 15.91 12.82 14.9 13.9 14.57 13.76 17.9 15.45

10.SMZ30 16.8 16.51 10.21 16.4 15.1 15.69 11.16 15.3 13.53

11.SQX 7.5 6.78 6.95 7.3 12.0 9.31 7.03 8.24 8.95

12.SMZ12 13.0 9.88 8.02 10.1 10.1 10.25 8.45 10.4 10.11

12.SMZ30 9.6 11.10 8.60 12.9 9.6 10.41 11.21 8,73 9.29

13.SDZ 12.4 11.17 8.85 11.1 10.9 11.26 10.23 10.9 10.86

13.SMR 15.2 15.09 12.40 14.6 12.7 14.79 13.83 15.0 14.66

14.SDZ 13.3 11.63 8.76 12.1 11.7 11.62 10.60 12.6 10.73

15.SDZ 12.8 11.61 _f 11.0 10.3 11.37 10.32 11.5 10.86

15.SMR 14.8 15.54 11.65 14.4 15.3 14.67 13.83 14.5 14.66

16.STZ 13.8 16.94 14.35 15.1 8.4 15.80 12.65 14.1 12.89

16.SMZ12 16.1 16.08 10.99 13.9 14.2 14.92 13.09 15.7 15.45

16.SMZ30 17.0 16.07 10.42 17.1 15.2 15.80 14.04 19.0 13.53

17.SMZ12 9.2 11.18 7.54 10.0 10.4 10.38 7.13 16.5 10.11

17.SMZ30 10.3 12.90 8.69 11.9 10.3 11.03 9.22 10.0 9.29

18.SCP 11.4 _c 17.18 11.8 9.7 13.51 11.96 11.9 12.36

19.SDM 8.6 9.42 8.56 9.3 8.9 8.76 6.52 8.69 8.69
20.SDM 8.8 8.94 8.81 9.2 8.8 8.59 6.52 8.69 8.69

a SDZ = sulfadiazine; STZ = sulfathiazole; SPD = suifapyridine; SMR = sulfamerazine; SMZ12 = sulfamethazine analyzed with the 12% 
methanol-88% 0.1 M potassium dihydrogen phosphate solution mobile phase; SMZ30 = sulfamethazine analyzed with the 30% 
methanol-70% 0.1 M potassium dihydrogen phosphate solution mobile phase; SCP = sulfachloropyridazine; SDM = sulfadimethoxine; SQX = 
sulfaquinoxaline.

b Average of 3 analyses extracted by the author.
0 Laboratory B did not get adequate resolution for SCP. Data have been omitted because in many cases recovery data were calculated from 

either a peak at the wrong retention time or from a large coeluting interference peak. 
d One of the incurred parent sulfonamides was not detected in a multi-incurred sample. 
e ND = none detected.
' A small interference peak was identified as SCP; therefore, this analyst reported that he could not quantitate (NQ) SDZ when SCP was 

present.

One laboratory did not realize that a large late eluting peak 
would follow an injection that contained incurred SCP; there
fore, this peak appeared in blind sample 2 coeluted with SMZ 
in blind sample 3. A 32.58 ppb value was reported for the SMZ 
value in 12% methanol. The Cochran test determined this value 
to be an outlier. The same participant found only 17.11 ppb for 
SMZ when this sample was injected in 30% methanol. This 
value was much closer to the 14.7 ppb reference value.

Collaborators’ Comments

Some of the collaborators made comments and helpful sug
gestions in their reports at the conclusion of the study. The fol
lowing is an outline of comments with responses;

One laboratory reported that “The interpretation of the chro
matograms from the milk samples was difficult...metabolite 
information will have to be included and discussed in the 
method to prevent laboratories from identifying false posi
tives.” However, the collaborator was able to correctly identify 
the 2 0  blind incurred samples with no false positives.

A second laboratory suggested that “The use of relative re
tention values of certain metabolites with respect to the parent 
compound can be helpful in verifying the presence of a resi
due. ..” This collaborator also wrote that the method was inter
esting “to work with from an interpretative standpoint.” The 
relative retention values that this participant used as an aid to 
identification must have been a useful tool because all 2 0  blind
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Table 6. Summary of the collaborative study results from Table 5

Sulfonamide3 Sample No. No. of replicates X Sr Sr RSDr, % RSDr, %

SDZ 1,14 8 11.32 0.50 1.25 4.46 11.08
SCP 2,18 7 12.83 2.62 2.72 20.45 21.23
SMZ126 3,5 7 15.88 4.69 4.93 29.54 31.07
SMZ12e 3,5 6 14.54 0.94 1.12 6.47 7.69
SMZ30 3,5 8 15.65 1.29 1.62 8.21 10.36
SDM 3,5 7 13.60 1.08 1.82 7.93 13.38
SQX 4, 11 8 7.41 1.73 1.84 23.30 24.80
SPD 7,8 8 14.60 0.66 1.53 4.54 10.44
STZ 10, 16 8 13.95 0.48 2.50 3.46 17.90
SMZ12 10, 16 8 14.55 0.95 1.65 6.50 11.36
SMZ30 10, 16 8 15.11 1.19 2.57 7.89 16.99
SMZ12 12, 17 8 10.16 1.86 2.25 18.32 22.11
SMZ30 12, 17 8 10.41 0.84 1.40 8.04 13.44
SDZ 13, 15 7 11.20 0.28 0.76 2.51 6.80
SMR 13, 15 8 14.27 0.71 1.14 4.95 8.02
SDM 19, 20 8 8.57 0.15 0.87 1.80 10.11

a SDZ = sulfadiazine; STZ = sulfathiazole; SPD = sulfapyridine; SMR = sulfamerazine; SMZ12 = sulfamethazine analyzed with the 12% 
methanol-88% 0.1M potassium dihydrogen phosphate solution mobile phase; SMZ30 = sulfamethazine analyzed with the 30% 
methanol-70% 0.1M potassium dihydrogen phosphate solution mobile phase; SCP = sulfachloropyridazine; SDM = sulfadimethoxine; SQX = 
sulfaquinoxaline.

b Cochran’s test determined that Laboratory B was an outlier. 
c Values were recalculated deleting data from Laboratory B.

Note: Blind samples 6 and 9 were control milk.

samples were identified correctly. However, because the author 
has not confirmed the identity of the metabolite peaks, he did 
not feel that this technique should become part of the proce
dure. This technique may be very beneficial after a completed 
metabolism study on each of the sulfonamides.

Another participating laboratory reported that “Because of 
the summer heat... [it was] .. .impossible to hold the column 
temperature stable at 35QC.” The analyst attempted to use 40°C; 
however, she experienced abnormal peak shape, co-elution, 
and absence of metabolite peak. The decision was made to re
run 4 samples on a cooler day. However, it should be noted that 
the 2 0  blind samples were all identified correctly by this labo
ratory.

One laboratory reported that “over 400 hours were required 
to complete the validation... Considerable expertise is needed 
for the correct and accurate interpretation of the sample chro
matograms which is the most difficult part of the analysis.” All 
sulfonamides were correctly identified in the blind incurred 
samples and only one metabolite was incorrectly quantitated as 
being a parent sulfonamide. It is very beneficial to know that 
this 8  residue method could be evaluated in only 400 h. A sin
gle residue method is normally evaluated in 45 days or 360 h. 
It should be noted that 8 times the information was acquired in 
only 1 0 % more time.

Another laboratory only reported their results and stated that 
they were . .interested in the outcome of the study.” Another 
collaborator reported that their LC system was too noisy, so 
another LC system was used, which gave “.. .very satisfactory 
results...” One laboratory reported the availability of only 
one LC unit with no auto-injection system; thus, the number of

samples mn each day was limited. The results of this laboratory 
demonstrate that only one LC is sufficient to analyze both 
chromatograph conditions.

The last laboratory reported that “.. .Some sulfa peaks were 
difficult to identify because of the presence of metabolites... 
No major difficulty was encountered while performing the ex
traction procedure... It was found fast and simple.”

Conclusions

Using the data from all 8 laboratories, only 3 of a total of 
240 incurred residues were undetected; in 16 cases metabolites 
were quantitated as parent sulfonamides, and 29 traces of sul
fonamides were incorrectly identified. Across all laboratories, 
the procedure correctly identified over 98% of the parent drug 
residues present. When the data from only one laboratory are 
omitted, these values change to one sulfonamide residue unde
tected out of the incurred residues, 9 metabolites quantitated as 
parent sulfonamides, and 12  traces of sulfonamides incorrectly 
identified. When the data from this one laboratory are omitted, 
the procedure correctly identified over 99% of the incurred 
drag residues present in the blind samples. In no instance where 
an incurred residue was present was the sample classified as 
negative.

Horwitz (3,4) predicted a 32% interlaboratory coefficient 
of variation (CV) at the 10 ppb concentration level. The values 
in Table 3 show that the interlaboratory CVs for this study are 
below 21 % at 10 ppb. These results along with adequate recov
eries and minimum interferences in the controls demonstrate
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that the method is suitable for the determination of the 8 sul
fonamide residues in milk at 5-20 ppb.

Recommendation

On the basis of the results of this study, it is recommended that 
the liquid chromatographic method for determination of multiple 
sulfonamide residues in bovine milk be adopted first action.
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Simultaneous Multiresidue Analysis of (3-Lactam Antibiotics in 
Bovine Milk by Liquid Chromatography with Ultraviolet 
Detection and Confirmation by Electrospray Mass Spectrometry
Krystyna L. Tyczkowska, Robert D. Voyksner, * 1 Rolf F. Straub, 1 and Arthur L. Aronson
North Carolina State University, College of Veterinary Medicine, Clinical Pharmacology Unit, Raleigh, NC 27606

A multiresidue analytical method was developed 
for the simultaneous determination of amoxi
cillin, cephapirin, procaine penicillin G, ampicil- 
lin, cloxacillin, and ceftiofur in bovine milk. The 
method involved ultrafiltration of milk diluted 
with an equal volume of 50% acetonitrile through 
a 10 000 dalton molecular mass cutoff filter. 
Separation of these p-lactam antibiotics from 
other milk components was performed by ion- 
paired (octane- and dodecanesulfonate) liquid
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chromatography using a phenyl column eluted 
with acetonitrile-water solution. Ultraviolet ab
sorbance of the column effluent was monitored 
in the 200-350 nm range of a photodiode-array 
detector. For quantitation, the chromatograms 
were acquired at A.210 nm for penicillin G, am- 
picillin, and cloxacillin; L230 nm for amoxicillin; 
and .̂290 for cephapirin, procaine, and ceftiofur. 
The limit of detection for the simultaneous deter
mination of these antibiotics was estimated to 
be 100 ppb. Liquid chromatography/eiectrospray 
mass spectrometry could be used to confirm 
these antibiotics for quantities down to 100 pg 
entering the mass spectrometer.
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P -Lactams probably are the most widely used class of an
tibiotics in veterinary medicine for the treatment of bac
terial infections (1). p-Lactam antibiotics consist of 

2 types of compounds: penicillins and cephalosporins. The 13- 
lactam antibiotics studied in this report are used to treat bacte
rial infections in lactating cows: procaine penicillin G, cloxac- 
illin, ampicillin, amoxicillin, cephapirin, and ceftiofur. These 
antibiotics have either amphoteric or acidic properties. The 
penicillins have a basic structure consisting of bulky side 
chains attached to a 6 -aminopenicillanic acid nucleus (Fig
ure 1A). A 7-aminocephalosporanic acid nucleus (Figure IB) 
is incorporated into the structure of cephalosporins. Few re
ported methods involve multiple analysis of |3-lactam antibi
otic residues in milk (2-5) or serum (6-7). Those involving the 
determination of p-lactam antibiotics in milk at concentrations 
less than 50 ppb are based on derivatization of analytes and 
fluorescence detection (3) or capillary gas chromatography 
with thermionic phosphorus/nitrogen detection (5).

There are no literature reports of the simultaneous determi
nation of these 6  p-lactam antibiotics in bovine milk. This pa
per describes a liquid chromatographic (LC) procedure for si
multaneous determination of penicillin G, cloxacillin, 
ampicillin, amoxicillin, cephapirin, and ceftiofur in bovine 
milk. The proposed method includes a simple sample prepara
tion (ultrafiltration), isocratic reversed-phase separation, and 
UV-VIS detection. The limit of detection for simultaneous de
termination is 100 ppb of each P-lactam antibiotic in milk. 
However, we have reported estimated detection limits for peni
cillin G of 10 ppb, cloxacillin and ceftiofur of 50 ppb, am
picillin of 75 ppb, and amoxicillin of 100 ppb when these P- 
lactam antibiotics were analyzed individually (8-11). The 
methodologies described in these papers involved detection 
and measurement of p-lactam antibiotics directly from milk 
ultrafiltrates by ion-paired chromatography.

Liquid chromatography/electrospray-mass spectrometry 
(LC/ES-MS) has the capability of efficiently generating ions 
from a wide variety of compounds down to the low pg level, 
and it is a very mild ionization technique (12-15). As we con
tinue our interest in developing new LC/MS methods to con
firm drug residues in biological matrixes, we have applied elec
trospray ionization for the analysis of a mixture of 5 P-lactam 
antibiotics in milk ultrafiltrate.

Experimental

Materials and Reagents for L C -U V  Analysis

The LC solutions were made from highest purity solvent 
grade acetonitrile (American Burdick & Jackson, Muskegon, 
MI). LC grade water was obtained from Hydro Services and 
Supplies (Research Triangle Park, NC). The ion-pairing re
agents, octanesulfonate (S8 ) and dodecanesulfonate (SI2) 
were obtained from Regis (Morton Grove, IL). The microsepa
ration system, Centricon-10, employing a molecular mass cut
off filter of 10 000 Daltons, was supplied by Amicon Division 
of W.R. Grace (Danvers, MA).

Ceftiofur hydrochloride standard was supplied by the 
Upjohn Co. (Kalamazoo, MI). Cloxacillin, procaine penicillin 
G, ampicillin, amoxicillin, and cephapirin standards were ob
tained from Sigma Chemical Co. (St. Louis, MO). A 1 mg/mL 
concentration of each p-lactam antibiotic (calculated as a free 
compound) stock solution was prepared daily in acetonitrile- 
water (50 + 50, v/v). Working standard solutions of 1 and 
10 |ig/mL were prepared daily with the same diluent. All stand
ards were protected from light with aluminum foil and amber 
vials.

R l— CONH

CH2 R3

Amoxicillin
HO

Cloxacillin

Penicillin G

Cephalosporin R-|________ R2______ R3

Cephapirin

Ceftiofur

-H -OCOH3

Figure 1. Chemical structures of (A) penicillins and (B) cephalosporins.
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Materials and Reagents for LC /ES -M S Analysis

Water was distilled twice and purified with a Milli-Q water 
system (Millipore Corp., Bedford, MA) prior to use. Methanol 
(MeOH) and acetonitrile (ACN) were of LC/GC grade quality 
(Baxter Healthcare Corp., Muskegon, MI). For mobile phase, 
additive acetic acid (HOAc) from Aldrich Chemicals (Milwau
kee, WI) was used. Arginine and gramicidin S from Bacillus 
brevis (Sigma Chemical Co.) were employed as tuning com
pounds in positive ion ES operation.

Sample Preparation Procedure

Aliquots (500 (lL) of milk were diluted with an equal vol
ume of acetonitrile-water (50 + 50, v/v) in the microseparation 
system equipped with a 10 000 Daltons molecular mass cutoff 
filter. Samples were vortex-mixed for 10-15 s and centrifuged 
for approximately 30 min at 4000 x g with 45° fixed-angle ro
tor. A 10-100 |xL aliquot of colorless ultrafiltrate was injected 
into an LC system equipped with a UV-VIS photodiode array 
(PDA) detector or a 0.5 (lL aliquot was injected into the 
LC/ES-MS system.

Liquid Chromatography with U V -V IS  Detection

The LC equipment consisted of a Waters Model 600W mul
tisolvent delivery system with a Waters U6 K injector and tem
perature control accessory set at 40°C. This was coupled to a 
Model 990 (plus) UV-VIS PDA detector (Waters Chromatog
raphy Division, Milford, MA). The LC separations were per
formed using a mobile phase consisting of 18% acetonitrile in 
water (v/v), 0.25% phosphoric acid (v/v), 0.30% triethylamine 
(v/v) in 0.25 mM octanesulfonate, and 4.75 mM dodecanesul- 
fonate aqueous solution. The column was an Ultremex 3 (am, 
phenyl column, 250 nm x 4.6 mm id (Phenomenex, Torrance, 
CA). The column effluent was analyzed within 200-350 nm 
using the PDA detector. The recoveries of (3-lactam antibiotics 
from bovine milk samples were determined by analyzing from 
5 to 7 spikes at the 1 ppm level at 210, 230, and 289.6 nm (Ta
ble 1).

After the areas of (3-lactam antibiotic standards and bovine 
milk samples were compared, the quantity of (3-lactam antibiotics 
determined by LC-UV detection was calculated as follows:

(3—lactam antibiotic (ng) x  2  
injection volume (|J.L)

Usually, the injection volume was between 10 and 100 |iL. 
The multiplication by 2 in the equation accounts for the dilution 
of serum (1  + 1) with the solution for releasing protein-bound 
drug.

Liquid Chromatography with ES— M S Detection

The eluents used to separate the drug mixture were deliv
ered by an ISCO 100D syringe pump/pump controller, 
Model 174262, with a 5 |iL sample loop (ISCO, Inc., Lincoln, 
NE). The samples were injected with a Valeo C14W.5 injector 
with a 0.5 pL sample loop (ISCO) and separated on a 150 x 
2 mm id Ultremex 3 pm C 18 column (Phenomenex). A Waters 
Model 484 MS tunable absorbance detector was linked to the 
higher flow rate port of an AcuRate IC-70 splitter (LC Pack
ings, Inc., San Francisco, CA) and set to 230 nm. A Hewlett- 
Packard Model HP 3396A integrator (Hewlett-Packard, Avon
dale, PA) was used to record the UV absorption 
chromatograms. A computer-controlled Analytica ES-MS in
terface, Model 101737, with autotune capability (Analytica of 
Branford, Inc., Branford, CT) was connected to a Hewlett- 
Packard Model HP 5989A single quadruple mass spectrometer 
(Hewlett-Packard, Palo Alto, CA). For instrument control and 
data acquisition, a Hewlett-Packard Model HP Vectra 80486- 
33 EISA personal computer/MS-DOS Chemstation software 
version M2.43 was used.

LC separation was performed using a mobile phase consist
ing of 40% (v/v) acetonitrile and 1% (v/v) acetic acid in water 
(pH 3.0). The mobile phase flow rate into the 1:70 splitter was 
300 pL/min. The splitting reduced the flow rate of the eluent 
entering the ES interface to 4.3 (ilVmin.

The Analytica LC/ES-MS interface was autotuned with a 
synthetic mixture of the 5 ß-lactam antibiotics (100 ng/|iL 
each). Best results for all 5 drugs in positive ion mode were 
achieved by setting the cylindrical electrode (V^ at ca -
3.3 KV, the end plate (V2) at -3.6 KV, and the capillary (V3) at 
-3.8 KV. The capillary exit (collisional activated dissociation 
[CAD] voltage) potential was 150 V; best results were obtained 
with skimmer (S) and lens (L) voltages of Sj = 52 V, L[ = 54 V, 
S2 = 22 V, L2 = 16 V, and L3 - -98 V for an overall good sen
sitivity. The mass spectrometer scanned from m/z 40-500 at a 
step size of 0.1 unit and a rate of 0.33 scan/s in full scan mode. 
The threshold was 500 and the abundance of each mass was 
sampled 6  times during a scan. In selected ion monitoring

Table 1. Statistical summary of simultaneous analysis of (3-lactam antibiotics in bovine milk by LC-UV-VIS
Penicillin Ga 

7210 nm
Procaine 
7290 nm

Amoxicillin 
7230 nm

Cloxacillin 
7210 nm

Ampicillin 
7210 nm

Cephapirin 
7290 nm

Ceftiofur 
7290 nm

Amount spiked, ppb 1 0 0 0 700 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0
No. Replications, n 5 7 7 7 7 7 6
Recovery Range 79.6-91.7 92.9-103.6 56.9-85.0 85.1-98.5 70.6-98.6 80-98.5 89-106.3
Mean, ± 8 6 . 2 98.0 69.2 90.5 87.4 8 8 .1 95.1
SD 4.98 4.44 3.91 3.91 633 6.37 6.52
C V, % 5.78 4.53 15.5 4.32 7.25 7.23 6 . 8 6
a Penicillin G was determined when the mobile phase contained 18% acetonitrile (v/v), 0.25% phosphoric acid (80%) (v/v), 0.3% triethylamine 

(v/v) in 0.5 mM octanosulfonate, and 9.5 mM dodecanesulfonate aqueous solution.
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210 nm

230 nm

290 nm

B

Figure 2. (A) LC/UV-PDA chromatograms for 6 (3-lactam antibiotics (200 ng) and procaine (140 ng) in aqueous 
standards: (1) amoxicillin (230 nm), (2) cephapirin (290 nm), (3) penicillin G (210 nm), (4) ampicillin (210 nm), (5) pro
caine (290 nm), (6) cloxacillin (210 nm), and (7) ceftiofur (290 nm). The mobile phase was 18% acetonitrile (v/v), 0.25% 
phosphoric acid (80%) (v/v), 0.3% triethylamine (v/v) in 0.25 mM octanesulfonate, and 4.75 mM dodecanesulfonate 
aqueous solution. (B) UV absorbance contour plot for 7 compounds introduced in Figure 2A and acquired in 
200-340 nm range.
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Figure 3. (A) LC/UV-PDA chromatograms for bovine milk sample spiked with 10 ppm of each (J-lactam antibiotic:
(1) amoxicillin (230 nm), (2) cephapirin (290 nm), (3) penicillin G (210 nm), (4) ampicillin (210 nm), (5) procaine (290 nm), 
(6) cloxacillin (210 nm), and (7) ceftiofur (290 nm). Injection volume was 40 pL. The mobile phase was the same as that 
stated in Figure 2A. (B) UV absorbance contour plot for 7 compounds introduced in Figure 3A.
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210 nm

230 nm

290 nm

Figure 4. (A) LC/UV-PDA chromatograms for bovine milk sample spiked with 1 ppm of each |3-lactam antibiotic:
(1) amoxicillin (230 nm), (2) cephapirin (290 nm), (3) penicillin G (210 nm), (4) ampicillin (210 nm), (5) procaine (290 nm),
(6) cloxacillin (210 nm), and (7) ceftiofur (290 nm). Injection volume was 80 pL. The mobile phase was the same as that 
stated in Figure 2A. (B) LC/UV-PDA chromatograms for blank bovine milk sample recorded at 210, 230, and 290 nm. 
Injection volume was 80 pL. The mobile phase was the same as that stated in Figure 2A.

(SIM), data acquisition dwell time of 200 ms resulted in 
4.33 cycles/s.
Results and Discussion

Simultaneous Multiresidue LC-UV Analysis of Six 
-Lactam Antibiotics in Bovine Milk

General.—A major goal of this study was to develop an LC 
procedure that allowed the simultaneous determination of 6  (3- 
lactam antibiotics in bovine milk: procaine penicillin G, am
picillin, amoxicillin, cloxacillin, cephapirin, and ceftiofur. 
These [3-lactam antibiotics were chosen because they are used 
therapeutically in lactating cows. Although cephapirin is 
biotransformed to desacetylcephapirin in milk, this metabolite 
was not included in the multiple analysis of [3-lactam antibiot
ics due to a lack of standard. The methodology concerning the 
simultaneous determination of cephapirin and desacetyl
cephapirin in bovine milk was discussed elsewhere (8 ).

Simultaneous multiresidue analysis for these 6  (3-lactam an
tibiotics is complicated by their variable chemical charac
teristics. Penicillin G, cloxacillin, and cephapirin have neutral 
side chains, whereas amoxicillin, ceftiofur, and ampicillin have 
basic side chains. Protein binding varies widely, for example, 
48% for penicillin G and 71% for cloxacillin in cattle (16). It 
has been suggested that multiresidue analysis that includes

compounds with neutral and acidic side chains would be unsat
isfactory because of matrix effects (17, 18). However, recent 
advances in column design (e.g., the Ultremex 3 pm, phenyl 
column, 250 x 4.6 mm id) that were used in this study allowed 
for multiresidue analysis with a detection limit estimated to be 
100 ppb. Future studies in this laboratory will use a more sen
sitive detector, a Waters Model 996 UV-VIS photodiode array 
detector, to achieve a detection limit of 1 0 - 2 0  ppb for the mul
tiresidue analysis of (3-lactam antibiotics.

Development of the mobile phase.—To perform the simul
taneous LC separation of 6  (3-lactam antibiotics in bovine milk, 
the gradient solvent system was used initially. Because a long 
(250 mm) phenyl 3 pm column was used as a stationary phase, 
a long column stabilization time was required between analy
ses. Also, the separation of amoxicillin from milk components 
was poor even at the 10 ppm level. The isocratic solvent system 
was used with the mobile phase consisting of 18-20% acetoni
trile and different amounts of ion-pairing reagents: octanesul- 
fonate and dodecanesulfonate in 0 .1 % phosphoric acid solu
tion. Under these conditions, the (3-lactam antibiotics were 
eluted as follows: amoxicillin, penicillin G, ampicillin, 
cephapirin, cloxacillin, procaine, and ceftiofur (data not 
shown). The separation of amoxicillin, penicillin G, and am
picillin from bovine milk components was inadequate. The ad
dition of triethylamine to the mobile phase changed the se
quence of elution of (3-lactam antibiotics. This time amoxicillin
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Figure 5. (A) LC/UV-PDA chromatogram for bovine milk sample spiked with 1 ppm of each (3-lactam antibiotic and 
recorded at 210 nm. The mobile phase was 18% acetonitrile (v/v), 0.25% phosphoric acid (v/v), 0.3% triethylamine (v/v) 
in 0.5 mM octanesulfonate acid, and 4.5 mM dodecanesulfonate aqueous solution. (B) UV asbsorbance contour plot 
for peaks introduced in Figure 5A. Note that peak No. 3 is penicillin G.

was first; cephapirin (which can be acquired at 290 nm) 
was second; and penicillin G, ampicillin, procaine, cloxacillin, 
and ceftiofur were third (Figures 2-5). The final mobile phase 
was 18% acetonitrile (v/v), 0.25% phosphoric acid (v/v), 0.5% 
triethylamine (v/v) in 0.25 mM octanesulfonate, and 4.75 mM 
dodecanesulfonate aqueous solution. Under these conditions, 
the separation of all 6  P-lactam antibiotics in bovine milk at 
10 ppm level was excellent. At 1 ppm concentration, there was 
no baseline resolution of ampicillin on the bovine milk chro
matogram, and recovery of this analyte was approximately 
70% (n = 7, at 230 nm).

Chromatographic column repeatability.—Three different 
phenyl (3 pm) columns (25 x 4.6 nm) were used. Although 
variabilities in retention times and sensitivity occurred, all col
umns gave adequate separation of the P-lactam antibiotics in 
this multiresidue study.

Release of ̂ -lactam antibiotics from milk proteins.—All P- 
lactam antibiotics exhibited binding to serum, plasma, or milk 
proteins (16). Several solutions were evaluated for their ability 
to release these 6  antibiotics from milk proteins; various 
amounts of acetonitrile with or without 1 % phosphoric acid, 
ethanol, and a mixture of acetonitrile and ethanol. The use of 
ethanol as a releasing solution was very successful for 5 p-lac- 
tam antibiotics, but it caused the rapid ethanolysis of 
amoxicillin (19). The most effective releasing solution for all 
6  p-lactam antibiotics was 50% acetonitrile in water. Recover
ies of 69.2-97.6% were achieved when milk samples spiked 
with 1 ppm of each p-lactam antibiotic (0.7 ppm procaine) 
were analyzed (Table 1).

LC-UV-VIS.—A chromatogram of 200 ng amoxicillin, 
cephapirin, penicillin G, ampicillin, cloxacillin, procaine 
(140 ng), and ceftiofur aqueous standards is shown in Fig-
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Figure 6. Electrospray mass spectrum of penicillin G at CAD voltage of +320 V in methanol-water (1+1).

ure 2A. This chromatogram was acquired at wavelengths of 
210, 230, and 290 nm. At 210 nm wavelength, penicillin G, 
ampicillin, and cloxacillin exhibited good resolution and sen
sitivity. Although better sensitivity can be achieved at 210 nm, 
amoxicillin was acquired at 230 nm to reduce the matrix back
ground. However, this (3-lactam antibiotic was eluted as a first 
analyte, just after major matrix peaks on milk chromatograms.

Figure 2B shows a UV-VIS absorbance contour plot for 
6  (3-lactam antibiotics in standard solutions. The separation of 
amoxicillin, cephapirin, penicillin G, ampicillin, procaine, 
cloxacillin, and ceftiofur between 200 and 340 nm was excel
lent. Excellent separation also occurred when bovine milk was 
spiked with 10 ppm of each (3-lactam antibiotic (Figure 3A). A 
UV-VIS absorbance contour plot for peaks introduced in Fig
ure 3A is shown in Figure 3B. This revealed clean analytical 
windows for cephapirin, penicillin G, ampicillin, cloxacillin, 
and ceftiofur. The contour plot for amoxicillin in bovine milk 
showed some interferences. The procaine peak was not base
line resolved within the 200-225 nm range, but its LC-UV- 
VIS detection was not interfered with because of the peak’s 
m̂ax 290 nm.

Figure 4A exhibits a chromatogram of bovine milk spiked 
with 1 ppm of each (3-lactam antibiotic. The amoxicillin peak 
(No. 1) was not baseline resolved, and the penicillin G peak 
(No. 3) showed small interferences on its downslope. Good 
separation from milk components was achieved with 
cephapirin, ampicillin, procaine, cloxacillin, and ceftiofur.

Figure 4B shows a blank chromatogram of milk ultrafiltrate 
acquired at 210, 230, and 290 nm. Although recoveries of this 
(3-lactam antibiotic were 56.9-85.0% (Table 1), the analytical 
window for amoxicillin contained an interfering peak. Also, 
the penicillin G peak showed a small interference in its analyti
cal window (Figure 4A, peak No. 3).

Development of the mobile phase for penicillin G.—Pro
caine penicillin G is the most commonly used (3-lactam antibi
otic in cattle. Therefore, a different mobile phase was devel

oped to achieve a clean analytical window for this drug. The 
mobile phase was 18% acetonitrile (v/v), 0.25% phosphoric 
acid (v/v), 0.3% triethylamine (v/v) in 0.5 mM octanesulfon- 
ate, and 4.5 mM dodecanesulfonate aqueous solution. Fig
ure 5 A exhibits a chromatogram of bovine milk spiked with 
1 ppm of each (3-lactam antibiotic. There was no separation of 
amoxicillin from milk components, but penicillin G and other 
analytes were separated very well, which is shown on the UV 
contour plot (Figure 5B).

Linearity.—The study on linearity of the UV-VIS detector 
response was performed by injecting (3-lactam antibiotic stand
ards containing 10 to 1000 ng. Each concentration was ana
lyzed twice. The relationship between peak area and concen
tration of aqueous (3-lactam antibiotic standards was linear 
within this range with correlation coefficients above 0.99 (n =
5). The UV-VIS detection limit was estimated to be 100 ppb 
(ng/mL) for each of them, using an injection volume of 100 pL 
and based on a 3:1 signal-to-noise ratio. This was recorded at 
210 nm for penicillin G, ampicillin, and cloxacillin; at 230 nm 
for amoxicillin; and at 290 nm for cephapirin, ceftiofur, and 
procaine.

Statistics.—Table 1 summarizes the statistical data obtained 
from bovine milk spiked with 1 ppm of each (3-lactam antibi
otic. Recoveries of amoxicillin, ampicillin, cloxacillin, 
cephapirin, ceftiofur, and procaine were determined by meth
odology described in Experimental. Penicillin G analysis was 
performed using a different proportion of ion-pairing reagents 
in the mobile phase (S8 :S 12 = 1:9). This resulted in recoveries 
of 79.6-91.7% (n -  5) with a coefficient of variation of 5.78%. 
Average recoveries of cloxacillin, ampicillin, cephapirin, 
ceftiofur, and procaine from bovine milk were 90.5,87.4,88.1,
95.1, and 98.0% with coefficients of variation of 4.32, 7.25, 
7.23, 6.56, and 4.53%, respectively. Recovery of amoxicillin 
from bovine milk was 69.2% with a coefficient of variation of 
15.5% due to poor resolution of this analyte from milk compo
nents at the 1 ppm level. When bovine milk samples were
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tR(min)
Figure 7. (A) LC/ES-MS reconstructed total ion 
current of a blank milk ultrafiltrate and a milk ultrafiltrate 
spiked with 428 pg of each drug in the SIM acquisition 
mode and the (B) corresponding LC-UV chromatograms 
recorded at 230 nm. Peaks and ions monitored: 1 = pen
icillin G (m/z 335, 217,160); 2 = cloxacillin (m/z 436, 277, 
222); 3 = cephapirin (m/z 424,226,151); 4 = amoxicillin 
(m/z 366, 348,160); 5 = ampicillin (m/z 350,192,174). 
Injection volume, 0.5 pL; flow rate, 300 uL/min reduced 
to 4.3 pL/min by a 70:1 split; mobile phase, 40% (v/v) 
acetonitrile and 1 % (v/v) acetic acid in water.

spiked with 10 ppm of each [3-lactam antibiotic, the recoveries 
exceeded 90% (n = 5).

Simultaneous Multiresidue LC/ES-MS Analysis of 
Five ft-Lactam Antibiotics in Bovine Milk
Effect of CAD voltage of positive ion MS spectra.—The in

crease in potential difference between the capillary and the 
skimmer in the interface resulted in the transfer of more inter
nal energy into the molecule through collisional activating, 
which formed structurally relevant product ions. Most of the 
CAD fragment ions detected for each (3-lactam antibiotic could 
be identified based on sample cleavages of the various groups 
from the molecule. As a representative example of all 5 tested 
(3-lactams, the mass spectrum of penicillin G at CAD voltage 
of +320 V is presented in Figure 6 . Low CAD voltage (e.g., 
+80 V) generally forms molecular adducts and very few char
acteristic fragment ions (data not shown). High CAD potentials 
usually generate a pattern of characteristic cleavage products, 
among them the [QHgNSC^ + H]+ ion at m/z 160, formed by 
(3-lactam antibiotic ring opening and an ion at m/z 114 formed 
after a further loss of [COOH]. Fragments formed by the cleav
age of the amide moiety are more specific for the different peni
cillins. The peak at m/z 91 is characteristic for a loss of the 
[C6 H5 CH2]+ ion in penicillin G. The CAD fragmentation of 
other (3-lactam antibiotics in the electrospray transport region 
has been reported by Straub and Voyksner (20).

The relative intensity of the CAD fragmentation that formed 
from the [3-lactam antibiotics was reproducible in day-to-day 
operations. Ion ratios varied less than 10% in run-to-run analy
sis within a day when the [M + H]+ and the 2 most intense 
fragment ions were monitored. Long-term stability required 
adjusting the capillary voltage to achieve the same ion ratios. 
This was a result of contamination in the electrospray transport 
over a period of several months, which required a slow increase 
(total of 10-20 V) of capillary exit voltage to achieve the same 
extent of fragmentation. Usually, the capillary voltage was 
checked daily for a standard mixture of (3-lactam antibiotics to 
ensure the extent of fragmentation would meet a historical av
erage. No difference in ion ratios was observed between sol
vent standard mixtures and milk extracts containing the (3-lac
tam antibiotics.

LC/ES-MS.—The combination of LC with ES-MS could 
specifically detect ampicillin, amoxicillin, cephapirin, cloxac
illin, and penicillin G directly from milk ultrafiltrate. To 
achieve lower detection limits, SIM was incorporated to moni
tor the [M + H]+ and the 2 most intense fragment ions for each 
(3-lactam antibiotic. Usually, fragment ions were chosen that 
were specific for each [3-lactam antibiotic (charge not on the 
lactam ring) and were above m /z 150 to provide the best speci
ficity. Other ions could also be monitored, such as the common 
ion fragment for all the [3-lactam antibiotics at m/z 160, to aid 
in screening for these antibiotics or other specific ions to im
prove the specificity of the analysis. The LC/MS total ion cur
rent chromatograms (sum of the ion currents for the 3 ions that 
were monitored for each (3-lactam antibiotic) are shown in Fig
ure 7 A for 428 pg/(3-lactam antibiotic spiked into milk ultrafil
trate. Each (3-lactam antibiotic can be clearly detected, free
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from common ion interference as demonstrated from the 
LC/MS chromatogram for analysis of the blank milk ultrafil
trate. The LC-UV chromatogram (230 nm) is also shown for 
the spiked milk extract and the blank in Figure 7B. The LC/MS 
method can be used to confirm the presence of these p-lactam 
antibiotics down to 1 0 0  pg/component in the milk ultrafiltrate. 
Currently, we are evaluating the use of capillary columns 
(0.32 mm id) and on-column concentration of P-lactam antibi
otic in milk ultrafiltrate to improve detection limits to the 1 -  
1 0  ppb range (2 1 ).
Conclusions

A multiresidue analytical method for the simultaneous de
termination of amoxicillin, cephapirin, procaine penicillin G, 
ampicillin, cloxacillin, and ceftiofur was relatively specific and 
sensitive when analyzing these drugs in bovine milk. Confir
mation of these P-lactam antibiotics can be accomplished by 
LC/ES-MS. The electrospray method offers the specificity (at 
least 3 ions for monitoring) and sensitivity to monitor low ppb 
concentrations of these antibiotics in bovine milk.
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DRUGS, COSMETICS, FORENSIC SCIENCES

Determination of Bronopol, Bronidox, and Methyldibromo 
Glutaronitrile in Cosmetics by Liquid Chromatography with 
Electrochemical Detection
J.W. W eyland, A. Stern, and J. R ooselaar
Inspectie Gezondheidsbescherming/Keuringsdienst van Waren, POB 777, 7500 AT Enschede, The Netherlands

A method for the simultaneous determination of 
methyldibromo glutaronitrile, bronopol, and broni
dox in cosmetics, based on liquid chromatography 
with electrochemical detection, is described. The 
method is suitable for both aqueous products and 
emulsions. The detection limit is better than 0.002% 
for all analytes. Recoveries from an emulsion, 
spiked to concentrations of 0.03% of the analytes, 
were 100.4% for bronopol [relative standard devia
tion (RSD), 0.43%], 97.1% for bronidox (RSD, 0.83%), 
and 98.4% for methyldibromo glutaronitrile (RSD,
1.7%). Repeatabilities were calculated from 10 repli
cate analyses of commercial samples. The repeat
ability for bronopol from an emulsion containing 
0.047% bronopol was 0.0027% (RSD, 1.99%); for 
bronidox from a lotion containing 0.027% bronidox, 
0.0014% (RSD, 1.86%); and for methyldibromo glu
taronitrile from an emulsion containing 0.031%  
methyldibromo glutaronitrile, 0.0019% (RSD, 2.16%). 
A ruggedness test showed that sample amount in
fluenced the results for all 3 analytes. The results 
obtained for bronidox also depended on detection 
parameters and composition of extraction solvent. 
The method was applied to 138 cosmetic products 
and performed trouble free during these analyses. 
Bronopol was found in 14 samples, and bronidox 
was found in 4 samples, including a baby hair lo
tion, in which it is prohibited. Methyldibromo glu
taronitrile was present in 27 samples, including 
creams, lotions, and sun protection cosmetics.

R ecently, we reported the determination of methyldi
bromo glutaronitrile in cosmetics, based on reversed- 
phase liquid chromatography (RP-LC) in combination 

with reductive electrochemical detection. The method allowed 
reliable quantification of methyldibromo glutaronitrile in both 
aqueous products (like shampoos and bath foams) and emul
sions (like vanishing creams and milks) (1). With minor modi-

Received February 26. 1993. Accepted by JW September 9. 1993.

fications, the method can be applied to the simultaneous deter
mination of 2  additional preservatives: bronopol and bronidox.

Methyldibromo glutaronitrile, bronopol, and bronidox are 
important preservatives in cosmetics.

Methyldibromo glutaronitrile (l,2-dibromo-2,4-dicyano- 
butane; Tektamer; main ingredient in Euxyl K400) is used as a 
preservative in both aqueous products (shampoos, bath foams, 
etc.) and emulsions (vanishing creams, etc.) at concentrations 
between 0.01 and 0.04%. In the European Community (EC), 
the maximum level allowed in cosmetics is 0 . 1  %; the use in sun 
protection cosmetics is restricted to a maximum level of 
0.025%. The use of methyldibromo glutaronitrile is rapidly in
creasing. This study shows that approximately 20% of all cos
metics sold in the Dutch market contain this preservative. 
Methods for the determination of methyldibromo glutaronitrile 
in cosmetics include gas chromatography (GC), both with 
packed columns combined with a phosphorous-nitrogen selec
tive detector and capillary gas chromatography with electron 
capture detection (2); polarography (3); and liquid chromatog
raphy (LC) with UV detection (4). All these methods have cer
tain disadvantages such as complicated execution (GC) or lack 
of specificity (polarography). LC with UV detection suffers 
from interferences caused by matrix components that absorb at 
the low detection wavelength that must be used (220 nm). The 
combination of LC and electrochemical detection greatly im
proves specificity (1 ).

Bronopol (2-bromo-2-nitro-1,3-propanediol) is also used as 
a general preservative in aqueous products and emulsions. It is 
used in concentrations between 0 . 0 1  and 0 .1 %; the maximum 
level allowed by EC directive 76/768 is 0.1%. Bronopol is a 
simple molecule that hardly shows UV absorption and is, there
fore, difficult to quantify reliably by liquid chromatography. It 
can be determined by its release of formaldehyde under spe
cific conditions, which can be used to advantage in a postco
lumn reaction similar to the EC method for the determination 
of free formaldehyde in cosmetics. Obviously, this procedure 
(5, 6 ) is cumbersome. .Alternatives that have been described 
include polarography (7) and gas chromatography (8 ).

Bronidox (5-bromo-5-nitro-l,3-dioxane) is used as a pre
servative in aqueous products, as well as raw materials like 
detergents. Concentrations used vary between 0.005 and 0.1%. 
In the EC, the use of bronidox as a preservative is restricted to 
rinse-off cosmetics, with a maximum concentration of 0 . 1  %.
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Table 1. Ruggedness test: factors investigated, factor levels, experimental design, and results3

Experiment Factor combination Bronopol, % Bronidox, % MDBGN, %

s A B C D E F G 0.0328 0.0322 0.0319
t A B C D e f g 0.0328 0.0297 0.0311
u A b c d E f g 0.0313 0.0288 0.0294

V A b C d e F G 0.0327 0.0312 0.0315

w a B c d e F g 0.0314 0.0290 0.0300

X a B C d E f G 0.0320 0.0284 0.0296

y a b c D e f G 0.0311 0.0299 0.0304

Z a b C D E F g 0.0301 0.0296 0.0299

X 0.0319 0.0299 0.0305

S 0.00117 0.00127 0.00092

RSD 3.6% 4.2% 3.0%

Ruggedness test according to Youden and Steiner (11). Sample: cleansing milk spiked with 0.03% bronidox, 0.03% bronopol, and 0.03% 
methyldibromo glutaronitrile (MDBGN). Conditions: as described in the text, but the following factors were varied as indicated in the table:

A/a Amount of sample (g) 2 1.5
B/b Heating time in water bath during extraction (min) 5 10
C/c Shaking time during extraction (min) 1 2
D/d Composition of extraction solvent (water-methanol, v/v) 2 + 8 3 + 7
E/e Column oven temperature (°C) 40 room
F/f Pulse time of electrochemical detector (ms) 100 50
G/g Working potential (V) -0.4 -0 .5

The factor levels prescribed in the method are denoted by bold print and are represented by capitals.

Methods for the determination of bronidox are based on liquid 
chromatography (9) and gas chromatography (10). The LC 
methods, based on UV detection, are not very suitable for the 
determination of bronidox in finished products. The sensitivity 
is poor, and liquid chromatography lacks selectivity, again be
cause of the need to use low detection wavelengths.

Although the gas chromatographic determinations for both 
bronopol (8 ) and bronidox (1 0 ) are selective and appear to 
work well, the method described here is an interesting alterna
tive because it allows simultaneous determination of bronopol, 
bronidox, and methyldibromo glutaronitrile in one procedure. 
It combines a selectivity and sensitivity comparable with the 
GLC methods with a very simple sample extraction procedure, 
which contrasts favorably with the extensive extraction proce
dures required by gas chromatographic methods.

METHOD

R e a g e n ts  a n d  A ppara tus

(a) Solvents.—Acetonitrile, methanol, acetone, and water; 
all LC grade.

(b) Extraction solvent.—Water-methanol (2 + 8 , v/v).

(c) Mobile phase.—Dissolve 2.84 g sodium sulfate deca- 
hydrate (p.a.) and 0.12 g sodium chloride (p.a.) in 600 mL 
water and 400 mL acetone.

(d) Standard stock solution.—Accurately weigh 20 mg 
bronopol, 2 0  mg bronidox, and 2 0  mg methyldibromo glu
taronitrile in a 50 mL volumetric flask; dissolve in methanol; 
and dilute to volume with methanol.

(e) LC system.—Hewlett-Packard 1090 M HPLC and 1049 
A electrochemical detector (Hewlett-Packard, Waldbronn, 
BRD); Lichrospher 100 RP 8  analytical column, 5 pm, 250 x 
4 mm (Merck, Darmstadt, Germany). Operating conditions: 
flow rate, 1 mL/min; injection volume, 10 pL; column oven 
temperature, 40°C. Detector configuration: gold working elec
trode, solid-state silver reference electrode; detection mode, re
duction pulse mode: +1 V during 10 ms, -1 V during 10 ms, 
-0.4 V during 100 ms (measuring potential); sensitivity, 
500 pA; response time, 2 s; controlled at 40°C.

S a m p le  Preparation a n d  Extraction

Accurately weigh ca 2 g sample into a 50 mL volumetric 
flask and add ca 30 mL extraction solvent (water-methanol, 2 
+ 8 , v/v). Heat 5 min in a water bath at 60°C, shake 1 min until 
a homogeneous suspension/emulsion is obtained, cool, and di
lute to volume with water-methanol (2 + 8 , v/v). Filter with a
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paper filter or, when the filtrate is not clear, with a 0.45 |im 
pore-size membrane filter (test solution).

Chromatography and Quantitation
(a) Chromatography.—Thoroughly degas the mobile 

phase by flushing with helium. Avoid the use of plastic tubing 
because this allows diffusion of oxygen into the mobile phase, 
which increases the baseline noise. When the mobile phase is 
free of oxygen, the helium flow may be diminished. Allow the 
system to condition 1 h at the prescribed mobile phase flow 
while constantly flushing with a small stream of helium. (In 
routine analysis, it is advantageous to maintain a low mobile 
phase and helium flow during the night while continually op
erating the detector to save stabilizing time the next day.)

(b) Calibration.—Transfer by pipette 5.00 mL standard 
stock solution (d) into a 50.00 mL volumetric flask and dilute 
to volume with extraction solvent (b) (solution S). Transfer by 
pipette 5.00 mL solution S into a 10 mL volumetric flask,
6.00 mL into a 25 mL volumetric flask, 3.00 mL into a 25 mL 
volumetric flask, and 3.00 mL into a 50 mL volumetric flask. 
Add extraction solvent (b) to volume. These calibration stand
ards should be freshly prepared because dilute solutions of 
bronopol are not stable. Inject 10 pL of each of the calibration 
standards and measure the peak areas (or heights) for the ana
lytes. For each analyte, construct calibration curves relating the 
appropriate peak areas (or heights) to the concentrations of the 
calibration standards.

(c) Quantitation.—Inject 10 pL of the test solution and re
cord the peak areas (or heights) in the chromatogram obtained. 
Read the concentration ctsi of each analyte in the test solution 
from the appropriate calibration curve, and calculate the con
centration in the sample from csi (%, m/m) = 5  x cLsi / m, where 
m is the amount of sample taken for the analysis in grams and 
cKi (mg/mL) is the concentration of the analyte in the test solu
tion as read from the calibration graph.
Results and Discussion

Compared with the conditions in the method previously de
scribed for the determination of methyldibromo glutaronitrile 
(1), the conditions in this method are slightly different. The 
detection potential was decreased from -0.6 to -0.4 V. At this 
potential, methyldibromo glutaronitrile, bronopol, and broni- 
dox can be detected reliably. Bronopol and bronidox are at the 
plateau of clearly defined waves, although the potential is not 
quite at the plateau for methyldibromo glutaronitrile. Previous 
investigations have shown, however, that at -0.6 V the assay of 
methyldibromo glutaronitrile is sensitive to variations in the 
measuring potential, possibly because of increased background 
current. At this lower potential, the results for methyldibromo 
glutaronitrile are no longer sensitive for small changes in the 
detection potential so that the modification actually improves 
the ruggedness of the method as far as methyldibromo glu
taronitrile is concerned. In addition, minor modifications were 
made in the preparation of standard solutions and the calibra
tion procedures, and the sample cleanup procedure also was 
changed.

Average retention times under the conditions described 
were 3.6 min for bronopol, 8.1 min for bronidox, and 9.3 min 
for methyldibromo glutaronitrile (Figure 1). When the mobile 
phase is degassed and recycled over several days, retention 
times may increase because of evaporation of acetone from the 
mobile phase. Because identification and integration are based 
on retention times, recycling the mobile phase over longer pe
riods is not recommended and calibration should be performed 
regularly. Atypical standard curve for bronopol concentrations 
from 0.25 to 4 mg/100 mL gave a correlation coefficient of 
0.9997 based on peak area. For bronidox the correlation coef
ficient was 1 .0 0 0 , and for methyldibromo glutaronitrile, it was 
0.9995.

Recovery experiments were performed with a cleansing 
milk (previously analyzed to ensure that no analytes were pre
sent) spiked to levels of approximately 0.03% for each analyte. 
Recoveries, measured as the average of 10 independent extrac
tion experiments, were 100.4% [relative standard deviation 
(RSD), 0.43%] for bronopol, 97.1% (RSD, 0.83) for bronidox, 
and 98.4% (RSD, 1.7) for methyl glutaronitrile. For all ana
lytes, the detection limit was better than 0 .0 0 2 %.

Estimates of the repeatability were obtained by performing 
10 replicate analyses on commercial samples. The repeatability 
for bronopol measured in an emulsion containing 0.047% was 
0.0027%, (RSD, 1.99%). For bronidox, the repeatability was 
0.0014% (RSD, 1.86%) when measured from a lotion contain
ing 0.027% bronidox, and for methyldibromo glutaronitrile, 
the repeatability was 0.0019% (RSD, 2.16%) when measured 
from an emulsion with 0.031% of the analyte.

minutes

Figure 1. Chromatogram of standard solution of the 
analytes (9.6 pg/mL of each). Conditions are as describ
ed in the text. Retention times: bronopol, 3.6 min; broni 
dox, 8.1 min; and methyldibromo glutaronitrile, 9.3 min.
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Table 2. Results of ruggedness test: differences between results of the experiments at different levels for each 
factor3

Difference between factor levels, 8

Results, % (x 10“3)
Factor Calculation Bronopol Bronidox MDBGN

A or a Amount of sample, g 1/4 ( ( s+ f+ u+ v) -  
( w + x+ y+ z)  )

1.48 1.26 0.97

Borb Fleating time In water bath during 
extraction, min

1/4 ( ( s+  t+ w+ x ) -  
( u + v+ y+ z) )

1.19 -0.06 0.35

Core Shaking time during extraction, min 1/4 ( ( s+  u+ w + y )  -  
( t+ v + x + z ) )

0.04 0.27 -0.12

D ord Composition of extraction solvent, v/v 
(water-methanol)

1/4 ( (s+ f+ y+ z) -  
( u+ v+ w+x) )

0.08 0.99 0.70

Eore Column oven temperature, °C 1/4 ( (s + U + X  + Z  ) -
( f+ v + w+ y) )

-0.22 -0.23 -0.55

Fort Pulse time of electrochemical detector, 
ms

1/4 ( ( S+ V+ W + Z )-
( f+ u+x+y)  )

0.21 1.31 0.71

G or g Working potential, V Va ( ( s + v + x  + y ) -  
( t+ u+ w+ z) )

1.02 1.13 0.73

a From the results of the 8 determinations listed in Table 1, the influence of each factor is calculated as the difference between the 
experiments at the 2 factor levels (calculation). A factor has a significant influence on the result if the difference between the results at the 2 
factor levels exceeds V2o. Critical values are 0.00134 for bronopol, 0.00072 for bronldox, and 0.00094 for methyldlbromo glutaronltrile.

The method was subjected to a ruggedness test to assess its 
sensitivity for small changes in conditions according to the 
scheme given by Youden and Steiner (11). Variables investi
gated included sample amount, extraction time and tempera
ture, composition of extraction solvent, LC column oven tem
perature, and electrochemical detection parameters (Table 1). 
The latter were included because the determination of 
methyldibromo glutaronitrile appeared sensitive to variations 
in the detection potential in a raggedness test performed on the 
previous version of the method (1). Experiments for the 
raggedness test were performed on the spiked sample de
scribed earlier.

Table 1 lists the investigated factors, the factor level set
tings, and the results of the 8  experiments performed in the 
raggedness test. The differences between the factor levels were 
purposely made large to clearly identify the parameters that 
influence the results, and they exceed the differences among 
parameter settings that would be expected to exist among dif
ferent laboratories. The standard deviations (s) of the 8  individ
ual results found were 0.00117 for bronopol, (RSD, 3.6%), 
0.00127 for bronidox (RSD, 4.2%), and 0.00092 for methyldi
bromo glutaronitrile (RSD, 3.0%) (Table 1).

Table 2 lists the differences (8 ) between the results of the 
experiments performed at the 2 levels for each factor. A large 
difference for a factor implies that variations in the setting of 
this factor have a large influence on the results. The effect of a 
factor can be considered significant (P < 0.05) when 8  exceeds 
V2o. The critical values are 0.00134 for bronopol, 0.00072 for

Figure 2. Typical chromatogram of shampoo sample 
containing 0.013% bronopol (3.6 min) and 0.019% 
bronidox (8.1 min). Conditions are as described in the 
text.
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Figure 3. Typical chromatogram of shampoo sample 
containing 0.014% methyldibromo glutaronitrile (9.6 min). 
Conditions are as described in the text; mobile phase 
was recycled.

bronidox, and 0.00094 for methyldibromo glutaronitrile. When 
these values are compared with the differences (8 ) in Table 2, 
a significant effect is observed for sample amount for all ana
lytes. In addition, results for bronidox are influenced by detec
tion parameters and composition of extraction solvent. These 
results, however, were obtained with exaggerated variations in 
factor levels, a situation that is not likely to be observed in prac
tice. With such variations, the RSD values were between 3.0% 
for methyldibromo glutaronitrile and 4.2% for bronidox (Ta
ble 1). These values indicate (and probably overestimate) the 
reproducibility that would be expected when the method is 
used by different laboratories under different conditions. Such 
standard deviations are wholly acceptable at this concentration 
level.

The method has been in regular use in our laboratory during 
the previous half year. During this period, 138 samples were 
analyzed: aqueous products (like shampoos and bath foams), 
and emulsions (like vanishing creams and milks). The method 
proved easy to use; interferences have not been observed. Typi

cal chromatograms of samples are shown in Figures 2 and 3. 
Bronopol was identified in 14 samples (about 10%) in concen
trations between 0.006 and 0.07%. Bronidox was found in only 
4 samples; 3 samples were shampoos or bath foams, in which 
bronidox was combined with bronopol. The remaining sample 
was a baby hair lotion, in which the use of bronidox is prohib
ited. Methyldibromo glutaronitrile was present in 27 (20%) of 
the samples in concentrations between 0.005 and 0.033%. 
Samples containing this preservative included aqueous prod
ucts, creams, moisturized paper tissues, and sun protection cos
metics.
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A gas chromatographic/mass spectrometric 
(GC/MS) procedure for confirming the identity of 
leucogentian violet (LGV) in chicken fat was devel
oped for regulatory application. The unused por
tion of the extract remaining from a determinative 
procedure was back-extracted into an organic 
phase, concentrated, and analyzed by GC/MS. Con
firmation of the identity of LGV was based on 
matching the retention times and relative abun
dances of 6 ions in the extract to corresponding  
values obtained for the LGV standard. The proce
dure was validated by replicate analyses of nega
tive control, fortified control, and residue-incurred 
chicken fat. The presence of LGV was confirmed 
by the GC/MS procedure in all samples found to 
contain LGV by prior liquid chromatographic analy
ses. There were no interferences in the control 
samples.

T he U.S. Food and Drug Administration (FDA) recently 
revoked its interim policy permitting the use of gentian 
violet (GV) at levels of up to 8  ppm as a mold inhibitor 

in poultry feed (1). Leucogentian violet (LGV) is a nonpolar 
metabolite of GV that accumulates in the fat of poultry raised 
on GV-containing feed. The analysis of LGV by liquid chro
matography (LC) with electrochemical (2) or photometric (3) 
detection has been described. More recently, procedures for the 
determination of LGV in chicken fat by LC with electrochemi
cal (4) or ultraviolet (5) detection have been developed. The LC 
procedures were validated for regulatory use at the 1 0  ppb level 
in a recent multilaboratory trial (6 ). Regulatory action is further 
supported by a procedure that firmly identifies the presence of
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1 Current address: U.S. Department of Agriculture, Animal and Plant 

Health Inspection Service, PO Box 25266, Denver, CO 80225.
2 Current address: U.S. Department of Agriculture, Agricultural 
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LGV if a violation is found. Although mass spectrometry has 
been applied to the analysis of the GV parent drug (7, 8 ), mass 
spectral analysis of the LGV metabolite has not been reported 
to date.

The proposed gas chromatographic/mass spectrometric 
(GC/MS) procedure uses the extract remaining from the deter
minative LC procedures (4, 5). The procedure was developed 
by analysts at the USDA Food Safety and Inspection Service 
and was validated in the Beltsville laboratory of the FDA Cen
ter for Veterinary Medicine. The validation samples included 5 
controls, 8  samples containing incurred residues, and 15 forti
fied samples (5 replicates at 3 levels: 5, 10, and 20 ppb). The 
residue-incurred samples were found to contain LGV at 5- 
30 ppb by LC. At least 1 mL of each extract remained after the 
LC analyses.
Experimental

Leucogentian violet standard was obtained from the Sigma 
Chemical Co. (Cat. No. L-5760, St. Louis, MO). A stock solu
tion (100 ng/u.L) was prepared by accurately weighing 10 mg 
LGV standard, transferring to a 100 mL volumetric flask, and 
diluting to volume with methanol. Injection standards were 
prepared by diluting 10, 25, 50, or 100 pL stock solution to a 
volume of 1 mL with acetonitrile. The resulting solutions con
tained LGV at 1, 2.5, 5, or 10 ng/pL and were equivalent to 
extracts of fat containing LGV at 2,5,10, or 20 ng/g (ppb).

The extracts remaining after LC analysis were stored in in
jection vials at room temperature up to 14 days prior to GC/MS 
analysis. A 1 mL portion of each extract (dissolved in acetoni
trile-water [1 + 1]) was transferred to a 15 mL glass centrifuge 
tube. Toluene (2 mL) was added. The tube was shaken on a 
vortex mixer for 1 min and centrifuged at 1 0 0 0  rpm for 1 0  min. 
The upper (organic) phase was carefully transferred with a Pas
teur pipet to a glass culture tube. The solution was evaporated 
to dryness under a nitrogen stream at ambient temperature.

The dried residue was dissolved in 120 pL acetonitrile, and 
the tube was shaken on a vortex mixer for 15 s. The solution
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was transferred with a Pasteur pipet to a conical injection vial, 
then evaporated to dryness under a gentle nitrogen stream at 
ambient temperature. Acetonitrile (20 p.L) was added, and the 
vial was capped and shaken on a vortex mixer for 5 s. A 2 pL 
portion was injected for GC/MS analysis.

Analyses were carried out on a Model 5890 gas chroma
tograph interfaced to a 5970A mass-selective detector (MSD) 
and controlled by a UNIX Chemstation data system (Hewlett- 
Packard, Palo Alto, CA). The splitless injector was used, with 
a 1 min purge delay. Injector and transfer line temperatures 
were 270°C. Chromatographic separation was performed on a 
DB-1 (100% methyl silicone) capillary column, 30 m x 
0.25 mm id, with a 0.25 pm film thickness (J&W Scientific, 
Folsom, CA). The column temperature was held at 150°C for 
1 min, ramped at 16°C/min to SOOT!, and held for 20 min. The 
linear velocity of the helium carrier gas at 300°C was measured 
at 25.5 cm/s. LGV eluted at about 18 min.

The MSD was operated in electron ionization (El) mode. 
The ionization energy was 70 eV, and the emission current was 
300 pA. The source temperature was nominally 200°C. The 
MSD was tuned for unit resolution, with a peak width of 
0.5 amu at half height. The multiplier gain was 2000-2200 V 
during this study. The MSD was calibrated with the data sys
tem’s “autotune” procedure on days 1, 2, and 4 of the valida
tion. The autotune normalizes ion abundances of the tuning 
compound to target values. On day 3, the autotune normaliza
tion was inadvertently not done, although the mass axis was 
calibrated as on the other days.

Data acquisition consisted of selected-ion monitoring at m/z
373.20 (molecular ion), 372.20, 253.15, 252.15, 237.15, and 
126.10 for a dwell time of 200 ms each. The scan time was 
approximately 1.25 s/scan. These m/z values represented the 
major ions in the El mass spectrum of LGV (Figure 1). The 
mass defects were taken from measured masses reported in 
full-scan acquisition. Proposed structures of these and other 
ions are shown in Figure 2. The ions at m/z, 372 and 252 were 
most likely formed by loss of hydrogen from the central carbon 
atom to form a resonance-stabilized cation. Assignment of the 
ion at m/z 126 as doubly charged was confirmed by observation 
of an isotopic ion at half mass. Relative abundances were cal
culated from the peak areas of each selected ion chromato
gram, after assigning a value of 1 0 0 % to the most abundant ion.

Sets of standards at various levels were injected before and 
after all samples. Standard levels were selected to cover the 
range of values measured by the LC procedure. An acetonitrile 
solvent blank was injected prior to every residue-incurred sam
ple to demonstrate that LGV carryover did not occur.

Results and Discussion

All the validation data are presented in Table 1. Each sample 
is compared individually with the average of all LGV standards 
run each day. Only the difference between each test sample and 
the average of standards is shown to simplify comparison. The 
retention times of LGV in the total-ion chromatograms differed 
by less than 0.05 min from those of standards run the same day, 
well within the normally acceptable limit of 2% variation (9). 
The use of 3 ions or more for selected-ion monitoring conforms 
to the recommendations of Sphon (10). The reproducibility of 
relative abundance ratios was acceptable. Relative abundances 
in test samples were required to match those in standards run 
the same day within a margin of 10 percentage point units. This 
criterion was met in every case. The height of the LGV peak in 
each single-ion chromatogram was at least 3 times higher than

CH, ,CH,

Figure 2. Proposed fragmentation of leucogentian 
violet in electron ionization.
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Table 1. Validation data for GC/MS confirmation of LGV

Validation
day

Relative abundance (%) of ion at m/z or difference from standard (%)a

Sample time, min 126 237 252 253 372 373

Day 1 Standards 5, 10, 20 ppb (av.) 
Fortified samples

17.862 13.3 26.5 50.6 77.7 41.8 100.0

5 ppb, Rep 1 -0.013 -2 .5 -0 .5 -0.4 0.6 -1.6 0 . 0
10 ppb, Rep 1 -0.013 0.1 -0 .7 -0.2 1.0 -0 .4 0 . 0
20 ppb, Rep 1 -0.008 0.6 0.5 1.4 1.5 0.8 0 . 0

Incurred sample 1 -0.007 0.3 -0.3 -1.3 1.7 -0.1 0 . 0
Day 2 Standards 5 ,10 , 20 ppb (av.) 

Fortified samples
17.842 15.8 27.9 52.7 80.9 42.0 100.0

5 ppb, Rep 2 -0.028 -0.6 -0.5 -0.5 2.1 -1.2 0 . 0
10 ppb, Rep 2 -0.011 -1 .9 -3.2 -4.2 -7 .8 -2 .0 0 . 0
20 ppb, Rep 2 

Incurred samples
-0.034 -0.2 -0.3 -0.7 -2.2 0 . 0 0 . 0

Incurred sample 3 -0.038 0.3 -1.3 0.8 0.4 -0 .6 0 . 0
Incurred sample 4 -0.040 0.3 0.5 0 . 0 -0 .4 0.4 0 . 0

Day 3 Standards 2 ,10 , 20 ppb (av.) 
Fortified samples

17.755 19.7 35.8 62.8 94.2 41.4 99.4

5 ppb, Rep 3 -0.009 -3.8 -1.2 1.7 5.8 -2.9 -4.6
10 ppb, Rep 3 -0.004 -0.7 1.7 2.8 5.8 0.5 -0.1
20 ppb, Rep 3 -0.001 -0.3 1.0 2.9 5.8 0.4 0 . 0
5 ppb, Rep 4 -0.005 -3.7 1.4 1.2 5.8 -4.4 -6.4
10 ppb, Rep 4 0.017 -2.5 -2.0 -4.1 -4 .3 -1.1 0.6
20 ppb, Rep 4 -0.004 0.3 1.6 2.7 5.5 1.1 0.6

Incurred sample 5 -0.004 -1.3 0.7 1.1 5.8 -1.5 -3.6
Day 4 Standards 5 ,1 0  ppb (av.) 

Fortified samples
17.728 12.4 29.7 53.8 82.1 43.1 100.0

5 ppb, Rep 5 0.003 -2.2 -0.2 -3 .6 -1.0 -3.1 0 . 0
10 ppb, Rep 5 0.005 0 . 0 -1.2 0.9 1.8 0.3 0 . 0
20 ppb, Rep 5 

Incurred samples
0.009 0.5 -0.4 -0.5 1.0 0.1 0 . 0

Incurred sample 2 -0.002 0.8 0.9 1.6 3.1 0.9 0 . 0
Incurred sample 6 0 . 0 0 0 1.1 0.5 1.1 1.5 1.1 0 . 0
Incurred sample 7 0.004 1.3 0.7 0.4 1.0 0.7 0 . 0
Incurred sample 8 -0.006 1.4 0.7 0.4 1.4 1.4 0 . 0

a Values are relative abundances for standards and differences from standard for samples.

the apparent peak height in blank control samples. Because 
there were no apparent matrix interferences at the retention 
time of LGV, the noise level corresponded to instrument back
ground.

The presence of LGV was confirmed in all fortified and 
residue-incurred samples. None of the control samples pro
duced a false-positive response for LGV. There were no inter
ferences at the retention time of LGV in any control sample or 
solvent blank (data not shown).

When the autotune normalization was carried out (days 1, 
2, and 4), the LGV relative abundances showed little day-to- 
day variation. Normalization involves adjusting the response in 
one mass range relative to another range to meet target values 
for relative abundance. When the normalization was not done 
(day 3), LGV abundances returned to a slightly different pat
tern. The ions at rrt/z 253 and 373 were nearly of the same in
tensity, and in a few cases, m/z 253 was the base peak instead

of m/z 373. For this reason, the average relative abundance of 
the ion at m/z 373 in standards was calculated to be 99.4% in
stead of 1 0 0 %.

Selected-ion chromatograms at the retention time of LGV 
for standard, control tissue, fortified tissue, and residue-in
curred tissue are shown in Figures 3-6. An additional metabo
lite of GV identified as leucomethyl violet (LMV) was ob
served in the residue-incurred samples. The mass spectrum of 
LMV from an incurred fat sample is shown in Figure 7. The 
LMV molecular ion appears at m/z 359, corresponding to LGV 
with hydrogen substituted for one methyl group. LMV frag
ment ions appear at many of the same m/z values as LGV, but 
not at m/z 372 or 373. The retention time of LMV was approxi
mately 0.1 min less than that of LGV under the experimental 
conditions described. The resolution from LGV was sufficient 
to enable the peaks to be integrated separately (Figure 6 ). The 
LMV peak was less visible in the fortified samples, but not in
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Figure 3. Single-ion chromatograms of 5 ng LGV standard, equivalent to 10 ppb LGV in fat.
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Figure 4. Single-ion chromatograms of control fat extract.



Wilson Et Al.: Journal Of AOAC International Vol. 77, No. 5,1994 1141

Abundance Abundance

Abundance Abundance

Abundance Abundance

Figure 5. Single-ion chromatograms of extract from fat fortified with LGV at 10 ppb.
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Figure 6. Single-ion chromatograms of extract from residue-incurred fat found to contain LGV at approximately 
30 ppb.
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Figure 7. Electron ionization mass spectrum of leucomethyl violet.

the comparison standards. It was detected in standards only if 
injections of several hundred nanograms were made. Because 
LMV was detected in extracts of tissues fortified at a low level, 
some LGV must be converted to LMV during the extraction 
process.

After the completion of the validation study, it was shown 
that a final column temperature of 270°C rather than SOOT! was 
sufficient to fully resolve LGV from LMV. The retention time 
was increased by about 8  min. An example is shown in Fig
ure 8 . These conditions are recommended for future applica
tion of this procedure.

A DB-5 capillary column (5% phenyl-95% methyl silicone, 
J&W) was tested with a residue-incurred sample. LGV and 
LMV were not separated on this column. Although the level of 
interference was fairly low, use of the DB-5 column is not rec
ommended.

The ions monitored for the validation included the 6  most 
abundant and structurally significant fragment ions observed 
with the equipment and conditions used. Other diagnostic ions 
could have been used as well, including those at m/z 208 and 
329. The procedure confirmed the identity of LGV in all fat 
samples fortified at 5 ppb. All ions except that at m/z 126 ap-

Figure 8. Resolution of leucogentian violet and 
leucomethyl violet by using a final oven temperature of 
270°C: total-ion chromatogram from selected-ion 
monitoring of a residue-incurred fat sample.

peared with signal-to-noise levels well above 3:1 in the sam
ples fortified at 5 ppb. The procedure, thus, may be amenable 
to application below 5 ppb by not using the ion at m/z 126 or 
by injecting more extract.
Conclusions

A simple GC/MS procedure for confirming the identity of 
LGV in chicken fat was developed for regulatory application. 
Selected-ion monitoring with a GC/MS instrument provided 
sufficient specificity at the 1 0  ppb level for regulatory applica
tion. The procedure was validated by a second analyst in a dif
ferent laboratory. There are many positive attributes to the 
GC/MS procedure. It uses the extract remaining from an LC 
determinative procedure and can be carried out on a benchtop 
mass spectrometer.
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FOOD BIOLOGICAL CONTAMINANTS

Extraction of Light Filth from Bean Paste: Collaborative Study
John R. Bryce and L arry E. Glaze
U.S. Food and Drug Administration, Division of Microanalytical Evaluations, Washington, DC 20204
Collaborators: D.W. Bakker; C.K. Cook; MJ. Cote; R.R. Galacci; M. Ghobrial; J. Luanprida; R.E. Olson; J.Palau; H.E. Semey; 
M.L. Silva

Bean paste is a popular Asian food frequently im 
ported to the United States. The main varieties  
are: hot bean and blackbean, w hich are used in 
pastry fillings; and soybean paste, w hich is usu
ally used as a condim ent. A new m ethod w as de
veloped for the extraction of light filth from  bean 
pastes containing beans and flour, and from  hot 
bean paste containing red pepper. A 100 g test 
portion is boiled in tap w ater containing Igepal 
D M -7 1 0 and C O -730  and w ashed w ith hot tap  
w ater on a No. 230 sieve. The residue is trans
ferred to a beaker and boiled in isopropanol in a 
reflux apparatus. The m ixture is transferred to a 
No. 230 sieve. The residue is washed again, 
transferred to a 2 L trap flask with 40% iso
propanol, boiled w ith m agnetic stirring, cooled, 
and trapped off w ith flotation liquid [m ineral o il-  
heptane (85 + 15, v/v)]. Ten laboratories partici
pated in a collaborative study validating the ex
traction m ethod for the detection of light filth. 
Average recoveries w ere 94.9 and 82.8% for in
sect fragm ents and rat hairs, respectively. The  
m ethod has been adopted first action by AOAC  
INTERNATIONAL.

I mport of bean paste, which is a traditional food in many 
parts of Asia, has increased in the United States in recent 
years. The 3 main varieties of bean paste sold in the United 

States are: hot bean, blackbean, and soybean. The hot bean and 
blackbean varieties are primarily used as pastry fillings in 
Asian cuisine. Soybean paste is usually used as a condiment. 
These products typically include a bean (i.e., kidney bean, 
horsebean, or soybean), flour (i.e., rice or wheat), and, in the 
case of hot bean paste, red pepper.

Submitted for publication April 1, 1993.
The recommendation was approved by the Committee on Microbiology 

and Extraneous Materials, and was adopted by the Official Methods Board 
of the Association. See “Official Methods Board Actions” (1993) J. A O A C  
Int. 76, 125A, and “Official Methods Board Actions” (1993) The Referee  
17, September issue.

This report was presented at the 106th AOAC INTERNATIONAL 
Annual Meeting, September 2,1992, Cincinnati, OH.

Collaborative Study

In the study, 2 retail jars each containing 500 g bean paste 
(soybean with wheat flour variety) and 8  vials containing spike 
material mixed in granular sucrose were sent to each collabo
rator. The 2 jars of bean paste provided sufficient amount of test 
material for 2  practice runs and 6  test portions of 1 0 0  g each. 
Two spike vials were identified as practice samples and the 
6  coded vials for the study were duplicates of 3 spike levels. 
The low spike level consisted of 5 insect fragments (elytral 
squares of Tribolium confusum, ca 0.5 x 0.5 mm) and 5 rat 
hairs (cut to 2-3 mm); the middle and high spike levels con
sisted of 15 and 30 insect fragments and 10 and 15 rat hairs, 
respectively. The collaborators were instructed to use part of 
the 400 mL hot tap water to wash out the contents of a spike 
vial into a 1.5 L beaker containing a weighed test portion. Dis
crepancies between collaborator and Associate Referee counts 
were resolved by an experienced analyst acting as an impartial 
third party.

993.28 Light Filth in Bean Paste— Flotation Method 

First Action 1993

(Applicable to determination of light filth in bean paste.)
Method Performance:
See Table 993.28 for method performance.
A. Principle

Bean paste sample is treated with surfactants and is wet- 
sieved with hot water to remove surfactants and some

emulsified fats and oils. Residue is defatted with iso
propanol, wet-sieved, boiled in 40% isopropanol, cooled, and 
trapped 2x with flotation liquid in aqueous 40% isopropanol to 
recover light filth.

Light filth, such as insect fragments and hairs, is unaffected 
by emulsification and defatting steps. In contrast to bean paste, 
light filth is attracted to oil phase in trapping procedure. When 
oil phase is trapped off, light filth is assessed microscopically.
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Table 993.28. Method performance for determination of light filth in bean paste by flotation method3

Spike added X Sr S R RSDr, % RSD r , %

Rat hairs

5 4.55(4.50) 1.63(1.00) 1.63(1.05) 35.8(22.2) 35.8(23.4)
10 8.85(8.65) 2.04(1.56) 2.09(1.56) 23.0(18.1) 23.6(18.1)
15 12.15(11.70) 2.20(1.67) 2.28(1.85) 18.1(14.3) 18.8(15.8)

Insect fragments

5 4.35(4.10) 0.87(1.00) 1.05(1.02) 19.9(24.4) 24.1(24.9)
15 14.20(14.25) 1.22(1.32) 1.45(1.53) 8.6(9.3) 10.2(10.7)
30 28.00(29.11) 1.87(1.05) 2.81(1.05) 6.7(3.6) 10.1(3.6)

Third party counts in parentheses.

B. Apparatus
(a) Sieve.—(1) No. 230 plain-weave, 945.75B(r); and (2) 

sieve handle, 945.75B(t) (see “Changes in Official Methods of 
Analysis” 3rd Supplement, 1992, p. 128).

(b) Reflux apparatus.—975.49A(e).
(c) Wildman trap flask.—2 L, 945.75B (h)(4).
(d) Filter paper.—Ruled, 945.75B(i).
C. Reagents
(a) Surfactant mixture.—Igepal CO-730, 945.75C(j)(7), 

and Igepal DM-710, 945.75C(j)(2). Prepare surfactant mix
ture, DM-710 and CO-730 (1 + 2).

(b) Isopropanol solutions.—(1) 100%. (2) 40% aqueous 
solution.

(c) Flotation liquid.—945.75C(k).
D. Isolation
Accurately weigh 100 g bean paste to nearest 0.5 g into

1.5 L beaker. Add ca 400 mL hot tap water and hand-stir 1 min. 
Bring volume in beaker to 600 mL with hot (55°-70°) tap 
water. Add 15 mL surfactant mixture, C(a), cover beaker with 
watch glass, and bring to boil with magnetic stirring, 
945.75B(n). Remove watchglass and boil for 10 min.

Transfer beaker contents portionwise to sieve, B(a)( 1). Wet- 
sieve, 970.66B(a), between portions. Rinse beaker and transfer 
washings to sieve. Retain beaker. Wet-sieve, using forceful 
stream of hot tap water until rinse is clear. Use of sieve handle, 
B(a)(2), is recommended. (Note: If sieve becomes clogged dur
ing sieving, gently tap on side of sieve to drain excess water.) 
Wet residue on sieve with 100% isopropanol, C(b)(7), to re
duce foam.

Quantitatively transfer residue to retained beaker using 
100% isopropanol. Wash sides of beaker with 100% iso
propanol from wash bottle; and then fill beaker to 400 mL with 
100% isopropanol. Defat contents by boiling 5 min, using re
flux apparatus, B(b). Quantitatively transfer contents from re
flux apparatus to sieve.

Wet-sieve until rinse is clear. Wash residue on sieve with 
40% isopropanol, C(b)(2), and quantitatively transfer to trap 
flask, B(c). Wash sides of flask with 40% isopropanol from

wash bottle; then fill to 600 mL with 40% isopropanol. Bring 
to boil and boil gently 10 min with magnetic stirring. Remove 
from heat and loosen any adhering materials from sides of flask 
using stopper (wafer) and by washing sides of flask with 40% 
isopropanol. Cool flask contents to 28°-30° in water bath.

Remove from water bath and add 60 mL flotation liquid, 
C(c). Stir magnetically 10 min, 970.668(c). Fill flask with 
40% isopropanol by pouring slowly down stirring rod. Stir in
termittently 10 min and let stand undisturbed 20 min. Gently 
spin stopper to remove sediment and trap off, 970.66B(b), into 
400-600 mL beaker, using 40% isopropanol. Add 35 mL flota
tion liquid to flask and hand-stir with gentle up-and-down mo
tion 30 s. Fill flask to top with 40% isopropanol and let stand 
undisturbed 20 min. Trap off as before, using 100% iso
propanol, and filter entire beaker contents through filter, B(d), 
using 2  filters if necessary.

Examine microscopically, 945.75B(o)(2), at ca 30x.
Ref.: /. AOACInt. 77, 1143 (1994).

Results and Discussion

Results for recoveries of rat hairs are shown in Table 1. 
Mean recoveries for the 3 spike levels ranged from 78 to 90% 
with 82.8% overall (third party counts). Collaborator 3 recov
ered from each of the 2  low level test portions one hair more 
than the number of hairs used for spiking. This collaborator 
noted that the sieve used in the study was back-washed after 
each analysis, and no other explanation could be found for this 
result.

Results from recoveries of insect fragments are shown in 
Table 2. Mean recoveries for the 3 spike levels ranged from 82 
to 97% with 94.9% overall (third party counts). The data from 
Collaborator 1 obtained from the analyses of high-level sam
ples were eliminated as outliers, calculated by the single- 
Grubbs test. Collaborators 4 and 6  detected in medium-level 
samples more numbers of insect fragments than used for spik
ing.

The amount of residue on the extraction papers ranged from
light (some analyses of one collaborator) to very heavy
(one analysis of another collaborator who used 2 extraction pa-
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Table 1. Collaborative study results9 for recovery of rat hair from bean paste (blind duplicates)

Spike level

Lab. 5 10 15

1 5 2(3) 7(5) 9(13) 9(8) 10(9)
2 3(2) 4(5) 5(8) 10(9) 10 12
3 5(6) 9(6) 9(10) 10(9) 15(14) 7(9)
4 6(5) 5 14(10) 8 14(11) 13
5 5 5 12(10) 10 15(14) 15(13)
6 7(5) 3(4) 10 10(9) 10 12
7 5 3 9(10) 9(8) 15(14) 12
8 3(5) 5(4) 5(6) 8(9) 13(12) 14
9 4 3 8 8 13(12) 11(12)

10 5 4(5) 7 9 10 13
X 4.55(4.50) 8.85(8.65) 12.15(11.70)
X, % 91.0(90.0) 88.5(86.5) 81.0(78.0)
Sr 1.63(1.00) 2.04(1.56) 2.20(1.67)
S R 1.63(1.05) 2.09(1.56) 2.28(1.85)
RSDr, % 35.8(22.2) 23.0(18.1) 18.1(14.3)
RSDr , % 35.8(23.4) 23.6(18.1) 18.8(15.8)

a Third party counts in parentheses.

pers). Six collaborators used 2-3 extraction papers for some 
analyses.

Eight collaborators analyzed one test portion at a time. 
Their extraction times ranged from 2.5 to 4 h per test portion 
(average 3.19 h). Two collaborators, who analyzed all test por
tions at one time, had extraction times of 5 and 9 h (average 7 h, 
or 1.16 h per test portion). Some collaborators included set-up 
time in the reporting of extraction times. The authors’ average 
extraction time was about 2.5 h per test portion. Plate-counting 
times of one test portion ranged from 8.5 to 45 min (average
2 2 . 1  min).

The collaborative study was performed using one type of 
bean paste. An intralaboratory study was conducted prior to the 
collaborative study, using 15 commercially available brand 
products of bean paste. Analytical results for insect fragments 
ranged from 93 to 100% (av. 98%) recovery. Results for rat 
hairs ranged from 87 to 100% (av. 94%) recovery.

Collaborators’ Comments
Wording of the method was changed to clarify the proce

dure. One collaborator had to repeat the study following the 
correct procedure. At the suggestion of another collaborator,

Table 2. Collaborative study results9 for recovery of insect fragment spikes from bean paste (blind duplicates)

Spike level

Lab. 5 15 30

1 5 4 12 14 25(26)* 19(19)*
2 5(4) 5(3) 14 11(10) 29 30
3 4 3(4) 12(15) 15 30 28
4 3 5 17 15 27 29
5 4 4 14(13) 15 30 30(28)
6 5(4) 5 16 15 29 30
7 5 5(3) 15 14 28 26(29)
8 4 1 14(13) 15 28 30
9 5 5 13(14) 13 28(29) 24(30)

10 5 5 15 15 30 30
X 4.35(4.10) 14.20(14.25) 28.00(29.11)
X, % 87.0(82.0) 94.7(95.0) 93.3(97.0)

Sr 0.87(1.00) 1.22(1.32) 1.87(1.05)

SR 1.05(1.02) 1.45(1.53) 2.81(1.05)
RSDr, % 19.9(24.4) 8.6(9.3) 6.7(3.6)
RSD r , % 24.1(24.9) 10.2(10.7) 10.1(3.6)

a Third party count in parentheses.
b Outlier calculated by single-Grubbs test; not included in calculations.
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the volume of beaker used to receive the trapped material was 
changed from “400” to “400-600 mL.”
Recommendation

On the basis of the results obtained in the study, it is recom
mended that the method for the extraction of light filth from 
bean paste be adopted first action.
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FOOD BIOLOGICAL CONTAMINANTS

Chemical Test for Mammalian Feces in Ground Black Pepper: 
Collaborative Study
H arriet R. Gerber * 1
U.S. Food and Drug Administration, Division of Microanalytical Evaluations, Washington, DC 20204
Collaborators: J.R. Bryce; M.P. Chaput; G.R. Dzidowski; R.L. Heitzman; M. Langridge; R.E. Olson; M.L. Silva; B.A. Spring; 
W.A. Sumner; D.Y. Tobias

A collaborative study fo r determ ining m am m al
ian feces in ground black pepper w as con
ducted, using a m odified version of the AOAC Of
ficial Method 986.28 for m am m alian feces in 
grain products. W ith the proposed m ethod, the 
presence of alkaline phosphatase, an enzym e  
found in m am m alian feces, was determ ined by 
using phenolphthalein d iphosphate as the en
zym e substrate in a test agar m edium  containing

Submitted for publication January 4, 1993.
The recommendation was approved by the Committee on Microbiology 

and Extraneous Materials. The method was adopted by the Official 
Methods Board of the Association. See “Official Methods Board Actions” 
(1993) J. A O A C  lnt. 76, 125A, and “Official Methods Board Actions” 
(1993) The Referee 17, September issue.

1 Present address: U.S. Food and Drug Administration. Div. of Planning, 
Evaluation and Management, 5600 Fishers Lane, Rockville, MD 20857.

1 % agar in a borate buffer, pH 9.5. Ground black  
pepper w as stirred in w ater to extract interfering  
color. The m ixture was filtered and the residue  
w as scattered on plates of liquid test agar. The  
alkaline phosphatase cleaved phosphate radi
cals from  phenolphthalein diphosphate, generat
ing free phenolphthalein, w hich appeared as 
pink to red-purple around the fecal particles in 
the previously colorless m edium . For the 10- and 
20-partic le spike level, collaborators recovered  
averages of 12.3 and 24.1 particles, respectively. 
The experim ental background w as zero. Collabo
rators reported that the m ethod was clear and  
easy to perform.
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T here is currently no official method for determining the 
presence of rodent excreta particles in ground black pep
per. A newly developed method based on the com meal 

method (1 ) uses the reaction of alkaline phosphatase, an en
zyme found in feces, with the substrate phenolphthalein 
diphosphate to determine the presence of fecal matter. The re
action generates free phenolphthalein, which in the presence of 
borate buffer, pH 9.5, appears pink to red-purple. A water ex
traction is used to remove interfering color from the pepper 
which would otherwise leach into the test medium and mask 
the color. The enzymatic reaction makes it possible to visualize 
the presence of particles smaller than 250 pm. The proposed 
method is relatively rapid and easy to perform, and uses no 
hazardous chemicals.
Collaborative Study

Black Pepper
The ground black pepper used in this study was obtained 

commercially. Test portions (4—10 g) gave no positive reac
tions, and a zero background level of fecal particles was as
sumed.

Fecal Particles
Mouse feces were ground, sieved, and collected so that the 

particles passed through a No. 50 sieve and were retained on a 
No. 60 sieve. The spike particles used in this study were 97- 
1 0 0 % positive in this test (2 ).

Ruggedness Testing
Ruggedness testing was performed using 8  combinations of 

the following factors analyzed in duplicate: (1) temperatures of 
liquid test agar, 37° and 47qC; (2) amounts of agar per Petri 
dish, 145 and 155 mL; (3) extraction times, 5 and 15 min; (4) 
wash times, 20 and 60 s; (5) vacuum filtering times, 5 and 
15 min; (6) test agar gelling times, 20 and 40 min; (7) water 
bath incubation times, 10 and 20 min. The ruggedness testing 
showed that the method had some latitude within the tested 
limits. Good recovery of spike material was obtained when the 
above factors were varied from the optimum as listed above. 
The ruggedness tests achieved an average recovery of 97% 
with a range of 75-135% for 20 spike particles.

Collaborative Study Package
Each collaborator was provided with 2 practice and 

6  spiked test portions, each containing 10 g of pepper. Each 
practice test portion was spiked with 20 fecal particles. Other 
test portions contained 3 levels of fecal particles: 0,10, and 20, 
each provided in duplicate. Practice test portions were labeled 
A and B; other test portions were randomly numbered 1 
through 6 . Collaborators were also provided with mouse fecal 
particles to be used as positive controls, a copy of the proposed 
method, instructions, recording forms, and a sheet for com
ments. Expected minimum recoveries for the practice test por
tions were given, and collaborators were requested to contact

the Associate Referee if these minimum results were not ob
tained.
993.27 Mammalian Feces in Ground Black 
Pepper— Alkaline Phosphatase Detection Method

First Action 1993

(Applicable to determination of mammalian feces in ground 
black pepper.)

Method Performance:
Black pepper, 10-particle spike/10 g pepper
Mean recovery = 122.5%
sr = 3.8; sR = 4.3; RSDr = 30.7%; RSDr = 34.8%
Black pepper, 20-particle spike/10 g pepper
Mean recovery = 120.3%
sr = 5.4; sR = 7.2; RSDr = 22.5%; RSDr = 29.9%
A. Principle
Most mammalian intestinal tracts contain alkaline phos

phatase (AKP). At test conditions, pH 9.5 and 42°, AKP hydro
lyzes phosphate radicals from substrate/pH indicator phenol
phthalein diphosphate to produce light pink to red-purple color 
from free phenolphthalein.

B. Apparatus
(a) Water bath.—Capable of maintaining 42 ± 1°.(b) Hot plate/stirrer and stir bars.—See 945.75B(n); 

41 mm ovoid stir bars are recommended.
(c) Petri plates.—Disposable plastic, or glass; 150 x 20 or 

150 x 15 mm.
(d) Weighing boats.—8.1 x 8.1 x 1.9 cm, 100 mL capacity, 

or similar size.
C. Reagents
(a) Magnesium chloride solution.—Dissolve 0.203 g 

MgCl2 -6H20  and dilute to 500 mL with H2 0. Solution has in
definite shelf life.(b) Phenolphthalein diphosphate.—Tetrasodium salt, ca 
95%. Store in desiccator at <0°.

(c) Stock test reagent.—Dissolve 19.0 g borax 
(Na2 B4 0r 10H2 O) and 6.28 g anhydrous Na2 C03 in 1 L HzO 
with stirring. Add 0.94 g phenolphthalein diphosphate, (b), and 
stir while adding 2 mL MgCl2  solution, (a). Reagent is stable 
ca 4 months at room temperature. Reagent should be discarded 
if not colorless and ca pH 9.5 (degraded phenolphthalein 
diphosphate produces pink color in test reagent).

(d) Agar.—Bacto agar (Difco).
(e) Liquid test agar.—Measure equal volumes (half total 

test agar volume needed) of stock test reagent, (c), and H20  
into separate beakers. Beaker for H20  must be large enough for 
2x volume of H20  measured. Place beaker with H20  on hot 
plate/stirrer, add stir bar, and with rapid stirring add enough 
agar to H20  to yield 2% agar solution (1.5 g agar/75 mL H2 0). 
Continue stirring and heat to" boil (avoid foam-over). Place 
cover glass over beaker to prevent heat loss. When agar begins 
to foam, add measured stock test reagent, pouring reagent
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down side of beaker to prevent agar from coming out of solu
tion. Stir rapidly over heat ca 1 min. Prepare fresh daily and 
maintain at 42°; use 150 mL/plate.

D. Determination
Prepare 4 plates for each 10 g test portion of ground black 

pepper and one plate for positive control.
Prepare liquid test agar, C(e), and maintain in water bath at 

42 ± 1°. Weigh 10 g ground black pepper from each well- 
mixed test portion. Add pepper, stir bar, and ca 300 mL H20  to 
400 mL beaker. Place beaker on stirrer and stir contents rapidly 
10 min. Move beaker around on stirrer to ensure that all pepper 
particles are suspended. (Note: Failure to suspend all pepper 
particles will result in inadequate color leaching which inter
feres with detecting positive results.)

Transfer beaker contents to 8  in. No. 50 sieve. Rinse beaker 
and stir bar into sieve using gentle stream of cool water from 
water aerator as in 945.75B(a). Direct gentle spray of cool 
water onto pepper until water through sieve is clear of any pep
per particles (>30 s). Quantitatively transfer sieve retainings to 
90 mm Hirsch funnel 945.75B(k) containing 11 cm filter (me
dium porosity, ca 8-11 pm particle retention, Whatman No. 1 
or 2 is suitable) over wire mesh screen. Vacuum-filter, continu
ing 1 0  min after most visible liquid has been removed.

Pour ca 150 mL 42° liquid test agar into each plate. Care
fully remove filter from funnel, loosen pepper particles using 
metal spatula, and distribute pepper from each test sample 
equally on agar surface of 4 plates. Scrape residual pepper par
ticles from filter into plates.

Mix contents of each plate well to distribute particles 
evenly. Scrape spatula on side of one plate to remove any ad
hering material. (Note: Equal particle distribution among and 
within dishes is essential; concentrations of pepper particles 
could physically block visibility of positive color.)

Prepare positive control by thinly scattering some ground, 
known rodent feces evenly on one plate.

Allow test agar to gel completely (no agar flows as dish is 
slightly tipped), with lids removed, ca 20 min. Small fan may 
be used to hasten gelling.

E. Reading Results
When agar is firm, examine agar surface such that line of 

sight is perpendicular to plate while plate is held at 45° to white 
background surface, with light source directed onto plate from 
above. Rotate plate as needed to view agar clearly, checking for 
pink to red-purple (positive) spots. Positive spots in test sample 
plates should be same color as spots in positive control plate. 
Mark positive spots on plate lid, using grease pencil, and mark 
lid and bottom together, using waterproof marker, so lid can be 
replaced in same orientation.

Place plates in 42° water bath and incubate 15 min. Remove 
plates from bath, wipe inside lid to remove fog. Hold lid so 
bottom edge of lid is 2-3 mm above top edge of plate base 
while plate is read and marked. Replace lid. Repeat 15 min 
incubation and marking of positive spots.

Spots that appear and then are not seen on subsequent 
checks, and spots that appear anywhere in agar are counted. 
Record number of spots as fecal particles/10 g test portion.

(Note: Amount, intensity, and range of color [light pink to 
red-purple] will vary, depending on fecal particle size, species, 
and diet of animal. Particles <250 Lim can be identified.)

Ref.: J. AOACInt. 77,1146 (1994).

Results and Discussion

The results of the collaborative study are presented in Ta
ble 1. The average number of positive particles reported by col
laborators for the 0,10, and 20 spike levels was 0,12.3 (123%), 
and 24 (120%), respectively. The range of identified positive 
particles for the 10 and 20 spike levels was 6-24 and 14—44, 
respectively. One outlier was identified (Collaborator 3, test 
portion 6 ) by the tests of Grubbs and Cochran (3, 4) and was 
not used in the statistical analysis.

Many collaborators reported a higher number of positives 
than the spike number added. This result could have been 
caused by breaking up of spike particles, stray background par
ticles, or counting of something other than a positive spot.

Two collaborators who did not have a No. 50 sieve used 
sieves Nos. 45 and 60. Recoveries obtained with these sieves 
were within limits of the other collaborators’ results.

One collaborator observed a yellow color in the agar. The 
color could have been the result of incomplete extraction of the 
black pepper particles. Recoveries reported by this collaborator 
were good; therefore, the yellow color apparently did not inter
fere with the identification of positive particles.

Table 1. Collaborative study results for determination 
of mammalian feces in ground black pepper

Lab.

No. of fecal particles

Spike level = 0 Spike level = 10 Spike level = 20

Test 1 Test 2 Test 1 Test 2 Test 1 Test 2

1 0 0 8 8 20 14
2 0 0 10 24 30 19
3 0 4a 10 10 17 24
4 0 0 13 14 44 30
5 0 0 13 11 24 30
6 0 0 16 12 25 34
7 0 0 15 14 21 29
8 0 0 13 19 23 23
9 0 0 8 13 19 18

10 0 0 8 6 19 18
X 12.3 24.1
X, % 122.5 120.3
Sr 3.9 4.1
S R 6.0 7.4
RSDr, % 30.7 22.5
RSD r , % 34.8 29.9

a Outlier; not used in statistical analysis.
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One collaborator prepared 2% agar and stored the aliquots 
in a refrigerator. The agar was melted by microwave when 
needed, and added to a 2x test solution before use. The results 
from these tests were good, indicating that no problems were 
encountered when the test agar was prepared in this manner.

One collaborator saw no positives in a control and test sam
ple. This result was probably caused by not cooling the test agar 
to 42°C before adding the ground black pepper. The indicator 
enzyme, alkaline phosphatase, is deactivated at temperatures 
above 55°C. The collaborator did find positives in a replace
ment test portion. This problem points out the need for collabo
rators to read through the entire method and follow the method 
as written. Critical points are noted in the method and must be 
heeded.

Another collaborator noted that the agar in some dishes of 
gelled agar rotated during handling. Agar movement causes in
accurate counting of positive spots. Allowing the agar to gel 
completely before placing it in the water bath will prevent most 
movement. Analysts should observe the gel for movement dur
ing counting. In general, collaborators stated that the method 
was easy to follow and simple to perform.
Recommendation

The proposed method gives high recoveries of fecal parti
cles, eliminates the use of toxic chemicals, and is simple and 
rapid to perform. On the basis of the results of this study, it is 
recommended that the alkaline phosphatase method, a chemi
cal test for mammalian feces in ground black pepper, be 
adopted first action.
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FOOD BIOLOGICAL CONTAMINANTS

Extraction of Light Filth from Whole Wheat Flour, Flotation 
Method: Collaborative Study
L arry E . G laze and J ohn R. Bryce
U.S. Food and Drag Administration, Division of Microbiology, Washington, DC 20204
Collaborators: R.B. Bradicich; M.P. Chaput; G.R. Dzidowski; S. Friedman; M.L. Obert; J.C. Römer; W.T. VanVelzen; E.C. 
Washbon

An additional extraction/flotation m ethod for the  
determ ination of light filth in w hole w heat flour 
was validated through a collaborative study. A 
50 g test portion is boiled in a 3% HC1 solution. 
The m ixture is washed with hot tap w ater on a 
No. 230 sieve. Then the residue is boiled in iso
propanol, transferred to  a No. 230 sieve, and  
washed again. The residue is transferred to a 
W ildm an trap flask using 40% isopropanol. The  
filth is isolated by flotation in mineral oil and a 
m ixture of Tween 80 and Na4EDTA in 40% iso
propanol. Average recoveries by 8 collaborators  
w ere 88.8 and 91.7% for insect fragm ents and rat 
hairs, respectively. The extraction/flotation  
m ethod for determ ination of light filth in w hole  
w heat flour has been adopted first action by 
AO AC INTERNATIONAL as an additional proce
dure to  the AOAC Official Method 941.16, Filth in 
G rain Products.

T he AOAC Official Method 941.16, Filth in Grain Prod
ucts, uses chloroform and carbon tetrachloride, expos
ing the analyst to possible contact with phosgene gas 

during drying. Extraction papers are covered with heavy de
bris, which makes the counting of filth elements difficult.

An additional method has been developed that omits the use 
of chloroform and carbon tetrachloride, eliminates possible ex
posure to phosgene gas, and yields acceptable recoveries of 
filth elements on relatively clean extraction papers. A 50 g test 
portion is digested by boiling in a 3% HC1 solution, and the 
mixture is sieved. The residue is defatted by boiling in iso
propanol and the mixture is sieved again. The filth is trapped

Submitted for publication April 21, 1993.
The recommendation was approved by the Committee on Microbiology 

and Extraneous Materials, and was adopted by the Official Methods Board 
of the Association. See “Official Methods Board Actions” (1993) J. A O A C  
Int. 76, 125A, and “Official Methods Board Actions” (1993) The Referee  
17, September issue.

This report was presented at the 105th AOAC INTERNATIONAL 
Annual Meeting, August 12-15, 1991, Phoenix, AZ.

with mineral oil in a mixture of Tween 80 and Na4EDTA in 
40% isopropanol.
Collaborative Study

Six 50 g test portions of whole wheat flour spiked at 3 levels 
and 2  spiked practice samples were sent to each of 8  collabo
rators. The low spike level consisted of 5 insect fragments 
(elytral squares of Tribolium confusum, ca 0.5 mm”) and 5 rat 
hairs (2-3 mm long); the middle and high spike levels con
sisted of 15 and 30 insect fragments, and 10 and 15 rat hairs, 
respectively. The collaborators were instructed to report results 
and analytical times, and to return the extraction papers to the 
Associate Referee, so their results could be checked.
993.26 Light Filth in Whole Wheat Flour— Flotation 
Method

First Action 1993

(Applicable to determination of light filth in whole wheat 
flour.)

Method Performance:
See Table 993.26 for method performance.
A. Principle
Whole wheat flour is digested without effect on insect exo

skeleton or mammalian hair contaminants. These oleophilic 
filth elements are separated from nonoleophilic food products 
by attraction to the oil phase of an oil-aqueous mixture. The oil 
phase is trapped off, filtered, and examined microscopically for 
filth elements.

B. Apparatus
(a) Sieve.—(1) No. 230 plain-weave, 945.75B(r); and (2) 

sieve handle, 945.75B(t) (see “Changes in Official Methods of 
Analysis,” 3rd Supplement, 1992, p. 128).

(b) Reflux apparatus.—975.49A(e).
(c) Wildman trap flask.—2 L, 945.758(h)(4).
(d) Filter paper.—Ruled, 945.75B(i).
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Table 993.26. Method performance for determination 
of light filth in whole wheat flour by flotation method
Spike
added/50 g 
flour Mean Sr SR RSDr, % RSD r , %

Rat hairs

5 4.8 1.4 1.4 29.8 29.8
(4-4)a (1.5) (1.5) (34.3) (34.3)

10 9.1 1.2 1.2 13.5 13.5
(9.0) (13.0) (13.0)

15 14.4 1.2 1.3 8.3 9.2
(14.1) (1.0) (1.2) (6.9) (8.5)

Insect fragments

5 4.7 0.8 0.8 16.0 16.0
15 12.6 1.1 3.0 8.9 23.6

(13.8) (1.5) (1.6) (10.8) (11.5)
30 25.9 3.6 4.8 14.0 18.4

(3.5) (4.6) (13.6) (17.9)

Third party counts in parentheses if different from collaborator.

C. Reagents
(a) HCl solution.—3%. Add 24 mL HC1 to 776 mL H2 0.
(b) Isopropanol solutions.—(I) 100%. (2) 40% aqueous 

solution.
(c) Mineral oil.—945.75C(p).(d) Tween 80-40% isopropanol solution.—945.75C(x).
(e) Na4EDTA-40% isopropanol solution.—945.75C(z).
D. Isolation
Add 800 mL 3% HCl solution, C(a), to 2 L beaker. Place on 

preheated hot plate and magnetically stir so stirring bar is vis
ible in vortex, 945.75B(n). Accurately weigh 50 g whole wheat 
flour to nearest 0.5 g into 250 mL beaker. Transfer flour por- 
tionwise to 3% HCl solution. Rinse sides of 250 mL beaker 
with 3% HCl solution from wash bottle and add washings to 
2 L beaker. Cover with watch glass and bring to full boil. Re
move watch glass and boil gently 15 min with magnetic stir
ring.

Wet-sieve, 970.66B(a), portionwise on sieve, B(a)(l), with 
gentle stream of hot (50°-70°C) tap water until rinse is clear. 
Use of sieve handle, B(a)(2) or equivalent, is recommended. 
Retain original beaker. Wash residue to side of sieve with hot 
tap water, and rinse residue with 100% isopropanol, C(b)(l).

Quantitatively transfer residue to original beaker, washing 
with 100% isopropanol. Add 100% isopropanol to 400 mL 
mark on beaker and boil gently 5 min, using reflux apparatus, 
B(b), inserted into beaker top. Remove beaker from reflux ap
paratus and quantitatively transfer beaker contents to sieve.

Wet-sieve with gentle stream of hot tap water until rinse is 
clear. Wet residue on sieve with 40% isopropanol, C(b)(2), and 
quantitatively transfer residue to trap flask, B(c), using 40% 
isopropanol. Dilute to 600 mL with 40% isopropanol and boil 
gently 5 min with magnetic stirring. Remove from heat, add

65 mL mineral oil, C(c), and magnetically stir 3 min, 
970.66B(c). Let stand 1-2 min after stirring.

Add mixture of 5 mL Tween 80-40% isopropanol solution, 
C(d), and 5 mL Na4EDTA-40% isopropanol solution, C(e), 
slowly, down stirring rod. Hand-stir 30 s with gentle rotary mo
tion. Let stand undisturbed 1-2 min. Fill flask with 40% iso
propanol, clamp rod, and let stand 30 min. Stir bottom contents 
every 5 min for first 20 min and leave undisturbed for final 
10 min. Spin stopper (wafer) to remove any trapped residue 
and trap off, 970.66B(b), into 400 mL beaker, using 40% iso
propanol to rinse neck of flask. Add 40 mL mineral oil to flask 
and hand-stir 15 s with gentle up-and-down motion. Fill flask 
with 40% isopropanol and let stand for 20 min. Spin stopper 
and trap off as before, rinsing neck with 1 0 0 % isopropanol.

Filter beaker contents through filter, B(d), and examine mi
croscopically at ca 30x.

Ref.: J. AOACInt. 77,1143 (1994).

Results and Discussion

The statistical analyses of the results are presented in Ta
bles 1 and 2. The outliers in the study were identified by the 
single-Grubbs test [7. Assoc. Off. Anal. Chem. 72(1989), No. 
4],

Results for recoveries of rat hairs are given in Table 1. Mean 
recoveries for all 3 spike levels ranged from 87.4 to 94.0% 
(third party counts). The Petri dishes returned by Collabora
tor 6  were very wet, with excess glycerine-alcohol running out 
of the dishes onto the packaging material. This may have 
caused a loss of hairs in transit and the low recoveries (for 5 of 
the 6  test portions) found by the Associate Referee compared 
to those reported by the collaborator. The mean of 87.4% for

Table 1. Collaborative results for recovery of rat hairs 
(blind duplicates) from whole wheat flour

Spike level

Lab. 5 10 15

1 7 (5)a 5 10 8 15 15
2 5(4) 5 9 9 16(14) 15
3 2 6 10 10 11 14
4 4 5 9 9 15 15
5 5(4 ) 5 10 8 14 16
6 5(4 ) 6 (5 ) 7 10(9) 15(14) 15(14)
7 2 (1 ) 5 7b (11) 6b (8) 12(13) 15(13)
8 4 (5 ) 5 10(9) 8 14 14(13)

X 4.75 (4.37) 9.07 (9.0) 14.4 (14.1)
X, % 95.0 (87.4) 90.7 (90.0) 96.0 (94.0)
Sr 1.42(1.50) 1.22(1.17) 1.20 (0.97)
SR 1.42(1.50) 1.22(1.17) 1.33(1.20)
RSDr, % 29.8 (34.3) 13.5 (13.0) 8.3 (6.9)
RSD r , % 29.8 (34.3) 13.5 (13.0) 9.2 (8.5)

3 Third party counts are in parentheses if different from those of 
collaborator.

6 Outlier by single-Grubbs test; not included in calculations.
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Table 2. Collaborative study results for recovery of 
insect fragments from whole wheat flour (blind 
duplicates)

Spike Level

Lab. 5 15 30

1 5 5 14 14 28 (27)a 28
2 2t’ 1b 7 (7t)  6 (60) 27 21 (22)
3 3 3 15 17

-QCO

-QO

4 5 5 13 15 29 28
5 5 5 11 12(14) 27 (28) 27
6 5 5 12 13 28 29 (28)
7 3 5 12(15) 12 12 23
8 5 5 16(15) 13 30 25
X 4.7 12.63 (13.79) 25.86
X, % 94.0 85.9 (91.9) 86.2
Sr 0.75 1.12(1.49) 3.62 (3.52)
S R 0.75 2.98(1.59) 4.76 (4.63)
RSDr, % 16.0 8.9(10.8) 14.0 (13.6)
RSDr , % 16.0 23.6(11.5) 18.4 (17.9)

a Third party counts are in parentheses if different from those of 
collaborator, or if determined to be an outlier. 

b Outlier by single-Grubbs test; not included in calculations.

the low spike level reflects the counts of the third party. Results 
obtained by Collaborator 7 on test samples spiked at the me
dium level were identified as outliers. No explanation could be 
found for the low recoveries.

Results for recoveries of insect fragments are given in Ta
ble 2. Mean recoveries for all 3 spike levels ranged from 86.2 
to 94.0%. Recoveries by Collaborator 2 were very low from all 
test portions spiked at low and medium levels, and low from 
one test portion spiked at the high level. A possible explanation 
for this was the collaborator’s decision not to use the reflux 
(solvent saver) apparatus specified in the method. Instead, a 
watchglass was used to cover the beakers. Although no signifi
cant loss of solvent was noted after 5 min boil, research has 
shown that the use of the reflux apparatus improves defatting 
of the product, and consequently improves filth recovery for 
some products. No other variable seems to explain the very low 
recoveries found by Collaborator 2. The results from the low 
level samples and the third party counts for the medium level 
samples (but not Collaborator’s counts) were identified as out
liers.

Collaborator 5 reported a small accidental spill during the 
analysis of one test portion spiked at the medium level, which 
might have caused the low recovery (11 of 15 insect frag
ments). No explanation was found for the low recoveries of 
insect fragments at the high level by Collaborator 3, which 
were identified as outliers and removed by the single-Grubbs 
test.

The amount of residue on the extraction papers was subjec
tively evaluated by the Associate Referee as ranging from very

light to very heavy. On average, extraction papers for the pro
posed method were lighter or cleaner than those for the AOAC 
Official Method 941.16. Residue for all 6 test portions was very 
light to medium for 5 of 8 collaborators, whereas residue for 
Collaborator 8 was light to medium for 4 of 6 test portions, and 
heavy for 2. Residue for Collaborator 7 was light to medium 
for 4 of 6 test portions, heavy for one, and very heavy for an
other. All plates submitted by Collaborator 5 were very heavy, 
even though the residue was spread across 2 filter papers per 
test portion.

The average analytical time required for all 6 test portions 
was 19.8 h, with 16.9 h used for preparation and extraction and
2.9 h used for reading extraction papers. Individual collabora
tor times reported for preparation and extraction ranged from
3.5 to 34.5 h. The wide range in times can be explained, in part, 
by the number of test portions extracted concurrently by each 
collaborator. Collaborators that reported times near 3.5 h ana
lyzed all test portions concurrently, resulting in a total analyti
cal time slightly longer than that for one portion, which was 
about 2.5 h in intralaboratory tests. Other collaborators ana
lyzed one or 2 test portions at a time, needed longer preparation 
times, or were slower, resulting in correspondingly longer ana
lytical times.
Recommendation

The results of this study indicate that the proposed method 
for the extraction of light filth from whole wheat flour is reli
able and safer, and produces cleaner extraction papers than the 
AOAC Official Method 941.16. On the basis of the results of 
this study, it is recommended that this additional extraction/flo- 
tation method for determination of light filth in whole wheat 
flour be adopted first action.
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FOOD BIOLOGICAL CONTAMINANTS

Alternative Sieving Method for Extraction of Light Filth from 
Cheeses: Collaborative Study
M arvin J. Nakashima
U.S. Food and Drug Administration, Division of Microbiology, Washington, DC 20204
Collaborators: D.W. Bakker; G.R. Dzidowski; G. Haeberle; L.S. Lawless; T.A. Rammer; M.A. Sogol; R.L. Trauba; G. Tucker; 
M.D. Wirth

A co lla b o ra tiv e  stu d y  w a s  c o n d u c ted  on  an al
ternative  s ie v in g  m eth od  for th e  extraction  of 
light filth from  c h e e s e s .  The altern ative  
m ethod  w a s  d e v e lo p ed  that is  a p p licab le  to  
broad variety  o f c h e e s e s .  A 225  g te s t  portion  
is  d isp e r se d  in a so lu tio n  o f 5.7% HCI, Igepal 
CO -730, and Igepal DM-710. D ig ested  c h e e s e  is  
w e t-s ie v e d  on  a No. 230 s ie v e . The res id u e  is  
treated  with Tergitol A n ion ic  4, transferred  to  
1% sod iu m  lauryl su lfa te  so lu tio n , h ea ted , and  
m aintained  at 65°-75°C  for 10 min. The res id u e  
is  w a sh ed  with t h e s e  2 su r fa c ta n ts  a m axim um  
of 4 t im es  until it is  red u ced  to  an am ou nt that 
is  filterab le. T he re s id u e  is  filtered  and th e  fil
ter p ap ers are exa m in ed  m icro sco p ica lly  at a 
m agn ification  o f ca  30x. A verage rec o v e r ie s  by 
9 co lla b o ra to rs for 3 sp ik e  le v e ls  o f rat hairs  
(5 ,1 0 ,  and 15) w ere 80, 68, and 81%, r e s p e c 
tively; for in se c t  fragm en ts (5 ,1 5 ,  and 30) re
c o v e r ie s  w ere 97, 90, and 92%, resp ectiv e ly . 
The altern ative  s ie v in g  m ethod  for extraction  
of light filth from  c h e e s e s  h a s  b een  ad o p ted  
first ac tio n  by AOAC INTERNATIONAL.

T he AOAC Official Method 960.49C-E (1) provides pro
cedures for 3 groups of cheeses: soft and semi-soft; 
hard; and cheeses containing mold, plant tissue, and 

spices. The hard cheese method was evaluated collaboratively
(2), solely to gather information about residues, residue inter

Submitted for publication June 7, 1993.
The recommendation was approved by the Committee on Microbiology and Extraneous Materials, and was adopted by the Official Methods Board of the Association. See “Official Methods Board Actions” (1994) J.AOAC 

lnt. 77,43A, and “Official Methods Board Actions” (1994) The Referee 17, 
February issue.

This report was presented at the 106th AOAC INTERNATIONAL 
Annual Meeting, September 2, 1992, Cincinnati, OH.

ference, and filtration speed. None of the above procedures was 
used in a collaborative study to obtain recovery data.

The alternative sieving method is applicable to all cheeses 
included in AOAC Official Methods for determination of filth, 
except bloom rind cheeses (e.g., brie), smoked cheeses, and 
cheeses containing plant tissue, herbs, and spices. The method 
expands the coverage to include semi-hard and processed 
cheeses that contain whey, plant gums, or emulsifiers (e.g., so
dium phosphate, sodium citrate).

The following cheeses were tested in-house in advance of 
the collaborative study: (1) hard cheeses: Parmesan, Romano, 
Sardo Romano, Pecorino Romano, Jarlsberg, Goya, and 
sbrinz; (2) semi-hard cheeses: provolone, Edam, havarti, Al- 
penzeller, Cantal, Telemark, etorki, opequon gold, arina, colby 
jack, fontinella, and Swiss; (3) semi-soft cheeses: feta (goat and 
sheep milk), gjetost, muenster, Monterey Jack, ricotta salada, 
goat log, Pert Salut, and mozzarella; (4) soft cheeses: cream, 
cottage, and Bel Paese; (5) blue cheeses: blue, Danish blue, 
Roquefort, Gorgonzola, and Stilton; and (6) processed cheeses: 
cold pack cheese food, pasteurized processed cheese, pasteur
ized processed cheese food, and pasteurized processed cheese 
spread.

Results from 97 replicates of hard, semi-hard, semi-soft, 
soft, and blue cheese, and 16 kinds/brands of processed cheese, 
gave rat hair and insect fragment recoveries of 91 and 96%, 
standard deviations of 0.9 and 0.95, and relative standard de
viations of 9.9 and 2.9%, respectively.

Collaborative Study

Each collaborator received 6 randomly numbered jars, each 
containing 225 g test portions of grated parmesan cheese 
spiked with rat hairs and insect fragments. Duplicates of 3 lev
els of each analyte were provided: 5 rat fur hairs (2.5-3.5 mm 
long) and 5 insect fragments (elytral squares of Tribolium  con- 
fu s u m  ca 0.5 mm2), lOrat fur hairs and 15 insect fragments,and 
15 rat fur hairs and 30 insect fragments. Collaborators were 
instructed to report their analytical times and to return the filter 
papers to the author to check their results.
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994.05 Light Filth in C h eeses—Alternative Sieving  
Method
First Action 1994

(Applicable to hard, semi-hard, semi-soft, soft, blue, and 
processed cheeses containing at least one of following: whey, 
plant gums, or emulsifiers [e.g., sodium phosphate, sodium cit
rate].) Not applicable to bloom rind cheeses (e.g., brie), smoked 
cheeses, and cheeses containing plant tissue, herbs, and spices.

Method Performance:
See  Table 994.05 for method performance.
A. Principle

Cheese is digested in acid and 2 surfactants and wet-sieved 
on No. 230 screen. Residue is dispersed with successive treat
ments of 2 additional surfactants to attain filterable amounts of 
residue. Filth (hairs and insect fragments) is unaffected by the 
treatments and is retained on the sieve. The residue is filtered 
and the filth is counted microscopically.

B. Reagents

(a) E m ulsifiers .—Igepal CO-730, 945.75C(j)(7), and 
Igepal DM-710,945.75C(j)(2), or equivalent.

(b) W etting agen t.—Sodium tetradecyl sulfate (Tergitol 
Anionic 4, Sigma Chemical Co., or equivalent).

(c) D etergent solution .—Sodium lauiyl sulfate, 945.75C(i).
C. Preparation o f Test Samples

Trim any waxes, paper labels, molds, and other coatings 
from the cheese surface. Add 225 g of test sample to 2 L beaker 
as follows: (1) Cut cheese in ca 13 mm cubes. Cut to ca 5 mm 
pieces products that have hardened, products made from whey, 
and processed products containing >1 of following: whey, 
plant gums, or emulsifiers (e.g., sodium phosphate, sodium cit
rate). (2) Grate product normally grated for use (e.g., Parmesan, 
Romano). (3) Use tablespoon to sample grated or spreadable 
product.

D. Isolation

Add 1 L hot tap H20 (>50°C) and 60 mL HC1 (37%) to test 
sample in beaker. Add 5 mL Igepal CO-730, and 10 mL Igepal 
DM-710, B(a). Cover beaker with watch glass and bring mix
ture to full boil with magnetic stirring. Remove watch glass and 
boil mixture 30 min with magnetic stirring, so that top of stir
ring bar is visible at bottom of vortex. Wet-sieve portionwise, 
970.66B(a), on No. 230 plain-weave sieve, 945.75B(r), with 
forceful stream of hot tap H20  until foaming is minimal or 
none. Add ca 10 mL Tergitol Anionic 4, B(b), and gently wet- 
sieve until foaming is minimal or none.

Place sieve (submerged sufficiently to cover residue) in pan 
of 1% sodium lauryl sulfate, B(c), maintained at 65°-75°C (use 
hot plate to heat solution). Gently swirl residue to disperse, then 
let pan stand for 10 min. Gently and thoroughly  wash sides of 
sieve with hot tap H20 , and then gently wet-sieve, 970.66B(a), 
residue with hot tap H20 . Repeat tergitol/sodium lauryl sulfate 
washes until residue is reduced to filterable amounts. Do not 
exceed 4 washes.

Quantitatively transfer residue with H20  to 400 mL beaker. 
Filter beaker contents with suction through rapid filter paper, 
945.75B(i), using Hirsch funnel, 945.75B(k). Wash beaker 
with H20  and filter washings. Examine microscopically at ca 
30x, 945.75B(o)(2).

Ref.: J. A O A C In t. 77, 1153 (1994).

R esults and D iscussion

Of the 9 collaborators participating in the study, Collabora
tors F and H replaced the collaborators who could not repeat 
the study. Data from Collaborator G represent repeated analy
sis. Collaborators were asked to repeat the study if they pre
viously exceeded the specified maximum of 4 tergitol/sodium 
lauryl sulfate washes (e.g., 18-20), if they did not use the aera
tor specified in the method, or if they used filter paper without 
cupped sides.

Collaborators’ counts of recoveries of spike rat hairs and 
insect fragments (Tables 1 and 2, respectively) were checked 
by the author, and the results were verified by an expert mi
croanalyst (third party) when the author’s counts differed from

Table 994.05. Method performance for filth (rat hairs and insect fragments) in Parmesan cheese

Spike added X X, % r R RSDr RSDr

Rat hairs

5 3.9 (4.0)a 78.9 (80.0) 0.8 (0.5) 0.9 (1.1) 20.5 (12.5) 23.1 (27.5)
10 6.3 (6.8) 63.3 (68.3) 1.4 (1.5) 2.1 (1.9) 22.2 (22.1) 33.3 (27.9)
15 11.6 (12.1) 77.4 (80.7) 2.7 (2.6) 3.2 (2.7) 23.3 (21.5) 27.6 (22.3)

Insect fragments

5 4.8 97.1 (96.7) 0.4 (1.0) 0.5 (1.0) 8.3 (20.8) 10.4 (20.8)
15 12.7 (13.4) 84.8 (89.6) 3.0 (2.0) 3.7 (2.5) 23.6 (14.9) 29.1 (18.6)
30 26.2 (27.4) 87.3 (91.5) 1.4 (2.5) 3.9 (3.2) 5.3 (9.1) 14.9 (11.7)

Third party counts in parentheses.
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the collaborator’s. Before an analysis of variance of the data 
was made, Grubbs and Cochran tests were used to find outliers. 
Table 2 shows that for insect fragments 2 pairs of counts by 
Collaborator F and one pair of counts by the Collaborator G 
were excluded.

Average recoveries (third party counts) for 3 spike levels 
were 80, 68, and 81% for rat hairs (Table 1) and 97, 90, and 
92% for insect fragments (Table 2). Variability measures for rat 
hairs were high (Table 1) and for insect fragments (Table 2) 
were low to moderately high, but all were in the acceptable 
range.

Recoveries of rat hairs were lower than expected (intralabo- 
ratory recoveries of rat hairs were 91% for 97 replications), 
considering that no trapping is involved, and transfers are kept 
to a minimum because the product is reduced to filterable 
amounts while it is on the sieve.

Comments from collaborators illustrate steps in which hairs 
could have been lost. Collaborator C, whose recoveries are at 
or above the average, commented that the use of a forceful 
stream of water for the initial sieving of the digestate could 
force hairs through the sieve. That collaborator’s water system 
was also prone to pressure surges, which made it difficult to 
wash the sieve gently.

Because the data of Collaborator D were on the low side of 
average recoveries, this collaborator was asked to examine the 
sieve used in the study for sources of spike losses. The collabo
rator reported finding gaps in the soldering of the screen to the 
frame and after closer inspection found 2 spike insect frag
ments in a crevice. This could partly explain Collaborator D’s 
low recoveries of both analytes.

Collaborator A, whose recoveries were below average, fil
tered the sodium lauryl sulfate solution used in 3 test portions 
and found 2 spike hairs. Collaborator D also found a spike rat 
hair from filtered sodium lauryl sulfate solution. Because the

openings on a No. 230 sieve are 0.063 mm (63 |im) and rat fur 
hair is about 0.020-0.025 mm (20-25 pm) wide, a hair could 
pass through a sieve opening.

Collaborator G recovered 6 rat hairs (confirmed by the 
author) from a test portion spiked with 5 rat hairs. From the 
previous test portion 9 of 10 spike hairs were recovered. This 
suggests that a hair remaining from a previous test portion con
taminated a subsequent test portion.

Collaborator F’s recovery of 7 insect fragments from a test 
portion to which only 5 were added was preceded by a test 
portion from which only 22 of 30 insect fragments were recov
ered. Insufficient cleaning (back-washing) of the sieves by the 
Collaborators F and G is indicated by the results.

The incomplete collection and transfer of sieve residues af
ter the sodium lauryl sulfate soaking is another possible source 
of rat hair losses, next to incorrect sieving techniques such as 
splashing or pouring a perpendicular stream of liquid onto the 
sieve. However, Collaborator A filtered the back-wash water 
from the No. 230 sieve after the analysis of 3 test portions and 
found no spike hairs.

The method entails dispersing, up to 4 times, a small quan
tity of product with spike material that is not visible. When the 
residue reaches filterable amounts, collecting and transferring 
the small amount of material is difficult, and gauging whether 
all areas of the sieve have been completely washed is more 
difficult. To emphasize the need for completely concentrating 
residues after the final sodium lauryl sulfate soaking, the in
struction for the wet-sieving step has been reworded and a ref
erence for the sieving technique, 970.66B(a)(l), has been 
added. The instruction now reads “Gently and thoroughly 
wash sides of sieve ... then gently wet-sieve, 970.66B(a)....”

Collaborators took an average of 1.9 h (range, 1-3.25 h) to 
complete the extraction and 0.26 h (range, 0.17-0.4 h) to count 
the plates. All collaborators used only one filter paper per test

Table 1. Collaborative results for recovery of rat hair spikes (blind duplicates) from Parmesan cheese

Spike level

Collaborator 5 10 15

A 3 2 5 5 5 11
B 4 4 9 10 15 9
C 4 4 9 8 13 (12)a 15
D 4(3) 3 7 5 11 10
E 5 5 2(3) 6(7) 13 13
F 3 4 8 5 8(9) 15
G 3(6) 5 5(9) 4(7) 7(11) 8(13)
H 5(4) 3 6 6 13 14
I 5 5 8 6 15 14

X 3.9 (4) 6.3 (6.8) 11.6 (12.1)

X, % 78.9 (80) 63.3 (68.3) 77.4 (80.7)

Sr 0.8 (0.5) 1.4 (1.5) 2.7 (2.6)

SR 0.9 (1.1) 2.1 (1.9) 3.2 (2.7)

RSDr, % 20.5 (12.5) 22.2(22.1) 23.3(21.5)
RSDr , % 23.1 (27.5) 33.3 (27.9) 27.6 (22.3)

Third party counts are in parentheses if different from those of collaborator.
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Table 2. Collaborative results for recovery of insect fragment spikes (blind duplicates) from Parmesan cheese

Spike level

Collaborator 5 15 30

A 5 5 14 15 28 28 (30)a
B 4(5) 4 15 15 30 29
C 5 5 15 15 27 (28) 29 (30)
D 5(4) 5 13 7(9) 19 (22) 20
E 5 4 8(9) 10(11) 28 (30) 26 (27)
F 7b(7) 4b(4) 13 15 20b(22) 30 (30)
G 1C(3) 3C(5) 2(8) 13(15) 20 (28) 22 (28)
H 5(6) 5(5) 15 14(15) 25 (24) 29
1 5 5 15 15 30 29

X 4.8 12.7 (13.4) 26.2 (27.4)
X, % 97.1 (96.7) 84.8 (89.6) 87.3 (91.5)

Sr 0.4 (1.0) 3.0 (2.0) 1.4 (2.5)

SR 0.5 (1.0) 3.7 (2.5) 3.9 (3.2)
RSDr, % 8,3 (20.8) 23.6 (14.9) 5.3 (9.1)
RSDr , % 10.4 (20.8) 29.1 (18.6) 14.9 (11.7)

a Third party counts are in parentheses if different from those of collaborator, or if either duplicate value is an outlier. 
b Outlier by Cochran test. 
c Outlier by Grubbs test.

portion, but all plates from Collaborator G had sufficient prod
uct residue, so the residue could have been spread onto 2 plates.

On average, collaborators used the maximum number (i.e., 
4) of tergitol/sodium lauryl sulfate washes allowed in the 
method. However, 4 collaborators exceeded the number for 
tergitol treatments and 3 collaborators exceeded the number 
for sodium lauryl sulfate treatments by 1 and 2 additional 
washings and soakings, respectively, because of misinterpreta
tion of the instructions. These collaborators understood that 
more than 4 treatment cycles were allowed. This instruction 
step has been changed to read, “Do not exceed 4 washes.”

Two other clarifications were also made. In the description 
of the heating step of the sodium lauryl sulfate treatment, 2 col
laborators interpreted the text to mean that the temperature did 
not have to be maintained at 65°-75°C, and allowed their solu
tions to cool during the 10 min standing period.

The General Referee for Filth and Extraneous Materials in 
Foods and Drugs interpreted the instruction to mean that the 
entire sieve (screen and frame) should be submerged in the so
lution for the heating period. Therefore, this description was 
changed to read “Place sieve (submerged sufficiently to cover 
residue) in a pan of 1 %  sodium lauryl sulfate, B(c), maintained 
at 65°-75°C. (Use a hot plate to heat solution). Gently swirl 
residue and then let pan stand for 10 min.”

Recom  mendation

On the basis of the results of this study, it is recommended 
that the proposed alternative method for extraction of sieved 
light filth from cheeses be adopted first action.
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FOOD BIOLOGICAL CONTAMINANTS

Effects of Incubation Atmosphere, Novobiocin, and Modified 
Plating Media on the Efficiency of a DNA Probe for Recovering 
Shigella flexneri
Felicia B. Satchell, V erneal R. B ruce, W allace H. A ndrews, G eraldine June, Patricia S. Sherrod, T homas S. 
Hammack, and Peter Feng
U.S. Food and Drug Administration, Division of Microbiological Studies, 200 C St, SW, Washington, DC 20204

An o lig o n u cleo tid e  probe sp e c if ic  for th e inva
sio n  plasm id of S h i g e l l a  sp p . w a s  u sed  to  stu d y  
the e ffect of severa l culture m ethod variab les d e 
scrib ed  in th e  B a c t e r i o l o g i c a l  A n a l y t i c a l  M a n u a l  
for retention o f th e  p lasm id  in S h i g e l l a  f l e x n e r i .  
R esu lts  of co lon y  hybridization an a ly ses  sh ow ed  
that, in many in sta n ces , a sligh tly  greater num 
ber of S h i g e l l a  w ere d etected  by the DNA probe  
on M acConkey agar than on  tryp ticase  s o y  agar. 
Elevating the incubation  tem perature from 35° to  
42°C sligh tly  red u ced  the num ber o f S h i g e l l a  d e 
tecta b le  by th e probe. H owever, neither aerobic  
nor an aerob ic incubation  a tm osp h ere  or the in
c lu sio n  of n ovob iocin  in the m edia sh o w ed  any  
c o n s is te n t  e ffec t on  th e  recovery of S. f l e x n e r i  
by the probe. M oreover, th e  d etection  e ffic ien cy  
of th e probe w a s  not gen erally  affected  by the  
different M acConkey agar form ulations te sted .

I ncidence of foodbome shigellosis in the United States has 
increased over the past several years. To isolate Shigella  
spp. from foods, the U.S. Food and Drug Administration’s 

B acterio log ica l A n a ly tica l M anua l (BAM) (1) describes a cul
ture method that includes sample enrichment in a novobiocin- 
supplemented broth under anaerobic conditions and at an ele
vated temperature, followed by plating on MacConkey agar, a 
selective medium that contains a bile salts mixture.

Recently, a synthetic oligonucleotide probe was developed 
that may enable rapid identification of Shigella  spp. (2). The 
18 base DNA probe is specific for the invasion gene on a 
140 megadalton plasmid in pathogenic Shigella  spp., which 
also encodes for binding of Congo Red dye (3,4). The appli
cation of the plasmid-specific probe is described in BAM (1) 
and is intended for use in conjunction with the BAM culture 
method for recovering Shigella  spp. from foods.

Previous reports, however, suggest that the conditions and 
media recommended in the BAM culture method may not be 
suitable for subsequent testing with the plasmid-specific probe.

Received February 4, 1993. Accepted by AP September 17, 1993.

Plasmids of many pathogens are not stable and, therefore, may 
be easily lost during culture maintenance (5). For instance, in
clusion of surfactant in media or incubation at elevated tem
peratures used for enriching pathogens from foods reportedly 
causes loss of plasmids in these isolates (6). The antibiotic no
vobiocin affects the gyrase enzyme of several organisms (7, 8) 
and may also contribute to plasmid loss in Shigella. Further
more, Tolliscn and Johnson (6) demonstrated the sensitivity of 
heat-stressed S. fle x n e r i to bile salts. Therefore, the bile salts 
mixture in MacConkey agar may also cause the loss of plas
mids in pathogenic shigellae (6,9).

In this study, the plasmid-specific oligonucleotide probe 
was used to examine the effects of several variables of the 
BAM culture method on the stability of the invasion plasmid 
in S. flexn eri. These factors include the effect of 35° vs 42°C 
incubation temperature, aerobic vs anaerobic atmosphere, the 
presence or absence of novobiocin, use of a bile salts mixture 
or Bile Salts No. 3, and the inclusion of Congo Red dye in the 
plating media to enhance retention of the plasmid.

Experimental

Reagents and Media

Trypticase soy broth-yeast extract (TSBYE) and Shigella 
broth were prepared as recommended in BAM. Three formu
lations of MacConkey agar (MAC) were prepared as follows 
(per liter of distilled water): (7) MacConkey agar without Bile 
Salts No. 3 and without bile salts mixture (MNBS)— 17 g pep
tone, 3 g prcteose peptone, 10 g lactose, 5 g sodium chloride,
13.5 g agar, 0.03 g neutral red, and 0.001 g crystal violet; (2) 
MacConkey agar without Bile Salts No. 3 but with bile salts 
mixture (MBSM)— 17 g peptone, 3 g proteose peptone, 10 g 
lactose, 5 g sodium chloride, 13.5 g agar, 0.03 g neutral red, 
0.001 g crystal violet, and 1.5 g bile salts; and (3) MacConkey 
agar with Bile Salts No. 3 and with bile salts mixture 
(MBBS)— 17 g peptone, 3 g proteose peptone, 10 g lactose, 
5 g sodium chloride, 13.5 g agar, 0.03 g neutral red, 0.001 g 
crystal violet, 1.5 g Bile Salts No. 3, and 1.5 g bile salts.

Appropriate amounts of Congo Red dye (Sigma Chemical 
Co., St. Louis, MO) were added to commercially available 
MacConkey agar before autoclaving to give final concentra-
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Table 1. Effects of plating media and incubation environment on the efficiency of a plasmid-specific probe to 
recover Shigella flexneri

% of colonies hybridized* % of colonies hybridized*

MAC TSA MAC TSA
Incubation 
environment, 35°C

Experiment
No. Ab NAC A NA

Incubation Experiment 
environment, 42°C No. A* NAC A NA

Aerobic 1 48 74 54 60 Aerobic 1 61 67 54 59
2 53 72 58 71 2 27 42 58 41

3 77 92 45 NDd 3 80 44 70 46

4 94 92 77 85 4 87 87 70 59

5 81 91 60 87 5 64 67 46 72

6 94 33 63 56 6 78 63 46 ND

7 77 75 48 35 7 40 83 66 61

8 94 91 78 87 8 63 81 72 72

9 75 78 83 54 9 71 88 ND 79

10 77 66 19 64 10 57 58 ND 54

Means 77s 76e 59 67 Means 63 68 60 60

Anaerobic 1 61 53 59 58 Anaerobic 1 59 46 51 31

2 75 77 60 45 2 52 42 59 42

3 82 91 64 76 3 58 46 42 38

4 86 94 54 ND 4 67 47 46 31

5 43 73 32 36 5 36 66 44 66

6 95 ND 90 46 6 81 56 67 35

7 92 82 ND 60 7 84 62 ND 37

8 86 74 72 57 8 90 54 71 56

9 67 88 85 90 9 86 77 55 41

10 93 91 72 76 10 83 60 65 62

Means 78f Q0f 65 60 Means 70f 56 56 44

a Percentages determined by dividing number of hybrids per filter by CFU per plate. 
b Antibiotic. 
c No antibiotic. 
d Not determined. 
e Significantly greater than TSA, A.
'  Significantly greater than TSA, NA.

tions (w/v) of 0.03, 0.01, and 0.003%. AJ1 other reagents and 
media were prepared as recommended in BAM (1).

Cultures

Isolates used in this study were obtained from various 
sources. Stock cultures of S. fle x n e r i were maintained in 50% 
glycerol and stored at -70°C. All Shigella  isolates were exam
ined by agarose gel electrophoresis and confirmed to contain 
the large invasion plasmid (10).

Materials and Methods

A frozen stock culture of S. f le x n e r i  was inoculated into du
plicate tubes containing 10 mL TSB YE and incubated aerobi
cally overnight at 35±2°C. The duplicate cultures were mixed 
and 2 mL aliquots were subcultured in flasks containing 
225 mL Shigella  broth with or without novobiocin (3 pg/mL). 
The flasks were incubated aerobically and anaerobically at 
35±2° or 42±2°C for 20 h. After incubation, 0.1 mL aliquots 
from each flask were diluted and plated on commercially avail

able MacConkey agar and on TSB YE with 15 g agar (TSA) for 
the first phase of the study. For the second phase, 0.1 mL 
aliquots from each flask were diluted and plated on commer
cially available MacConkey agar and on MNBS, MBSM, and 
MBBS agars. For the third phase, 0.1 mL aliquots from each 
flask were diluted and plated on commercially available Mac
Conkey agar, MacConkey agar with 0.03, 0.01, or 0.003% 
Congo Red dye, and on TSB with 15 g agar and 0.01% Congo 
Red dye. The plates were incubated aerobically at 35±2°C for 
20 h. The colonies on each plate were counted and then trans
ferred to Whatman No. 541 filter paper for colony hybridiza
tion analysis .using the plasmid-specific probe. The colonies on 
the blot were lysed, and the DNA was denatured and neutral
ized as described previously (1). The plasmid-specific probe 
was labeled on the 5' end, using T4 polynucleotide kinase and 
[tf32P]ATP (11). The hybridization reagents and conditions 
used were based on established protocols (12), except that post
hybridization washing of the colony blots was done at 54°C 
rather than 50X1. The blots were examined by autoradiography.
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Table 2. Effect of bile salts on the efficiency of a plasmid-specific probe to recover Shigella flexneri

Incubation Experi-
environment, ment
35°C No.

% of Colonies hybridized3

-+ c + - d
Incubation Experi-
environment, ment
42°C No.

% of Colonies hybridized3

-+ c h—d

Aerobic, no Aerobic, no
novobiocin 1 54 46 42 46 novobiocin 1 49 51 48 57

2 19 26 29 34 2 22 50 34 32
3 46 43 44 56 3 41 40 44 60
4 49 48 44 28 4 49 36 43 49

Means 42 41 40 41 Means 40 44 42 50

Aerobic,
novobiocin 1 50 31 54 34

Aerobic,
novobiocin 1 54 35 42 32

2 25 27 19 45 2 34 30 27 40
3 36 44 27 61 3 47 48 44 49
4 50 52 59 57 4 50 n d ' 43 ND

Means 40 39 40 49 Means 46 38 39 40

Anaerobic, 
no novobiocin 1 61 46 50 44

Anaerobic, 
no novobiocin 1 53 38 46 41

2 27 45 27 48 2 21 34 24 18
3 49 43 42 46 3 38 35 35 50
4 38 66 63 50 4 40 ND 68 46

Means 44 50 46 47 Means 38 36 43 39

Anaerobic,
novobiocin 1 46 51 53 47

Anaerobic,
novobiocin 1 51 37 53 62

2 52 42 53 34 2 18 33 26 27
3 40 46 41 38 3 49 56 57 46
4 32 48 42 56 4 45 ND 57 ND

Means 43 47 47 44 Means 41 42 48 45

a Percentages determined by dividing number of hybrids per filter by CFU per plate. 
b MacConkey agar without bile salts mixture and without Bile Salts No. 3. 
c Commercially available MacConkey agar without bile salts mixture but with Bile Salts No. 3. 
d MacConkey agar with bile salts mixture but without Bile Salts No. 3. 
e MacConkey agar with bile salts mixture and with Bile Salts No. 3.
' Not determined.

The results were statistically analyzed using an analysis of 
variance technique and Duncan’s New Multiple Range Test to 
make pairwise comparisons among means obtained for any 
particular condition of incubation environment, °C (13). The 
significance level chosen was a  = 0.05.

R esults and D iscu ssion

Colony hybridization studies showed that, in many in
stances, the DNA probe identified a higher percentage of 
Shigella  isolates plated on MacConkey agar than on TSA (Ta
ble 1). This finding was unexpected and suggests that the se
lectivity of the MacConkey medium may facilitate the reten
tion of plasmid by shigellae. Elevating the incubation 
temperature of plates from 35±2° to 42±2°C showed only a 
slight effect in the percentage of colonies that hybridized with 
the probe (Tables 1 and 2). Although other studies (10) showed 
that incubation at 42°C may affect plasmid integrity, interfere

with replication, and cause plasmid loss, such a temperature 
effect was not clearly observed in this study.

Inclusion of novobiocin in the enrichment broth did not sig
nificantly affect the efficiency of the DNA probe; about equal 
percentages of Shigella  isolates were detected from media with 
or without novobiocin (Tables 2 and 3). Novobiocin affects 
bacterial DNA gyrase and interferes with DNA supercoiling (7,
8); however, in this study, it had no apparent effect on the sta
bility of the invasion plasmid in Shigella  spp. (9). Likewise, the 
DNA probe identified approximately equal percentages of cells 
in plates incubated under aerobic or anaerobic conditions (Ta
bles 1-3); therefore, the stability of the invasion plasmid in 
Shigella  was not affected by incubation atmosphere.

Tollison and Johnson (6) reported that 5. fle x n e r i became 
sensitive to bile salts after sublethal heat treatment. In this 
study, similar percentages of colonies plated on media without 
bile salts or with a bile salts mixture and/or Bile Salts No. 3 
were identified as Shigella  by the probe (Table 2); hence, bile
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Table 3. Effect of Congo Red dye on the efficiency of a plasmid-specific probe to recover Shigella flexneri

Incubation environment, °C

% of colonies hybridized3

number MAC6 TSAC 0.03CRd 0.1CRe 0.3CRf

Aerobic, no novobiocin, 35°C 1 63 68 57 79 65

2 59 64 59 50 68

3 48 51 55 59 87

4 52 42 47 59 61

5 54 54 60 47 63

6 36 48 52 56 83

Means 52 55 55 58 71®

Aerobic, novobiocin, 35°C 1 44 45 48 41 45

2 57 56 84 45 80

3 52 47 57 80 68

4 55 68 54 34 61

5 64 57 63 88 74

6 63 61 59 67 59

Means 56 56 61 59 65

Anaerobic, no novobiocin, 42°C 1 58 54 55 70 63

2 60 59 60 100 80

3 67 60 59 65 60
4 57 59 62 60 33

5 53 51 55 50 74

6 49 53 54 67 69

Means 57 56 58 69 63

Anaerobic, novobiocin, 42°C 1 43 54 60 43 45
2 72 89 60 78 69
3 53 51 39 89 85
4 63 68 53 60 83
5 41 48 63 55 68
6 45 55 54 61 77

Means 53 61 55 64 71®

3 Percentages determined by dividing number of hybrids per filter by CFU per plate. 
6 Commercially available MacConkey agar.
c Trypticase soy broth with 15 g/L of agar and 0.1 g/L of Congo Red added. 
d MacConkey agar with 0.03 g/L of Congo Red added. 
e MacConkey agar with 0.1 g/L of Congo Red added.
' MacConkey agar with 0.3 g/L of Congo Red added.
9 Significantly greater than MAC.

salts did not affect the detection efficiency of the plasmid-spe
cific probe. The absence of Shigella  sensitivity to bile salts may 
be attributed to the use of unheated Shigella  cells and to the 
lower concentration of bile salts used for these studies.

The invasion plasmid of Shigella  also encodes for binding 
of Congo Red dye (3,4); therefore, inclusion of Congo Red 
dye in the plating medium may enhance the retention of plas
mid in these isolates. Our study showed that although there was 
some correlation between the presence of plasmid and the col
ony uptake of Congo Red dye (data not shown), the presence 
of 0.01 and 0.003% Congo Red dye did not significantly in
crease the percentage of colonies detectable by the probe (Ta
ble 3). However, at a concentration of 0.03% Congo Red dye

in MacConkey medium, a higher percentage of cells was iden
tified as Shigella  by the DNA probe. Although the effect of 
Congo Red dye on plasmid stability is inconclusive, this find
ing suggests that certain levels of Congo Red dye may enable 
Shigella  isolates to better retain the large plasmid.

C onclusions

Results of this study showed that most of the variables ex
amined did not significantly affect the stability of the invasion 
plasmid in Shigella  spp. Therefore, in accordance with BAM 
culture method for isolating Shigella  from foods, samples in
cubated anaerobically in novobiocin-supplemented Shigella
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broth at 35±2°C and plated in MacConkey agar are suitable for 
subsequent DNA probe confirmation with the plasmid-specific 
synthetic probe. Further studies will determine the effective
ness of this probe for identifying S. fle x n e r i in various food 
types enriched under these conditions.
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FOOD CHEMICAL CONTAMINANTS

Quantitation and Stability of Fumonisins Bi and B2 in Milk
Chris M. M aragos and John L. Richard
U.S. Department of Agriculture/Agricultural Research Service, National Center for Agriculture Utilization Research, 
Mycotoxin Research Unit, 1815 N. University St, Peoria, IL 61604

The w ell-docum ented p resen ce of fum onisin m yco- 
toxins Bi and B2 (FB1 and FB2) in corn raises the  
possibility that th ese  toxins are carried over into 
the milk of anim als fed with contam inated feed.
The p resen ce of FB1 and FB2 in milk has not been  
a s s e s s e d  b ecau se  of the lack of sen sitive  analyti
cal techn iques for this matrix. Two m ethods, liquid 
chromatography (LC) and enzym e-linked immu
nosorbent a ssa y  (ELISA), were adapted for the  
analysis of milk. The ELISA, produced com m er
cially for screen ing corn, required no sam ple prepa
ration and w as reproducible but w as of low se n s i
tivity [concentration that inhibits color  
developm ent by 50% (IC50), 1200-1600 ng FBi/mL]. 
The more sen sitive  LC method involves serial ex 
traction of milk with m ethanol-acetone and strong  
anion exch an ge follow ed by derivatization with 
naphthalene-2,3-dicarboxaldehyde. R ecoveries of 
50 ng FB1 and FB2/mL from unpasteurized and un
hom ogenized milk w ere 84 and 83%, respectively  
(limit of detection, 5 ng/mL). R ecoveries of FB1 
from w hole hom ogenized milk (76%) w ere slightly  
lower. Heating milk for 30 min at 62°C, to  mimic p as
teurization, did not significantly reduce FB1 or FB2 
recovery, nor did storing milk for 11 days at 4°C.
The LC method w as applied to  165 sam p les of milk, 
only 1 of which w as positive. This finding su g g e sts  
that exposure of hum ans to FB1 and FB2 from milk 
is low.

F iumonisins are a recently described group of mycotoxins 
produced by the molds Fusarium  m oniliform e  and F. 
proliferation  (1—4). The fumonisins have been associated 

with several diseases in animals, including leukoencepha- 
lomalacia in horses (5), pulmonary edema in pigs (PPE) (6), 
and hepatocarcinogenesis in rats (7). Although the hazard that 
fumonisins pose to humans has not been determined, exposure 
has been linked to esophageal cancer in the Transkei region of 
southern Africa (8).

Received July 16, 1993. Accepted by GJ September 20, 1993. 
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The molds that produce fumonisins are common parasites 
and saprophytes of com. Swine feeds suspected of causing PPE 
contain fumonisin B] (FB,) at 20 to 360 ppm, and problem 
feeds for horses contain 8 to 117 ppm (9). The widespread use 
of com in feed for dairy cattle raises the possibility that human 
exposure can occur indirectly through edible products (milk 
and meat) from exposed animals, a progression known to occur 
with the aflatoxins. Assessment of exposure through milk has 
been hindered because, heretofore, no analytical methods were 
available for fumonisins in this matrix.

The objective of this study was to develop methods for the 
analysis of FB] and fumonisin B2 (FB2) in milk. Two analytical 
methods were developed: a liquid chromatographic (LC) 
method sensitive to 5 ng FBt or FB2/mL milk and an immu
noassay, adapted from a commercial enzyme-linked immu
nosorbent assay (ELISA) sensitive to 250 ng/mL. Results sug
gest that the LC method is sufficient for the screening of milk 
for FB! and FB2.

Materials and Methods: Liquid Chromatographic 
A nalysis

Safety n o te : Fumonisins B! and B2 reportedly promote can
cer in rats (7) and should be handled with appropriate caution.

Extra ction  o f  M ilk for L iq u id  C hrom atograph ic  
A n a ly s is

Milk was extracted with methanol-acetone, and then FB! 
and FB2 were isolated from the organic extract by using solid- 
phase extraction (SPE) columns with a strong anion exchange 
(SAX) bonded phase. The fumonisins were derivatized with 
naphthalene-2,3-dicarboxaldehyde (NDA) and separated by 
LC. The fluorescent products were quantitated.

R e a g e n ts

(a) Water.—Use deionized water throughout (Nanopure II, 
Sybron/Bamstead).

(b) Solvents.—LC grade methanol, acetone (Fisher Scien
tific), and acetonitrile (Burdick & Jackson) were used throughout.

(c) N D A .—Naphthalene-2,3-dicarboxaldehyde (NDA) was 
purchased from Molecular Probes, Inc., Eugene, OR (lot 2411-
3), dissolved to a concentration of 0.25 mg/mL in methanol, 
and stored at —12°C.
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(d) G eneral chem icals.—Acetic acid (glacial), sodium bo
rate, and sodium cyanide were ACS reagent grade and obtained 
from major suppliers.

(e) Standards.—Standard fumonisins B] and B2, used for 
recovery and stability experiments, were purchased from 
Sigma Chemical Co. (lots 121H0066, 102H0850, and 
100H05801). Each fumonisin was dissolved to 125 pg/mL in 
acetonitrile-water (1 + 1), distributed into 11 mm diameter am
ber vials (National Scientific Company, Cat. No. C4011-2), 
sealed with crimp tops, and stored at -20°C until use. A work
ing standard (1.00 pg/mL) was prepared daily by diluting the 
stock solution (warmed to room temperature) with water.

(f) M obile  ph ases.—Methanol-water-acetic acid (75 + 24 
+ 1, v/v/v) (A) and acetonitrile-water-acetic acid (75 + 24+1) 
(B). Sparge solutions with helium before and during use. Pre
pare (B) fresh daily to maintain reproducible retention times.

A p para tu s

(a) Shaker.—Burrell wrist-action shaker Model 75.
(b) C entrifuge.—Sorvall Model RC-2 refrigerated centri

fuge with Model SS-34 rotor.
(c) C entrifuge tubes.—50 mL capacity, Teflon.
(d) Vacuum evaporation.—Brinkmann Rotovapor-R, with 

50°C water bath and 125 mL Pyrex flasks.
(e) Storage tubes.—50 mL capacity disposable centrifuge 

tubes, polypropylene (Sarstedt).
(f) Solid-phase extraction  colum ns.—Bond Elut strong an

ion exchange (SAX); Varian, 3CC with 500 mg sorbent mass 
(Cat. No. 1210-2044); lots 182795, 181955, and 182345.

(g) Syringe h a n d  p u m p  a nd  coupling.—Vicam 
(Somerville, MA).

(h) Screw -cap vials.—60 x 17 mm amber vials with Tef
lon-lined caps (Scientific Specialties Service, Inc., Cat. 
No. B75582).

(i) H eating  block.—Reacti-Therm heating module,
Model 18780 (Pierce Chemical Co.).

(j) Chrom atography.—Spectra-Physics SP8700 solvent 
delivery system; 8750 mixer; Rheodyne 7125 injector with 
50 pL sample loop; Applied Biosystems, Inc., Spheri-5 col
umn (RP-18,220 x 4.6 mm, 5 pm) and RP-18 NewGuard col
umn; Spectra-Physics fluorescence detector Model FL2000 
and integrator Model SP4270.

P ro ced u re

(a) Sam ples.—Pasteurized, homogenized milk (whole, 
2%, or skim) with vitamins A and D added was purchased from 
a local (Peoria, IL) cafeteria, stored refrigerated, and used prior 
to the manufacturer’s expiration date. Unpasteurized milk was 
obtained from the Wisconsin Department of Agriculture, 
Trade, and Consumer Protection as part of a joint survey of 
mycotoxin contamination (the results of which will be publish
ed separately). Unpasteurized milk, stored at 4QC, was used 
within 4 days of collection.

(b) O rganic extraction .— For recovery studies, FB] and 
FB2 were added to milk at 50 ng/mL before extraction. Fifteen 
milliliters of methanol-acetone (1 + 1, v/v) was added to 5 mL 
milk, and the mixture was shaken for 10 min. The mixture was

cooled in a dry ice-methanol bath for 10 min and then centri
fuged at 10 000 rpm for 10 min at -2 0 X 2 . The supernatant was 
transferred to a 50 mL Teflon centrifuge tube and held at 
-7 0 X 1 . The pellet was mixed with an additional 15 mL metha
nol-acetone and extracted as described above but without 
shaking. The supernatant solutions from the first and second 
extracts were pooled and allowed to cool to -70°C. The com
bined extract was centrifuged at 12 000 rpm for 3 min at -20°C 
and stored in polypropylene centrifuge tubes at -20°C.

(c) S A X  colum n cleanup.— A  modification of the SAX 
method of Shephard et al. (10) was used to further isolate the 
fumonisins from this extract. On the day of assay, the organic 
extract was transferred to a 125 mL flask and concentrated un
der vacuum at 50°C to 1-2 mL, and 5 mL methanol was added. 
The SAX column was conditioned with 5 mL methanol and 
5 mL methanol-water (3 + 2, v/v). The extract was applied at 
a flow rate of 1 mL/min, the flask was rinsed with 2.5 mL 
methanol-water, and the rinse was applied to the column. After 
the column was washed with 5 mL methanol, the fumonisins 
were eluted into an amber vial with 7 mL 5% acetic acid in 
methanol. The acidic extract was dried under a gentle stream 
of nitrogen at 60°C and then derivatized with NDA.

(d) D erivatization  w ith N D A .—Dried SAX extracts of 
milk were solubilized in 0.5 mL methanol-water (1 + 1, v/v). 
Fumonisin standards were diluted from the working stock so
lution to obtain the desired concentration, with a final metha- 
nol/water ratio of 1:1. The extract or standard was derivatized 
with NDA by using a modification of the method of Ware et al. 
(11, 12). One milliliter of 0.05M borate buffer (pH 9.5) was 
added to the extract, followed by 0.2 mL sodium cyanide 
(0.1 mg/mL) and 0.2 mL NDA (0.25 mg/mL). After 15 min at 
60°C, the derivatized solution was allowed to cool and then 
diluted with 3.1 mL acetonitrile-water (3 + 2, v/v).

(e) Q uantitation o f  FB  1 a n d  F B 2 by liqu id  chrom atogra
phy.—The NDA derivatives of FBi and FB2 were separated 
and quantitated by reversed-phase LC with fluorescence detec
tion. The column was equilibrated with 70% mobile phase A 
and 30% mobile phase B at a flow rate of 1 mL/min. The sam
ple (50 pL) was injected, and at 2.6 min, the mobile phase was 
changed to 55% A + 45% B. At 10.1 min, the mobile phase was 
changed to 100% B, and at 14.1 min, the mobile phase was 
returned to the original mixture. Fluorescence was elicited with 
excitation at 250 nm and detected at 470 nm. The fumonisin 
contents of unknowns were calculated by comparing peak 
heights to those of FB] and FB2 standards derivatized concur
rently and chromatographed on the same day as the samples.

Materials and Methods: Enzyme-Linked 
Immunosorbent A ssay  (ELISA)

A competitive direct ELISA, available commercially for 
screening com for fumonisins, was adapted here for use with milk.

Reagents

(a) ELISA kits.— Fumonisin Agri-Screen (Neogen Corp.,
Lansing, M I; Cat. No. 70/8810), serial 18003. Kits contain two
12-well, antibody-coated strips; two 12-well mixing strips; fu-
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monisin-peroxidase conjugate solution; enzyme substrate; and 
stop reagent. The kit format was that of a direct-competitive 
ELISA, in which free toxin and toxin-peroxidase conjugate 
compete for a limited number of antibody-binding sites on mi
crotiter wells. After the microtiter wells are washed, the amount 
of labeled toxin that remains bound is measured colorimetri- 
cally after addition of substrate, incubation, and addition of 
stop reagent.

(b) Wash solution .—Phosphate-buffered saline (10 mM, 
pH 7.4) with 0.02% (v/v) Tween 20 added.

A p para tu s

(a) Strip  holder.—Removawell, Dynatech Laboratories,
Inc. (Cat. No. 011-010-6604).

(b) ELISA  m icroplate washer.—Bio-Tek Instruments,
Model EL403, washes all wells of a 96-well microtiter plate 
concurrently.

(c) Incubator.—Microplate incubator (Scientific Products,
Cat. No. J1668-1), adjusted to 37°C.(d) M icroplate reader.—Dynatech Laboratories, Inc.,
Model MR5000, equipped with a 650 nm filter and interfaced 
with a Gateway 2000 486DX2/50 computer.

(e) P ipets.—Multichannel pippetor (Costar 8-channel 
pipet adjustable over the range 20-200 p.L); Gilson Pipetman 
continuously adjustable pipets with disposable tips P-100, P- 
200, P-1000, and P-5000.

(f) R eagen t reservoirs.—For use with multichannel pipets 
(Biorad, Cat. No. 224-4872).

Quantitation o f  FB-\ b y  E L IS A

Fumonisin Bj was added to milk previously verified by LC 
as having FB! and FB2 at less than 5 ng/mL to achieve final 
concentrations of 10 to 5000 ng/mL. The milk was analyzed by <a 
a modified direct-competitive ELISA that is commercially ~ 
available for analysis of com. Modifications include the use of “ 
multichannel pipets, an automatic microplate washer, and a <
competition incubation at 37°C for 30 min rather than at room g 
temperature. Also, microtiter plates were washed 4 times with p  
0.35 mL wash solution per well rather than with water. Nega- £
tive controls consisted of water and unspiked milk; positive *
controls consisted of fumonisins added to water and a spiked s
com extract. -jaai
R esults and D iscu ssion  ~

CDOh
A n a ly s is  o f  Fu m o n is in s  in M ilk b y  E L IS A

The ELISA was adapted from a commercially available kit 
with minor modifications. The advantages of the ELISA are 
that no sample preparation is required, multiple samples can be 
analyzed concurrently, and the assay is rapid (total time, about 
1 h). However, although the assay was reproducible (Figure 1), 
substantial amounts of fumonisins must be present for adequate 
detection with the ELISA. The lowest toxin concentrations be
yond 2 standard deviations of the toxin-free control, a parame
ter often used as an estimate of assay sensitivity, ranged from 
100 to 300 ng FB|/mL. The concentrations required to inhibit

color development by 50% (IC50) ranged from 1260 to 
1600 ng/mL (Figure 1). Evidently, matrix effects influence es
timates of toxin concentration. These likely include the fat and 
protein contents of the sample. A preliminary study (data not 
shown) indicated that adding a small amount of protein (1% 
albumin) slightly enhanced the sensitivity, but increasing the 
fat content may have an opposite effect (Figure 1). This result 
suggests that, for unknown samples, the standard curve should 
be obtained with toxin-free milk of similar composition.

The concentration range over which the ELISA could be 
used reliably was determined from the standard curve (Fig
ure 1) and a precision profile of coefficient of variation (CV) 
vs toxin concentration in whole milk (Figure 2) (13). For ex
ample, if a CV of 10% is tolerable, the assay can be used to 
measure fumonisins at concentrations between 250 and 
2500 ng/mL whole milk. Before using any immunoassay kit, 
the user must construct a precision profile to estimate variabil
ity within the laboratory.

Although the useful range for the assay was narrow, no sam
ple preparation was required, and the assay was very simple to 
perform. Substantial improvements in the ELISA sensitivity 
likely can be obtained by altering the assay format, by using 
antibodies with higher affinity, and possibly by altering the fu- 
monisin-peroxidase conjugate. The only published ELISA for 
fumonisins, upon which the current method is based, gave an 
IC50 of 480-790 ng FB ,/mL in buffer (14). The assay has cross
reactivity with FB2 and fumonisin B3 (FB3) but not with the

Figure 1. Standard curve of FBi added to whole milk 
( • ) .  Insert: standard curves of FBi added to water (A) 
and skim milk (O)- The concentrations of FBi required 
to inhibit color development by 50% (IC50) were 1340, 
1600, and 1260 ng/mL for whole milk, water, and skim 
milk, respectively. Average absorbances for toxin-free 
controls with each of these matrixes were 0.988, 0.917, 
and 0.887.
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Figure 2. Precision profile of the fumonisin ELISA.
Data are from 4 separate experiments with triplicate 
determinations (n = 12) of FBi in whole, homogenized 
milk.

hydrolysis product of fumonisin B] (HFB]) or tricarballylic 
acid (14). The approximately 2-fold greater IC50 observed in 
our study most likely results from optimization of the assay for 
com (rather than milk) by the manufacturer.

Analysis o f M ilk by Liquid Chromatography

More sensitive than the ELISA method was an LC method 
based on organic extraction followed by solid-phase extraction 
with a SAX column. The analytical recoveries of FB) and FB2 
from several varieties of fluid milk are described in Table 1. 
The chromatograms for unspiked raw milk show a stable base
line near the retention times of FB] and FB2 (Figure 3). When 
FB j and FB2 were added to this milk at levels of 2 and 1 ng/mL, 
respectively, they were detected. A level of 5 ng/mL produced 
peaks with a signal-to-noise ratio of >4. This sensitivity is su
perior to that reported for FB] in plasma and urine (50 ng/mL) 
with a signal-to-noise ratio of 4 (10). Recoveries of FB t ranged 
from 76.3 + 7.4% in whole milk to 88.1 ±7.8% in low-fat 
milk; recoveries of FB2 ranged from 81 ± 3.1 to 85.9 ± 13.1% 
(Table 1). Milk fat content did not affect FB! or FB2 recovery 
with this method (Table 1).

A number of factors affect the practical application of this 
method. Milk that was near the expiration date yielded an ex
tract with peaks having retention times near those of FB! and 
FB2, and care must be taken in their interpretation. In the pre
sent study, coinjection of derivatized FB i and FB2 with the sus
pect extract was sufficient to indicate that the peaks in poor- 
quality milk were not due to either of these toxins. 
Interferences were generally not a problem provided the sam
ples were either pasteurized and/or homogenized milk or were 
raw milk extracted within 7 days of collection. In addition to

sample freshness, other conditions improved the results, in
cluding use of fresh NDA (prepared within 1 week of use) and 
fresh mobile phase. In addition, allowing the methanol-ace- 
tone extracts to remain at -20°C for several days reduced the 
background interferences in poor-quality milk.

Stability o f Fumonisins in M ilk

Fumonisins Bi and B2 are stable in com but not in heated 
com products (15). Because milk undergoes heat treatment 
(pasteurization), the effect of temperature on fumonisin recov
ery was examined. Recoveries of FB! and FB2 did not change 
when spiked whole milk was held for up to 11 days at 4°C 
(Table 2). Similarly, spiked raw milk heated to 62°C for 30 min 
(a heat treatment equivalent to pasteurization) did not show any 
loss of FBi or FB2. Subjecting spiked, raw milk to 90°C for 
30 min reduced recoveries slightly: by 7% for FB! and 13% for 
FB2. Thus, heat treatment of milk, except at very high tempera
tures, would not substantially reduce FB [ or FB2. If fumonisins 
are present in unpasteurized milk, they may be expected to 
carry over into the pasteurized product.

Natural Occurrence o f Fumonisins in M ilk

To help determine the exposure of humans to fumonisins 
through milk, a limited survey was conducted in cooperation 
with the state of Wisconsin. Over 150 samples of unpasteur
ized, unhomogenized milk were collected from various sites 
throughout the state between March 15 and May 3, 1993, by 
the Wisconsin Department of Agriculture, Trade, and Con
sumer Protection. The survey was initiated as a result of the 
severe mold problem reported in the 1992 Wisconsin com crop
(16). Of the 155 samples analyzed, only 1 was found, by the 
LC procedure, to contain greater than 5 ng FBi/mL. In addi
tion, 10 samples of whole, homogenized milk purchased in 
Peoria, IL, all contained less than 5 ng FBj and FB2/mL.

The single positive sample, when cleaned up by using the 
procedures indicated here and analyzed by gas chromatogra- 
phy/mass spectrometry (GC/MS) contained substantially less 
FBj than expected (1.29 ng/mL; Ron Plattner, personal com
munication). This result indicates that substantial variability 
exists, as well as the potential for false-positive responses, 
when the LC method is used for quantitation near the limit of 
detection. Despite this limitation, the extent of contamination 
of milk with fumonisins, above 5 ng/mL, clearly was low even

Table 1. Recoveries of FBi and FB2 from milk by LC 
method

Matrix

Recovery, %a

FB, f b 2 n

Whole milk 76.3 ± 7.4 85.9 ± 13.1 17

Low-fat milk 88.1 ±7.8 81.0 ±3.1 6
Skim milk 78.0 + 6.1 82.4 ± 3.3 6
Raw milkb 84.1 ±7.5 83.4 ±5.1 11

8 Recovery of each fumonisin added at 50 ng/mL. 
6 Unpasteurized and unhomogenized milk.
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Figure 3. Analysis of fumonisins in raw (unpasteurized, unhomogenized) milk by liquid chromatography. (A) toxin- 
free control; (B) the same milk as in (A) to which 50 ng each of FBi and FB2 was added per mL; (C) standard FB1 and 
FB2 in methanol-water (1 + 1, v/v) at a level equivalent to 50 ng/mL of milk.

under conditions where the potential for F usarium  contamina
tion of com was substantial. The extent that fumonisin in feed 
is carried over into milk needs to be determined. The levels of 
FB[ and FB2 in milk produced in other years, when there is a 
problem with fumonisins in com, also should be investigated.

C onclusions

The analytical methods described for measuring fumonisins 
Bj and B2 in milk differ substantially in sensitivity and ease of 
use. The ELISA method can be performed rapidly, but the sen
sitivity is poor. Currently under development are more sensi
tive immunoassays to replace the present ELISA method. Al
though more tedious, the LC method is more sensitive (limit of

Table 2. Effect of S to ra g e  tim e  a n d  h e a t  t r e a tm e n t o n  
re c o v e ry

Matrix Temp., °C Time6

Recovery, %a 

FB! FB2 n

Whole milk NTC 0C 68.3 ±3.4 75.1 ±4.16 6
4 1 day 80.2 ±3.1 86.0 ±2.7 3
4 6 days 76.1 ±2.6 88.2 ±3.7 3
4 11 days 78.1 ±9.0 81.4 ±7.2 3

Raw milk NTC 0 82.0 ±7.8 84.2 ±5.7 8
62 30 min 79.0 ±7.8 80.3 ±5.1 6
90 30 min 75.3 + 5.1 71.5 ±4.0 6

a Recovery of FB, or FB2 added at 50 ng/mL. 
b Time during which the sample was held at the indicated 

temperature.
c No treatment; control sample was extracted immediately after 

addition of FB, and FB2.

detection, 5 ng/mL) and, in addition, identifies the fumonisin 
present. The latter method permits the screening of milk for the 
presence of FBi or FB2 and will allow determination of the 
extent to which fumonisins are carried over from diet to milk. 
Sample preparation for the chromatographic method, however, 
is sufficiently laborious that we are investigating alternatives, 
such as replacing the organic extraction with an affinity column 
and using tandem Cig-SAX solid-phase extractions (17).
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FOOD CHEMICAL CONTAMINANTS

Application of Gas Chromatography/Matrix Isolation/Fourier 
Transform Infrared Spectroscopy to the Identification of 
Pyrrolizidine Alkaloids from Comfrey Root {Symphytum 
officinale L.)
M a g d i M . M o s s o b a , H u b e r t  S . L in , 1 D e n is  A n d r z e je w s k i, and J a m e s  A . S p h o n  
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This paper dem onstrates that pyrrolizidine alka
loids (PAs) extracted from com frey root grown in 
W ashington State (USA) can be identified by ga s  
chromatography/matrix isolation/Fourier transform  
infrared (GC/MI/FTIR) spectroscopy. Infrared sp e c 
tral bands observed  in the fingerprint region were 
unique even  for c lo se ly  related structures. The 
identities of the 4 major com ponents, intermedine, 
lycopsam ine, 7-acetylinterm edine, and 7-acetylly- 
copsam ine, w ere confirmed by com parison with 
standards. Confirmation w as a lso  obtained by u s
ing the estab lish ed  techn iqu es of electron ioniza-
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tion and positive ion chem ical ionization g a s  chro- 
m atography/m ass spectrom etry. The infrared sp e c 
tra observed  for the com p onen ts of the root extract 
were con sisten t with known structures of specific  
PAs. The identities of the minor com ponents, sym - 
phytine and its isom ers sym landine and/or sym - 
viridine, in the sam e extract were not confirmed.

C omfrey (Sym phytum  sp.) is a perennial with green hairy 
leaves that is grown as animal feed and used by herbal
ists in salads or as a vegetable, and as a medicinal herb

(1,2). It is also consumed as herbal tea and “green drink” (3), 
and is available as root or leaf, and in capsule form at health 
food stores (4).
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However, comfrey contains toxic (5-8) and carcinogenic 
(9-12) unsaturated pyrrolizidine alkaloids (PAs), which are 
also found in contaminated cereal ( 13) and other food products. 
The role of PAs in the etiology of human and animal liver dis
ease is well documented: Liver enzymes convert unsaturated 
PAs into the corresponding pyrroles, which are potent alkylat
ing agents (14—16). PA-containing plants are known to cause 
the slow death of livestock (17, 18), and regular ingestion of 
comfrey root capsules or comfrey leaves was implicated in se
vere liver damage in humans (19).

Many techniques have been used to determine both the total 
and individual PA content of plants, including thin-layer chro
matography (20-23), liquid chromatography (15, 23-28), gas 
chromatography (GC) (1, 21, 29-33), and supercritical fluid 
chromatography (33). In a recent study on the analysis of bo
tanical materials and commercial comfrey products for PAs, a 
method was developed for the extraction, solid-phase concen
tration, and capillary GC determination of these alkaloids (34). 
These procedures were used in the present work.

The structural elucidation of PAs by x-ray diffraction (35, 
36), nuclear magnetic resonance spectroscopy (37-39), or in
frared spectroscopy (40,41) requires the isolation of each PA 
of interest from botanicals. However, the application of tandem 
techniques, such as GC/mass spectrometry (MS) (30, 31) or 
GC/Fourier transform infrared (FTIR) spectroscopy (42), 
makes it possible to confirm the identity of individual PAs in 
plant extracts containing complex mixtures of PAs as long as 
standards are available.

In the present work components of a comfrey root {Sym 
ph y tu m  officinale  L.) extract were identified by capillary 
GC/matrix isolation (MI)/FTIR spectroscopy (43,44) as well 
as by commonly used electron ionization (El) and positive ion

A
B COMFREY

ROOT

_

D 5 MIN
1-------- 1

E FA l i
Figure 1. Gas chromatogram for comfrey root 
(Symphytum officinale L.) extract. The elution sequence 
of the observed FID profile components was A, 
intermedine; B, lycopsamine; C, 7-acetylintermedine; D, 
7-acetyllycopsamine; E and F, see text.

chemical ionization (PICI) GC/MS techniques, and the spectra 
were compared with those of several available PA standards. 
Distinctive IR spectral bands were found for different isomers. 
These IR data were consistent with the known functional 
groups of the corresponding PAs found in this extract.

Experimental

Materials

Intermedine, lycopsamine, 7-acetylintermedine, and 7-ace- 
tyllycopsamine were a gift from R.J. Molyneux (U.S. Depart
ment of Agriculture, Albany, CA). Air-dried, domestic comfrey 
roots grown in Washington State (USA) were obtained from a 
bulk botanical dealer. The botanical identity of the ground bulk 
material was confirmed to be S. o ffic ina le  on the basis of sev
eral criteria. The absence of echimidine reported in the present 
study (see R esults) is in agreement with the chemotaxonomic 
work of Huizing et al. (45), which firmly established the ab
sence of echimidine in S. officinale  L. and confirmed the iden
tity of echimidine in S. asperum  and S. xup landicum . Identifi
cation of the root powder was also based on the allantoin 
content, alkaloid pattern, and microscopic appearance, which 
were reported by Huizing et al. (45) and Awang et al. (46) and 
considered to be sufficient for confirmatory identification of 
the root powder. Chloroform and methanol were purchased 
from Baxter/B&J (McGaw, IL). Zinc dust, sulfuric acid, and

C(CH3)2 C(CH3)2 oh

OH OH OH H

IV V

NAME Ri r2 r 3

lycopsamine H IV H

intermedine H V H
7-acetyllycopsamine CH3CO IV H
7-acetylintermedine CH3CO V H
symphytine I IV H
symlandine II IV H
symviridine III IV H
echimidine II IV o rv OH

Figure 2. Structures of pyrrolizidine alkaloids.
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ammonium hydroxide were acquired from J.T. Baker Chemi
cal Co. (Phillipsburg, NJ). Celite and Whatman No. 1 filter pa
per were obtained from Fisher Scientific Co. (Pittsburgh, PA). 
ChemElut CE-1020 columns were purchased from Varian 
Sample Preparation Products (Harbor City, CA). Regisil 
[bis(trimethylsilyl)trifluoroacetamide (BSTFA)] and Derivasil 
[mixture of pyridine, BSTFA, trimethylchlorosilane, and 
(trimethylsilyl)imidazole] were obtained from Regis Chemical 
Co. (Morton Grove, IL).

Test Sample Preparation

Ten grams of ground comffey root and 5 g Celite were 
shaken for 1 h with 10 mL 30% ammonium hydroxide and 
250 mL chloroform-methanol (85 + 15). The mixture was fil
tered and the filtrate was evaporated at 45°C on a rotary evapo
rator. The V-oxides of the PAs in the residue were reduced to 
the corresponding free bases by dissolving the residue in 50 mL

2N sulfuric acid and adding 2.5 g zinc dust to the solution. This 
slurry was stirred for 2 h and filtered. Concentrated ammonium 
hydroxide (7.4N, 5 mL) was added, with stirring, to the col
lected filtrate (15 mL). The resulting basic solution was poured 
into a ChemElut 1020 column and allowed to equilibrate for 
5 min. The PAs were eluted from the column with 100 mL 
chloroform-ammonium hydroxide (99 +1), and the eluate was 
evaporated to dryness at 45°C on a rotary evaporator. The resi
due was resuspended in 1 mL methanol for GC analysis.

Trimethylsilyl Derivatization

Echimidine and swazine test samples were treated with 
50 pL Regisil-Derivasil (1+2), and the vials were sealed with 
screw caps fitted with Teflon-faced silicone septa. The result
ing solutions were mixed on a Vortex mixer and heated at 60°C 
for 30 min for derivatization.

Figure 3. MI/FTIR spectra collected at 4 crrT1 resolution for the major comfrey root PA constituents, intermedine and 
lycopsamine (peaks A and B, Figure 1).
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Table 1. Observed MI/FTIR frequencies (cm 1) for PAs in comfrey root extract
Assignment INTa LYC ACI ACL E F

OH stretch
free 3609 3601 3602 3606 3605 3601

associated 3526 3516 3511 3521 3522 3520

=C-H stretch 3071 3070 3077 3077

CH3 asym str 2980 2977 2983 2982 2982 2985

CH2 asym str 2944 2943 2943 2943 2942 2948

CH str 2917 2915 2919 2919 2921 2921

CH3 sym str 2882 2882 2878 2882 2881 2883

CH2 sym str 2859 2865 2864

2826 2830 2818 2816 2812 2813

C=0 stretch
CHgCOOR 1749 1749

R’COOR 1732 1732 1732 1732 1722 1726

C=C stretch 1660 1658

CH3 asym bend 1475 1474 1475 1476 1474
1462 1461 1454 1460 1454

CH2 sym bend 1441 1441 1442 1442 1443 1446

CH3 sym bend 1387 1388 1387 1387 1385 1386
1372 1369 1376 1376 1368

OH in-plane bend 1264 1269 1267 1368

(O)C-O-C str 1235 1235 1244 1245 1273 1234
1258
1247

C-0 str in
tertiary ROH 1164 1165 1164 1166 1164 1164
secondary ROH 1124 1129 1125 1132 1139 1152
ring OH 999 1001

ring breathing 891

CH out-of-plane bend 836 836 825 826 833
819

C-C-C def bet 2 rings 750 748 745

a Abbreviations: INT = intermedine; LYC = lycopsamine; ACI = 7-acetylintermedine; ACL = 7-acetyllycopsamine; E: = GC peak E; F = GC peak
F.

GC/IR Instrumentation

Gas chromatographic separations were performed on a 
Hewlett-Packard Model 5890 instrument (Avondale, PA) 
equipped with a flame ionization detector and a Hewlett- 
Packard Model 3392A integrator. A 50 m x 0.32 mm (id) RSL- 
200 capillary column (Chrompack, Inc., Bridgewater, NJ) with 
a 0.19 pm stationary phase film was used. Helium containing 
1.5% argon (Matheson Gas Products, Secaucus, NJ) at ca 
27 cm/s linear velocity was used as the carrier gas, and helium 
(99.995%) at 30 mL/min was used as the makeup gas to the 
detector. The injector and detector temperatures were 250 and 
300°C, respectively. The carrier gas mixture was purified by

using a Hydro-Purge II filter (Alltech Associates, Deerfield, IL) 
and a heated gas purifier filter (Supelco, Bellefonte, PA). The 
injection mode was splitless and a 10 pL Hamilton 701N syr
inge was used. Injections of ca 1 pL, containing analytes in the 
nanogram range, were made 6 s after the start of a mn, and the 
total injection time was 15 s. The injector was purged 1 min 
after the start of the run. The initial column oven temperature 
was 45°C with a 2 min hold, followed by a 20°C/min increase 
to 220°C; the oven was held at this temperature for about 
15 min until the analysis was complete.

A column effluent split ratio was calculated from the flame 
ionization detection (FED) response factors (area counts per 
nanogram injected) obtained with the column directly inserted
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Figure 4. MI/FTIR spectra collected at 4 cm 1 resolution for the major PA constituents in comfrey root, 7-acetylinter- 
medine and 7-acetyllycopsamine (peaks C and D, Figure 1).

into the flame ionization detector, and again with the column 
attached to the GC/MI interface. The split ratio was 4:1, 
MI/IR:FID.

A Sirius Model 100 FTIR spectrometer (Mattson Instru
ments, Inc., Madison, WI) equipped with an MI Cryolect inter
face operating at 12°K under vacuum was used. This system 
has been described in detail (43,44). The MI method involved 
adding argon (1.5% by volume) to the GC carrier gas (helium) 
and trapping the effluent onto the outer rim of a slowly rotating 
(at ca 3 mm/min) gold disk held at cryogenic temperatures. 
During a run, helium was removed by the vacuum pumps, and 
the analyte molecules surrounded by an excess of argon atoms 
were frozen into a solid matrix on the gold disk. The IR-trans- 
parent argon matrix containing the isolated analytes was sub
sequently analyzed by IR spectroscopy. The position of each 
analyte peak on the Cryolect collection disk was indexed by its 
observed GC retention time. Procedures were previously de
scribed in detail (47) for reproducibly locating a peak maxi

mum on the collection disk and for optimizing the performance 
of the system. These latter procedures, which include optical 
alignment, can minimize the extent of post-column peak 
broadening.

GC/MI/FTIR Analysis

Three hundred analyte interferograms were coadded (2 min 
43 s at 4 cm-1 resolution), and the background (300 scans) was 
usually collected before or after the analyte peak. The 4 cm-1 
resolution was chosen because it matched the natural half
widths of the IR bands.

GC/MS Instrumentation

El mass spectra were obtained on a Finnigan Mat TSQ-46 
mass spectrometer interfaced to an Incos 2300 data system 
with revision D software. The instrument operating parameters 
were 140^2 source temperature, 0.35 mA emission, 70 eV 
ionization energy, 10~8 A/V pre-amplifier, and -5  kV conver-
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WAVENUMBER
Figure 5. MI/FTIR spectra collected at 4 cm-1 resolution for GC peaks E and F (Figure 1). See text.

sion dynode. The instrument was scanned from m /z 45 to 665 
in 1.0 s. Perfluorotributylamine was used to tune the instrument 
and calibrate the data system. An Alltech Heliflex AT-5 (for
merly RSL-200) 50 m x 0.32 mm (id) fused-silica capillary 
column with 0.3 pm film thickness was used. Splitless injec
tions were made at 40°C; after 1 min the oven temperature was 
ramped to 120X1 and programmed to 240X at 4X/min. Injec
tor temperature was 240X, transfer line temperature was 
250X, and linear velocity (helium) was 40 cm/s,

PICI mass spectra were obtained on a Finnigan Mat TSQ-46 
mass spectrometer with methane as the reagent gas at 0.23 Ton- 
source pressure and 100X source temperature. The mass spec
trometer was scanned from m /z 65 to 665 in 1.0 s. The GC col
umn and conditions were as described above.

R esults and D iscu ssion

Separation of components in comfrey root extract by capil
lary GC produced a chromatogram (Figure 1) with 4 major and

several minor peaks. By comparison with standards, the iden
tities of the major peaks were confirmed by GC/MI/FTIR spec
troscopy and by El and PICI GC/MS as the monoester acyclic 
diastereomeric PA pairs intermedine and lycopsamine and their 
corresponding diester acyclic 7-acetyl derivatives (Figure 2).

The IR spectra for intermedine and lycopsamine are shown 
in Figure 3. The possiblity of mframolecular hydrogen bond
ing was previously reported (36). FUR band positions for free 
and associated OH stretching vibrations for the PAs investi
gated are listed in Table 1, which also includes other band as
signments.

Several stretching vibration bands of weak-to-medium in
tensity were observed for the different hydrocarbon groups 
(=CH, -CH, CH2, and CH3) in the range 3077-2812 cm-1 (Ta
ble 1). The low frequency bands, between 2830 and 
2812 cm-1, are probably due to symmetric stretching of the 
CH2 groups adjacent to the nitrogen atom (41,42).

In PAs, the vibrations of the acetate ester can be easily dis
tinguished from those of the other ester groups. Specifically,
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SWAZINE

Figure 6. Molecular structure for the pyrrollzidine 
alkaloid swazine.

the carbonyl stretching vibration was found at 1749 cm-1 for 
the acetate ester and near or below 1732 cm-1 for the other 
esters (Figure 4). It is noted that the ester carbonyl vibration of 
lowest frequency was observed at 1722 cm-1 (Figure 5).

The molecular ion MS data obtained for the pair of analytes 
that eluted last (peaks E and F, Figure 1) are consistent with 
those of symphytine (Figure 2), which is one of the 5 major 
PAs found in comfrey root (4,29), and one or both of its geo
metric isomers, symlandine and symviridine (48; Figure 2). 
The observed PICI spectrum for the compound corresponding 
to either peak E or peak F showed a protonated molecular ion 
at m /z  382. It is noted that echimidine was not found in this 
extract because the PICI spectrum of echimidine showed a mo
lecular ion response at m /z  397. Standards of symlandine, sym
phytine, and symviridine were not available to confirm the 
identity of these compounds in comfrey root extract.

Acyclic diester PAs, such as symphytine, have a second es
ter group in which the carbonyl is conjugated to a double bond 
(C=C stretching vibration around 1660 cm“1; Figure 5). This 
alpha-beta unsaturation is expected to weaken the ester car
bonyl C=0 bond and to lower its stretching frequency relative 
to that of the saturated ester carbonyl at C-9 (40). Each of the 
IR spectra observed for the analytes corresponding to these 
2 minor GC peaks exhibited a carbonyl band with an apparent 
shoulder. The saturated ester C=0 group is probably intra- 
molecularly hydrogen-bonded to the OH group on the adjacent 
carbon (Table 1). As a result, the C=0 stretching vibration of 
this ester group may also be shifted to lower energy. The coin
cidence of the shifts of the C= 0  stretching vibrations for the 
ester containing the iniramolecularly hydrogen-bonded car
bonyl and the ester in which the carbonyl is conjugated to a 
double bond may explain why only a single C=0 stretching 
band was observed.

One way to verify this coincidence would be to eliminate 
the hydrogen bonding by converting the hydroxyl groups to 
trimethylsilyl (TMS) functional groups. Unfortunately, sym
phytine, symlandine, and symviridine standards are not cur
rently available. However, this approach was used for the re
lated diester acyclic echimidine (Figure 6) and the diester 
macrocyclic swazine (Figure 6) in an earlier investigation in 
our laboratory (M.M. Mossoba, 1986, unpublished data). For 
echimidine-TMS the position of the alpha-beta unsaturated

C=0 stretching frequency shifted by 27 cm-1 to a lower value 
(1724 cm-1) relative to that of the saturated ester carbonyl 
(1751 cm-1). Similarly, a doublet separated by 9 cm-1 was ob
served for the 2 carbonyl bands (1739 and 1748 cm-1) in 
swazine-TMS. Without TMS derivatization, these diester PAs 
also exhibited a single carbonyl band. The small dihedral angle 
of 54° between C=C and C=0, found for swazine by x-ray dif
fraction (35), means that they are cri-oriented with little conju
gation between them (35), which is consistent with the small 
shift (9 cm- 1 ) observed for the alpha-beta unsaturated ester car
bonyl band.

The intense stretching vibrations for the ester carbon-oxy
gen single bonds in the various PAs investigated fell in the 
range 1235-1273 cm-1 (Table 1). For alpha-beta unsaturated 
ester carbonyl groups in PAs, an inverse relationship was found 
between the C=0 and the (O)C-O stretching vibrations: The 
lower the C=0 frequency is, the higher the frequency of the 
carbonyl-oxygen single bond becomes (41). As shown in Ta
ble 1, the PA analyte with the low frequency of 1722 cm-1 for 
the ester carbonyl band exhibited a relatively high (O)C-O 
stretching vibration (1273 cm-1), which is consistent with the 
presence of an alpha-beta unsaturated ester group.

Ring deformation modes such as ring breathing (near 
890 cm-1) and the C-C-C deformation vibration involving the 
carbon that is common to both necine rings (near 750 cm-1) 
were also observed (Table 1).

C onclusions

This work shows the applicability of GC/MI/FTIR spectros
copy to PA isomer identification because subtle structural vari
ations exhibited distinguishable IR spectral differences. The 
identities of 4 major PA constituents of a comfrey root extract 
were confirmed by comparison with standards by using 
GC/MI/FTIR spectroscopy and conventional El and PICI 
GC/MS techniques. Observed IR bands were consistent with 
intramolecular hydrogen bonding (near 3520 cm-1) and with 
the presence of particular functionalities, such as an acetate es
ter (1749 cm-1), or a double bond on the C-7 side chain (around 
1660 cm-1). When standards were unavailable, PICI/MS pro
vided critical molecular ion information.
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FOOD CHEMICAL CONTAMINANTS

Reversed-Phase Liquid Chromatographic Determination of 
Hypoglycin A (HG-A) in Canned Ackee Fruit Samples
G hulam Sarwar and Herbert G. Botting
Health and Welfare Canada, Health Protection Branch, Food Directorate, Banting Building, Tunney’s Pasture, Ottawa, ON, 
K1A 0L2, Canada

A reversed-phase liquid chrom atographic (LC) 
m ethod involving precolumn derivatization with 
phenylisothiocyanate (PITC) w as developed  for de
termining levels of hypoglycin A (HG-A) in canned  
ackee fruit sam p les. HG-A w as extracted by ho
m ogenizing the drained fruit in 80% ethanol. By u s
ing a Waters Pico-Tag am ino acid analysis 15-cm- 
long colum n (which is  a lso  u sed  for analyzing 
protein hydrolysates and biological sam p les) and 
an LC system , the b aseline separation of HG-A 
from other am ino acid s w as com pleted in about 
6 min. The total tim e for analysis and equilibration 
w as 16 min. HG-A levels in the edible portion of 
fruit in 18 can s varied from 18.27 to  87.50 mg HG- 
A/can. R ecoveries of added standard HG-A aver
aged  101%. To our knowledge, th is is the first re
port of the u se  of th is m ethod to  determ ine HG-A in 
ack ee fruit.

H ypoglycin A (HG-A) or 2-amino-4,5-methylenehex-5- 
enoic acid is a water-soluble toxic compound found in 
unripe fruits and seeds of ackee (B ligh ia  sapida) (1). 

The ackee tree is indigenous to Jamaica but has been intro
duced into Southern Florida (2).

The unripe ackee aril (fleshy edible material) contains HG- 
A at 100-111 mg/100 g (3,4). When the fruit is ripe, the HG-A 
levels decrease to less than 10 mg/100 g. Cooked ripe ackee 
fruit is nontoxic and has been a staple part of the Jamaican diet 
for centuries (5). The ingestion of unripe ackee fruit products, 
however, is associated with Jamaican “vomiting disease” (3- 
6). HG-A, the toxic component of ackee fruit, was identified as 
the causative agent of Jamaican vomiting sickness, charac
terized by repeated vomiting, severe acidosis, and hypoglyce
mia accompanied by depletion of liver glycogen (4-6). The 
sale of imported Jamaican canned ackee fruit products is lim
ited in Canada. The concern, however, does exist that the high 
levels of HG-A may be present in these products if immature 
fruit is packed.

Several workers have reported ion-exchange or thin-layer 
chromatographic methods for the determination of HG-A (7-
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10). However, only Chase et al. (9, 10) obtained baseline sepa
ration between HG-A and leucine or other amino acids. They 
used ion-exchange chromatography using cation-exchange 
resin and postcolumn derivatization with ninhydrin, in a liquid 
chromatographic (LC) system. This improved method was 
successfully applied in determining the HG-A content of vari
ous parts of the ackee fruit at different stages of ripeness (2).

The LC separation of precolumn phenylisothiocyanate 
(PITC) derivatives, commercially developed as the Pico-Tag 
method (11), was adapted in our laboratory for rapid analysis 
of all amino acids in protein hydrolysates (12 min) and nutri
tionally important amino acids in deproteinized physiological 
samples (20 min) (12,13). It was of interest to apply the PITC 
derivatization methodology to the analysis of HG-A in ackee 
fruit products.

Experimental

Reagents

The chemicals and solvents used were of analytical and 
chromatographic grade, respectively.

(a) Acetonitrile, m ethanol, g la cia l acetic  acid, a n d  p h o s
p h oric  acid.—(J.T. Baker Chemical Co., Phillipsburg, NJ).

(b) Alcohol, 80% .—Prepared by diluting 90% anhydrous 
ethyl alcohol (Commercial Alcohols, Inc., Toronto, ON) with 
distilled water.

(c) D isodium  hydrogen ph osp h a te .—(Mallinckrodt, Inc., 
Science Products Division, St. Louis, MO).

(d) Sodium  acetate, anhydrous.— (BDH, Ltd, Poole, Dor
set, UK).

(e) P IT C —(Pierce Chemical Co., Rockford, IL).
(f) Triethylamine, TEA-99% .—(Aldrich Chemical Co., Inc.).
(g) H G -A  standard.—The standard used in this study was 

kindly donated by Kay Tanaka, Yale University School of 
Medicine. Tanaka isolated pure HG-A from an ackee fruit seed 
extract, and its purity was confirmed by other workers (10). 
Standard HG-A stock solution was prepared by dissolving 
2.562 mg in 3 mL 0.1N HC1. A working standard solution of
85.4 pg/mL was prepared by dilution of the stock (1 to 10) with 
distilled water. The instrument was calibrated at 3 levels by deri- 
vatizing 10,20, and 40 (iL of the working standard solution.

(h) E lu a n t A .—0.14M sodium acetate containing 0.05% 
TEA and 6% acetonitrile, pH 6.1 with glacial acetic acid.
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(i) E luan t B .—Acetonitrile-water, 60 + 40.
(j) Sam ple diluent.—Prepared by dissolving 710 mg diso

dium hydrogen phosphate in 1 L water-acetonitrile (19 + 1) 
and by adjusting the pH to 7.4 with phosphoric acid.

Apparatus

(a) L iq u id  chrom atographic system .—Consisting of 2 
Model 510 pumps, a 712 Wisp autoinjector, a Model 490 mul
tiwavelength detector, an 810 data system, and a temperature 
control module. Pico-Tag amino acid analysis column, 150 x
3.9 mm (Cat. No. 88131, Waters Chromatography Division, 
Millipore Corp., Millford, MA).

(b) F ood  processor.—Cuisinart DLC-10E (Weil Co., Ltd, 
Downsview, ON).

(c) P oly iron hom ogenizer.—Model PT 10-35 (Brinkman 
Instruments, Inc., Westbury, NY).

(d) C entrifuge.—Model IEC CENTRA-7R with an 831a 
rotor (International Equipment Co., Division of Damon Corp., 
Needham Heights, MA).

(e) A n a ly tica l evaporator.— Model Evap (Organomation 
Assoc., Inc., South Berlin, MA).

(f) M illi-Q -W ater system .—To generate high-purity dis
tilled water (Millipore Corp., Bedford, MA).

Sample Preparation

Eighteen cans (540 mL each) of commercially packed 
ackee fruit imported from Jamaica and representing 2 brands 
(A, 11 cans; B, 7 cans) were selected for analysis. Canned fruit 
was drained to separate solids (the edible portion) from liquid 
(brine). For brand A, the weights of solids and liquid averaged
382.4 ± 17.2 and 179.3 ± 23.5 g/can, respectively. For brand 
B, the weights of solids and liquid averaged 405.1 ± 10.7 and
148.1 ± 14.4 g/can, respectively.

Drained fruit from the entire can was blended in a food proc
essor until smooth. Approximately 2.5 g blended fruit was ho
mogenized in duplicate in 10 mL 80% ethanol for 60 s at a 
speed setting of 6. The homogenate was centrifuged at 1000 
x g  for 15 min. Approximately 1 mL of the supernatant and the 
corresponding brine sample were filtered through a 0.22 pm 
filter (Millex-GS, Millipore Corp., Bedford, MA).

Derivatization

Forty microliters of the filtered fruit supernatant, 20 pL fil
tered brine, and standards (10,20, and 40 pL) were derivatized 
with PITC as described previously (13). PITC derivatization 
was carried out in 75 x 10 mm culture tubes (American Hospi
tal Supply Canada, Inc., Mississauga, ON). Samples of the fil-
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tered fruit extract, brine, and standard HG-A were evaporated 
to dryness at 35°C under nitrogen for 15 min on an analytical 
evaporator.

The derivatizing solution was prepared by mixing 200 |iL 
methanol, 50 pL water, 50 (iL TEA, and 20 pL PITC. HG-A 
was derivatized by adding 50 pL derivatizing solution to the 
tubes containing dried samples of standard, fruit extract, or 
brine. The samples were mixed, and the tubes were covered 
with Parafilm and allowed to stand for 20 min at room tem
perature for completion of derivatization. Excess reagent was 
evaporated under nitrogen for 15 min at 35°C, the derivatized 
dried samples were redissolved in 200 pL sample diluent, and 
20 pL was injected onto the column for chromatography.

Chromatography

Elution was commenced at 1 mL/min with 75% eluant A 
and 25% eluant B. After 6 min, the column was washed for 
3 min at 1.5 mL/min with 100% eluant B and then re-equili
brated at 1.5 mL/min for 6.6 min to initial conditions. The col
umn temperature was maintained at 2 5 ^ . The detection range 
was set at 0-200 millivolts, and the UV absorbance was ob
served at 254 nm.

Calculations

The amounts of HG-A in fruit and brine were calculated as 
follows:

. A S A M . ,  , T ,D F . 1H G -A frull = ( j ^ )  x (pg/mL STD) x (— ) x —

. A S A M . , . T V STD  1H G —A brine -  (A S T D ) x (pg/mL STD) x (y & w ) x 1Q

where H G -A jrua -  mg HG-A/100 g solid fruit, H G - A brine = 
mg HG-A/100 g liquid brine, A S A M  = HG-A area in sample 
chromatogram; A S T D  = HG-A area in standard chromatogram; 
D F  = dilution factor, 10 mL; W  = weight of fruit, about 2.5 g; 
VSTD  = volume of standard derivatized; VS A M  = volume of 
sample derivatized.

R esults and D iscussion

The separations of PTC (phenylthiocarbamyl)-HGA in
standard, solid fruit, and liquid brine are shown in Figures 1,2,
and 3, respectively. The baseline resolution of HG-A from
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leucine and other amino acids was achieved in each case in 
about 6 min. The standard response was linear from 85 to 
340 ng (r  -  0.98); the limit of detection of HG-A was 10 ng. 
System suitability was tested by injecting the standard solution 
6 times; a coefficient of variation of 0.4% was obtained. Re
covery from the fruit was estimated by adding 156 and 237 (ig 
HG-A to blended fruit aliquots before homogenization. Recov
eries were 100 and 102%, respectively. Recovery from brine 
was determined by adding 20 |XL of the working standard to 
20 pL brine before derivatization. This recovery was 104%.

The present data on linearity of the standard response, limit 
of detection, variability, and recoveries were comparable with 
those reported previously (10) for ion-exchange chroma
tographic determination of HG-A. The purity of the HG-A 
peak was established by Chase et al. (10).

The HG-A contents of 18 cans of ackee are shown in Ta
ble 1. The liquid was analyzed in duplicate. The solid fruit was 
extracted with 80% ethanol in duplicate, and each extract was 
analyzed twice. The canning liquid (brine) contained a signifi
cant amount of HG-A (Table 1), which may have leached into 
the liquid from the fruit. On average, brand A products con
tained higher levels of HG-A compared with brand B (91.57 vs 
59.69 mg HG-A/can). There was, however, considerable can
to-can variability for each brand. Similar variability was re

ported previously (7, 10). HG-A contents in aril (edible por
tion), seeds, and husks of ackee fruit at various stages of ripe
ness have been determined (2). HG-A levels in the unripe ackee 
fruit (grown in Florida) seed, aril, and husk were 939,711, and
41.6 mg/100 g, respectively. When the fruit is ripe, the levels 
of HG-A decreased to 269 mg/100 g seed, remained un
changed in the husk, and decreased to below 1.2 mg/100 g aril. 
Canned ackee fruit, consisting entirely of Jamaican-grown ar
ils, however, contained HG-A at an average of 9.4 mg/100 g
(2). The difference in HG-A contents of the canned aril (Jamai
can origin) and the ripe aril from the fresh fruit (grown in Flor
ida) was attributed to processing conditions, fruit cultivar, 
and/or growing conditions.

The 2 brands analyzed contained an average of 14.18 and 
9.72 mg HG-A/100 g solid fruit (Table 1). These values are 
comparable with those reported previously for similar products 
(7, 10).

In conclusion, the LC method reported in this paper can be 
used for accurate, rapid, and reproducible determination of 
HG-A in canned ackee fruit samples. To our knowledge, this is 
the first report on the LC analysis of precolumn PITC-deriva- 
tives with HG-A. A comparison of the LC method with an es
tablished ion-exchange method was not considered necessary 
in this study because amino acid analysis by LC of precolumn
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PITC-derivatives using a reversed-phased Pico-Tag column 
(the one used in the present investigation) was successfully 
validated by the ion-exchange chromatographic methods in 
several research centers (12,14,15). Moreover, the HG-A val
ues found in this investigation (Table 1) were comparable with 
those reported for similar products analyzed by ion-exchange 
methods (7, 10).
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FOOD CHEMICAL CONTAMINANTS

Analysis by Liquid Chromatography of Fusarochromanone 
(TDP-1) Added to Corn and Wheat
Yichun Xu, C. J. Mirocha, and W. Xie
University of Minnesota, Department of Plant Pathology, St. Paul, MN 55108

An analytical m ethod w as developed  for the d etec
tion of fusarochromanone (TDP-1) in corn and wheat 
by liquid chromatography. Extraction w as done  
with m ethanol-w ater-am m onium  hydroxide (90 + 
10 + 2), and cleanup w as by elution through a silica  
Sep-Pak cartridge. The limit of sensitivity of TDP-1, 
detected  on the b asis  of its flu orescen ce proper
ties, is  200  pg, w hereas the detection limit of the  
m ethod for corn and w heat is 5 ng/g. The average  
recoveries of TDP-1 added at 5, 25 ,10 0 , 500, and 
1000 ppb were 86% for com  and 83% for wheat. Con
firmation w as done by thin-layer chromatography.

Received June 1, 1993. Accepted by GJ September 23,1993.

F usarochromanone (TDP-1) is a natural toxin produced by 
certain isolates of F usarium  equiseti that were first dis
covered in Fairbanks, Alaska. One of the isolates was 

named Alaska 2-2 (1). The structure of TDP-1 was determined 
by Pathre et al. (2) as 2,2-dimethyl-5-amino-6-(3 '-amino-4 '- 
hydroxylbutyryl)-4-chromone. It causes tibial dyschondro- 
plasia in avian species as well as reduced hatchability of fertil
ized eggs (3). The molecule is highly conjugated, which is 
advantageous analytically, because it fluoresces an intense blue 
when irradiated with long-wave UV light (365 nm).

Fusarium  isolates that produce fusarochromanone are rare 
and have been associated only with northern colder climates 
such as in Alaska, Denmark, and Germany. An isolate was 
found naturally occurring in cereal feed associated with tibial 
dyschondroplasia in Denmark (4). Ulf Thrane (personal com
munication) sent us 10 isolates of F usarium  equiseti found in 
Denmark, all of which produced the toxin. Isolates such as
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these are infrequently found; therefore, this organism must be 
selectively distributed in soil. However, fusarochromanone- 
producing isolates can be obtained readily from their original 
source of isolation in Fairbanks, Alaska.

Numerous derivatives of the parent compound, fusarochro- 
manone, have been isolated from the fungus grown in labora
tory culture. Among them are the monoacetate (5), 4 fatty acid 
derivatives (6), formyl and diacetyl derivatives (7), and a 
C - 3 ' hydroxy, C - 4 ' methoxy derivative (8). The chroma
tographic behavior of these derivatives are different from that 
of TDP-1, and they normally are not found in the same extract 
because their concentration relative to TDP-1 is very low. 
Moreover, their toxicity is not known.

The objective of this work was to develop an easy and reli
able method of analysis based on the intense fluorescence of 
fusarochromanone when irradiated with long-wave ultraviolet 
light after separation by LC. Analyses of TDP-1 in com or 
wheat naturally infected with F. equiseti were not done because 
such samples were not available.

E xperim ental

Materials

(a) Fusarochromanone.—Produced in our laboratory from 
an isolate of Fusarium equiseti (Alaska 2-2) grown on a solid 
rice medium. It was extracted and purified as described by Lee 
et al. (1).

(b) Com and wheat samples.—Obtained from the local 
market.

Apparatus

(a) Mill.—Stein laboratory mill M-2 (Fred Stein Laborato
ries, Inc., Atchison, KS).

(b) Cleanup column.—Sep-Pak silica cartridge (Waters 
Chromatography, Division of Millipore Co., Milford, MA).

(c) LC instrument.—Shimadzu Co., Kyoto, Japan. Col
umn, C 18 re versed-phase (Waters, pBondapak), 300 mm x
3.9 mm id; detector: Shimadzu RF0530 fluorescence LC 
monitor detector; wavelength: emission, 450 nm; excitation, 
384 nm.

(d) Centrifuge.—Sorvall refrigerated automatic.
Reagents

All organic solvents used were reagent grade or better.
(a) Extraction solvent.—Methanol-water-29.6% ammo

nium hydroxide (90 + 10 + 2).
(b) LC mobile phase solution.—Mobile phase A, acetoni- 

trile-water-acetic acid (10 + 90 + 1); mobile phase B, acetoni- 
trile-water-acetic acid (40 + 60 + 1). All solvents were LC 
grade. The acetic acid used was 99.7% pure.

Sample Preparations

{ip Spiked com and wheat samples.—Com (120 g) was 
finely ground in a Stein mill and divided into six 20 g portions. 
Each 20 g portion was spiked with TDP-1 at 20, 10, 2, 0.5, or 
0.1 pg to give a final concentration of 1 ppm, 500 ppb,

100 ppb, 25 ppb, or 5 ppb, respectively. TDP-1, dissolved in 
methanol at the required concentration, was mixed thoroughly 
with finely divided com portions; the spiked sample then was 
dried to less than 15% moisture under nitrogen. Clean com was 
used as the control. Wheat samples were spiked in the same 
manner.

(b) Standard TDP-1 solutions.—The preparation of crys
talline TDP-1 is described by Pathre et al. (2). TDP-1 (0.86 mg) 
was dissolved in 8.6 mL methanol and used as the stock stand
ard solution A (0.1 mg/mL). A portion (0.1 mL) of solution A 
was diluted with 0.9 mL methanol and was called stock solu
tion B (10 pg/mL). Both solutions were stored in a freezer in 
the dark.

A portion of solution B (0.2 mL) was transferred into a vial 
and dried under nitrogen; the residue was dissolved with 1 mL 
methanol containing 1% acetic acid (2000 ng/mL). This solu
tion was diluted with methanol (containing 1 % acetic acid) to 
give final TDP-1 concentrations of 2000, 1000, 100, 50, and 
10 ng/mL.

Extraction

Twenty grams of com or wheat (fresh weight with moisture 
content of ca 15%) was placed into a 500 mLErlenmeyer flask, 
100 mL of the extraction solvent was added, and the flask was 
capped with aluminum foil. The flask was placed on a recipro
cating shaker for 1 h, and then the contents were filtered 
through Whatman No. 4 filter paper. A portion of the filtrate 
(20 mL) was placed in a 250 mL round-bottom flask and dried 
under vacuum in a rotary evaporator.

C lea n u p

A Sep-Pak (Waters) silica gel cartridge was used after it had 
been washed with 4 mL methanol followed by 4 mL chloro
form. The dried sample (in a round-bottom flask) was dis
solved in 1.6 mL methanol-acetic acid (3 + 1), after which
18.4 mL chloroform was added. After 10 min, a precipitate was 
formed, and the mixture was transferred to a centrifuge tube 
and centrifuged at 3000 rpm for 10 min. A portion of this solu
tion (10 mL) was transferred to the Sep-Pak cartridge. The car
tridge was washed with 4 mL chloroform-acetic acid (100 + 2) 
followed by 8 mL chloroform-methanol-acetic acid (90 + 10 
+ 2). The cartridge was eluted with 16 mL chloroform-metha
nol-ammonium hydroxide (85 + 15 + 3); the eluate was col
lected and dried under nitrogen.

D etection  b y  L C

The dried eluate was dissolved in 1 mL methanol containing 
1% acetic acid. The sample (20 pL) was injected into the LC 
column with a 20 pL injector loop. The column was run as fol
lows: mobile phase A (100%) was run for 3 min at 1.5 mL/min, 
mobile phase B was added at 1.5 mL/min for 0.5 min, and at 
the end of this period, solvent phase B (100%) was continued 
for 7 min. The retention time for TDP-1 was 8.1-8.3 min. The 
sample size equivalent per injection was 40 mg.
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Figure 1. Standard curve based on peak height for the detection of fusarochromanone (TDP-1) by fluorescence LC. 
The inset shows detection at 0.2,1, and 2 ng.

R esu lts  an d  D iscussio n

A standard curve was constructed for fusarochromanone 
(0.2,1,2,20, and 40 ng injected) to determine the quantitative 
linear relationship in peak height (Figure 1). The correlation 
coefficients were 1.0 for peak height and 0.998 for peak area. 
The inset in Figure 1 shows an amplification of the linear re
sponse between 0.2 and 2 ng injected, which demonstrates 
confidence limits of at least 200 pg in the low-dose-response 
area. Similar relationships were found with area as the quanti
tative determinant (data not presented).

The recovery of fusarochromanone was determined by 
spiking com samples with 0.1,0.5,2,10, and 20 pig fusarochro

manone so as to give concentrations of 5, 25, 100, 500, and 
1000 ppb. Three separate extractions and determinations were 
made for each concentration, as shown in Table 1. The average 
recoveries were 77, 96, 89, 82, and 87%, respectively, for the 
5 concentrations. The average recovery for all concentrations 
tested was 86%, which is well within the acceptable range for 
an analytical method.

Similar results were obtained when wheat (see Table 2) was 
spiked with similar amounts (0.1, 0.5, 2, 10, and 20 pig). The 
average recoveries were 77, 85,92, 81, and 79%, respectively, 
for the 5 concentrations, or an average of 83% for all concen
trations tested. For both com and wheat, the cleanup procedure 
is efficient enough to eliminate most of the interfering sub-

Table 1. Recovery of fusarochromanone from spiked corn3

Amount added Amount detected

Ree., % Av., % SD, %ug ppb ug ppb

0 0
0.1 5.0 0.064 3.2 64.0

0.086 4.3 86.0 76.7 9.29
0.080 4.0 80.0

0.5 25 0.481 24.1 96.4
0.486 24.3 97.2 96.3 0.82

0.476 23.8 95.2

2.0 100 1.899 94.9 94.9
1.650 82.5 92.5 88.7 8.66

1.777 88.8 88.8

10 500 9.392 469.6 93.9
7.511 375.5 75.1 81.7 8.66

7.604 380.2 76.0

20 1000 18.503 925.2 92.5
15.538 776.9 77.7 87.1 6.65

18.195 909.7 91.0

Each average is based on 3 separate experiments.
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Table 2. Recovery of fusarochromanone from spiked wheat3

Amount added Amount detected

Ree., % Av., % SD, %F9 ppb 49 ppb

0 0
0.1 5 0.084 4.2 84.0

0.059 2.9 58.0 76.5 13.19
0.087 4.4 87.6

0.5 25 0.376 18.8 75.2
0.427 21.3 85.3 84.7 7.48
0.468 23.4 93.5

2.0 100 1.853 92.6 92.6
1.918 95.9 95.9 92.3 3.11
1.766 88.3 88.3

10 500 8.403 420.1 84.0
8.276 413.8 82.7 81.0 3.37
7.628 381.4 76.3

20 1000 15.543 777.1 77.7
15.709 785.4 78.5 79.1 1.45
16.215 810.8 81.1

a Each average is based on 3 separate experiments.

stances so that a good window is allowed for fusarochroma
none detection.

The fluorescence detector response for fusarochromanone 
extracted from com spiked at 25 ppb (25 ng/g) is shown in Fig
ure 2. Note the peak at the retention time of 8.16 min. The in
terfering substance at the retention time of 7.99 min is found in 
both com and wheat samples. At higher concentrations (e.g., 50 
and 100 ppb), the peak at 7.99 min, although present, is elimi
nated from the computer plot because of normalization to the 
dominant peak and is not significant. A similar LC chroma
tograph is shown for wheat spiked at 25 ppb (Figure 3), which 
is almost identical to that for com. The substance with a reten
tion time of 7.9 min is seen at 25 ppb but is masked at higher

concentrations. This substance is reduced in quantity by pre
cipitation with chloroform after initial extraction.

Confirmation or verification of the identity of fusarochro
manone is an important component of this analytical method. 
Confirmatory analysis by thin-layer chromatography (TLC), 
after the same preparation for LC, and normal-phase silica gel 
chromatography on analytical plates give excellent resolution 
with chloroform-methanol-ammonium hydroxide (45 + 5 + 1 
or 40 + 10 + 1). An Rf value of 0.31 or 0.56, respectively, is 
obtained for fusarochromanone. The detection limit on TLC 
plates is 3 ng when irradiated at 366 and 5 ng when irradiated 
at 254 nm. Fusarochromanone gives a positive (turns pink) 
ninhydrin reaction; it turns yellow-green when sprayed with

(ra
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Figure 2. LC detection of fusarochromanone in corn spiked at 25 ppb. The retention time was 8.16 min, with a peak 
height of 569 and a peak area of 3965. The area of the peak at 8.16 min represents 24.6% of the total area.
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Figure 3. LC detection of fusarochromanone in wheat spiked at 25 ppb. The retention time was 8.15 min, with a peak 
height of 512 and a peak area of 4378. The area of the peak at 8.15 min represents 63% of the total area.

either 20% sulfuric acid in methanol or p-anisaldehyde solu
tion. These 3 colorimetric reagents have limits of detection of 
250 ng. Fusarochromanone is relatively unstable when ex
posed to laboratory fluorescent light; standards should be 
stored in the dark in a freezer.

Summary

A method was developed for the detection of fusarochroma
none in com and wheat. Detection by LC is based on the in
tense fluorescence properties of fusarochromanone when irra
diated with ultraviolet light. The limit of detection of a standard 
by LC is 200 pg; the limit of detection of the method for com 
and wheat is 5 ppb or 5 ng/g. Confirmation can be made by 
thin-layer chromatography.
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FOOD COMPOSITION AND ADDITIVES

Determination of the Sum of Dimer and Polymer Triglycerides 
and of Acid Value of Used Frying Fats and Oils by Near Infrared 
Reflectance Spectroscopy
Andries J. Boot and A ndries J. Speek
Food Inspection Service Amsterdam, Regional Inspectorate for Health Protection, Hoogte Kadijk 401, 1018 BK 
Amsterdam, The Netherlands

Near infrared reflec tance  sp e c tro sc o p y  (NIRS) in 
th e  transflec tion  m od e w as  app lied  to  de term in e  
th e  su m  of d im er an d  polym er trig lycerid es (DPTG) 
c o n te n ts  an d  acid  value of u se d  frying fa ts  and  
oils. A filter in strum en t and  a  calibration  sam p le  s e t  
w ere  u se d  to  de term in e  DPTG co n ten t an d  acid  
value. For each  param eter, a  7-w avelength  ca lib ra
tion  w as  dev elo ped  usin g  m ultiple linear re g re s 
s io n  an a ly sis . For a  validation s e t  com p rising  
44 sa m p le s  for th e  NIRS-DPTG determ ination  in th e  
ran g e  of 2.2 to  32.7% m/m, th e  corre la tion  coeffi
c ien t b e tw een  NIRS and  liquid ch ro m ato g rap h y  
(LC) w as  0.976, with a  s ta n d a rd  erro r of pred iction  
(SEP) of 1.8% m/m. For a  validation  s e t  com p rising  
36 sa m p le s  for th e  NIRS-acid value  determ ination  
in th e  ran g e  of 0.30 to  18.8 m g p o ta ss iu m  hydrox
ide p e r gram  of sam p le  (mg KOH/g), th e  corre la tion  
coeffic ien t betw een  NIRS an d  titration  w a s  0.996, 
with a  SE P of 0.33 m g KOH/g. Validation after rou
tine  op era tio n  for 1 y ea r prov ided S E P s of 
2.3% m/m an d  0.44 m g KOH/g for DPTG an d  acid  
value  determ ination , respectively . NIRS sc re en in g  
of 1400 sa m p le s  co llec ted  during  1992 p rec luded  
th e  n eed  for 1149 DPTG d e te rm in a tio n s  by LC 
(82.1%) an d  1033 acid  value d e te rm in a tio n s  by titra 
tion (73.8%), w hich a re  m e th o d s  th e  ju d ica tu re  in 
T he N etherlands accep ted , b e c a u se  th o s e  sa m p le s  
a p p ea red  to  com ply with leg islation.

Toxicity of Dimer an d  Polym er Triglycerides 
(DPTG) an d  Free Fatty A cids an d  Legislation

Potential formation of carcinogenic substances and com
pounds with antinutritional properties during use of frying fats 
and oils was reviewed by Clark and Serbia (1). Oxidation of 
monomer fat molecules followed by formation of dimeric, 
trimeric, and higher polymers by using frying temperatures 
higher than the recommended 180°C represents a health risk to

Received June 8, 1993. Accepted by JL on September 28, 1993.

consumers (2). Another reaction during frying is hydrolyzation 
of fat caused by the regular addition of water through the foods 
to be fried, resulting in the release of free fatty acids. The latter 
compounds cause an off-flavor taste, although not a health risk, 
which the legislature regards as a quality parameter.

The sum of DPTG is expressed as a percentage of total 
weight of triglycerides (% m/m). Acid value (saponification 
value), the amount of potassium hydroxide (KOH) required to 
neutralize diluted fat on phenolphthalein indicator, is expressed 
as mg KOH/g of fat. To ensure consumer safety, maximum 
limits for DPTG content and acid value of used frying fats and 
oils are incorporated in the “Preparation and Preservation of 
Food Decree,” enforced on March 1, 1993, as a part of the 
Dutch Food and Commodity Act (3), i.e., 16% m/m and 4.5 mg 
KOH/g, respectively.

Food inspectors of the 13 regional Food Inspection Services 
in The Netherlands regularly examine restaurants and snack 
bars in their region. Part of their objective is to collect sus
pended frying fat and oil samples to determine DPTG content 
and acid value. Their selection criteria are color observation 
and comparison of smoking and foaming at a specified tem
perature. DPTG content and acid value are determined by liq
uid chromatography (LC) and titration, respectively, the only 
methods the judicature in The Netherlands accepted. Although 
these methods have good accuracy and precision, they are la
borious, involve use of chemicals, and are time-consuming. 
Therefore, because food law enforcement practitioners only re
quire knowing whether the DPTG content and/or acid value 
exceeds the maximum regulatory limits, the development of a 
rapid screening procedure was desirable.

A pplicability of Near Infrared R eflectance 
S p ec tro sc o p y  (NIRS)

NIRS was evaluated as a direct, rapid, and nondestructive 
tool for estimating various major components in solid and 
semi-solid foods and agricultural commodities. Its main advan
tage is that the sample only needs to be homogenized or ground 
before simultaneous measurement of several constituents in 
less than 1 min per sample. Because no chemicals are used and 
the instruments are robust, NIRS is a relatively low-cost tech
nique. Its main disadvantage is that small matrix variations
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may cause considerable bias. Furthermore, the detection limit 
is relatively high (approximately 0.1% on a dry matter basis). 
Because NIRS is a semi-empirical technique, it can never re
place specific analytical methods. The latter are necessary to 
calibrate and validate the NIRS methods.

We studied the applicability of a filter NIRS instrument to 
estimate DPTG content and acid value of used frying fat and 
oil samples. However, NIRS data are not accepted by the judi
cature in The Netherlands. Therefore, we attempted to apply 
NIRS as a screening method to preclude application of LC 
and/or titration, methods accepted by the judicature, to those 
samples in compliance with the Dutch Food and Commodity 
Act.

Several workers have investigated the possibility of assess
ing acid value of used frying fats with methods that were less 
laborious than titration. Levina and Litvinova (4) used infrared 
(IR) spectroscopy to assess objectionable compounds in reused 
frying oils. Although they noted differences in certain bands in 
the IR spectrum that correlated with the acid value, no further 
IR application was pursued.

Correlations between NIRS data and acid value of fats were 
studied by Frankel et al. (5). They used NIRS at 2260 nm to 
assess the free fatty acid concentration of soy beans, which 
were stored under different moisture conditions. A strong cor
relation with titration (r = 0.864) was reported.

To the best of our knowledge, no earlier work was published 
concerning the simultaneous determination of the food 
safety/quality parameters for DPTG content and acid value of 
used frying fats and oils using NIRS.

E xperim ental

Selection of Samples for Calibration and Validation

The NIRS equipment was calibrated by collecting spectral 
data from a sample set that was also analyzed by using refer
ence methods for DPTG and acid value, LC and titration, re
spectively. Food inspectors collected used frying fats and oil 
samples from randomly selected restaurants and snack bars in 
Amsterdam and its region over a 4-month period. To provide a 
highly robust calibration, product variability was maximized in 
the sample set by selecting fats and oils used for a large range 
of snacks. The ratio of fatroil samples was 70:30 and in accord
ance with the application ratio in the Amsterdam region. The 
samples were stored at ambient temperature for duplicate de
termination of LC-DPTG content and titration-acid value.

After 171 samples were analyzed for LC-DPTG content 
and titration-acid value, 41 samples were removed from the to
tal sample pool to achieve an approximately homogeneous fre
quency distribution for LC-DPTG. The remaining 130 samples 
were split into a calibration set comprising 86 samples and a 
validation set comprising 44 samples, both with an approxi
mately homogeneous LC-DPTG frequency distribution.

The same set of 171 samples was used to similarly compose 
acid value calibration and validation sets comprising 107 and 
36 samples, respectively.

Determination of DPTG Content by LC

The DPTG content in the samples of the calibration and 
validation sets was determined using an LC method, collabo- 
ratively tested by the 13 regional Food Inspection Services in 
The Netherlands (6).

After a 1 to 20 volumetric dilution of used frying fat or oil 
with tetrahydrofuran, a 20 (iL aliquot of the resulting solution 
was injected on a gel-permeation LC column, 300 x 7.8 mm id 
stainless steel, packed with a spherical gel consisting of sty- 
rene-divinylbenzene copolymer with 5-10 pm particle size 
and pore size 500 A (e.g., styragel, or equivalent) and eluted 
with tetrahydrofuran at a flow rate of 0.8 mL/min. The poly
mer, dimer, and monomer triglycerides were eluted after ap
proximately 10, 10.6, and 11.4 min, respectively, and were de
tected by measuring the refractive index of the eluate. No 
external or internal standards were used. The DPTG content 
was measured as the sum of the detector responses of DPTG 
expressed as percentage of the total detector response.

Determination of Acid Value by Titration

The acid value of the samples from the calibration and vali
dation sets was determined through a modification of the acid- 
base titration employed by the International Union of Pure and 
Applied Chemistry (IUPAC), method number 2.201-1979 (7). 
Toluene was used instead of diethylether because carbon diox
ide is less soluble in toluene. Furthermore, no potentiometric 
monitoring was used.

After 5 to 10 g of used frying fat or oil was diluted with 
50 mL of a mixture of toluene and ethanol (50 + 50, v/v), the 
resulting solution was titrated with 0.1N KOH in ethanol with 
phenolphthalein as indicator. The acid value was expressed as 
weight of potassium hydroxide (in mg) used to neutralize 1 g 
of fat or oil (mg KOH/g).

NIRS Instrumentation

Transflectance (superposed reflectance and transmittance) 
data were collected from the fat and oil samples using a Tech- 
nicon InfraAlyzer-type 450 NIR spectrometer (Technicon In
dustrial Systems, Tarrytown, NY) in the transflectance mode 
and equipped with a thermostated flowcell, a liquid sample 
drawer (Technicon P/N 189-B302502), a standard set of 19 fil
ters in the NIR spectral region, and a lead sulfide detector. Filter 
locations and wavelengths in nm were 01/1445, 02/1690, 
03/1722, 04/1734, 05/1759, 06/1778, 07/1818, 08/1940, 
09/1982, 10/2100, 11/2139, 12/2180, 13/2190, 14/2208, 
15/2230, 16/2270, 17/2310, 18/2356, and 19/2348. These 
wavelengths were preselected by the manufacturer because 
they correspond to known absorption bands of various major 
food constituents. The NIR spectrometer was connected via an 
RS-232C interface with a personal computer for data collec
tion.

Preparation of Samples for Spectroscopic
Measurement

The samples were placed for 1 h in a water bath at 62°C. The 
liquified samples were homogenized by manual swirling and
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were filtered with a Schleicher and Schuell paper filter No. 604 
to remove solid remains of snacks.

NIRS Procedure

After the equipment was equilibrated and the flowcell was 
thermostated at 62 ± 0.5°C, the liquified samples were brought 
into the flowcell using a 20 mL syringe. The transflectance data 
at the 19 selected wavelengths were recorded directly. Each 
sample was measured in duplicate. The transflectance data 
were transformed by the NIR spectrometer microprocessor to 
logarithmic values that were collected by and stored in a per
sonal computer. After the NTRS-DPTG content and NIRS-acid 
value were calculated through the relevant calibration equation 
by the instrument microprocessor, the final result was obtained 
by manually calculating and rounding off the average of the 
duplicate values.

Calibration

The NIR spectrometer used the following general equation 
to calculate the concentration of a constituent in a sample from 
the NIRS data:

c = k 0 + Y jK x logdr)
¡=t Ri

where C is the calculated concentration of the constituent in the 
sample, k0 is a constant, kl is a constant for the corresponding 
wavelength indicating its importance to compositional infor
mation, R; is the transflection at a given wavelength, and p  is 
the number of wavelengths.

Calibration was achieved by subjecting the logarithmic 
transflectance data of 19 wavelengths with their corresponding 
data obtained by LC-DPTG or titration-acid value to multiple 
regression analysis to determine k0 and kt. Next, the calculated 
standard error of calibration (SEC) was used to check the per
formance of the 19 wavelength model. The SEC measures how 
well NIRS data approximated data obtained by LC or titration 
for the calibration sample set and was calculated using the fol
lowing equation:

F -  ratio = r 2
1 - r 2 X

N c - P ~  1 

P

where r2 is the multiple correlation coefficient, Nc is the num
ber of samples, and p  is the number of wavelengths. With a 
given data set of N  samples, the highest F-ratio was obtained 
by selecting the wavelength set with the highest multiple cor
relation coefficient together with the minimum number of 
wavelengths.

Wavelength selections and corresponding constants ob
tained for both parameters were entered into the NIR spec
trometer memory; then the calibrated instrument was ready to 
predict both parameters of the unknown sample by using the 
relevant calibration constants.

The relationship between sample temperature and NIRS- 
DPTG and NIRS-acid value was also determined.

Validation

Validation of the calibration implies that the NIRS-pre- 
dicted DPTG contents and acid values of the validation sample 
set were compared to their corresponding reference values that 
were obtained using LC and titration, respectively. A i-test was 
used to determine whether the value of the intercept signifi
cantly differed from 0 and whether the slope significantly dif
fered from 1. After the calibration was validated, the standard 
error of prediction (SEP), which characterized the deviation of 
the NIRS values of the validation sample set from their corre
sponding reference values, was calculated using the following 
equation:

SEP =

' N v y

£ [ ( Yj r e f  -  Y jn irs) ~  b i a s ] 2
i±±___________________

Nv -  1
V y

where N v is the number of samples used for the validation. The 
bias of the validation sample set was calculated using the fol
lowing equation:

SEC =
Y S Y j r e f ”  Y j nirs)

bias =j =  1
V,

where Yi rej  and T, nirs are DPTG content or acid value analyzed 
by the relevant reference method and by NIRS, respectively, 
and Nc is the number of samples of the calibration sample set.

Samples with an absolute residue (T; rej -  Yt mrs) higher than 
3 times the SEC were removed from the calibration set. The 
optimal wavelength set that provided the best predictive equa
tion for relating the NIRS transflectance data to data obtained 
by LC or titration was achieved through the remaining sample 
set by using forward stepwise multiple linear regression search, 
i.e., finding the highest F-ratio that was calculated using the 
following equation:

Finally, the precision of a single NIRS determination, sn was 
calculated for both sample sets from the differences of dupli
cates using the following equation:

where Y, nirl and Y, ntrl are a pair of NIRS duplicate values, and 
N  is Nc or Nv.
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R esu lts  an d  D iscussio n

The Near Infrared Transflectance Spectrum

A representative NIRS transflectance spectrum of used fry
ing fat based on the 19 preselected wavelengths is shown in 
Figure 1. The transflectance spectrum is characterized by 
strong absorption between 2310 and 2348 nm and less strong 
absorption between 1722 and 2140 nm.

Calibration and Validation

The stepwise multilinear regression provided a 7-wave- 
length calibration for each parameter. Table 1 provides the 
7 selected wavelengths for NIRS-DPTG content, as well as for 
NIRS-acid value determination that included the correspond
ing constants of the calibration equations. The statistical sum
mary of calibration and its validation is given in Table 2. The 
calibration statistics show a correlation between the LC-DPTG 
and titration-acid value with their corresponding NIRS trans
flectance values at the relevant 7 wavelengths with correlation 
coefficients of 0.976 and 0.996, respectively.

Validation provided intercepts of -0.4% m/m and 0.01 mg 
KOH/g and slopes of 1.04 and 0.993 for DPTG and acid value 
calibration graphs, respectively. T-tests showed no significant 
deviation of the intercepts and slopes from 0 and 1, respec
tively. The obtained SEPs appeared to be of the same extent as 
the corresponding SECs.

The SEP is particularly important in applying NIRS as a 
screening technique because NIRS value criteria must be 
adopted to decide whether a sample complies with legislation 
or if it will be submitted to LC or titration, the only methods 
accepted by the judicature. The extent of the SEP determines 
the deviation of those criteria from the relevant regulatory lim
its. The obtained SEPs were sufficiently low to obtain practical 
criteria (see Efficiency Obtained by NIRS Screening).

As shown in Table 1, the calibration constants for calculat
ing NIRS-DPTG content are remarkably higher than those for 
calculating NIRS-acid value. This indicates that the NIRS 
transflectance spectrum, based on the 19 preselected wave-

2

Wavelength (nm)

Figure 1. A representative NIRS transflectance 
spectrum of used frying fat based on the 19 preselected 
wavelengths.

Table 1. Wavelengths and corresponding calibration 
coefficients for the sim ultaneous NIRS determination of 
DPTG content and acid value of used frying fats and oils 
with the Technicon InfraAlyzer-type 450 NIR 
spectrom eter
DPTG content Acid value

Filter
location/wave- 
length in nm

Calibration
constant

Filter
location/wavelen 

gth in nm
Calibration
constant

koa 88.63 koO -78.14
02/1690 283.2 06/1778 -159.3
03/1722 696.9 09/1982 -569.2
04/1734 -713.3 1 0 / 2 1 0 0 1495
07/1818 2984 11/2139 518.8
11/2139 -6827 13/2190 -1506
12/2180 8195 15/2230 727,1
15/2230 -4610 19/2348 -460.9

a This value may vary among instruments and have to be 
determined for each specific instrument.

lengths, contains only minor information about the DPTG con
tent so that instrumental noise influences the NIRS-DPTG de
termination compared with the NIRS-acid value determina
tion. This results in a relative low precision (sn Table 2) of the 
NIRS-DPTG determination, i.e., 1.3% m/m, as compared to 
16% m/m being the maximum regulatory limit (8.1% relative). 
These precision figures were better for the NIRS-acid value 
determination, i.e., 0.06 mg KOH/g as compared to 4.5 mg 
KOH/g as the maximum regulatory limit (1.3% relative). We 
could not investigate whether the NIRS transflectance spec
trum, at other than the 19 preselected wavelengths, contained 
more compositional information about the DPTG content be
cause a grating instrument was not available.

The sample temperature dependency of the NIRS-DPTG 
and NIRS-acid value data (-0.6% m/m and -0.05 mg KOH/g, 
per °C, respectively, Table 2) appeared to be linear in the range 
from 60° to 70°C. From these data, we concluded that the 
thermostating capability of the flowcell (± 0.5°C) was suffi
cient to minimize the effect of temperature fluctuations.

Validation after Routine Operation for One Year

The calibration was validated again after routine operation 
for one year by 4 technicians working in shifts during 1992. All 
NIRS values of samples with an NIRS-DPTG value of 
13.0% m/m and higher (N = 251 of total 1400,17.9%) or with 
an NIRS-acid value of 4.1 mg KOH/g and higher (N = 367 of 
total 1400,26.2%), samples suspected not to comply with leg
islation, were compared with their reference values obtained 
using LC or titration, Figures 2 and 3, respectively.

The slope of the DPTG graph (1.002) did not significantly 
differ from 1, whereas the slope of the acid value graph (0.909) 
significantly differed from 1. After correction for this devia
tion, the SEPs were calculated using the formula mentioned 
(Equation 4). Those “routine” SEPs were 2.3% m/m (1.8) and 
0.44 mg KOH/g (0.33) for DPTG content and acid number,
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Table 2. Statistical summary of the simultaneous NIRS determination of DPTG content and acid value of used frying
fats and oils with the Technicon InfraAlyzer-type 450 NIR spectrometer

DPTG content, % m/m Acid value, mg KOH/g

Calibration Validation Calibration Validation

Number of samples, Ncl  Nv 86 44 107 36
Multiple regression correlation coefficient, i2 0.968 0.976 0.997 0.996
SEC/SEP 1.9 1.8 0.31 0.33
Precision of a single NIRS analysis, sr 1.1 1.3 0.06 0.06
Concentration range 0.0-32.7 2.2-31.3 0.30-18.8 0.14-14.5
F-ratio 350 4600
Sample temperature effect -0.6% m/m per °C -0.05 mg 

KOH/g per °C

Standard error of chemical methods 0.4 (LC) 0.08 (titration)

respectively. We regard these increases to be acceptable com
pared with the original SEPs resulting from validation direct 
after calibration (Table 2), as given within parentheses.

Efficiency Obtained by NIRS Screening

In practice, used frying fats and oils are sampled on the basis 
of color observation and comparison of smoking and foaming 
at a specified temperature. Legal action against users of fat with 
a DPTG content of 16% m/m and higher and/or with an acid 
value of 4.5 mg KOH/g and higher can only be based on data 
obtained by LC or titration. After the NIRS calibration is vali
dated, we decided to submit all samples with an NIRS-DPTG 
content and/or NIRS-acid value equal or higher than the maxi
mum regulatory limit minus 1.3 x SEPV to LC and/or titration,

T3O
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Figure 2. Scatter diagram comparing DPTG contents 
of 251 samples with an NIRS-DPTG content of 
13.0% m/m and higher with their reference values 
obtained by LC. The SEP is 2.3% m/m.

i.e., 13.7% m/m for NIRS-DPTG and/or 4.1 mg KOH/g for 
NIRS-acid value. This meant that NIRS screening for 10% of 
the samples with NIRS-DPTG content and NIRS-acid value 
equal to the maximum regulatory limits will lead to the false 
negative conclusion that these samples comply with the Dutch 
Food and Commodity Act. We consider this concession to be 
reasonable because this percentage rapidly decreases for sam
ples with NIRS-DPTG content and/or NIRS-acid value data 
rising above the relevant maximum regulatory limit. Because 
we observed some outliers during the calibration procedure, we 
set our criteria for approval or submission to LC-DPTG analy
sis of a sample, for the test year 1992, to 13.0% m/m instead of

20
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|

0
0 5 10 15 20

acid value, titration method (mg KOH/g)

Figure 3. Scatter diagram comparing acid values of 
367 samples with an NIRS-acid value of 4.1 mg KOH/g 
and higher with their reference values obtained by using 
titration. The SEP is 0.44 mg KOH/g.
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13.7% m/m. The 2 DPTG outliers observed (LC-NIRS 4.0-
15.5 and 5.1-15.0 % m/m) were later identified as samples that 
were contaminated with water.

In 1992, food inspectors collected 1400 suspended samples 
from randomly selected restaurants and snack bars in the Am
sterdam region. NIRS screening, considering the chosen crite
ria, precluded the need for 1149 LC-DPTG analyses (82.1%) 
and 1033 titration-acid value determinations (73.8%) because 
those samples appeared to comply with the Dutch Food and 
Commodity Act. From this, we conclude that NIRS screening 
is very economical.

Validation after routine operation for 1 year provided SEPs 
of 2.3% m/m and 0.44 mg KOH/g for NIRS-DPTG content 
and NIRS-acid value determination, respectively. This implies 
that we definitively should adopt minimal criteria for submit
ting samples to LC and/or titration with an NIRS-DPTG con
tent of 13.0% m/m (16-1.3 x 2.3) and/or with an NIRS-acid 
value of 3.9 mg KOH/g (4.5-1.3 x 0.44).

Quality Control Sample

A ceramic reference disc was used to check overall opera
tion of the NIRS instrument. If the disc reading deviated more 
than 0.1% relative from day to day and 0.5 % relative long term 
from its average value, equipment service was deemed neces
sary.

A suitable control sample was obtained by mixing aliquots 
of 10 used frying fats and 10 used frying oils. The LC-DPTG 
content and titration-acid value were approximately the rele
vant maximum regulatory limits. Samples were divided in 
100 mL portions that were stored at ambient temperature. An 
aliquot of such a portion was analyzed in duplicate before each 
series of samples was analyzed in 1992. After using a portion 
10 times, it was discarded.

If the NIRS value of a control sample deviated more than 3 
x Sl (intralaboratory standard deviation, double sited) from the 
average value, or its value deviated more than 2 x SL (single 
sited) on 2 successive days of analysis, validation of the cali
bration, using a validation set comprising at least 20 samples, 
was necessary. If the calibration appeared to be valid, we con
cluded that chemical and/or optical properties of the control 
sample were changed.

NIRS predicted the DPTG content and acid value accu
rately for at least 1 year and 7 months, respectively. After 
7 months, the NIRS-acid value remarkably increased, whereas 
the titration-acid value was stable for at least 1 year. Unfortu
nately, because NIR spectra were not stored, we could not ex
plore the wavelength(s) responsible for this deviation.

C o n c lu sio n s

Based on calibration, validation, and validation after routine 
operation for one year (particularly the high correlation coeffi
cients and reasonably low SECs and SEPs), we conclude that 
simultaneous NIRS determination of DPTG content and acid 
value of used frying fats and oils is sufficiently accurate and 
precise. The calibration was effective over a wide range for 
DPTG content (2 to 33% m/m) and acid value (0.2 to 17 mg 
KOH/g fat). Because NIRS is a low-cost technique that takes 
about 1 min per sample, large-scale screening of these food 
safety/quality parameters is possible. We conclude that NIRS 
screening can be used to assess whether a sample complies 
with food legislation and that it will save time and chemicals.
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FOOD COMPOSITION AND ADDITIVES

Determination of Cholesterol by p-Nitrobenzoate Derivatization 
and Liquid Chromatography
Thomas W. Hamill and A bdel M. Soliman 1
U.S. Food and Drug Administration, Atlanta Center for Nutrient Analysis, HFR-SE680, 60 Eighth St, NE, Atlanta, GA 
30309

T he m ethod  involves d irect sapo n ifica tio n  an d  for
m ation of th e  s te ro l p -n itroben zoa te  (PNB) deriva
tiv es  or lipid ex traction  with m ethy lene chloride 
an d  isopropy l a lcohol, sapon ification , fatty  acid 
m éthylation , an d  form ation of th e  s te ro l PNB d e 
rivatives. The ste ro l PNB derivatives are  se p a ra te d  
on  a  Cg co lum n with a  m obile p h a se  of a ce to n itrile -  
h ex an e -w a te r  (250 + 30 + 3) an d  q u an tita ted  by UV 
detec tion  a t 280 nm . The limit of d e tec tion  for ch o 
lestero l is 2 ng. T he re sp o n se  w as  linear over a 
ran g e  of 4 to  250 ng ( r=  0.999). A ssa y s  of NIST 
SRM 1845 an d  1563 by th is  m eth od  g av e  re su lts  
th a t w ere  c lo se r to  th e  certified v a lu es  th an  w ere  re
su lts  o b ta in ed  by th e  AOAC g a s  ch ro m ato g rap h ic  
m ethod . R eproducibility  w as  eva lua ted  by using  
fo o d s  con ta in in g  low, m edium , an d  high levels of 
ch o leste ro l. T he % coefficien t of variation  ranged  
from  1.8 to  6.7. S tu d ie s  on  a  w ide variety  of food 
p ro d u c ts  (using  lipid ex trac tion  an d  sap o n ific a tio n - 
m éthylation) gav e  a  m ean  recovery  of 87.5 ± 10.1%. 
D irect sapo n ifica tio n  of poultry  an d  dairy  p ro d u c ts  
gav e  a  m ean  recovery  of 101.3 ± 15.8%. P eak  purity 
w as  de te rm in ed  by d iod e  array  spec tro ph o to m etry .

T he new regulations for nutritional labeling (1) have in
creased the need for reliable methods to detect choles
terol in a wide variety of foods. In addition, the defini

tion of “cholesterol free” (2 mg/100 g or referenced amount) 
challenges the detection limits of current procedures. Many 
older methods (enzymatic, colorimetric, etc.) are designed for 
specific food matrixes and lack both specificity and sensitivity. 
Reviews of available methodology through the early 1980s 
were written by Naito and David (2), Zak (3) and Sweeny and 
Weihrauch (4). More recently, Beyer and Jensen (5) reported 
the overestimation of the cholesterol content of eggs when as
sayed colorimetrically. They indicated that chromatographic 
separation was necessary to remove spectral interferences.

Punwar (6) developed a widely used approach for measure
ment of cholesterol in foods. The method involves lipid extrac-

Received May 20, 1993. Accepted by JL September 23, 1993. 
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tion, saponification, silyl derivatization, and detection by gas 
chromatography (GC). Although the lipid extraction and 
saponification steps are cumbersome, the derivatizing reagents 
unstable, and the GC column subject to degradation, the 
method is based on sound scientific principles and is still relied 
upon. Several improvements have been made. Al-Hasani et al.
(7) and Beyer et al. (8) used direct saponification of specific 
products to speed up the assay. Tsui (9) designed an extraction 
system using solid-phase isolation and capillary GC to rapidly 
determine cholesterol in milk. Oles et al. (10) optimized Pun- 
war’s (6) lipid extraction and saponification step combined 
with an NH2 solid-phase extraction cleanup cartridge and cap
illary GC to achieve excellent reproducibility in the analysis of 
sausage, eggs, pretzels, and cookies. Ulbrerth and Reich (11) 
developed a capillary GC method for the determination of cho
lesterol in processed foods. They compared direct saponifica
tion of the sample with fat extraction followed by saponifica
tion. GC results were compared with those of an enzymatic test 
kit. They concluded that enzymatic detection was not specific, 
that results of fat extraction are not better than those of direct 
saponification, that the silylation of cholesterol was not neces
sary when fused-silica GC columns were used, and that the 
addition of an antioxidant prevented cholesterol oxidation. In
terferences due to a-tocopherol were noted for foods contain
ing both animal and vegetable fats. The study did not include 
food products containing less than 20 mg cholesterol/100 g.

An earlier qualitative technique (12) detects cholesterol and 
plant sterols by GC after conversion to the ester with acetic 
anhydride. Sheppard et al. (13) used anhydride esterification to 
measure cholesterol and plant sterols in a wide variety of food 
products. Samples were extracted with chloroform-methanol. 
The lipid extract was saponified by using an established fatty 
acid methylation procedure (14). Sterols were esterified with 
butyric anhydride and detected by GC. The authors achieved 
100% recovery of cholesterol through the use of saponifica- 
tion-methylation, and results were reported on foods contain
ing as little as 4 mg cholesterol/100 g.

Temperatures in excess of 200°C are required to volatilize 
cholesterol for GC. Rees et al. (15) noted that many sterols are 
thermally decomposed, especially in the presence of heated 
metal. An internal standard, usually cholestane, is added on the 
assumption that any chromatographic loss that affects choles
terol also affects cholestane. Liquid-chromatographic proce
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dures, which normally do not require elevated temperatures, 
appear more suitable for cholesterol analysis.

The determination of cholesterol by liquid chromatography 
(LC) has received less attention than GC approaches. The weak 
absorbance of cholesterol at low wavelengths presents prob
lems in spectral detection. Several investigators (16-20) as
sayed underivatized cholesterol by using LC and UV detection 
in the 203 to 214 nm range. Indyk (21) determined underiva
tized cholesterol and plant sterols in several food products. Us
ing LC with UV detection at 212 nm, he found 11 mg choles- 
terol/100 g whole milk, with a detection limit of 40 ng.

Newkirk and Sheppard (22) developed an LC method in 
which cholesterol was derivatized to its benzoate ester. The 
lipid extraction, saponification, and methylation steps in the 
procedure parallel those in the earlier work of Sheppard (13). 
When the benzoate moiety is added to the sterol molecule, UV 
detection at 230 nm is possible. The method was applied to a 
variety of food products that included eggs, butter, and meat 
products. The procedure gave results similar to those obtained 
by the GC method of Punwar (6). Novotny et al. (23) measured 
benzoylated steroid metabolites in blood. Fillion and Zee (24) 
used benzoylation to measure a mixture of cholesterol oxides. 
In each case, the benzoylated cholesterol was determined by 
LC with increased sensitivity compared with results of GC de
terminations.

The objective of our study was to develop a method for the 
determination of cholesterol in foods, including those consid
ered to be cholesterol free (i.e., 2 mg/100 g or referenced 
amount). The present method avoids the problems of extrac
tion, selectivity, sensitivity, and reproducibility usually associ
ated with cholesterol analysis. The method is relatively simple 
and accommodates a wide variety of foods.

METHOD

Reagents

(a) Acetic acid wash.—0.02N acetic acid.
(b) Acetonitrile.—UV grade (Baxter, B&J Brand; Cat. No. 

015-4, or equivalent).
(c) Boron trifluoride.— 12.5% in methanol (E.M. Science, 

Gibbstown, NJ, or equivalent).
(d) Cholesterol calibration standard.—NIST SRM 911b 

(Gaithersburg, MD). Prepare as in (e).
(e) Cholesterol working standard (50 jlg/mL).—Fluka 

(Ronkonkoma, NY), or equivalent. Accurately weigh 4—5 mg 
(± 0.001 mg) and dilute to 100 mL with «-hexane.

(f) Magnesium sulfate anhydrous.—Sigma (Cat. No. M- 
7506; St. Louis, MO), or equivalent.

(g) KOH solution.—Dissolve 3 parts of potassium hydrox
ide pellets by weight (reagent grade) in 2 parts of distilled water 
by volume. Prepare fresh daily.

(h) Methylene chloride-TEA.—Add 0.001 % triethylamine 
(TEA) by volume to reagent grade methylene chloride to in
hibit acid formation.

(i) Mobile phase.—Acetonitrile-«-hexane-distilled water 
(250 + 30 + 3). Mix solvents by swirling, and filter through a

0.45 |im nylon filter 3 times to ensure complete solution. The 
mobile phase may be stirred continually to avoid separation.

(j) 4-Nitrobenzoyl chloride (p-nitrobenzoyl chloride) 
(PNBC).—Aldrich Chemical Co. (Cat. No. 11,330-8; Milwau
kee, WI). Product should be a bright-yellow solid. Blanket with 
helium and tightly cap immediately after each use.

(k) Pyridine.—Reagent grade; blanket with helium and 
tightly cap immediately after each use.

(l) Solvents.—Benzene, heptane, «-hexane (UV grade), 
isopropyl alcohol, toluene, and isooctane, all reagent grade.

Apparatus

(a) Electric meat and food grinder.—Oster (Division of 
Sunbeam Corp., Milwaukee, WI), or equivalent.

(b) Homogenizer.—Polytron (Brinkmann Instruments, 
Westbury, NY), or equivalent.

(c) LC system.—LDC analytical Model 3200 solvent de
livery system fitted with a Rheodyne fixed-loop injector and an 
LDC Model 3200 variable-wavelength detector, or equivalent. 
Representative conditions for this system are injection volume, 
20 pL; mobile-phase flow rate, 1.5 mlVmin; and detector 
wavelength, 280 nm with 0.02 AUFS (absorbance unit full 
scale).

(d) LC column.—Zorbax C8 packed at 6000 psi in a 25 x 
0.4 cm id stainless steel column.

(e) LC integrator.—Hewlett-Packard Model 3390A, or 
equivalent. Representative settings for this system are zero, 10; 
attenuation, 2; chart speed, 0.2; peak width, 0.64; threshold, 3 
in the peak height mode (see integrator manual for setting defi
nitions).

(f) Rotary flash evaporator with condenser.—Rotovapor 
EL 180 (Buchi Instrument Co.) with a high-vacuum pump 
(Welch Duo-Seal, Model 1400), a cold trap maintained at 
<-10°C, and a water bath at 35X1.

Sample Preparations

Mix, grind, or homogenize food products to a homogenous 
consistency prior to sampling. (1) For products where small 
homogenous portions may be taken directly, saponify the sam
ple and proceed with derivatization and detection. (2) For 
products where lipid extraction is not necessary (oils, etc.), 
saponify and methylate the sample and then proceed with deri
vatization and detection. (3) For products that cannot be 
saponified directly (emulsify when extracted, etc.) or when to
tal lipid and fatty acid profile evaluations are desired, extract 
the lipid, saponify and methylate, and then proceed with deri
vatization and detection.

Lipid Extraction

Weigh a portion of sample containing 10-500 |ig choles
terol and 50-500 mg fat (total lipid) and place it in a 100 mL 
low-form graduate. The sample taken should be 1-6 mL. Add 
distilled water to give a total volume of 6-6.5 mL. Add 15 mL 
isopropyl alcohol and mix with a spatula. Add 6.5-7 g magne
sium sulfate and mix. Add 35 mL methylene chloride-TEA 
and mix. Homogenize the mixture at medium speed for 60 s. 
Vacuum filter the mixture through fast filter paper. Place the



1192 Hamill & Soliman: Journal Of AO AC International Vol. 77, No. 5,1994

filtrate in a 250 mL glass stoppered (g/s) round-bottom flask. 
Wash the graduated cylinder, homogenizer, and filter cake with 
two 35 mL portions of methylene chloride-TEA. Combine the 
washes with the filtrate in the 250 mL flask. Add ca 0.5 g mag
nesium sulfate, and evaporate to dryness in the rotary evapora
tor. Transfer the residue to a suction filter apparatus fitted with 
a 50 pm nylon filter using three ca 7 mL portions of isooctane. 
Collect the filtrates in a 50 mL g/s round-bottom flask and 
evaporate to dryness in the rotary evaporator. With 2 disposable 
pipettes (one to add solvent and one to transfer), quantitatively 
transfer the residue to a volumetric flask and dilute to volume 
with methylene chloride-TEA. The dilution should contain 1- 
50 pg cholesterol/mL and 5-50 mg lipid/mL. At this point, a 
gravimetric evaluation of total lipid can be made by drying an 
aliquot of the dilution at 95°-100qC for 30 min.

Saponification and Methylation

Take an aliquot of the diluted lipid extract or an oil sam
ple containing 5-200 pg cholesterol and <200 mg lipid. 
Evaporate the diluted extract to dryness with a stream of 
helium or dry nitrogen. Saponify and methylate according to 
the AO AC procedure (14), diluting the esters and sterols to
5.00 mL with heptane. At this point, an aliquot may be taken 
for fatty acid analysis by GC. Take an aliquot of the heptane 
dilution and dilute volumetrically with n-hexane to a choles
terol concentration of 5-50 pg/mL. Continue with the deri- 
vatization.

Direct Saponification

Accurately weigh a portion of sample containing >25 pg 
cholesterol. The sample should weigh more than 0.05 g but less 
than 1.0 g. Place the sample in a 125 mL g/s flask. Add 3 mL 
KOH solution and 15 mL reagent alcohol (95% ethanol- 
methanol-isopropyl alcohol, 95 + 5 + 5). Fit the flask with an 
air-cooled condenser and reflux on a steam bath (95°-100°C) 
for 1 h. Cool and then transfer the digest to a 125 mL separatory 
funnel with the aid of 15 mL distilled water. Extract the digest 
3 times with 30 mL n-hexane. Combine the organic phases in 
a 100 mL volumetric flask (the organic phase may be evapo
rated in a rotary evaporator and diluted to a smaller volume if 
necessary) and discard the aqueous phase. Dilute the organic 
phase to 100 mL with n-hexane. Continue with the derivatiza- 
tion step.

Standard Preparation

Prepare as described in Reagents (e). Label as the standard 
preparation and use a 2.0 mL aliquot (100 pg) for the derivati- 
zation step. Assay working standards by using the calibration 
standard.

Derivatization

Treat sample and standard preparations separately as fol
lows: Place an aliquot containing 10-200 pg cholesterol in 
50 mL g/s round-bottom flask. Evaporate to dryness with a 
stream of helium or dry nitrogen (dry nitrogen may be sub
stituted for helium throughout the assay). For aliquots larger 
than 10 mL, evaporate to ca 5 mL in a rotary evaporator and

then to dryness with a stream of helium. Add 1.0 mL benzene, 
blanket with helium, and cap with a glass stopper. Mix care
fully; wet and dissolve any visible solid. Uncap and add 0.45 g 
p-nitrobenzoyl chloride (add so that the solids fall directly 
into the benzene solution). Blanket with helium and cap. 
Swirl gently for ca 3 s. Uncap and add 5.00 mL pyridine; 
direct the stream into the benzene mixture. Blanket with he
lium, cap, and swirl gently for ca 3 s. Uncap and add
1.00 mL 20% aqueous KOH. Blanket, cap, and swirl again. 
With the cap firmly in place, submerge the reaction flask (ca 
halfway) in a 70°C water bath for 5 s. Remove and shake 
vigorously by wrist action for 5 s. Repeat the 5 s heating and 
5 s shaking 4 more times. The mixture should be clear and 
straw-colored at this point. Continue to shake by wrist action 
for 120 s. Uncap, add 50 mL water, cap, shake vigorously, 
and transfer to a 250 mL separatory funnel. Complete the 
transfer with 2 more 50 mL portions of water. Immediately 
add 30 mL n-hexane and shake vigorously. It should take the 
experienced analyst ca 8 min to complete the reaction (from 
the addition of benzene to the addition of the 30 mL n-hex
ane). While phases are separating, another derivatization 
may be started. Drain the aqueous bottom layer into a 
beaker. Pour only the n-hexane layer into a 250 mL g/s 
round-bottom flask. Repeat the 30 mL n-hexane extraction 
2 more times; combine the extracts in the 250 mL flask. 
Neutralize the aqueous phase with acid and discard. Evapo
rate the combined n-hexane extract to dryness in a rotary 
evaporator. With 2 disposable pipettes, transfer the deriva
tive residue with several 1 to 2 mL portions of n-hexane to 
a volumetric flask. Dilute the sample to a cholesterol con
centration of 1-2 pg/mL and the standard to a concentration 
of 5-6 pg/mL. At this point, prepare 3 standard dilutions of 
0.5, 1.0, and 3.0 pg/mL from the standard derivative prepa
ration. Place ca 2 mL of each standard dilution and ca 2 mL 
derivatized sample dilution in separate 8 mL screw-cap vi
als. Add ca 2 mL 0.02N acetic acid to each, cap, shake vig
orously, and allow phases to separate. Use the upper n-hex
ane phase for the LC determination. The tightly capped 
solution of p-nitrobenzoate (PNB) derivative is stable for 
several months.

NOTE: Work in a fume hood and wear safety glasses and 
rubber gloves when preparing the derivative. Avoid contact 
with or breathing the vapors of p-nitrobenzoyl chloride, ben
zene, and pyridine. Neutralize aqueous waste with 8N acetic 
acid.

Determination

Inject 20.0 pL of the upper n-hexane phase (for fixed-loop 
injectors, inject 50 pL to ensure complete filling and rinsing) 
directly into the LC. All peaks should elute in 20 min. Deter
mine the identity of the cholesterol derivative by comparing 
standard and sample retention times. Plot the linear responses 
of the standards against their cholesterol concentrations. Deter
mine cholesterol concentration in sample from the standard 
plot. Calculate the concentration in 100 g of the sample accord
ing to the following equation:
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Cholesterol in sample (mg/100g) =

Concn in sample (jig/mL) x Dilution (mL) x 100 g 
1000(!ig/mg) x Sample weight (g)

R esu lts  an d  D iscussio n

The method is suitable for a wide variety of food matrixes. 
Depending on their properties, samples may be saponified di
rectly, lipid extracted and then saponified and methylated, or 
directly saponified and methylated. The derivatization and the 
detection are the same for each sample.

The National Institute of Standards and Technology (NIST) 
uses direct saponification (25) to prepare powdered egg sam
ples for cholesterol determination. This approach avoids steps 
that might lead to cholesterol loss (7, 11). Current work agrees 
with Indyk (21), who noted underestimation of cholesterol in 
foods where a significant portion of cholesterol exists in the 
fat-free phase. NIST SRM 1845 egg powder was assayed for 
cholesterol by lipid extraction followed by saponification and 
méthylation. The results were lower (16.9 mg/g) than the cer
tified values of 18.8-19.2 mg/g. When the same sample was 
directly saponified, the certified value was obtained 
(18.8 mg/g).

Lipid extraction followed by saponification and méthyla
tion is useful for products that emulsify when directly saponi
fied. Products such as milk, infant formula, and low-fat cottage 
cheese are more easily assayed with lipid extraction. The tech
nique is based on the work of Landen (26) for extraction of 
lipid in milk and infant formula. It involves absorbing the water 
with anhydrous magnesium sulfate and solubilizing the lipid 
with isopropyl alcohol-methylene chloride. Modifications 
were made to Landen’s lipid extraction to accommodate foods 
other than milk and infant formula. Filter paper replaced the 
sintered glass funnel to avoid cholesterol retention. Two 
methylene chloride-TEA washes replaced the filter cake ex
tractions. These changes improved cholesterol recovery with
out lipid loss.

The saponification-méthylation step is a well-established 
method (14) for preparing the fatty acid methyl esters of ex
tracted lipids and oils. Cholesterol is not saponified nor is it 
methylated by this treatment. Sheppard et al. (13) reported 
100% recovery of cholesterol through the method. An attempt 
to modify this step by omitting the boron trifluoride catalyst 
resulted in gelatinous emulsions for dairy products. Samples 
that are mostly fat (vegetable oil, lard, tallow, or the lipid ex
tract for a sample) may be saponified and methylated and then 
derivatized for cholesterol detection. The advantage of the 
saponification-méthylation step is that an aliquot may be ana
lyzed by GC for fatty acids.

The derivative step is based on the acylation of cholesterol 
according to the Schotten-Baumann reaction (27). Fitzpatrick 
and Sigga (28) described the preparation of cholesterol p-ni- 
trobenzoate (PNB) and cholesterol benzoate. They indicated 
that the UV-sensitive derivatives were suitable for analysis by 
LC. Cholesterol PNB was chosen over cholesterol benzoate

CHOLESTEROLAND 
THE PLANT STEROLS

1 B R A S S I C A S T E R O L
2  C H O L E S T E R O L
3  C A M P E S T E R O L A N D  S T I G M A S T E R O L
4  P - S I T O S T E R O L

Figure 1. Chromatogram of PNB derivatives of 
brassicasteroi, cholesterol, campesterol, stigmasterol, 
and (1-sitosterol standards, LC parameters: column, 
Zorbax Cs; mobile phase, acetonitrile-hexane-water 
(250 + 30 + 3); detection, 280 nm.

because it has a stronger UV absorbance and a maximum at 
255 nm. Sugino et al. (29) measured cholesterol oxides in

SKIM MILK

minutes

1 BRASSICASTEROL
2 CHOLESTEROL
3 CAMPESTEROLAND STIGMASTEROL
4 ß-SITOSTEROL

Figure 2. Typical chromatogram of a skim milk sample 
containing 3.08 mg of cholesterol per 100 g of product. 
Chromatographic parameters identical to those for 
Figure 1.
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MAYONNAISE

1 BRASSICASTEROL
2 CHOLESTEROL
3 CAMPESTEROLAND STIGMASTEROL
4 p-SITOSTEROL

Figure 3. Typical chromatogram of a mayonnaise 
sample containing 34.7 mg of cholesterol per 100 g of 
product. Chromatographic parameters indentical to 
those for Figure 1.

spray-dried eggs by preparing the PNB derivatives. The deriva
tive reaction used by Sugino et al. (29) was designed for micro- 
gram quantities for cholesterol oxides in dried egg. Modifica
tions had to be made in the current work to accommodate 
higher cholesterol concentrations and to eliminate interfer
ences from plant sterols. Benzene was added to solubilize the 
extracted sterols in a hydrophobic medium because p-nitroben-

MILK BASE 
INFANT FORMULA

m in u te s

1 B R A S S IC A S T E R O L
2  C H O L E S T E R O L
3  C A M P E S T E R O L A N D  S T IG M A S T E R O L
4  p -S IT O S T E R O L

Figure 4. Typical chromatogram of infant formula 
found to contain 1.28 mg of cholesterol per 100 g of 
ready-to-feed product. Chromatographic parameters 
identical to those for Figure 1, except for a 3-fold 
increase in detector sensitivity.

Table 1. Comparison of assay results of NIST standard 
reference materials and nonfat dry milk

Value determined by

NIST certified LC method, AOAC method, 
Product value, mg/g mg/g mg/g

SRM 1845 Egg
powder 19 18.8 13.4

SRM 1563
Coconut oil 0.642 0.659 0.553

Nonfat dry milk — 0.0254 0.0263

zoyl chloride reacts with water. Recent work has shown that 
toluene may be substituted for benzene. The direct addition of 
solid p-nitrobenzoyl chloride, pyridine, and 20% KOH in that 
order gave the most reproducible recoveries of cholesterol 
PNB. The specified heating and mixing conditions ensure 
complete reaction. Cholesterol PNB is very hydrophobic; thus, 
the hexane extraction is almost emulsion-free. Traces of pyri
dine are removed by washing the hexane extract with an equal 
volume of 0.02N acetic acid. The acid wash does not affect 
cholesterol p-nitrobenzoate. This precautionary step must be 
taken because trace levels of pyridine can foul the LC column.

The recommended solvent ratio gave an ideal residence 
time on the column for cholesterol PNB and the best separation 
from the plant sterol derivatives. Increasing the hexane volume 
decreases the residence time, whereas increasing the acetoni
trile volume increases the residence time. The mobile phase is 
at the saturation point for hexane in acetonitrile-water. Filter
ing 3 times ensures complete miscibility.

Several LC columns were tried, including Zorbax ODS, 
phenyl, Zorbax C8, and Zorbax ODS plus Zorbax C8 in series. 
Zorbax C8 gave the best separation of cholesterol PNB from the 
plant sterol derivatives. Stigmasterol and campesterol deriva
tives eluted as 1 peak well resolved from the cholesterol de
rivative. Gordon and Griffith (30) noted the coelution of cho
lesterol and brassicasterol esters from a Ci8 column. Our 
approach resolves these 2 components sufficiently to permit 
cholesterol quantitation. a-Tocopherol interferes with the GC 
determination of cholesterol (11) in animal fat. The /7-nitroben- 
zoyl derivative of dZ-a-tocopherol was prepared and chroma-

Table 2. Cholesterol content of foods containing low, 
medium, and high levels of cholesterol

Amount of cholesterol, mg/100 g 

Product Mean ± SD CV, %

Milk-based infant
formula3 (n = 5) 1.31 ±0.03 2.19

Skim milk (n = 4) 3.08 ±0,14 4.55
Evaporated whole milk

(n=  5) 20.5 ± 1.38 6.73
Cheddar cheese (n = 5) 71.5 ±1.31 1.83

Reconstituted according to label directions.
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Table 3. Determination of cholesterol content and spike recovery of cholesterol from various foods by lipid 
extraction and saponification

Product
Amt. found,® 

mg/100 g
Amt. added, 

mg/100 g
Amt. recovered,6 

mg/100 g Recovery, %

Fresh eggs (edible portion) 342 500 396 79.2
Egg white product (contains dry milk) 2.46 510 410 80.3
Canned egg nog 38.0 62.1 46.2 74.4

246.8d 204.6 82.9
Milk-based infant formula cone. 1-1c 1.46 12.1 11.7 96.6

39.7d 35.6 89.7
Milk-based infant formula powderc 1.31 1.41 1.01 71.6
Milk-based infant formula cone. 1-1 with wheyc 2.07 11.9 10.3 86.6

38.4d 35.7 93.0
Milk-based infant formula powder with wheya 2.19 5.52 4.37 79.2
Skim milk 3.08 2.17 1.74 80.2
Nonfat dry milkc 2.23 1.14 1.02 89.3
Evaporated skim milkc 4.13 5.87 5.23 89.1
Cheddar cheese 71.5 109 90.8 83.3
Low-fat cottage cheese 9.49 18.6 17.3 93.0
Vegetable pizza 6.26 9.57 7.18 75.0

19.8d 16.6 84.1
Breaded fish sticks 25.3 15.1 12.3 81.6
Frozen shrimp dinner 44.5 78.2 70.0 89.4

299.2d 306.4 102
Frozen beef dinner 12.9 14.9 16.3 109

59.3d 59.5 100
Fresh pasta <0.1 2.89 2.92 101

a LC data are based on duplicate injection for duplicate or more extractions. 
b LC data are based on duplicate injections. 
c Reconstituted according to label directions. 
d Indicates various spiking levels.

tographed along with cholesterol PNB. Baseline resolution 
with 3 min between peaks was obtained (results not shown).

Cholesterol PNB has a broad UV absorbance with a maxi
mum at 255 nm. This property permits a variety of wavelength 
choices for detection. Foods assayed in this study gave the 
cleanest chromatographs at 280 nm. Quantitative results were 
obtained for 4 ng cholesterol PNB standard detected at 280 nm.

Figure 1 shows the separation of cholesterol PNB from the 
PNB derivatives of common plant sterols. Brassicasterol PNB 
was included to ensure cholesterol PNB resolution and quanti
tation. Figure 2 shows the chromatogram of cholesterol PNB 
from a sample of skim milk. The plant sterols are absent, and 
the saponification step removed triglyceride interferences. Fig
ure 3 (mayonnaise) and Figure 4 (milk-based infant formula) 
show the ability of this method to determine cholesterol in 
foods that contain both animal and vegetable fats. The detector 
sensitivity was increased for the infant formula to accommo
date the 1 (Lg/mL analyte concentration, which represents 
20 ng cholesterol PNB on the column.

Table 1 compares results (in duplicate) of this method and 
the current AOAC procedure (6). NIST certified standards 
were used for validation. In each case, the PNB method gave 
values closer to the certified value. NIST uses direct saponifi
cation as a modification of the AOAC procedure to ensure

complete cholesterol recovery (25). The cholesterol 
(2 mg/100 g) in non-fat dry milk was barely detectable by the 
AOAC procedure. By contrast, the PNB method easily handled 
this analyte level at a 5-fold increase in dilution.

Reproducibility for the method is shown in Table 2. Foods 
representing low, medium, and high cholesterol contents (2,20, 
and 80 mg/100 g, respectively) were assayed by lipid extrac
tion, saponification and methylation, derivatization, and LC 
detection (n = 5). The method provided reproducible results, 
even for an infant formula containing a high level of plant sterols.

Assay results (in duplicate) on a wide variety of food prod
ucts are presented in Table 3. Separate samples of each product 
were spiked with cholesterol standard. Most products were 
spiked at levels equal to the expected amount. Several products 
containing egg, milk, vegetable, cheese, fish, and beef lipids 
were spiked above the literature values to determine if the 
method could detect cholesterol in excessive quantities. The 
difference in spike recoveries was less than 10%, except for the 
shrimp dinner (89-102%).

Table 4 presents assay results (in duplicate) for poultry and 
dairy products. Spike recoveries appear better than those 
shown in Table 3. The mean recovery was 101.3 ± 15.8%, 
which included the 127% recovery for 2.13 mg/100 g added to 
evaporated skim milk. Part of the reason for the better results
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Table 4. Determination of cholesterol content and spike recoveries from foods by direct saponification

Lab el claim , mg/100 g
Am ount found, 

mg/100 g
Am ount added , 

m g/100 g
Am ount reco vered , 

mg/10 0  g R eco very , %

R ed uced -cho lestero l 
liquid eg g s 90 113 4 5 .7 4 3 .6 9 5 .4

C h icke n  eg g s (reduced  
cholestero l) 320 372 320 322 101

Arm enian  string ch e e s e 60 6 4 .3 57 .8 52 .2 90 .3

Evap o rated  skim  milk 10 5 .09 2 .1 3 2.71 127

8.08 7 .0 8 87 .6

may be that direct saponification involves one less analytical 
step. Other possible reasons have been mentioned in the litera
ture (7).

The PNB method does not overestimate the cholesterol con
tent of fresh eggs and its results agree with recent values (5). 
Adequate chromatography eliminates the interferences that 
cause high results. Peak purity of the cholesterol from egg nog 
was determined by diode array spectrophotometry. Sample and 
standard peaks matched at all wavelengths. Pure analyte peaks 
permit determination of trace cholesterol. An egg white prod
uct labeled to contain no cholesterol was found to contain 
2.46 mg/100 g. Because this product contains dry milk, a small 
amount of cholesterol is to be expected (1.02 mg choles- 
terol/100 g was recovered from nonfat dry milk spiked at
1.14 mg/100 g).

In summary, the LC-PNB method permits the determina
tion of cholesterol at various levels in a variety of food prod
ucts. Reproducible results are obtained for cholesterol in poul
try, dairy, vegetable, fish, cereal, and meat products. The 
Nutrition Labeling and Education Act labeling requirements 
define “cholesterol free” as less than 2 mg/100 g. This level can 
now be evaluated quantitatively. The method allows the use of 
a smaller sample size for ease of handling with a corresponding 
increase in sensitivity and selectivity.
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FOOD COMPOSITION AND ADDITIVES

Comparison and Assessment of the Difference in Total Dietary 
Fiber in Cooked Dried Legumes as Determined by Five Methods
Roger M ongeau and René B rassard
Health Canada, Food Directorate, Banting Research Centre, Nutrition Research Division, Ottawa, ON, K1A0L2, Canada

Dried b e a n s  (kidney an d  g rea t northern) and  dried  
p e a s  (chick, g reen , an d  yellow) w ere  co o k ed  a c 
cord ing  to  p ack ag e  in struc tion s. Total d ietary  fiber 
(TDF) w as m easu red  by th e  M ongeau (AOAC 
992.16), P rosky  (AOAC 985.29), an d  Lee (AOAC 
991.43) m e th o d s  (A, B, an d  C, respectively). Non
s ta rch  p o ly sacch a rid e s  (NSP) w ere  m easu red  by 
th e  E nglyst g as-ch ro m ato g rap h ic  m eth od  th a t in
c luded  dim ethyl su lfox ide trea tm en t, an d  th e  lignin 
m easu red  sep a ra te ly  w as  ad d ed  to  NSP (m ethod  
D). TDF w as a lso  m easu red  by th e  Li m eth od  (E). 
TDF v a lu es  ranged  from  7 to  48 g/100 g dry w eight. 
M ethods B and  C gave  sim ilar TDF va lues, w hich 
w ere  h igher th an  th o se  from  o th e r m eth o d s. For 
kidney b e a n s  I, TDF v a lu es  by m e th o d s  B an d  C 
w ere up  to  2.5 tim es  h igher b e c a u se  of th e  inclu
sio n  of s ta rch . The fiber re s id u e s  from  m e th o d s  A 
and  C co n ta in ed  th e  s a m e  am o u n ts  of a rab in o se , 
xylose, m an n o se , g a lac to se , an d  uronic acid , bu t 
g lu co se  w as  4 tim es h igher in re sid u e  C th an  in 
resid u e  A. W hen a -am y lase  from  po rc ine  p a n c re a s  
w as in corpo ra ted  in m e th o d s  B o r C for 5 sam p les , 
th e  d isc re p a n c ie s  am ong  m eth o d s  A, B, an d  C 
w ere red u ced  by 60-98% .

T he Mongeau (AOAC 992.16), Prosky (AOAC 985.29), 
and Lee (AOAC 991.43) methods, respectively identi
fied as A, B, and C, are gravimetric methods that yield 

similar total dietary fiber (TDF) values for various foods. Good 
agreement between methods A and B was reported for the de
termination of TDF in canned legumes (1). However, large 
amounts of starch were reported in the residues of cooked dried 
legumes analyzed by methods B and C (2-4). Similarly, TDF 
values for dried peas differed by a factor of up to 4 among 
methods because of inconsistencies in the capacity to digest 
starch (Mongeau and Brassard, unpublished data). Thus, the 
determination of dietary fiber is critical for cooked dried leg
umes. Because of the possibility of significant discrepancies 
for these foods, this methodological problem must be investi
gated to achieve agreement among dietary fiber methods and 
to avoid the accumulation of conflicting data.

Received August 24, 1993. Accepted by JL November 10, 1993.

Methods B and C are similar, and it is not known if their 
starch-digesting capacities can be improved by using addi
tional digestive enzymes rather than dimethyl sulfoxide 
(DMSO) or heat treatments. DMSO is known to remove starch, 
but it is not certain if it removes only glucose from the constitu
ent sugars of the residue (5). A comparison of methods A, B, 
and C with the Englyst gas-chromatographic method plus lig
nin (method D) permits monitoring of dietary fiber composi
tion. The Li and Cardozo method (3) is a modification of 
method B: some enzyme treatments are deleted and a larger 
protein correction is made to the residue (method E). The Li 
method provides a base to evaluate the proteolytic activity of 
enzymes.

The aim of the present work was to compare the TDF values 
for cooked dried legumes determined by the 5 methods and to 
see if the variability among methods could be improved by us
ing mammalian digestive enzymes.

E xperim ental

Materials

Dried red kidney beans I (Goya) and II (Townhouse), great 
northern beans, and chick peas, bought in the Washington, DC, 
area, were provided by Li and Cardozo (3). The dried green and 
yellow peas were bought in Ottawa, Canada.

Sample Preparation

Kidney beans I and II, great northern beans, and chick peas 
were prepared by U.S. Department of Agriculture (USDA) 
laboratory as described by Li and Cardozo (3). They were 
quickly soaked (200 g/L deionized water) and cooked for 1 h, 
according to package instructions. Kidney beans II were 
cooked for 2 h. They were then freeze-dried, and a portion of 
each was sent to the Food Directorate laboratory in Ottawa.

The dried green and yellow peas were brought to boiling 
and simmered for 3 h according to package instructions. For 
green peas, the package contents were mixed to ensure homo
geneity between 2 cooking batches. Exactly the same time and 
temperature settings were used for the 2 batches. The green 
peas listed in Tables 1 and 2 were from the first batch, and those 
listed in Table 3 were from the second batch. For yellow peas, 
a single large batch was cooked.
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Table 1. TDF in boiled dried green peas: effect of 
incorporating an APP treatment in methods B and C

Method3 TDF,6 % (dry wt. basis) Starch in TDFC

A with APP at 55°C 9.9 ± 0.1w 2.7
A with APP at 37°C 9.0 ± 0.1v 1.8
B 19.0 ±0 .22 11.8
b +app 12.3 ± 0.3y 5.1
c 18.8 ± 0.3Z 11.6
C+APP 12.3±0.3xy 5.1
D 7.2 ± 0.2U 0.0
D without DMSO 10.4 ± 0.1m 3.2

a A, rapid method, AOAC 992.16; B, AOAC 985.29; C, Tris-Mes 
method, AOAC 991.43; CAPP, a-amylase from porcine pancreas, 
for 30 min after heat-stable amylase; D, nonstarch 
polysaccharides (NSP) according to Englyst GC method using 
DMSO, with KMnO„ lignin values added; E, Li and Cardozo (3). A 
lignin value of 0.4 was added.

b Values are means ± standard deviations for 3 or 4 determinations. 
Values in this column not sharing the same superscript are 
significantly (P< 0.001) different. 

c TDF minus TDF by method D.

Dietary F iber Methods

Total dietary fiber (TDF) was measured by the following 
methods: A, Mongeau (AOAC 992.16) (1); B, Prosky (AOAC 
985.29) (6); C, Lee (AOAC 991.43) (7); D, Englyst GC (8) plus 
lignin; and E, Li and Cardozo (3). Method E is a simplified 
Prosky method that includes autoclaving at 130°C and ex
cludes some enzyme treatments. The enzymes used were ob
tained from the suppliers specified in each method. No substi
tutes were used.

When a-amylase from porcine pancreas (APP) (Sigma 
Chemicals Co., Cat. No. A3176) was used with methods B or

Table 2. Effect of APP and protease on amounts of 
residual protein of methods B and C for boiled dried 
green peas

Method modifications3 Protein,6 % dry sample

B 5.0 ± 0 .0 ’'
b ,app 3.3 ±  0.2U
B+App protease deleted 5.5
C 6.9 ± 0.1w
C+APP 2.9 ± 0.3UV
C+App protease deleted 4.9
E without protease 18.7
E 1̂  c without protease 20.0 ± 0.1*

a A, rapid method, AOAC 992.16; B, AOAC 985.29; C, Tris-Mes 
method, AOAC 991.43; CAPP, a-amylase from porcine pancreas, 
for 30 min after heat-stable amylase; D, nonstarch 
polysaccharides (NSP) according to Englyst GC method using 
DMSO, with KMnO„ lignin values added; E, Li and Cardozo (3). 
E '20"0 is the method of Li and Andrews (16). 

b Values are means ± standard deviations for 2-4 determinations; n 
= 1 when no standard deviation is shown. Values in this column 
not sharing the same superscript are significantly (P< 0.001) 
different.

Table 3. Constituent sugars of residues of fiberI ADD
methods C, C , and D for boiled dried green peas

Method3

Amount of sugar, % (dry wt. basis)

RHA6 FUCO ARA XYL MAN GAL GLU URON

C 0.13 0.10 2.66 0.32 0.16 0.62 20.41 1.46
0.13 0.10 2.46 0.27 0.13 0.56 21.86 1.18

C+APP 0.13 0.09 2.50 0.29 0.16 0.60 6.87 1.35
0.12 0.09 2.36 0.26 0.16 0.55 7.16 1.25

Dc 0.09 0.08 2.59 0.28 0.09 0.74 1.75 1.14
0.12 0.09 2.62 0.28 0.09 0.72 1.55 1.08

3 Method: nonstarch polysaccharides (NSP) according to Englyst 
GC method using DMSO, with KMn04 lignin values added 

b RHA, rhamnose; FUCO, fucose; ARA, arabinose; XYL, xylose; 
MAN, mannose; GAL, galactose; GLU, glucose; URON, uronic
acid.

c Green peas used with method D were from the first cooking batch, 
whereas those used with methods C and C+APP were from the 
second cooking batch.

C, the enzyme was added after treatment of sample with heat- 
stable amylase. The APP treatment consisted of adding a 5.0% 
solution of APP in phosphate buffer (0.1M at pH 7.0) for 
30 min at 55°C. A volume of 5 mL of the solution was the best 
compromise between efficiency and economy for methods B 
and C. Method A includes 2 APP treatments.

Determination o f Neutral Sugars and Uronic Acids

The polysaccharide components of fiber residues were ana
lyzed according to the Englyst method (8). After hydrolysis by 
acid treatments, neutral sugars were measured by gas-liquid 
chromatography as alditol acetates and uronic acid was meas
ured colorimetrically.

Determination o f Lignin

Lignin was measured by 2 methods. Permanganate lignin 
was measured according to the Robertson and Van Soest pro
cedure as described by Mongeau and Brassard (9): the sample 
was treated with a neutral detergent, incubated with APP for 
65 min, treated with an acid detergent, and then treated mildly 
with permanganate. These sequential treatments removed most 
of the nonfiber materials. Permanganate lignin values were 
added to Englyst nonstarch polysaccharides (NSP) to obtain 
TDF values.

Klason lignin was the material left after all the enzyme and 
chemical treatments of the Englyst DMSO method.

Statistical Method

The significance of the effect of APP on TDF analysis of 
dried green and yellow peas was evaluated by 2-tail unpaired 
t-test (StatView n , Abacus Concepts, Inc., Berkeley, CA).

R esu lts

Table 4 shows TDF values for beans and chick peas meas
ured by 5 methods. The close agreement of most duplicates 
indicates good repeatability. The number of analyses was re
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stricted by the limited amounts of samples available from the 
USDA laboratory. TDF values ranged from 11 % for chick peas 
to 48% (g/100 g, dry weight) for kidney beans I. The unmodi
fied Prosky (B) and Lee (C) methods yielded similar values, 
which were 1.5 to 2.3 times higher than those from the Mon
geau rapid method (A), the Englyst GC method plus lignin (D) 
or the Li and Cardozo method (E). Analysis by methods A, D, 
and E of the kidney and great northern beans gave similar die
tary fiber contents (18-22%), which were higher than those of 
chick peas (11-13%). By contrast, with methods B and C, TDF 
values for kidney beans I (48%) were higher than those for 
other samples, including chick peas (24-32%). When APP 
treatment was incorporated in method C (C+AAP), the TDF 
value decreased to 32% but remained at least 50% higher than 
those from methods A and D. For kidney beans II and great 
northern beans, a closer agreement was seen among methods 
A, C+APP, D, and E. Not enough chick pea sample remained to 
test method C+APP. Methods A and E gave slightly higher val
ues than method D (Table 4).

Permanganate and Klason lignin contents represented 10% 
of nonstarch polysaccharides (NSP) or less. They were respec
tively 1.77 and 1.65% for kidney beans I, 1.41 and 1.36% for 
kidney beans II, 0.76 and 0.42% for great northern beans, and 
0.88 and 0.56% for chick peas. Klason lignin (y) was slightly 
lower than permanganate lignin (x), but values were highly cor
related (y -  1 T lx  - 0.53, r  = 0.993). The permanganate lignin 
value was added to the Englyst NSP to obtain the TDF values 
by method D in Table 4.

Table 5 compares the constituent sugars of residues from 
methods A, C, and D for kidney beans I. The compositions 
were similar for uronic acid and neutral sugars, including arabi- 
nose/xylose ratios (2.7—2.9). An exception were values of re
sidual glucose, which were 4.4, 7.6, and 30% for methods D, 
A, and C, respectively. Method D included a DMSO treatment 
that dissolved starch, and the 4.4% glucose obtained was part 
of NSP. This result implies that the residual starch contents for 
methods A and C were 3.2 and 25.6%, respectively. These fig
ures correspond to the difference between their respective 
TDFs and the TDF by method D (2 and 29%; Table 4).

For kidney beans II, great northern beans, and chick peas, 
values for total sugars agreed within 0.2%, but glucose values 
were higher (7.8-11.3%) by method C than by method D (Ta
ble 6). This difference accounted for 70-88% of the difference 
in the TDF values (11.3-14.1%; Table 4).

Because of the lack of availability of the four samples listed 
in Tables 4-6, green and yellow peas were used to complement 
the method comparison for boiled legumes. The TDF contents 
of boiled green peas ranged from 7.2 to 19% depending on 
method (Table 1). The starch contents of the respective fiber 
residues, calculated as the difference in TDF from method D, 
varied from 2.7% (method A) to 11.8% (method B). The starch 
content was 1.8% when APP was used at 37°C for 18 h in 
method A and 3.2% when method D was used without DMSO. 
When methods B and C were used with an APP treatment, most 
of the residual starch was digested (P < 0.001) and 5.1% re
mained in the fiber residues (Table 1).

Table 4. Total dietary fiber values for beans and chick 
peas m easured by different m ethods3

Total dietary fiber, % (dry wt. basis)

Sample* A B C Q+APP D E

Kidney beans 1 20.7 47.1 47.9 31.1 18.9
21.3 44.5 47.3 32.1 18.8

Kidney beans II 21.3 29.0 31.7 22.1 17.7 21.2
21.9 30.4 31.5 21.4 17.3 21.9

Great northern
beans 20.7 29.3 30.6 23.0 19.4 22.3

20.7 28.9 31.1 23.4 19.6 22.4
Chick peas 12.7 24.9 23.8 10.7 13.2

12.8 24.3 23.5 10.7 12.8

a A, rapid method, AOAC 992.16; B, AOAC 985.29; C, Tris-Mes 
method, AOAC 991.43; C+APP, a-amylase from porcine pancreas, 
for 30 min after heat-stable amylase; D, nonstarch 
polysaccharides (NSP) according to Englyst GC method using 
DMSO, with KMnO„ lignin values added; E, Li and Cardozo (3). 

b Samples were soaked and boiled for 1 h except for kidney beans 
II, which were boiled for 2 h.

Because starch digestion increased after incorporation of an 
APP treatment between the heat-stable amylase and amyloglu- 
cosidase treatments, the relative importance of these amy- 
lolytic enzymes was tested. When the heat-stable amylase or 
the amyloglucosidase treatment was deleted in methods B or C 
(data not shown), the amounts of starch in the residue exceeded 
the 5.1% given in Table 1 obtained by methods (B+APP and 
C+ApP) usjng the 3  amylolytic enzymes. Pancreatin was tested 
in place of APP, but with the concentrations used, less starch 
was digested because of the lower amylase activity of the en
zyme mixture (data not shown).

In contrast to methods B and C, method E does not include 
a protease treatment. Consequently, the amounts of protein (N 
x 6.3) to be subtracted from the residues were higher for 
method E (>18%) than for methods B and C (<7%) (Table 2). 
The protein content was expressed in percent sample because 
the amylolytic activity of APP also decreased residue weights. 
APP and protease treatments together (method B+App or 
C+APP) further decreased (P < 0.001) residual protein from 5.0- 
6.9% to about 3% because of the additional proteolytic activity 
of APP (Table 2). Removal of the protease treatment from 
method B+APP or C+APP revealed that the proteolytic activity of 
APP was equivalent to that of the protease alone. Deletion of 
protease had no effect on starch contents and TDF values.

A second batch of green peas was cooked for analysis of 
constituent sugars in residues of methods C and C+APP (Ta
ble 3). Although cooking conditions were the same as for the 
first batch (Tables 1 and 2), the total sugar content reached 
26.3% (method C, Table 3) compared with 18.8% TDF 
(method C, Table 1). This result indicated the poor repeatabil
ity of method C for cooked green beans. When incorporated in 
method C, APP did not change the nonglucose sugars but re
moved 14.1 g/100 g glucose (starch) and consequently de
creased the total sugar content of the residue to 12.0% (Ta-
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Table 5. Constituent sugars of fiber residues of 
methods A, C, and D for boiled dried kidney beans \a

Amount of sugar, % (dry wt. basis)

Method RHAb FUCO ARA XYL MAN GAL GLU URON

A 0.24 0.37 5.55 2.06 0.31 1.37 7.71 3.00
0.24 0.39 5.63 2.09 0.32 1.40 7.57 3.07

C 0.22 0.33 4.99 1.63 0.49 1.20 31.6 3.23
0.26 0.34 5.18 1.98 0.48 1.23 28.7 3.77

D 0.21 0.31 5.39 1.86 0.53 1.27 4.35 3.17
0.20 0.34 5.28 1.82 0.53 1.29 4.38 3.10

a Method: nonstarch polysaccharides (NSP) according to Englyst 
GC method using DMSO, with KMn04 lignin values added. 

b Abbreviations: RHA, rhamnose; FUCO, fucose; ARA, arabinose; 
XYL, xylose; MAN, mannose; GAL, galactose; GLU, glucose; 
URON, uronic acid.

ble 3). The latter value is similar to the TDF value of 12.3%, 
which includes about 0.4% lignin (Table 1) and indicates that 
method C+APP is more independent from variations between 
cooking batches.

A large batch of yellow peas was cooked to permit various 
analyses on identical material (Tables 7 and 8). TDF values by 
methods B and C were at least 40% higher than by methods A 
and D (Table 7). When the APP treatment was performed at 
37°C instead of 55°C in method A, TDF did not decrease sig
nificantly (-0.8%, P > 0.01). When APP was incorporated in 
methods B and C, the TDF values were 25% lower, and resid
ual starch decreased from 9.8% or more to 3.8% or less. TDF 
values by methods A, B+APP, and C+APP were within the 16.7— 
18.0% range. Deleting the DMSO treatment in method D in
creased the TDF value to 18.5% (Table 7).

The total amount of polysaccharide components in the hy
drolyzed residue of method C reached 25.4%, the majority be
ing glucose (17.4%, Table 8). The APP treatment reduced the

glucose content to 9.6%. This accounted for >95% of the re
duction in total sugars. The remaining glucose content (9.6%) 
exceeded the nonstarch glucose content in the residue of 
method D by 4.1% (Table 8), which is close to the 3.8% ob
tained gravimetrically (Table 7).

D iscussio n

Dietary fiber is made of complex and heterogeneous poly
meric materials that are not easy to separate from other food 
components, particularly starch (10-16). Methods for dietary 
fiber have been improved over the past decade, and a good 
agreement for TDF analyzed by methods A, B, and D was re
ported for various foods including canned legumes (1). How
ever, it was reported that a substantial amount of starch remains 
in the insoluble fiber residue of methods B or C for cooked 
dried legumes (2-4). The present results confirmed the incom
plete removal of starch by methods B or C for 6 legumes. Chick 
peas were not tested with APP but the difference in the glucose 
contents of the residues of methods C and D (Table 6) ac
counted for 88% of the gap in the respective TDF values (Ta
ble 4). For kidney beans I, APP reduced the discrepancy be
tween methods A and C from 26.6 to 10.6% (Table 4). For 
kidney beans H, great northern beans, green peas, and yellow 
peas, APP reduced the mean discrepancy among methods A, B, 
and C from 9.9 to 1.8% (Tables 1 ,3,4 and 7-8). Overall for the 
5 samples tested, APP reduced the discrepancies among meth
ods A, B, and C by 60-98%.

The decreases in the TDF values observed when using APP 
in methods B or C were attributable only to removal of starch 
from their residues. This effect could have been demonstrated 
by treating the residues of methods B and C with starch-digest
ing enzymes and by measuring the glucose released in the su
pernatant. However, the release of glucose depends on the en
zymatic conditions of the assay. If the enzymatic conditions do

Table 6. Constituent sugars of fiber residues of methods C and D for 3 legumes

Amount of sugar, % (dry wt. basis)

Sample Method3 RHAb FUCO ARA XYL MAN GAL GLU URON

Kidney beans II C 0.20 0.28 4.54 1.76 0.34 1.07 15.4 2.83
0.23 0.27 4.50 1.78 0.34 1.11 14.6 3.08

D 0.20 0.28 4.73 1.73 0.57 1.14 4.88 2.73
0.21 0.27 4.51 1.70 0.54 1.10 4.81 2.71

Great northern beans C 0.26 0.33 5.68 2.36 0.36 1.05 12.9 3.81
0.23 0.30 5.35 2.38 0.34 1.00 12.4 3.93

D 0.23 0.34 5.87 2.21 0.53 1.05 4.81 3.53
0.20 0.35 5.78 2.24 0.54 1.06 5.03 3.55

Chick peas C 0.21 0.10 3.44 0.48 0.27 0.58 13.5 2.28
0.19 0.10 3.45 0.43 0.25 0.54 14.3 1.95

D 0.20 0.11 3.83 0.46 0.17 0.56 2.56 1.91
0.21 0.09 3.92 0.45 0.17 0.58 2.54 1.87

a Residues of method C were treated as those of method D (nonstarch polysaccharides (NSP) according to Englyst GC method using DMSO, 
with KMn04 lignin values added).

6 Abbreviations: RHA, rhamnose; FUCO, fucose; ARA, arabinose; XYL, xylose; MAN, mannose; GAL, galactose; GLU, glucose; URON, uronic 
acid.
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Table 7. TDF in boiled yellow peas determined by 
unmodified or modified m ethods A , B, C, and D
Method3 TDF,6 % (dry wt. basis) Starch in TDFC

A with APP at 55°C 16.7 ± 0.1vw 2.5
A with APP at 37°C 15.9 ± 0.2“v 1.7
B 24.0 ± 0.3y 9.8
b+app 17.8 ± 0.0* 3.6
C 24.1 ±0.6y 9.9
C+APP 18.0 ± 0.1 "* 3.8
D 14.2 ±0 .1 “ 0.0
D without DMSO 18.5±1.4uv'ray 4.3

3 A, rapid method, AOAC 992.16; B, AOAC 985.29; C, Tris-Mes 
method, AOAC 991.43; CAPP, a-amylase from porcine pancreas, 
for 30 min after heat-stable amylase; D, nonstarch 
polysaccharides (NSP) according to Englyst GC method using 
DMSO, with KMn04 lignin values added; E, Li and Cardozo (3). A 
lignin value of 1.2 was added.

b Values are means ± standard deviations for 3 determinations, 
except for methods B+APP and C+APP (n = 2). Values in this column 
not sharing the same superscript are significantly (P<  0.01) 
different.

c TDF minus TDF by method D.

not remove all starch, the amount of glucose released in the 
supernatant will lead to an underestimation of residual starch. 
On the other hand, if fiber-degrading enzymes are present in 
the assay, they may release nonstarch glucose, which will lead 
to overestimation.

In the present work, a different approach was used to esti
mate the starch in the residue of method C. The residue was 
hydrolyzed in acidic conditions according to the Englyst GC 
method. These conditions favor complete depolymerization of 
fiber polysaccharides into their constituent sugars and mini
mize sugar degradation. Measuring the sugars by gas chroma
tography as alditol acetates enables a comparison with NSP 
constituents determined by the integral Englyst method (8). 
The enzymes used in the latter method are devoid of fiber-de- 
grading activities, and the DMSO treatment ensures that no 
starch remains in the residue before acid hydrolysis. This non-

Table 8. Constituent sugars of residues of fiber 
m ethods C, C+APP, and D for boiled dried yellow peas

Amount of sugar, % (dry wt. basis) 
Method--------------------------------------------------------------------

RHA6 FUCO ARA XYL MAN GAL GLU URON

C 0.23 0.13 3.01 1.29 0.20 0.65 17.35 2.48
0.22 0.13 2.83 1.39 0.20 0.62 17.45 2.56

C+APP 0.20 0.10 2.99 1.05 0.19 0.63 9.52 2.60
0.19 0.10 3.00 1.06 0.19 0.63 9.68 2.28

D 0.19 0.10 2.97 1.01 0.12 0.75 5.51 2.22
0.18 0.11 3.09 1.09 0.11 0.72 5.52 2.25

3 Residues were treated as those of method D (nonstarch 
polysaccharides (NSP) according to Englyst GC method using 
DMSO, with KMnO„ lignin values added).

6 RFIA, rhamnose; FUCO, fucose; ARA, arabinose; XYL, xylose; 
MAN, mannose; GAL, galactose; GLU, glucose; URON, uronic 
acid.

starch glucose value can be subtracted from that found in the 
residue of the fiber method tested for residual starch. The val
ues for the other constituent sugars of NSP may also permit 
detection of fiber-degrading enzymes.

APP did not degrade the fiber. For green and yellow peas, 
APP in method C did not decrease the nonglucose fiber con
stituents and it did not decrease glucose under the level ob
served by method D (Tables 3 and 8). For other foods (green 
beans, carrot, barley, oat bran, high-fiber cereal, and soybran), 
TDF values obtained gravimetrically by method C with or 
without APP were similar:

C+APP = 0.156 + 0.995(C), ?  = 0.999 (unpublished data).

APP was incubated at 55°C when used in methods A, B, and
C. At 370 or 55°C, the types of enzyme activities of APP are the 
same but the rate of starch hydrolysis is higher at55°C. Tables 1 
and 7 indicate a slightly better starch digestion at 37°C than at 
55°C for method A because a longer incubation was used at 
37°C. APP is devoid of fiber-degrading enzyme activities at 37° 
or 55°C.

Lee and Prosky (5) suggested that DMSO could solubilize 
hemicelluloses, on the basis of published data including those 
of Honda et al. (2). However, the present results do not support 
this hypothesis because the fiber constituent sugars, except glu
cose, were similar for methods excluding (A and C) and includ
ing DMSO (D). There were no definite trends for the 6 legume 
samples examined (Tables 3 ,5 ,6 , and 8).

APP is an unpurified a-amylase preparation, and it provides 
a proteolytic activity comparable with that of the protease used 
in methods B and C (Table 2). This indicates that method B 
would not take longer if APP replaces the protease, and the 
capacity to digest starch would be improved. Methods B and C 
are similar, but the latter uses a Tris-Mes buffer with a tempera
ture-dependent pH, and only one pH adjustment is needed. Be
cause APP works very efficiently at 55°C, the resulting pH 
would not be compatible with its activity. Thus, if APP replaces 
the protease in method C, the number of pH adjustments would 
be the same as in method B.

Unmodified method C included more starch in the fiber 
residue of the second cooking batch (19.5%, calculated from 
Table 3) than in the first cooking batch (11.6%, Table 1). How
ever, this inconsistency did not appear when APP was incorpo
rated in method C. The amounts of residual starch were de
creased to around 5% for both batches, and the dietary fiber 
values excluding lignin were close (11.9%, Table 1; 12.0%, Ta
ble 3).

Methods A, C, and D showed remarkable agreement in the 
polysaccharide constituents of dietary fiber, glucose excepted 
(Tables 3 ,5,6 , and 8). Therefore, solving the problem of starch 
digestion should decrease most of the discrepancy among 
methods.

R efe ren ces

(1) Mongeau, R., & Brassard, R. (1989) J. F ood Compos. Anal.
2,189-199



1202 Schreiber Et Al.: Journal Of AOAC International Vol. 77, No. 5,1994

(2) Honda, C., Nanba, T., Asaoka, O., Yumoto, K., Hayashi, T., 
Ikegami, S., & Takai, Y. (1992) J. F ood Hyg. Soc. Jpti. 33, 
46-51

(3) Li, B.W., & Cardozo, M.S. (1993) J. F ood Sci. 58,929-932
(4) Villanueva, M.J., Redondo, A., Rodriguez, M.D., & Garcia 

B. (1993) F resenius’ J. Anal. Chem. 345, 247-249
(5) Lee, S.C., & Prosky, L. (1992) Cereal F oods World 37, 765- 

771
(6) Prosky, L., Asp, N.-G., Furda, I., DeVries, J.W., Schweizer,

T.F., & Harland, B.F. (1985) J. Assoc. Off. Anal. Chem. 68, 
677-679

(7) Lee, S.C., Prosky, L„ & DeVries, J.W. (1992) J. A O A C  Int.
75,395-399

(8) Englyst, H.N., & Cummings, J.H. (1988) J. Assoc. Off. Anal. 
Chem. 71,808-814

(9) Mongeau, R., & Brassard, R. (1982) J. F ood Sci. 47, 550-555

(10) Marlett, J.A., & Lee. S. (1980)7. F ood Sci. 45, 1688-1693
(11) Mongeau, R., & Brassard, R. (1980) Getreide M ehl und B rot 

34,125-127
(12) Rasper, V.F. (1981) in The A nalysis o f  D ie tary F iber in Food, 

W.P.T. James & O. Theander (Eds), Dekker, New York, pp. 
29-36

(13) Schaller, D. (1978) Am. 7 Clin. Nutr. 31, S99-S102
(14) Southgate, D. A.T. (1981) in The A nalysis o f  D ie tary F iber in 

Food, W.P.T. James & O. Theander (Eds), Dekker, New 
York, pp. 37-50

(15) Van Soest, P.J. (1981) in The A nalysis o f  D ie tary F iber in 
Food, W.P.T. James & O. Theander (Eds), Dekker, New 
York, pp. 241-262

(16) Li, B.W., & Andrews, K.W. (1988) 7 Assoc. Off. Anal.
Chem. 71,1063-1064

FOOD COMPOSITION AND ADDITIVES

Evaluation of a Gas Chromatographic Method to Identify 
Irradiated Chicken, Pork, and Beef by Detection of Volatile 
Hydrocarbons
G eorg A. Schreiber, G rit Schulzki, A lmuth Spiegelberg, N orbert Helle, and Klaus W. Bögl
Federal Institute for Health Protection of Consumers and Veterinary Medicine, General-Pape-Str. 62, D-12101 Berlin,
Germany

A m eth od  su itab le  for rou tine  app lication  w a s  u sed  
in an  in terlabo rato ry  s tu d y  to  d e tec t irradiation 
trea tm en t of ch icken  c a rc a s s , pork, an d  beef. By 
usin g  g a s  ch ro m ato g rap h ic  an a ly sis , 17 partic ipa t
ing lab o ra to ries  de te rm in ed  th e  quan tity  of 4 differ
e n t rad ia tion -induced  volatile h y d ro ca rb o n s  
( te trad ecen e , p en tad ecan e , h ex ad ecad ien e , and  
h ep tad ecen e ) in th e  fa t fraction  of co d ed  sp e c i
m en s  app roxim ately  3 an d  6 m o n th s  a fte r irradia
tion . T he sp e c im e n s  of e a c h  ty pe  of m ea t w ere  
su p p lied  by 2 d ifferen t p ro d u ce rs . T he d o s e  range  
te s te d  (0.6-7.5 kGy) included levels com m ercially  
u se d  to  red u ce  th e  nu m b er of con tam in atin g  m icro
o rg a n ism s  (1 -5  kGy). T he m eth od  em ployed  perm it
ted  a  co rrec t identification of irrad ia ted  or 
no n irrad ia ted  in 98.3% of th e  864 sp ec im e n s .
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T reatment of certain types of food by ionizing radiation to 
increase the shelf life and to reduce health hazards that 
might be caused by contaminating microorganisms is 

permissible in a number of countries; in other countries, ioniz
ing radiation is banned. To meet the different national regula
tions in international trade and to ensure the consumer’s free 
choice to buy irradiated or nonirradiated products, labelling 
control has become necessary. Various interlaboratory studies 
have already been performed to evaluate methods that identify 
irradiation treatment of foods (1-6). The present interlabora
tory study describes the gas chromatographic (GC) detection 
of volatile hydrocarbons (HC) in the fat fraction of raw chicken 
carcass, pork, and beef. The method was used to identify an 
irradiation of these products in the standard commercial dose 
range (1-5 kGy). The method was used for a qualitative judg
ment only, not for dose estimations.

At the end of the 1960s, details about the detection of irra
diated foodstuffs on the basis of changes in the fat fraction were 
published (7-11). In recent years, interest in the identification 
of irradiated fatty foodstuffs has grown steadily (12-29). The
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Figure 1. Radiation-induced volatile hydrocarbons from the fat fraction of irradiated chicken carcass, pork, and 
beef. Hydrocarbons were separated on an HP Ultra 2 capillary column (5% diphenyl-95% dimethyl polysiloxane, 12 m 
x 0.20 mm id, 0.33 pm film thickness) and registered as total ion chromatograms in a mass spectrometer.

treatment of fatty foodstuffs by ionizing radiation induces a 
series of changes in the fat fraction from primary and secondary 
reactions. These changes cannot be classified as radiation-spe
cific because they may also be produced by oxidation proc
esses (27). However, preferential cleavage of certain chemical 
bonds occurs when triglycerides are treated with ionizing ra
diation. Among others, 2 types of volatile HCs can be detected 
in fairly large quantities: one has 1 carbon atom less than the 
original fatty acid (Cn _ i), and another has 2 carbon atoms less 
and an additional double bond in the C-l position (Cn_2:i). A

cleavage scheme was proposed, based on the identification of 
the predominant radiolytic products, which makes it possible 
to predict the main products if the fatty acid composition of the 
irradiated product is known (30).

The detailed description of the present method drew on pro
posals (Nawar, unpublished data), experience of the partici
pants (14), and the results of optimization studies for routine 
application of this method performed by the organizing labora
tory (20, 25). For analysis, the fat was extracted to isolate the 
nonpolar fraction by Florisil column chromatography. This
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fraction was separated by GC to quantify 1-tetradecene (14:1), 
pentadecane (15:0), 1,7-hexadecadiene (16:2), and 8-heptade- 
cene (17:1), which are referred to as markers (Figure 1).

This paper presents a summary of the interlaboratory study. A 
detailed report including all single data was also published (31).

Experim ental

Participants

Fifteen colleagues from food control laboratories, one col
league from a research institute, and the organizing laboratory 
took part in this study. Each of the participating laboratories 
was given a letter code.

Test Materials

(a) Chicken carcass homogenates.—Whole chicken car
casses were irradiated with ca 2 and 6 kGy. After irradiation, 
the meat (including the skin) was homogenized with a mixer. 
Each laboratory received 3 aliquots of the 2 kGy homogenate 
and 3 aliquots of the 6 kGy homogenate. The markers in each 
aliquot were to be quantitated by parallel analysis. During ho
mogenization, contamination of the homogenates occurred 
that interfered considerably with the GC detection of 14:1. 
Therefore, no results are given for 14:1 yields.

(b) Coded specimens.—The specimens of chicken carcass, 
pork, and beef were acquired from 2 different producers (re
ferred to as X and Y). The specimens were delivered frozen (in 
air) in open plastic bags and were stored in air at -20°C. Speci
mens were only exposed to other temperatures during irradia
tion and distribution. However, they remained in a frozen state.

From each of the 6 products, some specimens were tested at 
random by the organizing laboratory to detect possible radia
tion treatment. In no instance were radiation-induced markers 
detected in the respective test portions.

Fatty Acid Composition o f the Products

Fatty acid analysis was carried out on test portions of 4 dif
ferent specimens per product. Significant differences in the 
contents of the main fatty acids could not be revealed between 
test portions of producer X and of producer Y for the 3 different 
types of meat. Therefore, the mean contents of palmitic, stearic, 
oleic, and linoleic acids in X and Y specimens of each type of 
meat are given (Table 1).

Table 1. Relative concentrations of main fatty acids in 
the total fat of products3

Type of 
meat

Palmitic acid, 
FA 16:0, %

Stearic acid, 
FA 18:0, %

Oleic acid, 
FA 18:1, %

Linoleic acid, 
FA 18:2, %

Chicken 20.8 ±1.2 6.0 ±0.7 32.0 ± 1.8 25.4 ±3.2
Pork 25.4 ±1.3 10.9 ±1.5 34.7 ± 2.0 10.4 + 1.3
Beef 23.5 + 2.0 9.5 ±2.0 43.0 ±4.6 1.5 ±0.9

3 Fatty acid (FA) analysis was performed by L. Matter, CLUA 
Duisburg, Germany, by using the method L06.0012 of the 
collection of Official Methods according to article 35 of the 
German Foods Act. Values are mean ± standard deviation.

Irradiation o f Coded Specimens

Two months after purchase, specimens were packed be
tween 2 layers of ice in polystyrene-cardboard boxes and irra
diated with 60Co y-rays at 3 different dose levels. Each box 
contained only one type of meat from one producer. The layers 
of meat measured ca 15 cm. Dosimeters (Gammachrome YR 
for level 1; Amber Perspex 3042 D for levels 2 and 3 [AEA 
Technology, Harwell, UK]) were applied at both ends and in 
the middle of the meat layer. Irradiation temperature was be
tween -15 and -10°C. After the evaluation of the dosimeters, 
the average doses of each product were determined (31). The 
following mean dose levels were achieved: level 1, 0.6- 
0.8 kGy (standard deviations, 12-28%); level 2, 2.5-3.0 kGy 
(standard deviations, 5-12%); and level 3,6.7-7.5 kGy (stand
ard deviations, 3-8%). The dose rate of dose level 1 was 
0.167 Gy/s, and for the second and third dose levels, it was 
1.95 Gy/s. The dose rate error was ca ±10%.

Coding o f Specimens

Each laboratory received 54 specimens. The code consisted 
of a letter identifying the laboratory and a serial number from 
1 to 54. Specimens 1-27 were to be examined ca 3 months af
ter irradiation, and specimens 28-54 were to be examined ca 
6 months after irradiation. Specimens of chicken carcass (1-9 
and 28-36), pork (10-18 and 37-45), and beef (19-27 and 46- 
54) were to be examined during each study period. Of the 
9 specimens per type of meat and study period (9-specimen 
sets), 5 were provided by producer X and 4 by producer Y.

Dose Distribution

One specimen of each of the 9-specimen sets (No. 2,11,20, 
31,40, and 49) was not irradiated. The remaining 8 specimens 
were either nonirradiated or irradiated within 1 of the 3 dose 
levels. The distribution was at random.

Times o f Analysis o f the Coded Specimens

Fat extractions and GC analyses were done by the individ
ual laboratories between 1 and 4 months (specimens 1-27) and 
between 3 and 8 months after irradiation (specimens 28-54). 
Mean analysis times were in the third and sixth month.

Fat Extraction

The participants were free to choose between 2 methods of 
fat extraction. For both methods, test portions of the specimens 
had to be homogenized with an electric mixer. The extracted 
fat had to be preserved at 4°C in sealed-glass vials under nitro
gen gas until the isolation of the nonpolar fraction. We recom
mended the use of all the fatty parts of the specimens (the skin 
in the case of chicken carcass) for extraction. Method A was 
recommended for chicken carcass and pork and method B for 
the less-fatty beef. For each analysis, 0.5-1 g fat had to be ob
tained.

Procedure A .—Heat the test portion to 50°C in a glass cen
trifuge tube for about 30 min with occasional stirring until 
melting of the fatty phase has become apparent. Addition of 
small quantities of water to the homogenate may ease separa
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tion. Centrifuge 10 min at 900 X g. Remove the oil phase with 
a Pasteur pipet. Repeat extraction, if necessary.

Procedure B.—Mix equal parts (w/v) of the homogenized 
test portion and pentane-isopropanol (3 + 2, v/v) in a stirring 
blender. Centrifuge 10 min at 900 x g. Take the upper oil phase. 
The residue can be re-extracted with one third of the amount of 
solvent. Concentrate the unified oil phases by vacuum rotary 
evaporation at 40-50°C as far as possible. Add 20 mL pentane. 
Dry the extract over anhydrous sodium sulfate (AR) (heated to 
650^1 prior to use) for at least 1 h with occasional shaking. 
Remove the sodium sulfate by filtration. Evaporate the solvent 
as far as possible. Hexane can be used instead of pentane.

Separation o f Hydrocarbons by Florisil Column
Chromatography

HCs were to be extracted from the fat fraction by Florisil 
column chromatography. The Florisil could be used either in 
activated (by heating to 55()°C) or partly deactivated form. De
activation was to be performed in accordance with the follow
ing S 9 method for the analysis of pesticides as used by the 
German Research Association (32):

Heat Florisil (60-100 mesh) overnight to 550°C. Keep it 
sealed after cooling (heating removes volatile contaminants). 
Before use, heat Florisil for at least 5 h to 130°C. After cooling 
in a desiccator, add 3% water (w/w). Shake for at least 20 min. 
Keep this mixture sealed for 10-12 h. Use Florisil deactivated 
in this way only in the course of the next 3 days. Otherwise, 
heat Florisil again to 130°C and repeat deactivation.

Approximately 20 g of Florisil and a column height of 
10 cm (20 mm id) were recommended per test portion. Anhy
drous sodium sulfate AR (heated for decontamination to 
650°C) could be added on top of Florisil in a 1 cm layer.

For extraction of the nonpolar fraction, mix 1 g liquid fat 
with 1 mL internal standard (4 pg/mL n-eicosane) in pentane 
or hexane and put it on the column. Elute the HC with 60 mL 
eluent at a flow rate of 3 mL/min. Remove pentane to a volume 
of ca 3 mL by rotary evaporation without vacuum at a tempera
ture of 45°C. Use vacuum in case of hexane. About 0.5 mL 
isooctane may be added to exclude any accidental evaporation 
to dryness. Concentrate the test portion to ca 1 mL by means of 
a nitrogen gas flow.

Laboratory W did not follow the given description and used 
a liquid chromatographic apparatus directly linked to a GC ap
paratus instead of Florisil chromatography (16).

Gas Chromatography and Detection

The participants could choose their own GC conditions
(31). The use of a mass spectrometric (MS) system was recom
mended for detection because 2 out of 4 markers were not 
available as standard substances. Seven of the participating 
laboratories used a flame ionization detection (FID) system in
stead.

Calculation o f Quantities o f Hydrocarbons and
Determination o f Correction Factors for Recovery

The participants had to determine the recovery rates for 1- 
tetradecene, pentadecane, and 1 -heptadecene to correct the re

sults for the radiation-induced HCs 1-tetradecene, pentade
cane, and 8-heptadecene in the test portions. 1-Heptadecene 
and 8-heptadecene were assumed to behave in a virtually iden
tical manner. The results for 16:2 were not corrected because 
no standard was available.

To determine the recovery rates, mix 1 g fat from nonirradi- 
ated chicken carcass with 1 mL of a standard solution contain
ing eicosane (ca 4 pg/mL) as internal standard along with the 
3 HCs in similar concentrations. Process the fat under normal 
conditions. Perform 10 parallel analyses and calculate the cor
rection factors.

Yields for 14:1,15:0, and 17:1 were corrected for recovery.
Particularities

No results were reported for 10 specimens from the first 
study period and for 33 specimens from the second. Thirteen 
specimens were confused during analysis or distribution and 
were withdrawn from data analysis. Because of detachment of 
labels during distribution, 3 specimens of one laboratory were 
considered in the identification part only (all 3 specimens were 
irradiated but with different doses).

Because of contaminations of solvent or isooctane, one 
laboratory did not report on the concentrations of 14:1 and 
15:0, and another could not determine 15:0 yields in the first 
study period specimens. For the second study period speci
mens, no 14:1 values were provided by one laboratory because 
14:1 was added to the internal standard solution by mistake.

Two laboratories did not determine 16:2 yields because 
hexadecadiene standard was not available. However, in those 
cases in which no peaks were detected in the retention range of 
16:2, the result 0 pg/g fat was given by one of these laborato
ries.

Identification o f Coded Specimens as Irradiated

By threshold values (specimens o f the first and second study 
period).—Consider a specimen as irradiated if the calculated 
quantities for 3 of the 4 markers exceed the following thresh
olds: for 14:0, 0.15 pg/g fat; for 15:0, 0.15 pg/g fat; for 16:2, 
0.25 pg/g fat; and for 17:1, 0.20 pg/g fat.

Without threshold values (specimens o f the second study pe
riod).—In addition to the identification procedure described 
above, perform a second identification of specimens 28-54 
without giving regard to the threshold values. Take the follow
ing considerations into account for a decision (2 laboratories 
did not undertake this additional evaluation): Because 15:0 is a 
frequent contaminant (solvent, filter paper, etc.), this marker 
might be found in nonirradiated specimens; the Cn _ [ and 
Cn _ 2-1 markers, which are formed from palmitic and oleic acid 
(Table 2), must be clearly detectable in test portions of irradi
ated specimens; irradiation produces the largest quantities of 
16:2 and more 17:1 than 14:1 and 15:0 in the 3 types of meat; 
and unusually small amounts of 14:1 will be found in irradi- 
ated-pork specimens.

Data Analysis

For the qualitative analysis (identification), 864 specimens 
could be considered; for the quantitative data analysis,



1206 Schreiber Et Al.: Journal Of AOAC International Vol. 77, No. 5,1994

Table 2. Radiolytic Cn -1  and Cn 2 :i hydrocarbons for
main fatty acids

Marker
Palmitic 

acid, FA 16:0
Stearic acid, 

FA 18:0
Oleic acid, 

FA 18:1
Linoleic acid, 

FA 18:2

Cr-1 
Cn- 2:1

15:0
1-14:1

17:0
1-16:1

8-17:1
1,7-16:2

6,9-17:2
1,7,10-16:3

861 specimens could be considered. Laboratory O measured 
unusually high marker yields. Therefore, these values were ex
cluded from the summarizing data analysis, and this exclusion 
is indicated in captions or footnotes of figures and tables.

R esu lts

Determination o f Markers in Chicken Carcass 
Homogenates

The marker yields in chicken carcass homogenates irradi
ated with 2 different doses are given in Table 3. The mean val
ues of all laboratories for the markers 15:0, 16:2, and 17:1 
showed relative standard deviations between 20 and 38%.

Determination o f Markers in the Coded Specimens

Nonirradiated specimens.—In none of the test portions of 
nonirradiated chicken carcass specimens was 16:2 detected, 
and only in 3 specimens could 17:1 be detected (laboratory X; 
first study period). Both 16:2 and 17:1 were found in test por
tions of 6 nonirradiated beef specimens, and either 16:2 or 17:1 
were found in additional 3 and 2 beef specimens, respectively. 
However, in nearly all cases, the concentrations were ex
tremely low. Marker 16:2 was detected in test portions of 
3 nonirradiated pork specimens, 17:1 was detected in 16, and 
both markers were detected in 6 cases. Marker 15:0 was found 
frequently in test portions of nonirradiated specimens, and in 
particular in pork specimens.

Comparison o f the marker yields in test portions o fX  and Y 
specimens.—No significant differences in marker yields could 
be detected between test portions of the X and Y specimens for 
all 3 types of meat. Also, regression slopes coincided perfectly 
for the 3 and 6 month values (Figure 2). For this reason, the 
data of the X and Y specimens were combined in the following 
data analyses.

Mean marker yields 3 and 6 months after irradiation.— 
Mean values and standard deviations of the marker yields in 
test portions of chicken carcass, pork, and beef specimens are 
listed in Table 4 (for the first and second study period). Signifi
cant differences could not be shown between yields of first and 
second period specimens for the 3 types of meat. On the con
trary, data coincided very well.

Correction o f Data for Recovery

Although yields of 14:1, 15:0, and 17:1 were corrected for 
recovery, large interlaboratory variations in marker yields were 
obtained, in particular for pork test portions. Interlaboratory

Table 3. Hydrocarbon quantities in 3 aliquots of 
chicken carcass homogenates irradiated with doses of 
about 2 and 6 kGya

Laboratory 15:0 16:2 17:1

2 kGy dose

A 1.35+19 1.43 ±11 1.49 ±16
B 1.33 ± 8 1.99 ± 6 2.07 ± 7
F 1.09 ± 5 1.62 ± 6 1.28 ± 4
H 1.29 ±9 1.74 ± 6 1.79 ± 7
I 0.77 ± 13 1.27 ± 9 1.38 ± 4
J 2.01 ± 15 — 1.20 ± 37
K 1.16 ± 14 — 1.84 ± 9
L 1.06 ± 7 2.01 ± 6 1.59 ± 8
0 0.81 ± 11 2.98 ± 9 1.62 ± 6
pb 0.84 ±16 1.68 ± 7 1.55 ± 8
Q 1.08 ± 5 2.67 ± 6 1.47 ±12
S 0.97 ± 9 1.56 ± 7 1.18 ± 9
Tb 0.59 ±11 0.80 ± 24 1.05 ±29
U 1.40 ± 13 2.42 ± 10 1.65 ± 7
V 0.33 ± 55 1.93 ±12 2.08 ± 9
W 1.18 ± 4 2.10 ± 4 1.79 ± 9
x fc 1.95 ± 4 1.93 ± 3 1.23 ± 2
Mean 1.13 ± 38 1.88 ± 29 1.54 ± 20

6 kGy dose

A 2.64 ± 10 2.80 ± 5 2.43 ± 11
B 2.97 ± 6 5.46 ± 2 6.24 ± 5
F 2.34 ±34 3.83 ±14 3.46 ± 9
H 3.41 ±10 5.95 ±10 6.19 ± 8
I 1.74 ± 9 4.34 ±12 4.85 ± 7
J 3.52 ± 29 — 2.91 ± 23
K 2.11 ±25 — 4.30 ±11
L 2.38 ± 4 5.55 ± 1 4.27 ± 1
O 1.69 ± 6 7.37 ± 5 4.65 ±6
pfc 1.69 ±4 4.33 ± 6 4.14 ± 5
Qc 2.62 ± 8 7.25 ± 6 4.39 ± 5
Tb 1.41 ± 7 3.00 ± 9 2.88 ± 10
U 3.04 ± 4 6.36 ± 3 4.54 ± 2
V 0.87 ± 27 4.33 ±11 4.46 ±10
W 2.57 ± 6 5.50 ±5 4.47 ± 6
Xb 4.53 ± 9 5.71 ± 9 3.84 ± 4
Mean 2.47 ± 37 5.13 ±28 4.25 ± 25

3 Quantities were determined in 2 parallel analyses as mean 
(pg/g fat) ± standard deviation (%) a n of 6 values. 

b Mean and a n_, of 3 determinations. 
c Mean and a n_, of 4 determinations.

variations in marker yields were not diminished by corrections 
for recovery (31).

Dose Response

Y = c + a x D

For assessment of the dose dependencies of marker yields,
R values of the linear model:
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Atg/g FA 16:0---------- 1-----1-----1-----r
i- 1 - 1 4 : 1

CHICKEN (1 st Period) (a)

6 7
dosa [kGy]

4 5 6 7
dosa [kGy]

CHICKEN (2nd Period) 0»)

Figure 2. Marker concentrations per precursor fatty acid in fat of first and second period chicken carcass, pork, and 
beef specimens. 14:1 and 15:0 yields are per gram of palmitic acid; 16:2 and 17:1 yields are per gram of oleic acid. 
Linear regressions and 95% confidence intervals are given for X and Y specimens, respectively. Data of first and 
second period specimens were derived from 16 and 15 laboratories, respectively (laboratory O was excluded).
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Figure 2.

PORK (1st Period) («0

PORK (2nd Period) («*)

0 1 2 3 4 5 6 7  0 1 2 3 4 5 6 7
dose [kGy] dose [kGy]

(continued)
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Figure 2

BEEF (1 s t  Period) (e)

dose [kGy] dose [kGy]

. (continued)
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Table 4. Mean and standard deviations (pg/g) of marker yields obtained on test portions of the first and second 
period specimens9
Mean dose, kGy Study period 14:1 15:0 16:2 17:1

Chicken carcass

0 1st 0.04 ±0.19 0.02 ± 0.06 0.001 ± 0.007 0.02 ±0.13
2nd 0.11 ±0.21 0.05 ± 0.08 0 ± 0 0.002 ± 0.008

0.75 1st 0.63 ± 0.48 0.30 ±0.13 1.16 ±0.58 0.47 ±0.17
2nd 0.63 ± 0.29 0.40 ±0.19 1.32 ± 0.66 0.64 ± 0.39

2.7 1st 1.61 ±0.60 0.90 ± 0.32 3.24 ±1.19 1.87 ± 0.86
2nd 1.41 ±0.42 0.88 ± 0.20 3.22 ± 1.23 1.57 ± 0.47

6.8 1st 2.80 ± 0.80 1.66 ± 0.62 5.35 ±1.31 2.94 ± 0.87
2nd 3.01 ±1.31 1.58 ± 0.63 6.15 ±2.31 2.91 ±0.97

Pork

0 1st 0.03 ±0.13 0.53 ± 0.90 0.07 ±0.19 0.05 ±0.11
2nd 0.02 ± 0.06 1.00 ±1.12 0.01 ± 0.06 0.07 + 0.15

0.85 1st 0.46 ± 0.52 0.84 ± 0.66 1.64 ± 0.97 0.81 ± 0.72
2nd 0.26 ± 0.22 0.98 ±0.80 1.85 ±0.79 0.64 ± 0.26

2.7 1st 0.48 1 0.35 1.42 ± 0.83 3.42 ± 0.99 1.3610.44

2nd 0.68 ± 0.60 1.66 ± 1.28 3.60 ±1.69 1.3410.51

6.9 1st 0.79 ± 0.46 1.99 ± 0.73 5.90 ± 1.85 2.4710.80

2nd 0.91 ±0.59 2.28 ± 0.94 6.34 ± 2.73 2.531 0.92

Beef

0 1st 0.06 ±0.13 0.26 ± 0.29 0.05 ± 0.20 0.0310.16
2nd 0.11 ±0.31 0.31 ± 0.35 0.01 ± 0.04 0.01 10.03

0.7 1st 0.67 ± 0.34 0.78 ± 0.44 1.04 ± 0.47 0.68 10.42
2nd 0.77 ± 0.41 0.80 ± 0.43 1.17 + 0.71 0.7010.45

2.9 1st 1.62 ±0.80 1.35 ± 0.52 3.00 ± 0.91 1.7210.53
2nd 1.77 ±0.81 1.27 ± 0.52 3.04 ± 1.45 1.61 10.85

7.3 1st 3.14 ± 1.40 2.54 ± 1.04 5.31 ±1.89 3.8211.54
2nd 3.21 ±1.04 2.64 ±0.86 6.28 ± 2.33 4.2011.73

3 Mean and standard deviations were calculated from all single data that were reported by the laboratories (except Laboratory O).

where D  = dose and c  and a  = coefficients, were calculated for 
each marker in first and second study period specimens of each 
laboratory and for each type of meat. The mean R  values for all 
4 markers per laboratory reveal that in most cases similar dose 
dependencies were achieved on first and second study period 
specimens within one laboratory. For chicken carcass and beef 
specimens, very high R  values were achieved within nearly all 
laboratories. For pork specimens, some laboratories could 
hardly establish a dose dependency of marker yields; neverthe
less, high R  values were obtained by one laboratory in both 
study periods and by 3 laboratories in either the first or the sec
ond period (31). Mean R  values of all laboratories are given for 
first and second study period specimens of all 3 types of meat 
in Table 5.

Comparison o f the Variations o f Marker 
Concentrations

Relative standard deviations of the mean values obtained 
for chicken carcass homogenates and irradiated, coded chicken

carcass specimens of all laboratories were compared (Table 6 ). 
For 15:0, 16:2, and 17:1 yields, the standard deviations of ho
mogenates and coded specimens were very similar.

Table 5. Mean of R  values for linear fitting of marker 
yields to dose for first and second study period 
specimens9

Meat

f l  values, mean ±on

First period Second period

Chicken carcass 0 .9510 .05 0 .9310 .10
Pork 0 .7910 .17 0 .7710 .13
Beef 0 .9310 .05 0 .8710 .18

Yields of each marker and laboratory were linear-fitted dependent 
of dose to calculate respective Rvalues. Mean Rvalues of the 
4 markers were calculated for each laboratory and study period. 
Mean R  values of all laboratories are given.
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Table 6. Comparison of relative standard deviations 
obtained for mean yields of fatty acids 15:0,16:2, and 
17:1 in test portions of irradiated, coded, chicken 
carcass specimens of the first period and of chicken 
carcass homogenates3

Dose, kGy

Relative standard deviations, %

homogenized 15:0 16:2 17:1

0.75 Coded 46 52 35
2.7 Coded 36 36 46
-2 Homogenized 38 26 20
6.8 Coded 37 23 30
- 6 Homogenized 36 26 25

a Relative standard deviations were calculated from mean and 
standard deviations of all respective data reported by the 
laboratories (except Laboratory O).

Also, on the individual laboratory level, the variations for 
homogenized chicken carcass were not shown to be lower than 
those for coded ones (31).

Comparison o f the M arker Concentrations pe r Fatty
A c id  Concentration

For the yield of a certain marker per concentration of the 
precursor fatty acid, nearly the same dose dependencies could

be established for the Cn_ l HCs (15:0 and 17:1) in each type 
of meat (Figure 3). The high 15:0 yields in test portions of 
nonirradiated specimens are discussed in M a r k e r s  in  N o n ir r a -  
d i a t e d  S p e c im e n s —C o n ta m in a t io n . The 16:2 yields (Cn_ 2 :i) 
per oleic acid concentrations were the same in both chicken 
carcass and pork specimens, but they were somewhat lower in 
beef specimens. In contrast, the 14:1 concentrations (Cn_ 2:i) in 
chicken carcass and beef specimens were very similar, and the 
dose dependency of 14:1 yields in pork specimens was much 
less pronounced.

Ratios o f  C n - 1  and  C n- 2: 1  Hydrocarbon Yields and
Comparison to the Fatty A c id  Ratios

Ratios of marker yields were calculated for specimens irra
diated within the dose levels 2 and 3 and contrasted with ex
pected values (Table 7).

The ratios of 14:1 to 15:0 yields and of 16:2 to 17:1 yields 
(Q, _ 2:i/Cn _ i from palmitic and oleic acids, respectively) were 
nearly identical in chicken carcass and beef specimens. How
ever, there were extreme differences in both ratios for pork 
specimens.

The ratios of 14:1 to 16:2 (Cn_ 2:i from palmitic and oleic 
acids, respectively) as well as of 15:0 to 17:1 (Cn_! from 
palmitic and oleic acids, respectively) were very similar to the 
fatty acid ratio of 16:0 to 18:1 in the chicken carcass specimens

Figure 3. Dose dependencies of marker yields in test portions of chicken carcass (C), pork (P), and beef (B) 
specimens per precursor fatty acid concentration of palmitic acid (14:1 and 15:0) and oleic acid (16:2 and 17:1). Linear 
regressions and 95% confidence intervals were calculated for all specimens of both study periods and depicted per 
type of meat and marker (without Laboratory O values).
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Table 7. Comparison of yield and expected ratios for 
the Cn-i and C n-2:1 hydrocarbons in test portions of first 
and second period chicken carcass, pork, and beef 
specimens irradiated within dose levels 2 and 3a

Ratio Experimental Expected

Chicken carcass6

FA 16:0 Cn_2:1/Cn_, 1.8 ±0.6 R16:0 = R18:1
FA 18:1 Cn_2:i/C n_1 
FA 16:0 C ^ / F A  18:1

1.9 ±0.5 R16:0 = R18:1

Cn-2:1
FA 16:0 Cn ^FA 18:1

0.5 ±0.2 0.65

CVi 0.6 ±0.2 0.65

Porkc

FA 16:0 Cn_2A/Cn_i 0.4 ±0.4 R16:0 = R18:1
FA 18:1 CrH2:1/Cn_1 
FA 16:0 C ^ y F A  18:1

2.6 ±0.7 R16:0 = R18:1

Cn-2:1
FA 16:0 Cn_,/FA 18:1

0.2 ±0.2 0.73

Cn-1 1.1 ±0.6 0.73

Beef6

FA 16:0 Cn_2:1/Cn_1 1.3 ±0.4 R16:0 = R18:1
FA 18:1 Cn_2:1/Cn_,
FA 16:0 C^g.^FA 18:1

1.5 ±0.4 R16:0 = R18:1

Cn-2:1
FA 16:0 C ^ /F A  18:1

0.6 ±0.2 0.55

Cn-1 0.7 ±0.3 0.55

3 For each specimen, the respective ratios were calculated (except 
specimens of Laboratory O), Mean and standard deviations of 
these ratios are given. 

b FA ratio 16:0/18:1 =0.65. 
c FA ratio 16:0/18:1 =0.73. 
d FA ratio 16:0/18:1 =0.55.

(0.65). The HC ratios for beef (fatty acid ratio, 0.55) were also 
in the expected range. For pork specimens, a ratio of 0.73 was 
calculated for the 2 fatty acids. The range achieved for 15:0 to 
17:1 (1.1 ± 0.6) included the expected value. However, a ratio 
of 0.2 ± 0.2 was obtained for 14:1 to 16:2.

Identification Rates

Id en tif ica tio n  b y  th resh o ld  va lu es .—Results that could be 
considered in the qualitative evaluation were available for 
462 specimens from the first part of the interlaboratory test and 
for 402 specimens from the second part. Five of the 462 speci
mens in the first part were identified as false positive and 3 as 
false negative. In the second study period, 4 specimens were 
wrongly judged as irradiated and 3 specimens were wrongly 
judged as nonirradiated (Figure 4). This means that in both 
parts, 98.3% of the specimens had been identified correctly. It 
is striking that, in particular, pork specimens were incorrectly 
identified as irradiated (Table 8 ).

Id en tif ica tio n  o f  th e  s e c o n d  s tu d y  p e r io d  sp e c im e n s  w ith o u t  
th resh o ld  va lu es .—In this additional evaluation of the second

#N N um ber of sa m p le s

dose [kGy]

Figure 4. Number of specimens In the first (top;
17 laboratories) and second study periods (bottom;
16 laboratories) that were correctly or falsely identified 
by means of given threshold values in dependency on 
the dose. Specimens of the 3 types of meat were 
combined and depicted by using the mean doses.

study period specimens, which was based on the conclusive 
detection of markers, 96.6% of the specimens were correctly 
identified. One specimen was identified as false negative and 
11 specimens as false positive. However, Table 9 shows that 
none of the false positive specimens fulfilled the criteria de
scribed in the method section for a clear identification of a 
specimen as irradiated.

Discussion

The aim of the interlaboratory test—to demonstrate the suit
ability of the method to detect irradiated chicken carcass, pork, 
and beef—was clearly achieved. The method was, therefore, 
accepted as a method for qualitative detection by the LMBG 
(German Foods Act) Commission for inclusion in the O ffic ia l 
C o llec tio n  o f  M e th o d s  according to Article 35 of the German 
Foods Act. Although the yield of radiation-induced HC is dose- 
dependent, the method cannot be used for dose estimations in 
routine control applications because the marker yields depend 
on irradiation conditions that are normally not known (25, 30).
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Table 8. Specimens identified as false negative or 
false positive using threshold values

Code Meat
Dose,
kGy

Fatty acid, pg/g fat

14:1 15:0 16:2 17:1

False negative

a23 Beef X 0.6 0 0 0 0
k10 Pork X 0.8 0.12 0.30 — 0.30

Chicken
q33 Y 0.8 0.57 0.10 0.36 0.17
q51 Beef Y 0.8 0.63 0.30 0 0
t22 Beef X 0.6 0 0 0 1.23
x44 Pork Y 2.8 0 0 0.96 0.55

False positive

a43 Pork Y 0 0.90 0.90 1.70 0.69
h19 Beef X 0 0 0.23 0.71 0.26
h24 Beef Y 0 0.55 0.90 1.03 0.99
141 Pork X 0 0.24 3.16 — 0.25
q38 Pork X 0 0.89 0.64 2.80 0.85
q40 Pork X 0 2.30 2.10 0.40 0.31
w10 Pork X 0 0.07 0.31 0.39 0.34
w13 Pork X 0 0.09 0.60 0.64 0.43
w17 Pork Y 0 0.06 0.24 0.32 0.25

Thresholds 0.15 0.15 0.25 0.20

AOAC INTERNATIONAL has been asked to evaluate the 
method on the basis of the presented results.

To allow a proper rating of the results, it should be stressed 
that prior to the study, most of the participants were not familiar

Table 9. Specimens identified as false negative or 
false positive not using threshold values

Fatty acid, gg/g fat 
D o s e ,-----------------------------------------

Code Meat kGy 14:1 15:0 16:2 17:1

False negative

q51 Beef Y 0.8 0.63 0.30 0 0

False positive

a43 Pork Y 0 0.90 0.90 1.70 0.69
j40 Pork X 0 0.06 1.99 — 0.21
j41 Pork X 0 0.24 3.16 — 0.25
k40 Pork X 0 0 1.35 — 0.36
q38 Pork X 0 0.89 0.64 2.80 0.85
q40 Pork X 0 2.30 2.10 0.40 0.31
s40 Pork X 0 <0.14 2.95 <0.13 0.30
t37 Pork X 0 0 0 0 0
t38 Pork X 0 trace trace trace trace
t52 Beef Y 0 0 0 0 0
t54 Beef Y 0 0 0 0 0

with the method used. The majority of the laboratories were 
only given an extremely brief introductory phase (each labora
tory received 3 irradiated chicken carcass and pork specimens) 
before they had to analyze the coded specimens and homogen
ates.

As can be seen from Figure 1 and Table 2, a number of HCs 
are produced by irradiation. In the interlaboratory test, only 
tetradecene, pentadecane, hexadecadiene, and heptadecene 
had to be detected. These HCs were chosen because their par
ent substances, palmitic and oleic acids, are present in suffi
cient quantities in the triglycerides of all 3 types of meat. We 
decided to dispense with the detection of other radiation-in
duced HCs for the interlaboratory test because a limit had to be 
placed on the amount of work involved for the participants. 
Another important reason was that many unsaturated HCs were 
not available as standard substances. Therefore, identification 
was difficult, especially if no mass spectrometer was available. 
Although this also applied to 1,7-hexadecadiene and 8 -hep- 
tadecene during the interlaboratory test, these 2  substances 
were nevertheless used as markers for irradiation because they 
occur in the largest quantities after irradiation (13).

Determination o f Markers in Coded Specimens

A summary of the marker concentrations in coded speci
mens revealed considerable variation among the laboratories. 
This variation was to be expected for raw data. Therefore, the 
participants were requested to establish correction factors for 
the recovery of the individual markers. However, the variation 
was not reduced by means of correction. Also, the 2 different 
fat extraction procedures and the use of activated ( 2  laborato
ries) and deactivated Florisil could not be correlated with 
higher- or lower-marker yields. A possible explanation could 
be the addition of the standards to nonirradiated fat to deter
mine recovery rates, whereas in the case of irradiation, the 
markers are produced directly in the fat itself. Different mo
lecular arrangements that might influence elution behavior 
seem to be possible. However, recovery rates are probably too 
variable among independent analyses, which means that for 
every analysis, recovery rates have to be determined. Even the 
establishment of meat-specific recovery rates might be neces
sary for a proper quantitation of markers. Neither of these op
tions was done in this study.

Despite these problems, the mean dose dependencies of the 
markers calculated per precursor fatty acid agree with the con
centrations that were found by Nawar et al. (13) in the 3 types 
of meat examined. Only the 14:1 mean concentrations in pork 
specimens were slightly lower, whereas the 16:2 mean concen
trations in the chicken carcass specimens were somewhat 
higher.

Markers in Nonirradiated 
Specimens— Contamination

One or several markers were found in some nonirradiated 
specimens, particularly in pork specimens. Although the mark
ers cannot be regarded as radiation-specific, such results can be 
attributed to contamination according to our experience. Con
tamination was indicated because no markers could be deter
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mined in most of the nonirradiated specimens. The respective 
specimen pools are regarded as homogenous because no quan
titative differences could be shown between either the X and Y  
specimens or the 3 and 6  month specimens of a particular type 
of meat. Saturated HC and unsaturated HC with the double 
bond in the C-l position are substances that occur frequently. 
They can even be found occasionally in ‘high-purity’ solvents. 
The detection of the homologous series of saturated HCs to
gether with radiation-induced markers can be regarded as a 
conclusive sign of contamination. Florisil, sodium sulfate, fil
ter paper, extraction thimbles, and dirty glassware are frequent 
sources of contamination. Any contact between the extracted 
fat and plastics must be avoided as well.

Comparison o f the 3 and 6 Month Values

It is a particularly interesting feature of the results that no 
differences could be established among the marker concentra
tions in the first and second study period specimens. This 
shows that the possible production of markers by autoxidation 
is only of minor significance in quantitative terms and that it 
does not affect identifiability. The irradiation of the specimens
2  months after purchase meant an extension of the study period 
to approximately 8  months, during which time no markers 
were detected in the overwhelming majority of nonirradiated 
specimens nor could production of markers by autoxidation be 
established. Moreover, the conformity among the results of the
3 and 6  month measurements shows the stability of markers. 
This means that an irradiated product can be identified even 
after prolonged storage.

Determination o f HCs in Irradiated Chicken Carcass 
Homogenates

Homogenates were included in this study to reveal nonop- 
timized GC conditions and processing problems. Whereas gen
erally high standard deviations should be attributable to both 
problems, very different relative standard deviations for the 2  
homogenates should result from processing problems.

Although the standard deviations of the mean marker con
centrations in the homogenates varied greatly, which indicated 
described problems in some laboratories, R  values of homo
genates and irradiated, coded chicken carcass specimens could 
not be correlated. Most laboratories that observed a high vari
ation in homogenates (low R values) recorded higher R  values 
in coded specimens and vice versa.

A comparison between the R  values of homogenates and 
irradiated, coded specimens also showed that, contrary to ex
pectations, the R  values of homogenates were not noticeably 
higher. Therefore, the conclusion must be drawn that the errors 
of various analyses were greater than the variation of the 
marker concentrations in irradiated, coded chicken carcass 
specimens of a respective dose level.

M arker Yield pe r Precursor Fatty Acid and Ratios of 
Radiation-Induced HCs

According to the cleavage scheme of triglycerides, it was to 
be expected that the yield of a certain marker per concentration 
of the precursor fatty acid was the same for all 3 types of meat

(30). This was nearly achieved for Cn_ t HCs. The lower slope 
of the 15:0 regression line for pork specimens was attributed to 
contaminations. In comparison to chicken carcass, somewhat 
higher 15:0 mean yields were achieved for beef. However, for 
Cn_ 2:i HCs, very low 14:1 yields were obtained in pork speci
mens. Also, the 16:2 mean yields were somewhat lower for 
beef compared with chicken carcass or pork specimens. Differ
ent efficiencies of ionizing radiation for HC yields might result 
from different molecular arrangements of fatty acids in the 
triglycerides of the respective meat. However, this possibility 
is speculative and needs clarification.

We also assumed that the ratios of radiation-induced 
Cn _ 2:i and Cn _ j HCs for both precursor fatty acids would be 
the same within a single type of meat, i.e., the ratios of yields 
of 14:1 to 15:0 and 16:2 to 17:1 per type of meat should be the 
same or at least similar. This proved to be the case for chicken 
carcass and beef specimens. However, for pork specimens, 
mean ratios of 0.4 and 2.6 were calculated.

Furthermore, the radiation-induced Cn _ , (15:0 to 17:1) and 
Cn _ 2: i HCs (14:1 to 16:2) should be detectable in a ratio that 
corresponds to the ratio of the fatty acid concentrations (palmi
tic acid to oleic acid) in this type of meat. Again, this could be 
shown for chicken carcass and beef specimens, but for pork 
specimens the Cn _ 2:l ratio was far outside the expected range.

Identification o f Specimens

The qualitative part of the interlaboratory test—the identifi
cation of the specimens as irradiated or nonirradiated—was the 
most important aspect. However, the quantitative and qualita
tive parts cannot be viewed in isolation from one another be
cause the initial fixing of threshold values required a quantita
tion of the markers. On the basis of given threshold values in 
both study periods, 98.3% of the specimens were correctly as
sessed. Even the specimens irradiated with doses of level 1 (ap
proximately 0.6-0.8 kGy) were correctly identified in approxi
mately 97% of the cases. The large number of correctly 
identified specimens was a result of the requirement that a 
specimen should only be classified as irradiated if the threshold 
values of at least 3 of the 4 analyzed markers were exceeded.

False identifications often occurred in laboratories that also 
reported mixups of specimens during analysis (h24, q33, q38, 
q40, and q41). Other samples were identified as false positives 
on the basis of marker yields very close to the threshold values 
(hl9, wlO, wl3, and wl7); for one specimen, 16:2 was not 
determined (j41).

Despite these high identification rates, the quantitative vari
ations in marker yields made a review of the threshold value 
identification necessary. By the additional identification in the 
second study period, which was based on the conclusive detec
tion of all the markers rather than on threshold values, more 
specimens were identified as false positive and only one irradi
ated specimen was not detected. However, the data listed in 
Table 9 show that none of the false positive specimens would 
have been identified as irradiated if the criteria described in the 
method section would have been strictly applied. At least, the 
analysis should have been repeated in cases of suspicion (a4 3 , 
q38, q40, and s40), which was not done. Thus, the result of this
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evaluation appears only at first glance to be worse than the 
identifications made with the help of threshold values. Accord
ing to the data and to our experience, false positive identifica
tion can be excluded if a specimen is not identified as irradiated 
until the described conditions have been fulfilled. Furthermore, 
there is no need to use only the 4 markers that had to be meas
ured in this interlaboratory test. All the anticipated radiation-in
duced markers produced from the main fatty acids should be 
determined, at least if a mass spectrometer is available. Of par
ticular importance for a rating is the detection of unsaturated 
HCs with double bonds in the middle of the chain (see Table 2) 
because these substances are not known to occur naturally. The 
proposed method submitted to the German LMBG Commis
sion and the AOAC Commission, therefore, envisages the clear 
detection of these HCs as a prerequisite for the identification of 
an irradiated specimen. On the basis of the broad database that 
was achieved as a result of this interlaboratory test, the ratios 
of the marker concentrations can be used to confirm an assess
ment because, in fats of different types of meat, a particular HC 
pattern is induced (Figure 1). The ratios obtained from the in
terlaboratory test data match those that can be calculated from 
the data provided by Nawar et al. (13).

Notes on Methodology

On the basis of the experience gained during the interlabo
ratory test and the results of other optimization studies per
formed in parallel (25), the following advice can be given: An 
optimization of the GC system by means of standards is ur
gently recommended (temperature program, column, solvent, 
and injection mode). The organizing laboratory recommends 
the use of capillary columns with methyl silicon phases (5% 
diphenyl-95% dimethylpolysiloxane) for HCs separation. The 
HCs elute separately in groups of the same chain length and in 
the order of their boiling points (Figure 1).

The use of both activated and deactivated Florisil was per
mitted for the interlaboratory test. In the meantime, however, 
the use of activated Florisil is not advisable because polyun
saturated HCs can be retained depending on the level of acti
vation (which, in turn, is dependent on the storage period of 
Florisil after heating) (20, 25). Moreover, a stable level of acti
vation can be achieved for at least 3 days as a result of partial 
deactivation by an addition of 3% water. Also, different Florisil 
batches may have a different retention capacity, which means 
that the complete elution of the HCs should be tested by frac
tionating the eluate when the batches are changed. Both hexane 
and pentane can be used as elution agents. We recommend the 
addition of isooctane before concentrating the eluate. Sodium 
sulfate must be heated to remove possible contaminants.

Prospects

The method was tested on 3 types of meat: chicken carcass, 
beef, and pork. Even though no comprehensive studies were 
conducted so far that involved other types of fat-containing 
foods, the method should be able to clearly reveal irradiation in 
other fat-containing products provided the main fatty acids 
and, thus, the most important radiation-induced HCs are

known. The organizing laboratory conducted promising stud
ies on fish, fruit seeds, and Camembert, for instance.

The reason for low concentrations of 14:1 in pork speci
mens remains to be revealed. This result has shown that the 
marker concentration of irradiated products is not determined 
solely by the fatty acid contents but also by another unknown 
factor. In contrast to chicken carcass and beef, there is also no 
straight forward relationship between the ratio of certain alkyl- 
cyclobutanones—other radiation-induced substances that are 
suitable for detection—and the fatty acid content of pork (33). 
We assume that the reasons are the same. Clarification of this 
factor is important for the extrapolation of the results to other 
fat-containing foods.

Conclusions

By means of an interlaboratory test, a comprehensive data
base was established that shows that irradiated raw chicken 
carcass, pork, and beef can be clearly identified during the nor
mal storage period. Therefore, the method can be applied in 
routine control.
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FOOD COMPOSITION AND ADDITIVES

Effect of Infrared Analyzer Homogenization Efficiency on 
Repeatability of Uncorrected Fat A and Fat B Signals
E r ik a  B . S m it h , D avid  M. B a r b a n o , and J oa n n a  M. L y n c h
Cornell University, Northeast Dairy Foods Research Center, Ithaca, NY 14853 
J .  R ic h a r d  F l e m in g
U.S. Department of Agriculture, Agricultural Marketing Service, Texas Milk Market, Carrollton, TX 75006

Poor repeatability by infrared milk analyzers may 
be caused by inefficient homogenization as  a result 
of light scattering and the Christiansen effect. The  
objectives of this study were to identify instru
ments with good and poor homogenization effi
ciency and to determine if a difference exists in re
peatability performance between instruments with 
good vs  poor homogenization efficiency. Unhomo
genized and homogenized portions of the sam e  
milk were tested 20 times consecutively on 22 in
struments. An instrument was considered to have 
poor homogenization efficiency if the mean differ
ence in the uncorrected signal between unhomo
genized and homogenized portions of the sam e  
milk was > 1 .4 3 %  of the fat test (i.e., >0.05% at 3 .5 %  
fat). Instruments were evaluated for repeatability by 
calculating the sam ple standard deviation and the 
range of the latter 19  uncorrected readings for un
homogenized and homogenized milks. When re
peatability was evaluated as  a function of homog
enization efficiency, there was a significant (p = 
0.001) correlation between poor homogenization ef
ficiency and poor repeatability when testing unho
mogenized milk but not when testing homogenized 
milk. Improved homogenizer performance within in-

Received June 7, 1993. Accepted by GL November 17, 1993.

frared milk analyzers is needed to improve the re
peatability of raw milk testing.

I nfrared milk analysis is a rapid and cost-effective method 
for measuring fat, protein, and lactose concentrations in 
milk. Infrared milk analyzers use 4 specific sample wave

lengths to measure light absorbance by the major structural 
groups present in milk fat, protein, and lactose in combination 
with 4 specific reference wavelengths (1). The fat A channel 
measures the absorbance at 5.73 (im caused by the stretching 
of carbonyl groups, whereas the absorbance at 3.46 |im caused 
by the carbon-hydrogen stretch is measured by the fat B chan
nel. The amide groups of milk proteins absorb energy at 
6.465 |i.m, and the hydroxyl groups of lactose absorb energy at 
9.610 pm (1).

Accuracy of results obtained from infrared milk analysis is 
dependent upon adequate mechanical and electrical perform
ance (i.e., performance characteristics) of the instrument in ad
dition to proper instrument calibration by the operator (2). Ho
mogenization efficiency and repeatability are 2  important 
performance characteristics that the instrument operator must 
monitor periodically. Inefficient homogenization of raw (unho
mogenized) milk within the instrument results in a nonuniform 
distribution of fat globule size within a milk sample that can 
cause light scattering and the Christiansen effect (i.e., shift in 
wavelength of maximum light absorption) (3,4). A recent sur
vey of 22 infrared analyzers (5) found that more instruments 
than expected failed the homogenization efficiency criteria as 
stated in official methods (6 , 7).
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Table 1. Methods to determine repeatability for the infrared milk analyzer

Method No. samples3
Number of 

determinations Repeatability criteria

IDF 1 2 Absolute difference <0.040% (i.e., s k 0.014); absolute difference <0.060% (i.e., s k O.021) 
for instruments of the first generation

AOAC 8 2/sample Mean difference between duplicate instrument estimates <0.02%; sr of the difference 
between duplicate instrument estimates <0.02%b

a Neither the composition nor the type of milk to be used (i.e., raw or homogenized) is specified. 
b Corresponds to range <0.057% (i.e., range = 2.83 * sr).

Repeatability is the closeness of agreement between results 
(i.e., precision) obtained by repeated measurements on identi
cal material by a standard method (8 ). AOAC considers a fat 
channel to have acceptable precision if the channel can main
tain a standard deviation of the mean difference between dupli
cate analyses <0 .0 2 % and a mean difference between duplicate 
instrument estimates <0 .0 2 % based on the analysis of 8  differ
ent samples (6 ). The International Dairy Federation states that 
an infrared milk analyzer has adequate precision if the absolute 
difference between single determinations on one sample is 
<0.04% for each channel (7). A summary of these different re
peatability criteria is given in Table 1.

The manufacturer of the Foss Milkoscan 104 lists the fol
lowing technical specifications for the instrument: standard de
viation <0 .0 2 % for samples containing 2 - 6 % fat and relative 
standard deviation (i.e., coefficient of variation) <0.5% for 
samples containing 6-15% fat (9). Differences among the vari
ous methods and criteria for determining instmment repeatabil
ity should be reviewed against the manufacturer’s claims and 
from actual data for instrument repeatability from laboratories. 
Official methods groups should develop a harmonized criterion 
for repeatability.

A previous study suggests that inefficient homogenization 
by the infrared analyzer may be responsible for poor repeat
ability observed when testing unhomogenized milk (10). Be-

Table 2. Model and number of instruments in the 
survey
Instrument model Abbreviation Number of instruments

Milkoscan 104a MS 104 7
Milkoscan 134a MS 134 3
Milkoscan 255a MS 255 1
Multispec Dairy Lab 1b DL-1 1
Multispec Dairy Lab 2b DL-2 1
Multispec M1b M-1 3
Multispec M1: Bentleyc M-1 B 2
Multispec M2b M-2 4
Total 22

a Manufactured by Foss Electric, Hillerod, Denmark. 
b Manufactured by Multispec, Ltd, York, UK. 
c The Bentley modification of the Multispec M-1 uses the optical 

system of the original instrument and then transfers total control of 
the signal to an external computer utilizing software developed by 
Bentley Instruments (Chaska, MN).

cause this particular study involved only one instrument, the 
poorer repeatability observed when testing unhomogenized 
milk was later attributed to a specific (or manufacturer) instru
mental failure (11). However, poor repeatability when testing 
unhomogenized milk might be correlated with inefficient ho
mogenization by the instrument’s homogenizer. When testing 
raw milk, the fat globule size distribution produced by the ho
mogenizer may be different from one measurement cycle to the 
next in an instmment with poor homogenization efficiency. 
This variability may be manifested as poor instmment repeat
ability. Fat B channel repeatability may be affected more by the 
instrument's inefficient sample homogenization because of its 
shorter wavelength than the fat A channel. This occurs because 
light scattering becomes more pronounced as the diameter of 
the fat globule approaches the wavelength of light at which a 
measurement is being made (4,12,13).

The objectives of this study were (7) to identify instmments 
with poor and good homogenization efficiency and (2 ) to de
termine if there is a difference in repeatability performance of 
the instmments with poor and good homogenizer efficiency.

Experimental

Preparation o f Samples

Raw milk (ca 3.3% fat) was pasteurized at 7 6 .6 ° C , and a 
portion of the pasteurized, unhomogenized milk was collected. 
Another portion of the same milk was homogenized using a
2-stage homogenizer (Creamery Package homogenizer, NFG 
Co., Chicago, IL) at 12 411 kPa (i.e., 1800 psi). Separately, a 
pasteurized (82.2°C) portion of Half & Half (ca 10% fat) was 
collected before homogenization and another portion was col
lected after homogenization using a Gaulin 2-stage homoge
nizer (APV Gaulin, Inc., Everett, MA) at 12 411 kPa. The un-

Table 3. Fat content of unhomogenized and 
homogenized portions of the same milk at 2 different fat 
levels

% Fat3

Sample pressure, kPa Low fat level High fat level

Unhomogenized
Homogenized

0
12411

3.282
3.282

5.990
5.998

a Ether extraction fat values represent the mean of duplicate 
analyses by 1 analyst.
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Table 4. Calculated primary slopes of the uncorrected 
signals for the fat A and B channels of the instruments 
participating in the survey

Instrument
number

Primary slope

Model Fat A Fat B

1 DL-1 1.35 0.81
2 DL-2 1.36 1.30
3 MS 104 0.94 0.98
4 MS 104 0.92 0.93
5 MS 104 1.01 1.04
6 MS 104 0.95 1.19
7 MS 104 0.89 0.99
8 MS 104 0.95 0.99
9 MS 104 0.93 1.00

10 MS 134 0.91 1.01
11 MS 134 0.92 0.90
12 MS 134 1.02 1.01
13 MS 255 1.01 0.98
14 M-1 1.05 1.06
15 M-1 1.08 1.02
16 M-1 0.95 0.67
17 M-1 B 0.84 0.62
18 M-1 B 0.98 0.67
19 M-2 1.08 1.05
20 M-2 1.02 1.00
21 M-2 0.84 0.73
22 M-2 0.77 0.62

homogenized and homogenized Half & Half were diluted to 
6 % fat with pasteurized skim milk. This yielded a pair of pas
teurized unhomogenized and homogenized milks at 3.3 and 
6 % fat for use in evaluating homogenization efficiency and re
peatability.

Each test material was mixed, split uniformly into 80 mL 
Whirl-Pak bags (Nasco, Fort Atkinson, WI), and cooled in 
crushed ice immediately after processing. After the bags were 
subdivided into 2 2  sets of test samples, the test samples were 
shipped by overnight delivery to 16 laboratories that operated 
a total of 22 instruments. The model and number of instruments 
that participated in the survey are shown in Table 2. Each in
strument received 5 test portions of the unhomogenized and 
homogenized milks at 3.3 and 6 % fat. All analysts were pro
vided with detailed instructions describing sample handling 
and testing procedures.

Chemical and Instrumental Analysis

The fat concentrations of the unhomogenized and homoge
nized milk samples were determined by ether extraction (14) 
to verify that the fat content of the unhomogenized and ho
mogenized milk in each pair was as close as possible to the 
same fat content (Table 3). Any differences in fat content be
tween unhomogenized and homogenized milk within each pair 
were less than 0.01% fat. All 22 instruments included in the 
survey were used routinely for raw milk testing, and no special

Table 5. Homogenization efficiency test values: 
homogenized minus unhomogenized primary slope 
adjusted uncorrected readings for the fat A and fat B 
channels for each instrument3

Instrument
Number

3.3% Fat 6% Fat

Model Fat A Fat B Fat A Fat B

1 DL-1 -0.033 -0.046 -0.104* 0.088*
2 DL-2 -0.022 -0.022 -0.064 -0.062
3 MS 104 — 0.099* — 0.209*
4 MS 104 -0.027 0.008 -0.122* -0.010
5 MS 104 0.008 0.084* 0.037 0.257*
6 MS 104 -0.010 0.021 -0.012 0.102*
7 MS 104 -0.091* 0.084* -0.280* 0.206*
8 MS 104 0.000 -0.011 -0.103* 0.043
9 MS 104 -0.005 -0.002 -0.033 -0.004

10 MS 134 -0.059* 0.115* -0.296* 0.216*
11 MS 134 0.004 0.086* -0.078 0.139*
12 MS 134 -0.021 0.068* -0.147* 0.157*
13 MS 255 -0.014 0.005 0.005 0.027
14 M-1 -0.008 0.023 0.050 0.165*
15 M-1 0.012 0.032 0.038 0.083
16 M-1 — — — —
17 M-1 B 0.014 — 0.055 —
18 M-1 B 0.015 0.038 0.051 0.098*
19 M-2 -0.012 -0.007 -0.065 -0.012
20 M-2 -0.012 0,010 -0.070 0.040
21 M-2 -0.026 0.130* -0.044 0.187*
22 M-2 0.003 — -0.010 —
Number of 

instruments 
evaluated 20 19 20 19

Number of failures 2 7 6 11

a Data discarded from the fat A channels of instruments 3 and 16 
and from the fat B channels of instruments 16,17, 22 for failing a 
repeatability evaluation using water. 

b Difference between uncorrected fat signals for homogenized and 
unhomogenized milk >1.43% of the fat content of the milk pair 
used for the test.

adjustments were made to the instruments before conducting 
the survey.

Evaluation o f Homogenization Efficiency and
Repeatability

Instrument operators were instructed to zero their instru
ments before testing and between test materials. The fat A and 
B channels of each instrument were evaluated first for repeat
ability on water by collecting 2 0  consecutive readings on water 
before the repeatability check was performed on the 4 different 
types of milk samples. Instruments were considered to exhibit 
acceptable repeatability on water if the uncorrected signal 
range of the latter 19 water readings was <0.04%. Only data 
from those channels that displayed acceptable water repeat
ability were included in the survey results. If an instrument 
could not repeat on water, probably another source of the re
peatability problem existed separate from the homogenizer.
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Table 6. Slope-adjusted repeatability ranges for the fat A and fat B channels

Instrument
number Model

Fat A Fat B

3.3% Fat 6% Fat 3.3% Fat 6% Fat

Unhomo.3 Homo. Unhomo. Homo. Unhomo. Homo. Unhomo. Homo.

1 DL-1 0.022 0.022 0.037 0.030 0.025 0.012 0.025 0.037

2 DL-2 0.015 0.007 0.022 0.007 0.008 0.015 0.023 0.015

3 MS 104 — — — — 0.041 0.041 0.092 0.031

4 MS 104 0.011 0.000 0.043 0.022 0.032 0.021 0.032 0.021

5 MS 104 0.030 0.020 0.040 0.020 0.048 0.029 0.096 0.019

6 MS 104 0.011 0.011 0.032 0.021 0.034 0.025 0.109 0.034

7 MS 104 0.056 0.034 0.134 0.022 0.030 0.030 0.112 0.020

8 MS 104 0.032 0.021 0.053 0.021 0.020 0.030 0.080 0.040

9 MS 104 0.021 0.021 0.021 0.011 0.020 0.020 0.010 0.040

10 MS 134 0.011 0.011 0.044 0.022 0.020 0.020 0.060 0.020

11 MS 134 0.022 0.011 0.033 0.022 0.067 0.011 0.067 0.011

12 MS 134 0.029 0.010 0.049 0.049 0.049 0.010 0.040 0.040

13 MS 255 0.030 0.030 0.059 0.020 0.031 0.041 0.061 0.041

14 M-1 0.029 0.029 0.076 0.010 0.066 0.019 0.057 0.028

15 M-1 0.009 0.028 0.046 0.019 0.020 0.029 0.059 0.039

16 M-1 — — — — — — — —

17 M-1 B 0.036 0.024 0.059 0.012 — — — —

18 M-1 B 0.020 0.020 0.041 0.020 0.030 0.059 0.104 0.059

19 M-2 0.018 0.028 0.037 0.055 0.029 0.019 0.057 0.048

20 M-2 0.020 0.010 0.030 0.020 0.020 0.020 0.030 0.020

21 M-2 0.024 0.012 0.059 0.024 0.074 0.045 0.117 0.079

22 M-2 0.026 0.026 0.065 0.026 — — — —

a Unhomo. = unhomogenized, homo. = homogenized.

The order of sample testing was as follows: water to set 
zero, unhomogenized milk at 3.3% fat, homogenized milk at 
3.3% fat, unhomogenized milk at 6 % fat, homogenized milk at 
6 % fat, and water for a final zero check. Water was used to 
check and reset zeros if needed between different types of milk 
samples. Homogenization efficiency and repeatability were 
evaluated on each test sample by collecting 2 0  consecutive un
corrected instrument readings on each type of milk. Because 
there were 5 Whirl-Pak bags of milk per test sample, this was 
achieved by taking 4 readings consecutively from each of the 
5 Whirl-Pak bags. The milk in each Whirl-Pak bag was mixed 
by inversion between readings.

The first reading on milk out of 20 was discarded to avoid 
any carryover effect when changing from water to milk. The 
primary slope of the uncorrected signal for the fat A and B 
channels was calculated for each instrument by dividing the 
mean difference between the uncorrected signal for the ho
mogenized milks containing 3.3 and 6 % fat by the mean differ
ence in fat content between the homogenized milks containing 3.3 
and 6 % fat determined by ether extraction (Table 3). Primary 
slopes of the uncorrected signal for each fat channel of each in
strument that participated in the survey are displayed in Table 4.

When comparing data between several instruments, mis
leading homogenization efficiency and repeatability compari
sons could occur if the primary slope of the uncorrected signal 
for a channel is significantly larger or smaller than 1 . 0 0  from

one instrument to the next. Therefore, all uncorrected signals 
of each instrument were adjusted mathematically to a slope of
1 . 0 0  for each channel before homogenization and repeatability 
values were calculated in this study.

Mean slope-adjusted uncorrected signals for the fat channels 
were calculated for each instrument by dividing mean uncorrected 
signals by the primary slope. Official methods state that instru
ments with a difference between unhomogenized and homoge
nized portions of the same milk >0.05% fail homogenization effi
ciency (6 ,7). A revised homogenization efficiency criterion that 
can be adjusted for different fat concentrations was applied to the 
pairs of unhomogenized and homogenized portions of the same 
milk both at 3.3 and 6 % fat, as reported previously (5). Am instru
ment failed the homogenization efficiency test if the difference 
between unhomogenized and homogenized portions of the same 
milk was >1.43% of the actual fat content of the pair of samples 
used to evaluate homogenization efficiency. Repeatability was de
termined by calculating the standard deviation (sr) and the range 
of 19 primary slope-adjusted uncorrected instruments’ readings 
for each test sample.

Results and D iscussion

On the fat A channel, 2 instruments (numbers 3 and 16) had
poor repeatability on water, so only 20 out of 22 instruments
were evaluated for homogenization efficiency and repeatabil-
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Table 7. Slope-adjusted standard deviation (sr) data for the fat A and fat B channels

Fa t  A  F a t B

3 .3 %  Fat 6%  Fa t  3 .3 %  Fat 6%  Fat
Instrum ent ------------------------------------- ------------------------------------- ------------------------------------  ------------------------

num ber Model U n h o m o .3 Flom o. Unhom o. Hom o. Unhom o. Hom o. Unhom o. Homo.

1 DL-1 0 .0 0 7 0 .0 0 6 0 .0 1 2 0 .0 0 7 0.009 0 .0 0 6 0 .0 0 8 0 .009
2 D L-2 0 .0 0 4 0 .0 0 3 0 .0 0 6 0 .0 0 4 0 .0 0 3 0 .005 0 .0 0 6 0 .0 0 5
3 M S  104 — — — — 0 .0 1 2 0 .0 0 9 0 .0 2 2 0.008
4 M S  104 0 .0 0 6 0 .0 0 0 0 .0 0 9 0 .0 0 7 0 .0 0 8 0 .0 0 7 0 .0 0 8 0.006
5 M S 104 0 .0 0 8 0 .0 0 6 0.011 0 .0 0 6 0 .0 1 2 0 .0 0 7 0 .0 2 5 0.006
6 M S 104 0 .0 0 4 0 .0 0 4 0.011 0 .0 0 6 0 .0 1 0 0 .0 0 8 0 .027 0.008
7 M S 104 0 .0 1 6 0 .0 0 7 0 .0 3 3 0 .0 0 7 0 .0 0 9 0 .0 0 8 0 .0 2 9 0.006
8 M S  104 0 .0 1 0 0 .0 0 9 0 .0 1 6 0 .0 0 7 0 .0 0 6 0 .0 0 8 0 .0 2 7 0 .0 1 0
9 M S 104 0 .0 0 6 0 .0 0 6 0 .0 0 7 0.005 0 .005 0 .0 0 7 0.005 0.012

10 M S  134 0 .0 0 5 0 .0 0 5 0.011 0 .0 0 7 0 .005 0 .0 0 6 0.016 0.005
11 M S  134 0 .0 0 8 0 .0 0 5 0 .0 0 9 0 .0 0 4 0 .020 0 .0 0 6 0 .0 1 8 0 .0 0 6
12 M S 134 0 .0 0 8 0 .0 0 5 0 .0 1 6 0.011 0 .0 1 3 0 .0 0 5 0.011 0.012
13 M S  255 0 .0 0 9 0 .0 1 2 0 .0 1 7 0 .0 0 6 0 .0 0 9 0 .0 1 0 0 .0 1 7 0.011
14 M-1 0 .0 0 8 0 .0 0 7 0 .0 1 9 0 .0 0 4 0 .0 1 5 0.005 0 .0 1 7 0 .0 0 9
15 M-1 0 .0 0 5 0 .0 0 7 0 .0 1 4 0 .0 0 7 0 .0 0 8 0.010 0.021 0.011

17 M-1 B 0 .0 1 0 0 .0 0 6 0 .0 1 2 0 .0 0 6 — ___ ___ ___

18 M-1 B 0 .0 0 6 0 .0 0 7 0.011 0 .0 0 6 0 .0 1 0 0 .0 2 0 0 .0 2 4 0 .0 1 2
19 M-2 0 .0 0 5 0 .0 0 6 0 .0 0 9 0.011 0 .0 0 8 0 .0 0 7 0 .0 1 3 0.012
20 M-2 0 .0 0 6 0 .0 0 4 0 .0 0 8 0 .0 0 6 0.005 0 .0 0 7 0 .0 1 0 0 .0 0 7
21 M-2 0 .0 0 5 0 .0 0 6 0 .0 1 8 0 .0 0 6 0 .0 2 0 0 .0 1 3 0 .0 3 6 0.027
22 M-2 0 .0 1 0 0 .0 0 7 0 .0 1 6 0 .0 0 7 — — — —

Unhom o. = unh om o gen ized , hom o. = ho m og enized .

ity on milk for this channel. Three instruments (numbers 16, 
17, and 22) displayed poor repeatability on water for the fat B 
channel. Therefore, only 19 out of 22 instruments were evalu
ated for homogenization efficiency and repeatability on milk 
for this channel. Results from the homogenization efficiency 
evaluation are shown in Table 5. Many instruments were un
able to satisfy the revised homogenization efficiency criteria, 
and more instruments failed those criteria at 6 % than at 3.3% 
fat on both channels.

Tables 6  and 7 contain slope-adjusted uncorrected signal re
peatability ranges and slope-adjusted standard deviation (sr) 
data from the survey, respectively. Because different groups 
have used different criteria to evaluate repeatability, we be
lieved that expressing the results in both forms would be bene
ficial. Many more instruments exceeded the range criterion of 
<0.04 over 19 readings than exceeded the standard deviation 
(sr) criterion of <0.02%. Thus, the 2 criteria are not equivalent 
and assessment of channel repeatability using a range of <0.04 
over 19 samples was a more restrictive criterion for evaluating 
repeatability status.

Results in Tables 5-7 indicate that a correlation may exist 
between inefficient homogenization and poor repeatability 
when testing raw milk samples. If this is true, then there should 
be a statistically significant increase in repeatability range and 
standard deviation with decreasing homogenization efficiency 
by the instrument homogenizer when testing unhomogenized

milk. However, a statistically significant increase in repeatabil
ity range and standard deviation would not be expected for 
milks that have been efficiently homogenized externally to the 
infrared milk analyzer. To test this hypothesis, a series of first 
order regression analyses of variance (ANOVAs) was calcu
lated for each fat channel.

First, the absolute homogenization efficiency test values 
(Table 5) for the fat A and B channels were adjusted for fat 
content by dividing each value by the fat content of the milk 
used (i.e., 3.3 or 6 %) to assess homogenization efficiency. This 
allowed the homogenization efficiency data from milks con
taining different fat contents to be combined as one data set 
from each channel. First-order regression analyses were calcu
lated separately of repeatability standard deviation data for un
homogenized and homogenized milks as a function of fat-ad
justed absolute homogenization efficiency values and are 
shown for the fat A (Figures 1 and 2) and the fat B channels 
(Figures 3 and 4). As the value for fat-adjusted absolute ho
mogenization efficiency increases, the efficiency of homogeni
zation decreases.

An ANOVA was calculated to determine if the slope of each 
regression line was significantly different from zero (Table 8 ). 
The slope of the regression line for the relationship between 
repeatability standard deviation data for u n h o m o g e n iz e d  milk 
and homogenization efficiency values for each fat channel was 
significantly (p = 0.001) different from zero (Figures 1 and 3).
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Fat-adjusted, Absolute Homogenization Efficiency Value (% fat)

Figure 1. Standard deviation data vs homogenization 
efficiency values for unhomogenized milk, fat A channel.

Fat-adjusted, Absolute Homogenization Efficiency Value (% fat)

Figure 3. Standard deviation data vs homogenization 
efficiency values for unhomogenized milk, fat B channel.

On the same instruments, none of the regressions of the repeat
ability standard deviation data for h o m o g e n iz e d  milk against 
the homogenization efficiency values were significant (i.e., 
slope not significantly different from zero) for either the fat A 
or B channels (Figures 2 and 4). Thus, instruments with ineffi
cient homogenizers exhibited poorer repeatability when testing 
unhomogenized milk than when testing homogenized milk.

Examination of the repeatability behavior of the fat A 
and B measurements for homogenized milk (Figures 2 
and 4 respectively) indicates the repeatability that the instru
ments are capable of achieving if the homogenizer within 
the instrument could perform as efficiently as the dairy plant 
homogenizer used in this study. For the fat A channel, only 
3 out of 40 repeatability standard deviation values were 
>0.01%, and for the fat B channel only 2 out of 38 were 
>0.02% (Table 2). This is in contrast to Figures 1 and 3 
where repeatability standard deviations on the same instru
ments are much larger when the homogenizer within the in
strument has to homogenize a portion of the same unhomo

genized milk. It is also interesting to note that the Y-intercepts 
for Figures 1-4 are almost identical, which indicates that an 
instrument with a very efficient homogenizer should be able to 
achieve similar repeatability standard deviations on unhomo
genized andhomogenized portions of the same milk. Thebasic 
electronic and optical components of these instruments are ca
pable ofbetterrepeatability performance thancan be achieved 
currently with theaverageexistinginstrumenthomogenizer.

Flow does inefficient homogenization within an instrument 
affect the accuracy of raw milk testing if the instrument is cali
brated using raw milk? Calibration adjustment should be mini
mally affected as long as 3 or more replicates of each calibra
tion milk are averaged. However, the actual samples used for 
producer payment are generally tested only once. The poor re
peatability that occurs because of inefficient homogenization 
within the instrument will affect producer payment testing by 
increasing the standard deviation of the difference between 
chemistry and single infrared tests. In addition, variation in 
sample temperature within and between days may cause hour-
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Homogenized Milk - Fat A
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p = 0.332

Fat-adjusted, Absolute Homogenization Efficiency Value (% fat)

Figure 2. Standard deviation data vs homogenization 
efficiency values for homogenized milk, fat A channel.

ca55

0.05 

0.04 

0.03 

0.02 

0.01 

0.00
0.00 0.01 0.02 0.03 0.04

Homogenized Milk - Fat B

y = 0.009 + 0.018 x 
p = 0.743

.  V
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Figure 4. Standard deviation data vs homogenization 
efficiency values for homogenized milk, fat B channel.
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Table 8. Summary of p values from first order 
regression ANOVA: repeatability range data vs fat 
adjusted, absolute homogenization efficiency values 
and repeatability standard deviation (sr) data vs fat 
adjusted, absolute homogenization efficiency values

Range Standard deviation

Channel Unhomo. Flomo. Unhomo. Homo.

Fat A <0.001 0.220 0.001 0.332
Fat B <0.001 0.793 0.001 0.743

to-hour and day-to-day bias in infrared results when an ineffi
cient homogenizer is used within the instrument. Further work 
needs to be done on this issue.

Conclusions

Many instruments had poor homogenization efficiency, 
which is consistent with a previous report (5). Instruments with 
poor homogenizer performance are more likely to exhibit poor 
repeatability on both fat channels when testing unhomogenized 
milk than instruments with good homogenizers. Variation in fat 
globule size distribution, produced by an inefficient homoge
nizer, that may occur from one measurement cycle to the next, 
may account for the poor repeatability. Poor repeatability on 
raw milk is a concern for producer payment testing because 
samples are not tested in duplicate. Because of the short wave
length of light used for the fat B channel, fat B channel read
ings are affected more by homogenization inefficiency and 
poor repeatability than the fat A channel readings. Improved 
homogenizer performance is needed within infrared milk ana
lyzers to improve the repeatability of testing raw milk. The dif
ferent repeatability criteria that are used to judge instrument 
homogenizer performance need to be reviewed and stand
ardized.
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RESIDUES AND TRACE ELEMENTS

Determination of Sulfite in Rainwater by Solid-Phase 
Spectrophotometry
J uan M. Bosque-Sendra, Francisca M olina, and M ounir Nechar
University of Granada, Department of Analytical Chemistry, 18071 Granada, Spain

A sim ple and specific method was developed for 
the determination of sulfite in rainwater based on 
solid-phase spectrophotometry (SPS). Rainwater 
was collected on morpholine, sulfite w as stabilized  
by forming an adduct that reacted with pararosanil- 
ine and formaldehyde, and the reaction product 
w as fixed on Dowex 1-X 8  resin. The absorbance of 
the solid phase was measured directly at 565 and 
700 nm. The calibration curve was linear in the con
centration range of 1 -5 0  pg/L in solution (relative 
standard deviation = 1 .7 % ) ; the International Union 
of Pure and Applied Chem istry detection limit was 
0.8 pg/L. In simulated rainwater, the values of the 
calibration curve slopes were similar to that of the 
standard calibration curve slope, and recoveries 
for 40-4 9 7 pg/L sulfite ranged from 97 to 10 5 % .  
Linearity, analytical sensitivity, and precision were 
better for the S P S  method than the solution 
method, and the detection and quantitation limit 
values were lower for the S P S  method than the so 
lution method based on the sim ilar reaction. The 
S P S  method was subsequently used to determine 
sulfite in real rainwater.

S ulfur dioxide, the sulfur oxide released into the atmos
phere largely by combustion of sulfur in fuels and coals, 
dissolves in water and forms bisulfite or sulfite. These 

compounds can gradually oxidize to sulfuric acid or sulfate, 
and fall to earth dissolved in rainwater. They acidify the envi
ronment and diminish the neutralizing capacity of soil and 
water. Consequently, the development of analytical methods to 
determine sulfite at the microgram per liter level independent 
from sulfate in rain is of great interest.

One method reported for the spectrophotometric analysis of 
sulfite in water (1 , 2 ) is based on the formation of intensely 
colored pararosanilinemethylsulfonic acid from the reaction 
between sulfite, pararosaniline, and formaldehyde in an acid 
medium (3). This method is simple and highly sensitive.

Solid-phase spectrophotometry (SPS) (4—6) is a technique 
that includes the preconcentration of the analyte on a solid, 
with a previous or simultaneous step of reaction to produce a

Received June 18, 1993. Accepted by JS October 18, 1993.

chromogenic compound, and the subsequent measurement of 
the absorbance in the solid phase. This method provides an in
crease in selectivity and sensitivity over conventional spectro
photometric methods.

We previously reported on a simple and extremely sensitive 
spectrophotometric method based on SPS and the reaction pre
viously noted. This method can determine atmospheric sulfur 
dioxide at the microgram per liter level (6 ).

In the present paper, SPS is used to determine sulfite in rain
water. We propose a new 250 mL sample system, which pre
sents higher sensitivity and lower detection and quantitation 
limits than those of the previously used 100 mL system (6 ). In 
regard to the experimental parameters, special attention was 
given to the presence of foreign ions; the influence of rainwater 
(the matrix) on analyte stability; and on the calibration curve, 
and the recovery of sulfite.

Experimental

Reagents

All chemicals used were analytical grade unless stated oth
erwise; reverse osmosis-type quality water was used for dilu
tion of reagents and samples, and all experiments were carried 
out at room temperature.

(a) S o lid  ion  e x c h a n g e rs .— Dowex 1-X8 (100-200 and 
200-400 mesh) anion-exchange resins (Sigma Chemical Co., 
St. Louis, MO) were used in the chloride form. Each was prop
erly conditioned, air-dried, and stored in polyethylene contain
ers.

(b) S ta n d a rd  su lfite  so lu tio n , 0 .5  g /L .— Prepared from an
hydrous sodium sulfite and dissolved in reverse osmosis water. 
It was standardized iodometrically.

(c) W orking su lfite  so lu tio n s, 5  m g /L .— Prepared by appro
priate dilution of the fresh stock solution with morpholine so
lution (0.02% v/v) as stabilizer. This solution was stored under 
refrigeration (7°-8°C). Under these conditions, the solution is 
stable for 4 months.

(d) P a ra ro sa n ilin e  h y d ro c h lo r id e  so lu tio n .—Pararosanil
ine hydrochloride (0.2 g) (C.I. 42500 Basic Red 9) (Aldrich 
Chemical Co., Inc., Milwaukee, WI) was dissolved in 1M HC1 
and purified (7). Six milliliters of this solution was diluted to 
100 mL for the working reagent.

(e) F o rm a ld e h y d e  so lu tio n , 0 .2 8 %  (v /v ).— Probus (PQ 
grade; purity 97%).
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(f) M o r p h o l in e  s o lu t io n s .— Solutions of various concentra
tions, prepared by dilution of the necessary volume of mor
pholine solution (Panreac, PRS grade; purity 97%) with re
verse osmosis water.

(g) B u f fe r  s o lu t io n .— Solution of pH 3.0 was prepared 
from 0.1M potassium hydroxide solution (E. Merck, 
Darmstadt, Germany) and 0.1M monochloroacetic acid (Fluka 
AG, Buchs, Switzerland).

Apparatus

(a) S p e c tro p h o to in e te r .—Spectronic 2000 spectrophotometer 
equipped with 1 and 10 mm cells (Bausch & Lomb, Rochester, 
NY).

(b) A g i ta to r .—Agitaser Model 2000 rotating-bottle agita
tor (77 rpm) (Agitaser, Barcelona, Spain).

(c) p H  m e te r .—Crison Digit-501 pH meter with a com
bined glass-calomel electrode (Crison Instruments, S.A., Alella 
[Barcelona], Spain).

Absorbance Measurements

Measure the absorbance of the pararosanilinemethylsul- 
fonic acid fixed on the resin in a 1 mm cell at 565 nm (absorp
tion maximum) (6 ) and at 700 nm (in the range where resin 
only caused attenuation of light) against a 1 mm cell well- 
packed with resin equilibrated with water. Measure the absor
bance of the blank (a 1 mm cell packed with resin equilibrated 
with blank solution) at the same wavelengths. The blank absor
bance results from the pararosaniline fixed on the exchanger 
(6).

Obtain the net absorbance, Arp, for the reaction product as 
follows (5):

Arp = As -  A b

where As = A565 -  A700 (for the sample) and AB = A565 -  A700 
(for the blank).

Analytical Procedure

In a 250 mL calibrated flask, add in this order: 5 mL 0.012% 
purified pararosaniline solution, 5 mL 0.28% formaldehyde so
lution, an aliquot of the sample (volume depending on analyte 
concentration) containing either 1-50 pg/L or 2-65 pg/L sul
fite stabilized with morpholine (0.02%), and 5 mL 0.1M buffer 
solution (pH 3.0). Raise the volume to the mark with water. 
Transfer the solution to a 1000 mL polyethylene bottle and add
0.15 g Dowex 1-X8 (200-400 mesh) or Dowex 1-X8 (100- 
200 mesh) resin, respectively. Shake the mixture mechanically 
for 40 or 70 min, respectively. Collect the colored resin beads 
by filtration under suction and, with a pipette, pack them into a 
1 mm cell together with a small portion of the filtrate. Centri
fuge the cell for 1 min at 25 x g. Measure the absorbances at 
565 and at 700 nm for the sample against a 1 mm cell reference 
similarly packed with resin equilibrated with water. Prepare a 
blank solution containing the reagents, except the analyte, and 
treat it as described for the sample. Measure the net absorbance, 
Arp, for the reaction product as described under A b s o r b a n c e  
M e a s u r e m e n ts .

Preparation o f Simulated Rainwater

Carry out the procedure proposed by Koch et al. (10) for the 
preparation of their Standard Reference Material, SRM 2694, 
Simulated Rainwater. This solution, which is available in 
2  concentration levels, contains the cations and anions com
monly found in acid rain. We chose SRM 2694-1, a medium 
ionic level, as the most suitable for our purposes, and the pH of 
this solution was set at 4.5, to avoid problems with stability of 
the solution (1 0 ).

Collection and Treatment o f Rainwater Samples

Use glass funnels of 150-190 mm id to collect rainwater in 
glass flasks protected from sunlight. The funnels were narrow- 
stemmed and fitted into the flasks, avoiding direct entry. The 
collectors were placed in different sites very close to each other, 
on the flat roof of the university. For each sample, at least 3 col
lectors were prepared: the first collector, with morpholine to 
stabilize sulfite, measured the sulfite of the rainwater; the sec
ond collector, without any additive, measured the pH of the 
rainwater; and the third collector, with 2 mL concentrated 
HN03, measured the metal content of the rainwater. For all 
samples, except Ca(II), the latter determination was carried out 
by atomic absorption spectrometry (AAS) following chelation 
of pH 3.6 with sodium diethyl dithiocarbamate (DDC) and ex
traction into methylisobutyl ketone. Ca(II) was determined by 
measuring the rainwater sample directly, without extraction. 
The collectors were exposed for no more than 2 h during rain 
periods. The samples were stored under refrigeration (7°-8°C) 
and analyzed within the period of stability of sulfite under our 
conditions.

Results and D iscussion

Optimization o f Conditions

The influence of pararosaniline concentration on the absor
bance of the reaction product was studied (for a final volume 
of 250 mL). Net absorbance at 565 nm increased with a corre
sponding increase in pararosaniline concentration. Absorbance 
was found to be highest in the range of 3-7 mL 0.012% 
pararosaniline. In the standard procedure, 5 mL pararosaniline 
was selected as optimum. This concentration was also used in 
the standard procedure with a 100 mL sample system for the 
determination of atmospheric S0 2 (6 ).

The net absorbance at 565 nm increased with a correspond
ing increase in formaldehyde concentration, and the optimal 
values were obtained for 0.28% (v/v) formaldehyde at between
3.5 and 7 mL. In the standard procedure, 5 mL formaldehyde 
was selected as optimum. This concentration is higher than that 
used with a 100 mL sample system (6 ).

With Dowex 1-X8 (100-200 mesh) resin, 70 min of stirring 
at 77 rpm was found to be optimum, decreasing to 40 min of 
stirring with Dowex 1-X8 (200-400 mesh) resin. The velocity 
of stirring (as great as 97 rpm) did not affect the stirring time 
required. This finding suggests that diffusion through the sta
tionary layer may not be the limiting step in the fixation proc
ess.
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The centrifugation time was 1 min at 2500 rpm (25 x g). For 
all measurements, 0.15 g resin was used as a compromise be
tween maximum sensitivity and operativity.

The increase in the ionic strength due to the buffer solution 
(monochloroacetic acid-potassium monochloroacetate) did 
not affect the net absorbance in the range of 1 X 1CT4 M-
1.1 X 1(T3M. Higher concentrations produced a reduction in 
the net absorbance due to an increase in the absorbance of the 
blank. This absorbance may be caused by the charge of the 
anion, whereby pararosaniline is neutralized and fixed on the 
exchanger by an adsorption process. This behavior of 
pararosaniline can be confirmed in other types of solid phases. 
Thus, the fixation of pararosaniline is higher on a cation-ex- 
changer (Dowex 50W in form H+, 100-200 mesh) than on an 
anion-exchanger due to the positive charge of pararosaniline. 
Furthermore, in the presence of a dextran type gel without ion- 
exchanger groups (Sephadex G-15, 40-120 p), the fixation of 
pararosaniline is higher on a cation-exchanger than on an an
ion-exchanger. This finding confirms the large contribution of 
the adsorption process in fixation of the pararosaniline.

Stabilization o f Working Sulfite Solutions

Problems with the preparation of standard solutions result 
from the insufficient stability of the sulfite, a consequence of 
its oxidation into sulfate.

Previously, we established that morpholine (0.02%) is the 
most suitable stabilizer. Thus, the working sulfite solution 
(5 mg/L) was stable at room temperature (20°-25°C) for at 
least 12 days (6 ). New experiments were carried out on the sta
bility of sulfite solutions with temperature. The results proved 
that working sulfite solutions in 0 .0 2 % morpholine are stable 
for 4 months if the solutions were stored under refrigeration 
(7°-8°C). On the other hand, the heating of a working sulfite 
solution in 0.02% morpholine in the 30°-60°C temperature 
range for 45 min had no effect on the sulfite content of the so
lution.

Analytical Data

The most important analytical data are shown in Table 1. 
The proposed method may be used with resin of 2 bead-sizes. 
Thus, the 100-200 mesh resin presented lower values of the 
blank (A = 0.053 as mean), but more stirring (70 min) was nec
essary. The 200-400 mesh resin, with higher values of the 
blank (A = 0.158 as mean), needed less stirring (40 min) and 
provided a greater sensitivity.

The fluctuations in the background absorbance measured 
for the blank, calculated as the average of 1 0  determinations 
and expressed as SD units, for 100-200 mesh resin and 200- 
400 mesh resin were 0.006 and 0.008 A, respectively. The 
IUPAC detection limit ( K  -  3) and the quantitation limit ( K  =  
10) (8 , 9) were calculated for each mesh resin.

The precision of the proposed method, expressed as the 
RSD for 10 within-day independent determinations (repeat
ability) and 1 0  between-day independent determinations (re
producibility), is shown in Table 1.

Table 1. Analytical data
Dowex 1-X8 anion-exchanger resin 

100-200 mesh 200-400 mesh

Intercept3 0.015 ± 0.005
Slope, L/pga 0.016 ±0.001
Lineal dynamic range, pg/L 2-65
Correlation coefficient 0.997
Detection limit, pg/L 1.1
Quantitation limit, pg/L 3.8
Reproducibility, RSD%b 4.6
Repeatability, RSD%C 3.6

0.01410.003 
0.031 ± 0.001 

1-50 
0.999 

0.8 
2.5 
4.4 
1.7

a Mean ± standard deviation (n = 3).
b 17 pg/L SO| (100-200 mesh) and 19 pg/L SOf‘ (200-400 mesh), 

(n= 10).
c 41 pg/L SO*" (100-200 mesh) and 10 pg/L SO^ (200-400 mesh),

(n = 1 0 ).

Effects o f Foreign Ions

Interference by foreign ions, which are commonly found in 
water, was studied. These foreign ions may cause oxidation of 
the analyte in the determination of sulfite at the 16 pg/L level. 
Tolerance is defined as the concentration of foreign ion that 
produces an error of ± 5% in the determination of the analyte. 
The results are summarized in Table 2. These tolerances can be 
increased up to 50 mg/L for C L ; 100 mg/L for NO3 , and 
10 mg/L for Ca(13) by using a blank with the foreign ion.

Interference was negative for most of the ions and positive 
for C L , NO3 , SO^, S1O3L  Ca(II), Mg(II), and NHj.

The absorbance of the blank was not affected by the pres
ence of most ions tested. However, the absorbance of the blank 
increased linearly with concentration of some anions. Table 3 
summarizes these dependencies and also the false-positive lev
els, i.e., the maximum concentration of these anions that pro
duce an absorbance lower than that of the IUPAC quantitation 
limit of the standard procedure, without analyte. Greater con
centrations would produce, in the absence of the sulfite, the 
false positive results.

Table 2. Effect of foreign ions on the determination of 
16 pg/L sulfite
Foreign ion Tolerance level, pg/L

SO4- 250000
PO^, SiO^“ 20000
NO3, c r 5000
r 3000
NHj 2000
Ca(ll), Mg(ll) 1000
N02, Al(lll) 10 0
Mn(ll) 50
Cu(ll) 30
Cr(lll) 20
Fe(lll), Pb(ll) 10
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Table 3. Effect of foreign anions on the blank 
absorbance

Anion
Blank absorbance vs 

concentration of foreign ions
False-positive 

ievel, pg/La

S iO f A = 0.057 + 0.0057 C(mg/L), r = 0.991 2600
NO3 A = 0.043 + 0.0015 C(mg/L), r = 0.996 19000
Cl" A = 0.057 + 0.0007 C(mg/L), r = 0.980 21000
SOl~ A = 0.052 + 0.0007 C(mg/L), r = 0.999 29000

a Maximum concentration of foreign anion that produces an 
absorbance lower than that of the IUPAC quantitation limit of the 
present method, in the absence of analyte.

On the other hand, the lineal dependence observed between 
the absorbance and the concentration of nitrate in the 
Ca(N03) 2 or Mg(N03) 2 solutions, both with and without ana
lyte, is similar to that observed between the absorbance and the 
concentration of nitrate in the NaN03 solutions. These findings 
show that the positive interference observed in the tests for 
Ca(II) and Mg(II) might be explained by the presence of N 0 3 
as the anion in the cation solutions.

Analysis o f Sulfite in Simulated Rainwater

Because established and constant conditions are required 
for some experiments to verily aspects of the application of the 
proposed method, we prepared a matrix of rainwater by disso
lution of salts and acids in water. This simulated rainwater re
quired careful preparation; therefore, we selected the proce
dure proposed by Koch et al. (10).

Calibration Curves for Simulated Rainwater

We obtained different calibration curves for simulated rain
water. Aliquots of 10, 25,50, and 100 mL simulated rainwater 
SRM 2694-1 containing concentrations of sulfite in the range 
of 4-30 pg/L were analyzed as described under A n a l y t i c a l  P r o 
c e d u r e . The slopes of the calibration curves for small volumes 
had a similar value, and they were equal to the slope of the 
standard calibration curve of the proposed method. Only sam
ple volumes equal to or higher than 50 mL produced a decrease 
in the slope of calibration curves.

High pararosaniline concentrations and low pH values are 
necessary for the formation of pararosanilinemethylsulfonic 
acid (11). The decrease of the slope is justified when large vol
umes of sample are used. Thus, for volumes equal to or higher 
than 50 mL, the relative concentration of the reagents during 
mixing with the sulfite is lower than the optimum values, and 
low quantities of reaction product are formed. However, we 
have no definitive proof to support this hypothesis.

Sampling and Stability o f Sulfite

The stability of sulfite in simulated rainwater during and 
after sampling was studied. Solutions with 0.1 and 0.7 mg/L 
sulfite on a matrix such as an SRM 2694-1 solution and in the 
presence of 2.4 x 1CT3% and 3.0 x 10_3% morpholine, respec
tively, were used. The results of the experiments proved that 
both solutions were stable for at least 1 0  days if the solutions

were stored under refrigeration (7°-8°C). The stability experi
ments carried out for similar solutions, but in sampling condi
tions as described under C o l le c t i o n  a n d  T r e a tm e n t  o f  R a in 
w a t e r  S a m p le s , proved that the solution with a low 
concentration of sulfite was stable for 5 h when the concentra
tion of morpholine was 2.4 x 10_3%, while the solution with a 
high concentration of sulfite was stable for 1.5 h if the concen
tration of morpholine was 3 x 10"3%. Nevertheless, stability 
can be increased to 2.5 h if the concentration of morpholine is 
7 x 1(T3%.

The presence of certain metals is a problem for the stability 
of sulfite in solution, due to their catalyzing action in the reac
tion of oxidation of sulfite. A study of the effect of metals on 
the stability of sulfite in rainwater after sampling was carried 
out. The metals selected were Cu(II), Fe(III), Mn(II), and Pb(II) 
because they are more frequently found in the environment or 
present a relatively larger interference in the proposed method. 
For this study, 2 solutions were prepared as follows: on a ma
trix such as a SRM 2694-1 solution, containing 2.4 x 10“3% or
5.6 x 10_3% morpholine and 0.09 mg/L or 0.60 mg/L sulfite, 
respectively, the selected metals were added in equal concen
trations of 20 and 50 pg/L, respectively. The results proved that 
both concentrations of sulfite were stable at least for 14 h if the 
solutions are stored under refrigeration (7°-8°C).

These studies show that the sampling time of real rainwater 
should not be longer than 2 h to avoid loss of analyte. On the 
other hand, if the samples are stored under refrigeration (7°- 
8 °C), the analysis may be delayed between 14 h and 10 days 
depending on metal concentrations in rainwater.

To confirm these facts, a rainwater sample was collected in
2.5 x 10_3% morpholine, and the sulfite in 25 mL aliquots of 
the rainwater sample was analyzed, in duplicate, by the stand
ard procedure with a calibration curve for 3 h. The metal con
tent of the sample was also analyzed, and the results are as 
follow: Ca(II), 1 mg/L; Fe(III), 51 pg/L; Cu(II), 38 pg/L; 
Mn(II), 4 pg/L; and Pb(II), 10 pg/L. In this period, the sulfite 
content in the sample was stable (31 ± 1 pg/L).

Comparison o f SPS and Solution Methods

A comparative study of the SPS and the solution method 
based on the similar reaction (3) with the modifications of Scar- 
ingelli et al. (7) was developed. As the best procedure for the 
study, we chose an application of the statistical model of single 
lineal regression on the calibration curves (12). It allows a com
parative study under similar experimental conditions with a 
relatively small number of experiments. In addition, this model 
has the advantage in that the errors inherent in the calibration 
curves are included.

The study was developed using an SRM 2694-1 solution. 
We analyzed 5 samples with a quantity of sulfite ranging from 
0.0 to 4.75 pg, in quintuplicate, by both the SPS and the solu
tion method (final volume 13 mL for the latter). The results 
obtained are shown in Table 4. Table 5 shows the quality pa
rameters calculated from these results. Examination of the data 
in Table 5 shows that the SPS method presents better linearity 
and lower RSD values of the concentration, RSD(C)%, (13) 
than does the solution method in all ranges of concentrations.



1 2 2 8  B o s q u e -S e n d r a  Et Au: J o u r n a l  Of AOAC In t e r n a t io n a l  V o l . 7 7 , No. 5 ,1 9 9 4

If we compare the analytical sensitivity (14), the SPS method 
lets us discern between lower differences of concentrations 
than does the solution method. Furthermore, Table 5 also 
shows that the quantitation limits for the solution method and 
the SPS method are about 110 and 4 pg/L, respectively.

On the other hand. Table 4 shows the correlation between 
the SPS and the solution method. The confidence intervals of 
slope and intercept do not differ significantly from 1 and 0 , 
respectively, indicating that the accuracy of both methods is 
similar.

Recovery in Simulated Rainwater

To check the accuracy of the proposed method, a recovery 
study was carried out in triplicate on a matrix such as an 
SRM 2694-1 solution. Different amounts of sulfite in the range 
of 10-125 pg were added to 250 mL SRM 2694-1 solution, and 
the percentage of sulfite recovered was determined. Table 6  
shows the results obtained for each sample volume analyzed. 
The percentage of sulfite recovery is between 97 and 105%.

Determination o f Sulfite in Rainwater Samples

The proposed method was applied to the determination of 
sulfite in real rainwater samples by the standard additions 
method. The rainwater samples were collected as described un
der C o l le c t i o n  a n d  T r e a tm e n t  o f  R a i n w a te r  S a m p le s  through
out February 1993. The sample volumes collected ranged from 
20-150 mL, and the morpholine concentration was between
2.5 x 10~3% and 7.2 x 10_3%. The pH of each collection, 
which ranged between 6 . 8  and 7.0, was measured in a container 
without additives. Ca(II), Cu(II), Mn(II), Pb(II), and Fe(III) 
were measured by AAS in the container with HN03. The re
sults were in the range of 10-17 mg/L, 19-57 pg/L, 14— 
32 pg/L, 22-53 pg/L, and 167-245 pg/L, respectively.

The results of the rainwater analysis are presented in Ta
ble 7. The levels of sulfite found ranged from 150 to 480 pg/L. 
The concentration of sulfite in each sample agreed well when 
known amounts of sulfite were added before the analyses. The 
recoveries obtained were 95-105%. These results confirm the

Table 4. Comparative study of the SPS and the 
solution method3

Sulfite added, pg

Sulfite found, pg0

SPS method Solution method

0.00 -0.05 -0.07
0.95 0.97 1.16
1.90 2.10 2.07
3.33 3.55 3.45
4.75 4.84 4.85

a In simulated rainwater. 
b Each value is an average of 5 determinations.

Linear regression: y(SPS) = -0.045 + 1.016 x(Solution); r= 0.999 
For t(P=005; Qp_23j = 2.069: 
a ± ts a = -0.045 ±0.112 
b ± ts b = 1.016 ±0.039

Table 5. Quality parameters of the SPS and the 
solution method3

SPS method Solution method

Linearity, % 97.7 96.8
Analytical sensitivity, pg/L 0.8 21
Calibration sensitivity, 

signal per pg/L 34.9 0.5
Detection limit, pg/L 1.3 34
Quantitation limit, pg/L 4.2 113

Precision

99 RSD(C)%

0.95 10.7 21.6
1.90 4.6 7.9
3.33 2.9 4.2
4.75 2.3 3.3

The statistical model proposed in ref. (12) was used.

validity of the proposed method for the determination of sulfite 
in rainwater.

Determination o f Sulfite in M ineral Water

The method was applied to the determination of sulfite in 
water by the standard additions method. A commercially avail
able mineral water, which was not pretreated with chlorine be
fore bottling, was selected as a representative sample. For all 
measurements, 50 mL water was used. The average value 
(3 determinations) of the sulfite content was lower than the IU- 
PAC quantitation limit. To check the accuracy of the proposed 
method, a recovery study was carried out in which various 
amounts of sulfite were added to 1 L  samples of the above min
eral water, and aliquots were analyzed as described under A n a 
l y t i c a l  P r o c e d u r e . Recoveries of 97-107% indicate that the 
proposed method can be applied satisfactorily to the determi
nation of sulfite in mineral water.
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Table 6. Recovery study for sulfite in simulated 
rainwater samples

Sample
Sample Sulfite 

taken, mL found, pga

Sulfite in 
sample, 

pg/L

Sulfite
added,

pg/L
Recovery,

%

A 5 2.6 ±0.1 520 497 105
B 10 3.12 ±0.07 312 298 105
C 25 2.4 ± 0.2 96 99 97
D 50 2.09 ± 0.04 42 40 105

Mean ± standard deviation (n = 3).
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Table 7. Determination of sulfite in rainwater samples

Sample
Sample
taken,

mL
Amount
added,

F9
Amount
found,

P9a
Recovery,

%
Sulfite in 
sample, 

F9/L

10/2/93 5 _ 2.4 _ 480
1.9 4.2 94.7 —
4.7 7.2 102.1 —

11/2/93 2 — 0.3 ± 0.1b — 150
A 1.9 2.210.1 100.0 —

4.7 5.0 ± 0.3 100.0 -
11/2/93 4 — 0.710.1 — 175
B 0.9 1.610.1 100.0 —

2.4 3.1 +0.2 100.0 —
4.7 5.310.2 97.9 —

12/2/93 4 — 0.910.2 — 225
1.9 2.810.1 100.0 —
4.7 5.410.3 95.7 —

27/2/93 10 — 1.710.3 — 170
0.9 2.610.1 100.0 —
1.9 3.710.1 105.3 —
2.8 4.410.1 96.4 —

a Mean ± standard deviation (n = 3). 
b Value lower than IUPAC quantitation limit.
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RESIDUES AND TRACE ELEMENTS

Determination of Phthalates in Water and Soil by Tandem Mass 
Spectrometry Under Chemical Ionization Conditions with 
Isobutane as Reagent Gas
W illiam C. B rumley, E lizabeth M. S haffer, and P aul E. T illander * 1
U.S. Environmental Protection Agency, Environmental Monitoring Systems Laboratory, PO Box 93478, Las Vegas, NV 
89193-3478

Eleven phthalate esters spiked in water and soil 
were determined by tandem m ass spectrometry 
(MS) under positive chem ical ionization m ass spec
trometry (CIMS) conditions with isobutane as re
agent gas. Em phasis was placed on the determina
tion step because tandem MS and CIM S are not 
widely adopted in current methods of the U.S. Envi
ronmental Protection Agency. Extraction by son ¡ca
tion and cleanup by use of a solid-phase extraction 
cartridge were adopted. The relative response fac
tors gave relative standard deviations (RSDs) of 1 2 -  
3 0 %  when 2 unlabeled internal standards were 
used. The relative abundances of monitored ions 
gave relative abundance deviations of less than ±  
8 % . The method confirms identity, including mo
lecular weight, and quantitates with high specific
ity. Results obtained with 2 unlabeled internal 
standards were compared with results obtained 
with a stable-isotope-labeled internal standard for 
dioctyl phthalate.

P hthalates are diesters of 1 ,2 -benzenedicarboxylic acid 
(phthalic acid) and are of almost ubiquitous occurrence 
because of their widespread use as plasticizers. They are 

used also as solvents, insect repellants, and additives to plastic 
explosives.

Phthalates are target analytes described in the U.S. Environ
mental Protection Agency (EPA) Solid Waste 846 Methods 
Manual (Methods 8060 and 8270) (1) and in U.S. EPA Method 
606 (2). The toxicity, mutagenicity, and carcinogenicity of 
bis(2-ethylhexyl)phthalate was reviewed recently (3). This 
compound is listed as “reasonably anticipated to be a carcino
gen” (4). Many phthalate esters may be irritating to mucous 
membranes (5).

Regardless of the health effects in humans, phthalates need 
to be determined because they are often present as overwhelm
ing interferences and nuisances in samples used for the trace
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determinations of other pollutants. They are, therefore, of con
tinuing interest to the Environmental Monitoring Systems 
Laboratory in Las Vegas. It is necessary to identify the trouble
some phthalate compounds and to design appropriate steps to 
eliminate or reduce their effects on analyses.

Contamination by phthalates is also of concern in other ar
eas. In the biomedical field, for example, the presence of phtha
lates in parenterally introduced fluids and feeding tubes was 
studied (6 ,7). Various analytical approaches to determination 
of phthalates in foods were reviewed (8 ).

Some gas chromatographic (GC) methods of determining 
phthalates involve solid-phase extraction (SPE) in sample 
preparation (9, 10). Other GC methods involve cleanup with 
sulfuric acid (11). These methods have been used to determine 
phthalate contamination of blood plasma ( 1 2 ), the marine en
vironment (13), various plastic tubes (6 ), infusion products (7), 
food (8 ), the aquatic environment (14—16), and solvents (17).

Phthalate determinations are based also on liquid-chroma
tographic separations (18-20) with UV detection. Polarogra- 
phy was used as a detection technique to determine phthalates 
in water (21). The use of micellar electrokinetic chromatogra
phy to separate phthalates has been reported (2 2 ).

Thin-layer chromatography (TLC) also has been used to 
separate phthalates. SPE of phthalates from water followed by 
TLC separation was used by Sherma et al. (23). Further TLC  
work emphasized the general chromatographic behavior of 
phthalates (24—25).

The mass spectrometry and fragmentation of phthalates by 
electron impact (El) ionization were studied by several workers 
(26-29). Chemical ionization mass spectrometry (CIMS) also 
has been used to determine phthalates (30, 31). Yinon (32) 
studied the collision-induced dissociation spectra of phthalates. 
He found that the base peak of E l mass spectra at m Jz 149 was 
formed by 4 alternative pathways. He also observed the pres
ence of fewer fragment ions in mass spectra when only the 
decompositions of M+ ions were considered.

Tandem mass spectrometry (MS) is not widely adopted in 
U.S. EPA methodology, especially as GC/tandem MS applica
tions. Hunt and co-workers (31) presented a scheme for using 
tandem MS in environmental analysis. In view of the high 
specificity of tandem MS, we use it when very low levels of 
analyte are to be determined or when excessive cleanup opera
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tions are required. CIMS also is a reasonable choice when mo
lecular weight information is lacking in E l mass spectra or 
when more selective ionization is sought. In this paper, we pre
sent a procedure for determining phthalate esters that is based 
on tandem MS under positive CIMS with isobutane as reagent 
gas. Performance data are reported for 11 phthalates, and the 
specificity of the method is discussed.

Experimental

Chemicals

The phthalate esters were obtained from Chem Service, 
Inc., West Chester, PA. A standard solution containing com
pounds 1-11 (defined below) in hexane and a separate internal 
standard solution containing 12 and 13 were made up with the 
following concentrations (ng/pL) of phthalate:

1, dimethyl phthalate (12.3); 2, diethyl phthalate (21.0); 3, 
dibutyl phthalate (15.5); 4, bis(methoxyethyl) phthalate (38.3); 
5, bis(ethoxyethyl) phthalate (58.5); 6, dicyclohexyl phthalate 
(81.0); 7, bis(2-ethylhexyl) phthalate (50.4); 8, di-n-octyl 
phthalate (70.4); 9, butylbenzyl phthalate (143.0); 10, butyloc- 
tyl phthalate (65.4); 11, diamyl phthalate (124.0); 12, dimethyl 
isophthalate (20.5); 13, hexyl-2-ethylhexyl phthalate (74.0).

Sample Preparation

Aqueous samples were subjected to liquid-liquid extraction 
in a separatory funnel as described in SW-846 Method 3510(1) 
with slight modifications. Briefly, 0.25 mL standard was added 
to 1.5 mL methanol; this solution was spiked into 250 mL 
deionized (ASTM Type II) water (Bamstead/Thermolyne, 
Dubuque, IA). Methanol was used to help disperse the phtha
lates in water. The spiked solution was then extracted succes
sively with 12, 6 , and 6  mL methylene chloride, and the 3 ex
tracts were combined. The combined extract was concentrated 
under a gentle stream of nitrogen while wanning with a hot-air 
gun. A final volume of 0.1-1.0 mL was reached after addition 
of 0.25 mL internal standard containing 12 and 13. All spikings 
were done by syringe (Hamilton Co., Reno, NV).

Soil samples obtained locally in Las Vegas and soil B (L. A. 
Clark Superfund site, Spotsylvania, VA) were extracted ac
cording to SW-846 Method 3550 (1) with slight modifications. 
Briefly, a 10 g sample of soil was extracted by sonication. Soils 
were spiked with 100 pL of the standard before extraction. 
Methylene chloride-acetone (50 + 50, v/v) (30 mL) was used 
with a sonicator (model W-375, Heat Systems-Ultrasonics, 
Inc., Farmingdale, NY) for extractions.

Extracts were filtered through a 5.5-cm-diameter filter 
(Schleicher and Schuell, lot no. 0-891) by using a Buchner fun
nel connected to a vacuum pump (Edwards Model E2M-1, 
Crawley Sussex, England). The filtrate was dried by blowing a 
gentle stream of nitrogen while warming with a hot-air gun. 
The filtrate residue was dissolved in 1 mL hexane.

The solid-phase extraction (SPE) cleanup was carried out 
with either a Supelco (Bellefonte, PA) LC-Florisil (LC-F1) 
6  mL cartridge or a Varian (Sunnyvale, CA) LC-F1 1 mL car
tridge. The 6  mL cartridge was used on the heavily contami

nated soil B to increase adsorbent capacity. The 1 mL cartridge 
was used with the local soil. Both sizes of cartridges, although 
obtained from different manufacturers, performed similarly in 
experiments with standards. The Supelco LC-F1 cartridge was 
first washed with 6  mL hexane. The sample was applied and 
then washed with 6  mL hexane. The phthalates were then 
eluted with 8  mL hexane-acetone (90 +10, v/v). The same pro
cedure was followed for the Varian cartridge. The Varian 1 mL 
cartridge was first washed with 4 mL hexane. The sample was 
added and then washed with 4 mL hexane. The phthalates were 
then eluted with 6  mL hexane-acetone (90 +10, v/v). The elu- 
ate in both cases was then spiked with 100 pL internal standard 
solution containing 12 and 13 or the internal standard contain
ing d4-dioctyl phthalate and concentrated to 0.1-1.0 mL under 
a nitrogen stream.

GC/Tandem MS

A Finnigan MAT TSQ-45 instrument was used to analyze 
the final extracts. The instrument was interfaced to an INCOS 
2300 (Nova 4X) data system with TSQ software (Rev 6 .6 ). The 
collision-activated decompositions (CAD) were monitored un
der experimental control of the data system. A multiexperiment 
descriptor (terminology used by INCOS) was created that con
tained 5 experiment descriptors. Each experiment descriptor 
controlled the CAD of 3 (M + H)+ ions, with 3 ions monitored 
per decomposition. This procedure is known in the literature as 
multiple-reaction monitoring. Some redundancy was incorpo
rated in the descriptors to keep all experiments equivalent [i.e., 
12 unique (M + H)+ ions were used among 15 total (M + H)+ 
ions whose CADs were followed]. The dwell time per ion was 
0.18 s, resulting in a total cycle time of 0.54 s per experiment. 
The number of cycles for each experiment was adjusted to di
vide the entire run into 5 retention-time windows. Automated 
procedures were created to process the data.

Samples were introduced to the standard 9610 gas chroma
tograph (GC) by on-column injections using a modified injec
tor (33). The retention gap consisted of a 3 m X 0.53 mm id, 
deactivated, fused-silica column. The capillary column was a 
30 m x 0.25 mm id SPB-5 (Supelco, Inc., Bellefonte, PA) col
umn with 0.25 pm film thickness. The temperature was pro
grammed from 50° to 300°C at 20°C/min; the flow rate (He) 
was 30 cm/s at 50°C. The analytical column was connected to 
the mass spectrometer via an uncoated, deactivated transfer 
line (1 m x 0.25 mm id) held at 260°C. The isobutane (Aldrich 
Chemical Co., Milwaukee, WI) reagent gas was introduced 
from the makeup (GC) side at a source pressure of 0.35- 
0.40 torr, as read from a standard Finnigan-MAT ionizer pres
sure gauge. The source temperature was 110°C (dial setting), 
the emission current was 0.27 mA, the electron energy was 
70 eV, the preamplifier was set at 10- 8  A/V, and the electron 
multiplier and conversion dynode were set at -1300 V and -  
3 kV, respectively. The collision gas was Ar (Scott Specialty 
Gases, Inc., Plumsteadville, PA), maintained at 1.6-2.0 mtorr 
(Hastings Gauge) so that the analyzer pressure reading was 4.2 
x 1 0 “ 5 torr.
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Table 1. Response factor performance data for 
tandem MS of phthalates

Refer
ence com- 

Compound pound Av. RFa RSD, %
m/z of 

(M + H)+

m/z of 
other 

monitored 
Ions6

1 12 3.76 12.5 195 163,151
2 12 2.47 15.0 223 177,149
3 13 7.21 25.0 279 205,149
4 13 1.09 23.1 283 207,149
5 13 0.80 23.2 311 221,073
6 13 1.82 24.4 331 249,149
7 13 2.11 23.4 391 261,149
8 13 1.90 30.7 391 261,149
9 13 1.21 25.9 313 205,149

10 13 7.24 23.7 307 219,149
11 13 2.74 19.6 335 205,149
12 _c — — 195 163,151
13 — — — 363 233,149

a The RF is calculated by the INCOS data system according to the 
following equation:

RF = (area of analyte Ion x ng of internal standard)/(area of 
Internal standard ion x ng of analyte).

6 The underlined Ions were used for quantitation. 
c NA, not applicable.

Results and D iscussion

Tandem MS

The determination involved a multiexperiment that fol
lowed the decompositions of 13 (M + H)+ ions representing the 
11 analytes and 2 internal standards. For each decomposition, 
3 ions were monitored: the (M + H)+ ion and 2 product ions. 
(With 1, only 2 ions were observed in the CAD spectrum.) One 
of these 3 ions was used for quantitation (the m /z  values of these 
ions are underlined in Table 1). The multiexperiment, which 
consisted of 5 experiments, divided the entire run into 5 reten
tion-time windows. Thus, the total acquisition cycle times 
(0.54 s) were capable of reproducing the chromatography.

Isobutane was chosen as the reagent gas to maximize the 
relative abundances of the (M + H)+ ions of the phthalates and 
to offer some selectivity in terms of compounds that would be 
ionized on the basis of the gas-phase acidity scale. Table 1 lists 
response factors (RFs), their relative standard deviations 
(RSDs), and the ions monitored (the ion used for quantitation 
is underlined). The data represent a 5-point calibration curve 
that spanned about a factor of 10 in concentration. Each of the 
5 points was determined in triplicate. All quantitations were 
made within the working range of the calibration curve.

The RSDs for response factors ranged from about 12 to 
30%. These RSDs are not untypical for multianalyte determi
nations with internal standards that are not isotope-labeled ana
logues of individual analytes (1). These data support the use of 
this approach to determine phthalates.

It was of interest to compare RSDs obtained with 2 internal 
standards to those obtained with a stable isotope-labeled inter
nal standard. The RF data for 8 , obtained with a ring-labeled d4 
analogue of 8 , gave an RSD of 4% (data not shown). As ex
pected, the data obtained with isotope-labeled standard showed 
better precision than the data obtained without isotope-labeled 
internal standards.

Another parameter of interest in tandem MS determinations 
is reproducibility of the relative abundances of the ions moni
tored. This reproducibility affects our ability to confirm the 
identity of each compound. Table 2 lists the relative abun
dances of ions monitored and the RSDs for relative abun
dances. A more common concern to mass spectrometrists is the 
percent relative abundance error (expressed as ±). These values 
were below ± 8 % and therefore were within customary expec
tations (for examples, SW-846 Method 8290 specifies a± 15% 
relative abundance error for dioxin determinations). Therefore, 
we concluded that the identity of phthalates could be confirmed 
by monitoring 3 ions per compound (for compound 1, only 
2  ions were monitored) and observing the responses at the 
proper retention times.

The CADs observed in this study generally consisted of the 
loss of ROH (i.e., the alcohol moiety) and the production of 
m /z  149. Figure 1 illustrates a typical product ion spectrum 
from m /z  279 of 3. Product ions were few compared with the

Table 2. Reproducibility of relative abundances (RA) of ions monitored for phthalates3
Compound RA (first ion), % RSD, % RA error, % RA (second Ion), % RSD, % RA error, %

1 (195) 17.9 10.9 2.0 NO NO NO
2 (223) 25.1 10.0 3.0 (149) 74.2 11.3 8.0
3 (279) 12.6 20.8 3.0 (205) 33.1 6.9 2.0
4 (283) 18.4 6.4 1.0 (149) 0.31 95.0 0.3
5 (311) 15.0 7.9 1.0 (221)92.6 6.9 6.0
6 (331)23.4 25.9 6.0 (231) 14.8 16.8 2.0
7 (391) 8.9 13.0 1.0 (261)4.6 11.5 0.5
8 (391) 5.7 5.3 0.3 (261) 15.3 7.9 1.0
9 (313) 25.3 17.4 4.0 (205) 57.5 12.0 7.0

10 (307) 9.0 12.6 1.0 (219) 23.7 6.4 2.0
11 (335) 9.2 15.7 1.0 (205) 18.7 14.3 3.0

a Values in parentheses are m/zvalues of the observed ions. NO, not observed.
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numerous fragment ions observed in E l mass spectra. Com
pound 1 could not readily produce a product ion at m /z  149. 
Compounds 4 and 5 also were exceptions in that a low relative 
abundance of m /z  149 was produced. These compounds (4 and 
5) showed charge retention on the alcohol moiety of the phtha- 
late ester.

Precision o f Determination and Recoveries o f 
Phthalates from Water and Soil

Recoveries determined by tandem MS for spiked water 
samples are tabulated in Table 3 along with RSDs based on 
3 determinations. The overall method precision (from spiking 
to determination of phthalates in the final extract) was accept
able; RSD values ranged from 2 to 7%.

Results of triplicate determinations of soil spiked with 
phthalates at 0.1-1.0 pg/g are given in Table 4. The average 
recoveries ranged from 2 2  to 6 8 % for compounds not found in 
the method blank (i.e., all compounds except 3 and 7). The 
precision of determination by tandem MS for a single sample 
extract injected 3 times gave RSDs of 2.5 to 25% for all com
pounds not in the method blank (i.e., except 3 and 7). These 
values parallel the RSDs for the relative response factors of the 
compounds (s e e  Table 1 for comparison). To place this vari
ation in perspective, we studied the precision of determination 
by tandem MS of a single extract with d4-dioctyl phthalate as

Table 3. Precision of recovery of phthalates from 
spiked water3

Compound
Rec. 1,

%
Rec. 2,

%
Rec. 3,

%
Av. rec.,

% RSD, %

1 92 105 100 99 6.6
2 118 129 124 124 4.5
3b 93 194 76 121 53
4 56 65 51 57 7.1
5 73 79 66 73 6.5
6 72 78 81 77 4.5
7 95 98 93 95 2.5
8 91 86 82 86 4.5
9 64 68 71 68 3.5

10 69 77 78 75 4.9
11 72 74 82 76 5.3

a The spiking levels for compounds 1 to 11 were, respectively 
(ng/g): 12.3, 21.0, 15.5, 38.3, 58.5, 81.0, 50.4, 70.4, 143., 65.4, 
and 124. The recovery was calculated as follows:

ng of analyte = (area of analyte ion x ng of internal 
standard)/(area of internal standard ion x RF); recovery of 
analyte (%) = ng of analyte/ng analyte spike x 100%. 

b Present as a contaminant in syringe blanks.
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Table 4. P rec isio n  of determ ination of phthalates in 
the final extract of a s ing le  sp iked so ils

Rec. 1,
Compound %

Rec. 2,
%

Rec. 3,
%

Average
recovery,

% RSD, %

1 18 22 25 22 16.
2 42 40 47 43 8.4
36 49 161 78 96 61.
4 54 49 51 51 4.9
5 47 64 40 50 25.
6 60 63 61 61 2.5
l b 408 411 420 413 1.5
8 66 70 69 68 3.0
9 51 71 48 57 22.

10 54 58 51 54 6.5
11 63 37 62 64 4.1

8 The spiking level for compounds 1 to 11 were, respectively (pg/g): 
0.123, 0.210, 0.155, 0.383, 0.585, 0.810, 0.504, 0.704, 1.43, 
0.654, and 1.24. 

b Present in method blanks.

internal standard. The RSD in this case was 2.2%. This result 
again pointed to improved precision when the deuterium-la
beled internal standard was used.

Figures 2 and 3 show total-ion current responses for a stand
ard and a spiked soil. The 5 retention-time windows are indi
cated in Figure 2, along with typical retention times. The ob
served patterns in the total-ion and the individual-ion 
chromatograms indicated no interferences from the matrix that 
prevented confirmation of phthalates. Method blanks did indi
cate that the laboratory was phthalate-contaminated with com
pounds 3 and 7 and, in later work, compound 2.

Because the cleanup step used SPE-F1 cartridges, recovery 
from Florisil affected overall method performance. The recov
ery precision for Florisil and the observed average recoveries 
and RSDs were similar to those reported earlier (9).

Recoveries from spiked soils as determined by tandem MS 
are given in Table 5. The first 3 determinations (soil 1, soil 2, 
and soil 3) were for 3 portions of soil of local origin; for these, 
RSDs were 7-44%. Overall method precision (from spiking to 
final extract) was comparable with that of the multianalyte

Figure 2. Total-ion current for m ultiexperim ent with standards. Com pound num bers are accord ing to the text:
1, dim ethyl phthalate, retention time (R T ) = 9 :56 ; 2, diethyl phthalate, R T  = 10:56; 3, dibutyl phthalate, R T  = 13:29;
4, b is(m ethoxyethyl) phthalate, R T  = 13:44; 5, b is(ethoxyethyl) phthalate, R T  = 14:32; 6, d icyclohexy l phthalate, R T  = 
17:29; 7, b is(2-ethylhexyl) phthalate, R T  = 17 :32 ; 8, di-n-octyl phthalate, R T  = 18:51; 9, butylbenzyl phthalate, R T  = 
16:16; 10, butyoctyl phthalate, R T  = 14:48; 11, d iam yl phthalate, R T  = 16:12; 12, dimethyl isophthalate, R T  = 10:22; 
13, hexyl-2-ethylhexyl phthalate, R T  = 16:50. B racke ts  indicate the 5 groupings (experim ents) m aking up the 
m ultiexperim ent.
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Figure 3. Total ion current for m ultiexperim ent with sp iked so il. Com pound num bers are a s  given in Figure 2.

SCAN
TINE

method. The RSDs for overall method precision reflect vari
ances contributed by the extraction step, cleanup step, and de
termination step.

The fourth example (soil B) given in the table was heavily 
contaminated with creosote. The recovery of phthalates from 
this sample actually was better than from the local soil. The 
results of phthalate determination in an unspiked sample of soil

B (given in parentheses relative to the spiking level used in 
spiked soils) indicated environmental contamination above 
method contamination blanks for compounds 3, 7, 8, 9, and 11. 
These data represent the confirmation and quantitation of phtha
lates in a Superfund site soil sample at levels of <1 to >1.0 (ig/g.

We also found additional laboratory contamination by com
pound 2 in subsequent work; this explains the high recovery of

Table 5. R eco veries  of phthalates from sp iked s o ils 9

Compound
Rec. from 
Soil 1, %

Rec. from 
Soil 2, %

Rec. from 
Soil 3, % Av rec., % RSD, %

Rec. from 
Soil B

1 25 43 54 41 36 95
2 47 44 56 46 13 213b

3C 78 67 95 ND ND 98
4 51 32 43 42 23 16

5 40 37 35 37 7 59

6 61 41 40 47 25 85

7° 420 144 140 ND ND 752

Bd 69 76 67 71 4 113(1)

9d 48 38 41 42 12 75(3)

10 51 24 27 34 44 78

11d 62 30 37 43 39 83(8)

s The spiking levels are the same as given in footnote a in Table 4. ND, not determined.
6 Present as a contaminant in the method for this soil. 
c Present in method blanks.
d Present in unspiked Soil B; values in parentheses are percentages of the spiking level.
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2 from this soil matrix. We believe that the overall higher re
covery was due to improved recovery from SPE-F1 (compare 
with Table 4). There was no evidence of matrix interference 
(i.e., responses that were not phthalates). Enhanced recovery 
due to coextractives has been observed before in SPE (34, 35).

C o n c l u s i o n

We applied tandem MS under CIMS conditions to the de
termination of phthalates as environmental contaminants. The 
precision, specificity, reproducibility of spectra, and calibra
tion statistics were within reasonable expectations for a 
GC/MS multianalyte method. The use of stable-isotope-la
beled internal standards improves method performance in 
terms of precision and is the technique of choice, but nonla- 
beled internal standards also produce data comparable with 
those from traditional MS approaches for multianalyte analy
ses.
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RESIDUES AND TRACE ELEMENTS

Determination of Methyl 2-Benzimidazolecarbamate in Bulk 
Fruit Juice Concentrates by Competitive-Inhibition Enzyme 
Immunoassay
Rodney J. Bushway, Barbara E.S. Y oung, * 1 Lance R. Paradis, Lewis B. Perkins, Susan K. M artin, 2 and M yrna P. 
Brown 2
University of Maine, Department of Food Science, 5736 Holmes Hall, Orono, ME 04469-5736

A  p o l y c l o n a l  e n z y m e  i m m u n o a s s a y  ( E I A )  w a s  u s e d  
t o  q u a n t i t a t e  m e t h y l  2 - b e n z i m i d a z o l e c a r b a m a t e  
( M B C  o r  c a r b e n d a z i m ) ,  a  d e g r a d a t i o n  p r o d u c t  o f  
b e n o m y l ,  i n  b u l k  f r u i t  j u i c e  c o n c e n t r a t e s .  T h e s e  
c o n c e n t r a t e s  a r e  u s e d  b y  i n d u s t r i a l  p r o d u c e r s  t o  
p r e p a r e  j u i c e  o r  j u i c e  c o n c e n t r a t e s  s o l d  i n  s u p e r 
m a r k e t s .  T o t a l  s a m p l e  a n a l y s i s  t i m e  w a s  l e s s  t h a n  
1 8  m i n  w i t h o u t  c l e a n u p  o r  3 5  m i n  w i t h  c l e a n u p .  A s  
m a n y  a s  8  s a m p l e s  c a n  b e  a n a l y z e d  s i m u l t a n e 
o u s l y ,  w i t h  a  l i m i t  o f  q u a n t i t a t i o n  o f  1 0  p p b .  T h e  a s 
s a y ’s  d y n a m i c  r a n g e  r a n  f r o m  0 . 5  t o  2 0  p p b  M B C  
b u t  w a s  b e s t  f r o m  0 . 5  t o  1 0  p p b .  I n t r a - a s s a y  c o e f f i 
c i e n t s  o f  v a r i a t i o n  ( C V s )  v a r i e d  f r o m  4 . 0  t o  1 3 %  f o r  
s t a n d a r d s  a n d  f r o m  4 .1  t o  2 6 %  f o r  s a m p l e s .  I n t e r 
a s s a y  C V s  v a r i e d  f r o m  4 . 5  t o  4 7 %  f o r  s t a n d a r d s  
a n d  5 . 6  t o  2 2 %  f o r  s a m p l e s .  A v e r a g e  r e c o v e r y  o f  
s e v e r a l  j u i c e  c o n c e n t r a t e s  s p i k e d  a t  1 0  t o  2 9 0  p p b  
w a s  9 7 % .  A  t o t a l  o f  1 4 0  j u i c e  c o n c e n t r a t e s  c o m p r i s 
i n g  2 0  d i f f e r e n t  k i n d s  o f  j u i c e  w e r e  a n a l y z e d  b y  
2  E I A  m e t h o d s  a n d  o n e  l i q u i d  c h r o m a t o g r a p h i c  
( L C )  p r o c e d u r e .  M B C - p o s i t i v e  s a m p l e s  g a v e  t h e  f o l 
l o w i n g  c o r r e l a t i o n  c o e f f i c i e n t s :  0 . 9 5 4  f o r  E I A  w i t h 
o u t  c l e a n u p  v s  L C ,  0 . 9 5 6  f o r  E I A  w i t h  c l e a n u p  v s  
L C ,  a n d  0 . 9 7 8  f o r  E I A  w i t h  c l e a n u p  v s  E I A  w i t h o u t  
c l e a n u p .  M B C  c o n c e n t r a t i o n s  i n  M B C - p o s i t i v e  j u i c e  
s a m p l e s  r a n g e d  f r o m  5  t o  2 9 6 0  p p b .

B enomyl, a systemic benzimidazole fungicide, is used for 
preharvest treatment of fruits and vegetables in the 
United States. Benomyl degrades rapidly to methyl 2- 

benzimidazolecarbamate (MBC or carbendazim) in fruits and 
vegetables and in organic solvents. Carbendazim is used in 
Europe as a fungicide and thus has basically the same fungal 
activity as benomyl. With the recent U.S. Ninth Circuit Court 
of Appeals decision on the regulation of potentially carcino
genic pesticides (1) and the release of the National Academy of

Received A ugust 24,1993. Accepted by A P  Novem ber 2,1993.

1 M illipo re  Corp., 80  A sh b y  Rd, Bedford, M A 0 1 7 3 0

2 C oca-Co la  Foods, P O  B o x  247, Aubum dale, F L  33823

Sciences report concerning pesticides and children (2), there is 
an increased need to monitor MBC in the food supply.

Previous methods including chromatographic and immu
noassay techniques have focused on fresh fruits and vegetables 
(3-7). One enzyme immunoassay (EIA) was used to determine 
residue levels of MBC in commercial fruit juices and their con
centrates (8), but it does not work on bulk juice concentrates 
because these are several times more concentrated than the 
consumer or commercial concentrates. The increased strength 
causes pH and matrix problems with the EIA (8) developed for 
commercial concentrates.

This paper describes a rapid, inexpensive, and sensitive EIA 
for the quantitation of MBC in bulk concentrates. Such a 
method should be very useful to the food industry for monitor
ing of incoming bulk concentrates for MBC residues.

M E T H O D

R e a g e n ts  a n d  S ta n d a rd s

(a) Reagents.—All reagents for the preparation of immu
nogens for raising antisera to MBC were previously described 
(3,8). All solvents were obtained from EM Science 
(Gibbstown, NJ). Phosphate salts, ammonium chloride, and am
monium hydroxide were purschased from VWR (Boston, MA).

(b) Analytical standard.—MBC pesticide standard was 
obtained from the U.S. Environmental Protection Agency (Re
search Triangle Park, NC).

(c) Pesticide standard stock solution.—Weigh 17 mg 
MBC into a 50 mL volumetric flask, dissolve, and dilute to 
volume with methanol-acetonitrile (90 + 10). Store at 4°C. It 
is stable for 2 months.

(d) Diluting solvent fo r  tube immunoassay with cleanup.— 
Place 25 mL mobile phase (h) into a 250 mL volumetric flask 
and dilute to volume with skim or nonfat dry milk (prepare 
according to label directions). Prepare fresh.

(e) Diluting solvents fo r  tube immunoassay without 
cleanup.—(7) Ammonium chloride (0.5M) containing 
0.025 mL ammonium hydroxide per 1 mL ammonium chloride 
solution. (2) Dibasic sodium phosphate (0.2M).

(f) Pesticide standards fo r tube immunoassay.— (7) Inter
mediate standard.—Remove 91 pL from corresponding stock
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M B C (p p b )

Figure 1. Typ ical standard curve  for M BC in 90% skim  m ilk and 10% LC  mobile phase ( • ) ;  M BC in ju ice  concentrate 
free of M BC ( ■ ) ;  and M BC in buffer ( ▲ ).

solution (c), place into a 50 mL volumetric flask, and dilute to 
volume with 50 mL of a solution made up of 1 part of (e) (7) 
and 2 parts of (e) (2). (2) Working standard.—Remove 
aliquots (8.75, 17,40,70,140, and 320 pL) for standard curve 
determination from intermediate standard (7) and place each 
into separate 20 mL scintillation vials. Bring each vial to a total 
volume of 10 mL with a solution containing 1 partof(e)(7)and 
2 parts of (e) (2); sonicate to mix.

(g) MBC standards for LC.—(7) Intermediate stand
ard.—Take 1.0 mL from MBC stock and place into a 50 mL 
volumetric flask. Dilute to volume with LC mobile phase (h).
(2) Working standards.—Remove aliquots (1.0, 2.0, 4.0, and
8.0 mL) for standard curve determination from MBC interme
diate standard solution and place into separate 50 mL volumet
ric flasks. Dilute to volume with LC mobile phase (h).

(h) Mobile phase.—Acetonitrile-methanol-water-mono- 
ethanolamine (300 + 70 + 440 + 0.1).

(i) Sample extraction solvent.— Use 5 mL ethanol with 
15 mL 2M ammonium chloride adjusted to pH 9.5 with 14.5N 
ammonium hydroxide. Partition into methylene chloride.

(j) Conjugate synthesis and antisera.—Follow methods 
described previously (8). Reagents are provided in the kit (see 
section (c) under Apparami).

A p p a ra tu s

(a) Liquid chromatograph.—Equipped with a 1050 iso- 
cratic pump (Hewlett-Packard, Avondale, PA), a Valeo EQ-60

pneumatic injector (VICI Instruments, Houston, TX), a Waters 
470 fluorescence detector (Milford, MA), and a Hewlett- 
Packard 3396A integrator. Operating conditions: injection vol
ume, 10 pL; flow rate, 1.0 mL/min; fluorescence, excitation at 
286 nm and emission at 305 nm; attenuation, 8; gain, 100; fil
ter, 1.5 s.

(b) Chromatographic column.—Ultracarb 30 ODS, stain
less steel, 15 cm X  4.6 id (Phenomenex, Torrance, CA).

(c) EnviroGard EIA benomyl tube kit.—Contains polysty
rene test tubes coated with benomyl-MBC antibodies, enzyme 
conjugate (horseradish peroxidase bound to MBC), hydrogen 
peroxide as substrate, and tetramethylbenzidine as chromogen 
(Millipore Corp., Bedford, MA).

Tube Im m u n o a ssa y  o f  M B C  without C lea nup

Prepare MBC standards as described in (f)(2). Weigh 1 g 
bulk fruit juice concentrate into a 20 mL glass scintillation vial. 
Add 9 mL diluting solvent (e) (7). Sonicate for 1 min. Transfer 
a 1 mL aliquot into a 7 mL glass scintillation vial. Add 2 mL 
0.2M dibasic sodium phosphate and sonicate for 1 min. This is 
the working sample.

Analyze standards and samples by adding 160 pL of each 
to coated tubes from the tube kit, followed by 160 pL enzyme 
conjugate (up to 8 samples with 2 controls can be prepared si
multaneously). Incubate the tubes for 10 min at room tempera
ture. Rinse the tubes with water to remove unreacted sample 
and enzyme conjugate. Add 320 pL substrate-chromogen
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Table 1. Reproducib ility of the M BC tube im muno
a ssa y  for standards prepared in am m onium  ch lo rid e- 
am m onium  hydroxide and 0.2M sodium  phosphate 
d ibasic

cv, %

MBC standards, ppb Intra-assay3 Interassay6

0.52 6 . 8 6 . 0
1.04 4.1 6 . 0
2.36 4.0 7.7
4.12 7.3 9.4
8.24 1 0 2 2
18.8 11 47

a Based on 5 determinations in 1 day.
b Based on 10 determinations performed on 10 different days over a 

period of 2 months.

mixture (1 + 1) or follow the tube kit instructions, which use 
drops instead of microliters. Incubate the tubes for 5 min; add 
1 drop of 2.5N sulfuric acid (stop solution) to stop the reaction. 
The color changes from blue to yellow.

Measure the intensity of the yellow solution by reading the 
tubes at 450 nm with a tube reader (Millipore Corp.); alterna
tively, use a conventional spectrophotometer set at 450 nm. 
Run 2 control tubes (one at beginning and another at end) with 
each set of 8 samples to calculate B0 values (%) of standards 
and samples [100 x absorbance at 450 nm of standard or sam
ple -s- average absorbance at 450 nm of negative control made 
up of 1 part of (e) (7) and 2 parts of (e) (2)]. Use an average 
value for the negative control. Analyze standard solutions be
fore samples and again after the last sample. (The time differ
ence between the first and the last sample may range from 10 h 
down to 1 h. Although running only 2 standard sets per day is 
not standard practice, we have shown that it is effective and 
saves time and money). Use an average of both standard curves 
to quantitate MBC in samples. Prepare the standard curve and 
use it to calculate unknowns. Use semilog paper (3-cycle) to

Table 2. Reproducib ility of the M BC tube 
im m unoassay for standards prepared in 90% skim  m ilk 
and 10% mobile phase

CV, %

MBC standards, ppb Intra-assay3 Interassay6

0.52 2.4 4.5
1.04 5.7 5.2
2.36 7.1 11
4.12 7.6 14
8.24 11 2 1

18.8 13 42

a Based on 6 determinations in 1 day.6 Based on 17 determinations performed on 17 different days over a 
period of 2 months.

Table 3. Reproducib ility of the M BC tube 
im m unoassay for bulk ju ice  concentrates without 
cleanup

Juice
concentrate MBC, ppb

CV, %

Intra-assay3 Interassay6

Strawberry 340 11 15
Loganberry 1055 13 15
Blueberry 2070 8.9 14
Peach 690 8.9 14
Pineapple NDC — —
Apple 31 11 2 2
Red Grape 39 16 19
Raspberry 248 11 13
Raspberry 91 1 0 15
Lemon 36 4.1 17
Cherry 59 7.9 17
Pineapple 96 16 2 2

3 Based on 6 determinations in 1 day. 
b Based on 8 determinations performed on 8 different days. 
c ND, not detected.

plot the curve; the y axis is B0 {%) and the x axis is MBC con
centration on a log scale.

Tube Im m u n o a ssa y  o f  M B C  with C lea nup

Extract 5 g bulk juice concentrate by placing it into a 50 mL 
conical polypropylene centrifuge tube and adding 20 mL ex
traction solvent (i)  and 20 mL methylene chloride. Polytron the 
mixture for 2 min at medium speed. Centrifuge for 3 min at 
5000 x g. Transfer the bottom layer (methylene chloride) to a 
20 mL scintillation vial containing 0.5 g sodium sulfate. Trans-
fer a 10 mL aliquot to another scintillation vial and evaporate 
the methylene chloride to dryness under air. Add 1 mL mobile

Table 4. Reproducib ility of the M BC tube 
im m unoassay for bulk ju ice  concentrates with cleanup

Juice
concentrate MBC, ppb

CV, %

Intra-assay3 Interassay6

Strawberry 303 26 5.6
Loganberry 640 14 1 0
Blueberry 1840 8.4 14
Peach 857 8.5 6.5
Pineapple NDC — —
Apple 29 11 14
Red Grape 32 5.8 7.7
Raspberry 213 5.5 18
Raspberry 65 14 9.9
Lemon 2 1 2 2 14
Cherry 37 9.5 2 0
Pineapple 1 0 0 8.9 11

a Based on 5 determinations in 1 day. 
b Based on 5 determinations performed on 5 different days. 
c ND, not detected.
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Table 5. Reproducib ility of the M BC LC  method for 
bulk ju ice  concentrates

cv, %

concentrate MBC, ppb Intra-assay3 Interassay6

Strawberry 317 6.9 9.3
Loganberry 692 8.9 7.8
Blueberry 1523 6 .1 17
Peach 743 2 . 0 9.2
Pineapple NDC — —
Apple 27 9.6 13
Red Grape 35 5.6 15
Raspberry 229 2.7 13
Raspberry 64 7.6 6 . 0
Lemon 27 7.6 19
Cherry 92 — 15
Pineapple 84 8.4 2 0

a Based on 6 determinations in 1 day, except for strawberry and 
pineapple for which there were 5 determinations. 

b Based on 6 determinations performed on 6 different days, except 
for loganberry, apple, red grape, both raspberries, lemon, and 
pineapple (5 determinations) and cherry (4 determinations). 

c ND, not detected.

phase ( h )  to the residue, sonicate, and transfer to a 1.5 mL 
polypropylene centrifuge tube. Centrifuge for 5 min at 10 000
xg-

Prepare MBC standards as described in (f) (2). For samples, 
remove 0.1 mL aliquots from the centrifuged samples above. 
Add 0.9 mL skim milk or nonfat dry milk to each aliquot and 
sonicate. Any other dilutions will be made with the diluting 
solvent ( d ) .  Analyze standards and samples by immunoassay 
according to the procedure described in the previous section.

L C  Determ ination o f  M B C

Inject 10 jiL from the original 1 mL sample that was used 
for the immunoassay with cleanup. Use the LC conditions de
scribed earlier.

R e s u l t s  a n d  D i s c u s s i o n

The first immunoassay for MBC (8), developed for store- 
bought juices and concentrates, does not work on the bulk (in-

Table 6. A ccu ra cy  of M BC tube im m unoassay for bulk 
ju ice  concentrates without cleanup3

MBC added, 
ppb

MBC found, 
ppb Mean rec., %b CV, %b

1 0 11 111 5.7
40 36 90 6.7

160 135 84 1 2
a Fruit juice concentrates used were orange, grapefruit, lime, lemon 

and apple. All were shown to be free of MBC by LC at a detection 
limit of 5 ppb.

b Means and CVs are based on 9 determinations.

Table 7. A ccu ra cy  of M BC tube im m unoassay for bulk 
ju ice  concentrates with cleanup3

MBC added, 
ppb

MBC found,
ppb Mean rec., %b CV, %b

40 43 108 2 0
290 272 94 5.9

a Fruit juice concentrates were pineapple, orange, lemon, grape, 
apple, grapefruit, and passion fruit. All were shown to be free of 
MBC by LC at a detection limit of 5 ppb.6 Values for the 40 ppb spike were based on 14 determinations; 
those for the 290 ppb spike were based on 6 determinations.

dustrial-strength) concentrates because of pH and matrix ef
fects. Therefore, stronger pH buffer was used to alleviate these 
problems. With the new buffer system, lower limits of detec
tion and quantitation, compared with those of the previous 
method (8) for commercial concentrates, were obtained.

Typical standard curves for MBC are given in Figure 1. 
MBC concentrations may be determined from 0.5 to 20 ppb, 
but concentrations from 0.5 to 10 ppb yield the best results, 
because the CVs are lower in this range. Samples with concen
trations greater than 10 ng/mL (indicated by B0 <18%) are di
luted to bring them within assay range. Figure 1 shows that 
standard curves and samples will have different B0 values de
pending upon the final diluent. Therefore, for immunoassays 
used for quantitation, the standards and samples must be in the 
same matrix. Sometimes, however, an artificial diluent can be 
designed to substitute for the exact matrix, as shown also in 
Figure 1. For example, the spiked concentrate standards were 
made from MBC-free bulk juice concentrates, whereas the 
buffer standards were prepared from a prepared mixture to 
closely simulate the juice concentrate. The results agree quite 
well. There is an approximately 6% error in quantitation using 
the buffer system compared with using the pesticide-free con
centrates. This difference may not warrant the trouble of trying 
to find pesticide-free concentrates.

The limit of quantitation for all methods was 10 ppb, based 
on the procedure developed in 1980 by a committee of envi
ronmental chemists (9). This limit is the smallest amount of 
MBC that can be determined with good reproducibility. How
ever, the lower limits of detection (which should not be con
fused with quantitation limits) were 10 ppb for EIA without 
cleanup and 5 ppb for EIA with cleanup and LC. The limit of 
detection is the least amount the methods can detect, but these 
values are not as reproducible, on the basis of statistics, as the 
values for the lower limits of quantitation (9).

As with any analytical technique, precisions within and be
tween days are very important. Reproducibility results for the 
MBC tube immunoassay for standards and samples are pre
sented in Tables 1- 4. Tables 1 and 2 show the consistency data 
obtained from MBC standards. Table 1 depicts results of stand
ards prepared in a buffer solution used for analyzing juice con
centrates without cleanup. Intra- and interassay CVs ranged 
from 4.0 to 47%, with most CVs at 10% or less. For the stand
ards made up in mobile phase and milk (used for the cleanup
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Table 8. Com parison of the tube im m unoassay and LC  for the determ ination of M BC in bulk fru it ju ice  concentrates

Concentrate

MBC, ppba

Concentrate

MBC, ppba

EIA with cleanup
EIA without 

cleanup LC EIA with cleanup
EIA without 

cleanup LC

Orange ND ND ND Lemon 44 25 19
Apple 14 15 17 Grapefruit ND ND ND
Apple ND ND ND Pineapple ND ND ND
Apple ND ND ND Red Grape 17 13 18
Strawberry ND ND ND Tangerine ND ND ND
Concord grape ND ND ND Apple ND ND ND
Apple ND ND ND Pineapple 186 1 2 0 1 2 1
Apple 123 — 70 Pineapple ND ND ND
Strawberry 405 376 324 Pineapple ND ND ND
Raspberry 330 272 190 White grape ND ND ND
Con. grape ND ND ND Pineapple ND ND ND
Con. grape ND ND ND Pineapple ND ND ND
Con. grape ND ND ND Pineapple ND ND ND
Red grape 15 6 2 0 Pineapple ND ND ND
Red grape 15 17 2 0 Pineapple ND ND ND
Strawberry 900 580 760 Pineapple ND ND ND
Orange ND ND ND Pineapple 240 340 295
Orange ND ND ND Pineapple ND ND ND
Orange ND ND ND Orange ND ND ND
Orange ND ND ND Apple 123 1 2 0 82
Orange ND ND ND Apple 2 0 0 160 113
Orange ND ND ND Apple 44 60 46
Apple ND ND ND Apple 69 6 6 32
Apple ND ND ND Apple 135 184 170
Apple — 1060 1095 Red grape 32 51 32
White grape ND ND ND Pineapple 306 216 187
Apple ND ND ND Cranberry ND ND ND
Apple 13 1 0 11 Apple ND ND ND
Apple ND ND ND Apple 360 512 389
Apple ND ND ND Apple 26 — 26
Apple ND ND ND Apple ND ND ND
Apple ND ND ND Apple 69 72 50
Apple 24 38 38 Apple 14 — 9
Apple 306 72 177 Apple 330 460 337
Apple ND 7 11 Apple 1 2 1 0 —
Apple 14 9 11 Apple ND ND ND
Apple ND ND ND Apple ND ND ND
Peach 660 720 636 Apple 14 15 18
Peach 750 1040 898 Apple ND ND ND
Peach 330 440 360 Apple 2 2 0 2 2 0 1 2 1
Peach 360 460 393 Raspberry 1410 1640 1 2 1 0
Peach — 392 265 Raspberry 60 44 -
Peach — 48 49 Raspberry 315 328 279
Grapefruit ND ND ND Raspberry 38 28 35
Grapefruit ND ND ND Raspberry 1890 1910 2681
Grapefruit 1 2 1 0 5 Raspberry 264 172 2 2 1
Grapefruit 23 9 5 Raspberry 1740 1680 1266
Grapefruit ND ND ND Raspberry 360 480 376
Grapefruit ND ND ND Raspberry 450 512 376
Pineapple ND ND ND Raspberry 204 188 2 1 0
Pineapple ND ND ND Raspberry 1170 1280 1310

Raspberry 36 38 37
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Table 8. (continued)

MBC, ppba

Concentrate EIA with cleanup
EIA without 

cleanup LC

Raspberry 75 148 —

Raspberry 34 — 6 8
Raspberry 2700 2960 2009
Raspberry 38 32 95
Raspberry 1 1 1 0 1600 1361
Raspberry 41 38 60
Raspberry 1380 — 1392
Raspberry 810 — 795
Raspberry 1080 — 696
Cherry 16 11 50
Cherry 43 44 67
Cherry 52 64 6 6
Peach 1 0 2 204 185
Peach 870 660 627
Peach 25 44 47
Peach 108 150 185
Raspberry 32 92 74
Cranberry ND ND ND
Orange ND ND ND
Apricot ND ND ND
Cranberry ND ND ND
Orange ND ND ND
Passion fruit ND ND ND
Cranberry ND ND ND
Orange ND ND ND
Passion fruit ND ND ND
Orange ND ND ND
Boisenberry 24 32 39
Lemon ND ND ND
Loganberry 420 980 752
Cranberry ND ND ND
Apple 11 11 15
Black currant 90 156 78
Blueberry 2070 2480 2 0 1 1
Cranberry ND ND ND
Grapefruit 1 2 18 24
Cranberry ND ND ND
Cranberry ND ND ND
Cranberry ND ND ND
Cranberry ND ND ND
Concord grape ND ND ND

a ND for EIA without cleanup = none detected at a limit of 10 ppb.
ND for EIA with cleanup = none detected at a limit of 5 ppb. ND 
for LC = none detected at a detection limit of 5 ppb. — = missing 
data. Correlation coefficients: EIA without cleanup vs LC, 0.954 
(y= 0.978X+ 22.7); EIA with cleanup vs LC, 0.956 (y= 1.08x + 
16.9); EIA with cleanup vs EIA without cleanup, 0.978 (y= 0.876x 
+ 10.4).

method) the intra- and interassay CVs varied from 2.4 to 42% 
(Table 2), with most CVs at 11% or less. Both standard sets 
(Tables 1 and 2) demonstrated approximately the same repro
ducibility, except for interassay CVs for 18.8 ppb standard, 
which were about 40%. For this reason, we recommend that the

standard curve be used only to the 10 ppb level to maintain 
good day-to-day consistency.

The assay reproducibility for some juice concentrates is 
shown in Tables 3 and 4. Intra- and interassay CVs for the pro
cedure without cleanup ranged from 4.1 to 22%, with most be
low 17% (Table 3). For the procedure with cleanup, CVs varied 
from 5.5 to 26% with most values below 15% (Table 4).

A consistency study was performed with the LC method 
(Table 5). The intra- and interassay CVs ranged from 2.0 to 
19%, with most values lower than 10%. The data in Tables 3-5 
show that the immunoassay compares well with the more ex
pensive LC procedure in terms of reproducibility.

The accuracy of the immunoassay was tested by analyzing 
spiked bulk juice concentrates for the procedure with and with
out cleanup (Tables 6 and 7). Recoveries averaged 95% for the 
procedure without cleanup and 101% for the procedure with 
cleanup. Juice concentrates were spiked from 10 to 290 ppb. 
The consistencies of both EIAs for the accuracy test were also 
in the range of the previous studies, with CVs ranging from 5.7 
to 20%.

Cross-reactivity of the benomyl antibody was discussed in 
a previous paper (8). The antibody shows varying levels of 
cross-reactivity toward other benzimidazole and thiophanate 
fungicides. Except for MBC, which has the same reactivity as 
benomyl, only one other fungicide in this group, thiabendazole 
(TBZ), shows sufficient cross-reactivity to cause problems in 
the quantitation process at the residue level. However, because 
TBZ is used as a postharvest treatment for fruits, most TBZ is 
found on the peel. Juice concentrates do not contain substances 
from the peel; therefore very little if any TBZ is expected to be 
in concentrates. Using LC, we have not found any TBZ levels 
in fruit juice concentrates that would interfere with the EIA 
quantitation of MBC.

An extensive study of the correlation between the 2 immu
noassays and LC was carried out on 144 bulk juice concen
trates comprising 20 different fruits (Table 8). Of these, 
69 contained no detectable levels of MBC by all 3 procedures. 
For one sample, EIA without cleanup detected no MBC, 
whereas EIA with cleanup and LC indicated MBC at 7 and 
11 ppb, respectively. However, this is not a false-negative re
sult, because the EIA without cleanup has a detection limit of 
10 ppb.

A total of 74 concentrates (51 %) contained MBC at concen
trations ranging from 5 to 2960 ppb, with most concentrations 
greater than 300 ppb and none near the tolerance for the raw 
fruit, which varies from 7 to 10 ppm. Several correlations were 
made with the data for MBC-positive samples. For example the 
correlation between EIA without cleanup and LC was 0.954 (y  
= 0.978x + 22.7), for EIA with cleanup and LC, it was 0.956 (y 
= 1.08x + 16.9), and for EIA with cleanup and EIA without 
cleanup, it was 0.978 (y = 0.876x + 10.4). The correlation co
efficients for all 3 methods were similar (~ 1), indicating that 
the 3 methods were in good agreement. Thus matrix effects are 
nonexistent with the method with no cleanup. The use of EIA 
without cleanup will save time compared with the other tech
niques.
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The ELA without cleanup for bulk juice concentrate should 
be very useful both in saving time and money for food proces
sors checking their concentrates for benomyl and/or MBC. 
Futhermore, such a procedure will help in gathering the pesti
cide data needed for processed foods so that real risk-benefit 
analyses can be made.
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RESIDUES AND TRACE ELEMENTS

Determination of Thiabendazole in Fruits and Vegetables by 
Competitive-Inhibition Enzyme Immunoassay
R o d n e y  J. B u s h w a y ,  B a r b a r a  E.S. Y o u n g , * 1 L a n c e  R. P a r a d is , and L e w is  B. P e r k in s  

University of Maine, Department of Food Science, 5736 Holmes Hall, Orono, ME 04469-5736

A n  e n z y m e  i m m u n o a s s a y  ( E I A )  w a s  d e v e l o p e d  f o r  
a n a l y s i s  o f  t h i a b e n d a z o l e  ( T B Z )  i n  f r u i t s  a n d  v e g e t a 
b l e s .  A  c o m m e r c i a l  k i t  u s i n g  a  p o l y c l o n a l  a n t i b o d y  
f o r  b e n o m y l - c a r b e n d a z i m  w a s  u s e d .  T o t a l  a n a l y s i s  
t i m e ,  i n c l u d i n g  s a m p l e  p r e p a r a t i o n ,  w a s  3 5  m i n .  A s  
m a n y  a s  8  s a m p l e s  c a n  b e  a n a l y z e d  s i m u l t a n e o u s 
ly , w i t h  a  l i m i t  o f  q u a n t i t a t i o n  o f  9  p p b .  T h e  a s s a y ’s  
d y n a m i c  r a n g e  r a n  f r o m  9  t o  3 0 4  p p b  T B Z .  I n t r a - a s 
s a y  c o e f f i c i e n t s  o f  v a r i a t i o n  ( C V s )  r a n g e d  f r o m  5 . 0  
t o  9 . 6 %  f o r  s t a n d a r d s  a n d  1 1  t o  3 0 %  f o r  s a m p l e s .  I n 
t e r a s s a y  C V s  v a r i e d  f r o m  4 . 4  t o  1 5 %  f o r  s t a n d a r d s  
a n d  f r o m  1 0  t o  2 4 %  f o r  s a m p l e s .  A v e r a g e  r e c o v e r y  
f r o m  2 9  s a m p l e s  s p i k e d  a t  5 0 - 5 0  0 0 0  p p b  w a s  
1 1 6 % .  A  t o t a l  o f  1 0 7  f o o d  p r o d u c t s  c o m p r i s i n g  1 2  
d i f f e r e n t  f r u i t s  a n d  v e g e t a b l e s  a n d  t h e i r  p r o c e s s e d  
p r o d u c t s  w e r e  a n a l y z e d  f o r  t h e i r  T B Z  c o n t e n t  b y  
E I A  a n d  l i q u i d  c h r o m a t o g r a p h y  ( L C ) .  O f  t h e s e  s a m 
p l e s ,  8 4  w e r e  p o s i t i v e  f o r  T B Z  b y  b o t h  m e t h o d s ,  
w i t h  a  c o r r e l a t i o n  c o e f f i c i e n t  (i) o f  0 . 9 8 9 .  E i g h t  s a m 
p l e s  h a d  n o n e  d e t e c t e d  b y  e i t h e r  t e c h n i q u e ,  a n d  1 5
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w e r e  p o s i t i v e  f o r  c a r b e n d a z i m .  C o n c e n t r a t i o n s  o f  
T B Z  r a n g e d  f r o m  11  t o  9 4  0 0 0  p p b .  T h e  i m m u n o a s 
s a y  w i t h  m e t h a n o l  s o n i c a t i o n  s h o w s  p r o m i s e  a s  a  
r a p i d  s c r e e n i n g  m e t h o d  f o r  T B Z  i n  f o o d s .

T hiabendazole (TBZ) is a systemic fungicide belonging 
to the benzimidazole and thiophanate class of fungi
cides. Its primary use is for postharvest treatment of 

fruits and vegetables to protect produce from the ascomycetes, 
basidiomycetes, and some deuteromycetes. With the recent 
publication (1) of the National Academy of Sciences report 
“Pesticides in Diets of Infants and Children” and because of 
TBZ’s frequent use and amount applied (2), there is a need to 
measure levels of this fungicide in food products.

Previous methods for analysis of TBZ in foods focused on 
chromatographic methods using reversed-phase liquid chro
matography (LC) (3-9), normal-phase LC (4, 6-7) and gas 
chromatography (GC) (5). Two ELAs recently were applied to 
the analysis TBZ (4, 5). Both were plate assays. The first 
method (4) used a polyclonal antibody to determine TBZ in 
pear, apple, lemon, grapefruit, and potato at a detection limit of 
30 ppb with cleanup. The second method (5) used a mono
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clonal antibody to analyze TBZ in apple and potato with a de
tection limit of 0.2 ppm without cleanup.

This paper describes an EIA polyclonal tube method for the 
determination of TBZ in 12 different raw fruits and vegetables 
and some of their processed products at a detection limit of 
9 ppb with cleanup. Preliminary data are given on a procedure 
without cleanup. Such methods may be very useful for screen
ing foods for TBZ.

M E T H O D

R e a g e n ts  a n d  S ta n d a rd s

(a) Reagents.—All reagents pertaining to the preparation 
of immunogens for raising antisera to carbendazim (MBC), 
which also cross-reacts with TBZ, were previously described
(4). All solvents were LC grade (VWR, Boston, MA).

(b) Analytical standard.—TBZ pesticide standard was ob
tained from the U.S. Environmental Protection Agency, Re
search Triangle Park, NC.

(c) Pesticide standard stock solution.—Weigh 25 mg TBZ 
into 50 mL volumetric flask, dissolve, and dilute to volume 
with methanol. Store at 4°C. The standard should be stable for 
6 months.

(d) Diluting solvent fo r  tube immunoassay.—Place 25 mL 
mobile phase (g) into 250 mL volumetric flask and dilute to 
volume with skim or nonfat dry milk (prepare according to la
bel directions). Prepare fresh.

(e) Pesticide standards for tube immunoassay.—(7) Inter
mediate standard.—Remove 0.1 mL aliquot from correspond
ing stock solution (c), place into 50 mL volumetric flask, and 
dilute to volume with 50 mL diluting solvent (d). (2) Working 
standard.— Remove aliquots (95, 190, 380, 760, 1520, and 
3040 pL) for standard curve determination from intermediate 
standard (1), and place each into separate 20 mL scintillation 
vials. Dilute each vial to 10 mL total volume with diluting sol
vent (d), and then sonicate to dissolve residue.

(f) TBZ standards fo r LC.—(7) Intermediate standard.— 
Take 100 pL aliquot from TBZ stock (c), and place into 50 mL 
volumetric flask. Dilute to volume with LC mobile phase (g).
(2) Working standards.—Remove aliquots (0.25,0.50,1.0, and
2.0 mL) for standard curve determination from TBZ interme
diate standard solution, and place into separate 10 mL volumet
ric flasks. Dilute to volume with LC mobile phase.

(g) Mobile phase.—Acetonitrile-methanol-water-mono- 
ethanolamine (260 + 70 + 500 + 0.1).

(h) Sample extraction solvent.—Use 5 mL ethanol with 
15 mL 2M ammonium chloride adjusted to pH 9.5 with 14.5N 
ammonium hydroxide. Partition into methylene chloride.

(i) Conjugate synthesis and antisera.—Follow methods 
described previously (4). Reagents are provided in the kit (see 
section (c) under Apparatus).

A p para tu s

(a) Liquid chromatograph.—510 pump (Waters Associ
ates, Milford, MA); Valeo pneumatic injector (VICI Instru
ments, Houston, TX); Waters 470 fluorescence detector and a

Hewlett-Packard (Avondale, PA) 3396A integrator. Operating 
conditions: injection volume, 10 |iL; flow rate, 1.0 mL/min; 
fluorescence, excitation at 305 nm and emission at 345 nm; at
tenuation, 8; gain, 100; filter, 1.5 s.

(b) Chromatographic column.—Ultracarb 30 ODS, stain
less steel, 15 cm x 4.6 mm id (Phenomenex, Torrance, CA).

(c) EnviroGard EIA benomyl tube kits.—Contain polysty
rene test tubes coated with antibodies to MBC, enzyme conju
gate (horseradish peroxidase bound to MBC), hydrogen perox
ide as substrate, and tetramethylbenzidine as chromogen 
(Millipore Corp., Bedford, MA).

Tube Im m u n o a ssa y  o f  T B Z  with C lea nup

First extract 5 g of a homogenous fresh sample or 0.5 g of a 
dried sample by placing it into 50 mL conical polypropylene 
centrifuge tube followed by 20 mL extraction solvent (h) and 
20 mL methylene chloride. Polytron (Kinematica Model PT- 
10-35, Kriens-Luzem, Switzerland) the mixture for 2 min at 
medium speed. Centrifuge 3 min at 5000 x g. Transfer the bot
tom layer (methylene chloride) into 20 mL scintillation vial 
containing 0.5 g sodium sulfate. Dry 10 mL aliquot of 
methylene chloride layer under nitrogen. Dissolve residue in 
1 mL mobile phase (g) and transfer to 1.5 mL polypropylene 
centrifuge tube. Centrifuge 5 min at 10 000 x g.

Prepare TBZ standards as described in (e)(2). For samples, 
remove 0.1 mL aliquots from the centifuged samples. Add 
0.9 mL skim milk or nonfat dry milk to each aliquot and soni
cate. Any other dilutions will be made with the diluting solvent
(d).

Analyze standards and samples by adding 160 pL of each 
to coated tubes from the tube kit followed by 160 pL enzyme 
conjugate (up to 8 samples with 2 controls can be prepared si
multaneously). Incubate tubes for 10 min at room temperature. 
Rinse tubes 4 times by filling with water to remove unreacted 
sample and enzyme conjugate and allow to drain for 1 min on 
a paper towel. Add 320 pL substrate-chromogen mixture (1 + 
1). If using the kit, follow the instructions because drops of 
reagents are used. Incubate tubes for 10 min and then add 
1 drop 2.5N sulfuric acid (stop solution) to stop the reaction. 
The color changes from blue to yellow.

Measure intensity of the yellow solution by reading tubes at 
450 nm with a tube reader (Millipore Corp.), or use conven
tional spectrophotometer set at 450 nm. Run 2 control tubes 
(one at the beginning and the other at the end) with each set of 
8 samples to calculate B 0(% ) values of standards and samples 
(100 x absorbance at 450 nm of standard or sample/average 
absorbance at 450 nm of negative control of diluting solvent
(d)). Use an average value for negative control. Run a standard 
curve before samples and again after last samples. (The time 
difference from first to last samples may range from 10 h down 
to 1 h. Although mnning only 2 standard sets per day is not 
standard practice, we have shown that it is effective and saves 
time and money). Use an average of both standard curve runs 
to quantitate TBZ in samples. Prepare the standard curve and 
use it to calculate unknowns. Use semilog paper (3-cycle) to 
plot the standard curve, where the y axis is B 0 and the x axis is 
TBZ concentration on the log scale (Figure 1).
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Figure

100-1

1 10
T B Z (p p b )

Typ ical im m unoassay standard curve  for TB Z .

T100 — » 

5 0 0

Tube Im m u n o a ssy  o f  T B Z  without C leanup

Weigh the whole fruit or vegetable and place it into 400 mL 
beaker. Add 50 mL methanol and sonicate 2 min; make sure 
that the food is rotated during sonication so that the entire peel 
region contacts the methanol. Make a 1:10 dilution of the soni
cate with nonfat dry milk. Follow the immunoassay procedure 
described above.

L C  Determ ination o f  T B Z

Inject 10 jlL from the original 1 mL sample that was used 
for immunoassay. Use LC conditions described in Apparatus
(a) and (b) and Reagents (f) and (g).

R e s u l t s  a n d  D i s c u s s i o n

A typical standard curve for TBZ is shown in Figure 1. The 
working concentration of TBZ is 9 to 304 ppb. Samples with a

Table 1. Reproducib ility of thiabendazole im muno
assay  for standards prepared in 10% mobile phase-90%
nonfat dry m ilk

c v ,  %

Thiabendazole, ppb Intra-assay3 Interassay0

4.6 5.0 4.4

9.2 5.1 6.8

18 5.2 7.1

37 8.7 8.5

74 9.1 9.7

147 7.5 11

304 9.6 15

a Based on 6 determinations in 1 day. 
b Based on 38 determinations over 18 days.

concentration >304 ng/mL (indicated by B0 < 25%) are simply 
diluted. (Samples are the first 1:10 dilution of the original 
cleaned up extract.)

As with any analytical technique, precision within and be
tween days is crucial. Reproducibility results for the TBZ tube 
immunoassay for standards and samples are presented in Ta
bles 1 and 2. Table 1 shows the consistency data obtained from 
analyzing TBZ standards. Intra- and interassay CVs ranged 
from 4.4 to 15%, with most CVs < 10%.

Ten different foods containing TBZ at various concentra
tions (273 to 100 334 ppb) were used to ascertain the repro
ducibility of the assay for samples. The results of this intra- and 
interassay study are given in Table 2. Most CVs were <21% 
(range, 10-30%). Although these CVs are higher than those of

Table 2. Reproducib ility of th iabendazole 
im m unoassay for fru its , vegetab les, and their products

CV,%

Sample ppb Intra-assay3 lnterassayh

Banana peel 1009 15 20
Potato 273 30 15
Orange peel 6225 11 10
Orange flesh 277 21 24
Grapefruit peel 9172 21 10
Grapefruit flesh 470 15 21
Apple 3180 15 16
Pear 958 18 19
Extruded potato 

peel 100334 26 15
Potato cookie 2964 20 21

a Based on 6 determinations in 1 day. 
b Based on 6 determinations over 6 days.
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Table 3. A ccu racy  of thiabendazole im m unoassay for 
fru its and vegetab les3

Sample
TBZ added,

ppb
TBZ found, 

ppb
Mean

recovery, % CV, %

Grapefruit
peel 50 54 108 20
Grapefruit
flesh 50 54 108 4
Apple 50 66 132 13
Orange flesh 50 63 126 18
Banana flesh 50 58 116 12
Banana peel 50 83 166 8
Potato peel 50 71 142 17
Potato flesh 50 59 118 10
Pear 50 61 122 16
Banana peel 200 233 117 8
Banana flesh 200 229 115 16
Potato 200 235 118 5
Pear 200 220 110 20
Apple 200 247 124 16
Orange peel 200 217 109 18
Orange flesh 200 227 114 7
Grapefruit
flesh 1000 1115 112 9
Grapefruit
peel 1000 1113 112 12
Apple 1000 1143 114 7
Potato 1000 990 99 8
Pear 1000 975 98 10
Banana peel 1000 990 99 8
Banana flesh 1000 1110 111 18
Grapefruit
peel 10000 13070 131 17
Grapefruit
flesh 10000 11963 120 8
Apple 10000 9720 97 16
Grapefruit
flesh 50000 46500 93 9
Grapefruit
flesh 50000 48800 98 19
Apple 50000 60200 120 10

a Means and CVs are based on 4 determinations.

the standards, they should be acceptable for a screening proce
dure.

Recovery studies were also performed on 29 spiked fruit 
and vegetable samples comprising 6 different vegetables and 
fruits including separate flesh and peel samples. Results are 
given in Table 3. Spiking levels varied from 50 to 50 000 ppb, 
and recoveries ranged from 93 to 166% (mean recovery was 
116%, with most recoveries between 93 and 120%). Thus, the 
accuracy was acceptable. Reproducibility was quite good in 
this study, with CVs ranging from 4 to 20%. These higher re
coveries could be due to either matrix effects or the presence of 
other pesticides that cross-react with the antibody.

The antisera used in this analysis was raised against 
benomyl-carbendazim (MBC), but the antibody demonstrates

Table 4. C ross-reactiv ity  of the benom yl/carbendazim  
antibody

Pesticide /50. PPba LLD,ppb0

Benomyl 4.0 0.5

MBC 4.0 0.5

Thiabendazole (TBZ) 80.0 5.0

Thlophanate 200.0 43.0

Thiophanate methyl 200.0 43.0

Procymldone 500.0 —

5-Hydroxy-TBZ 800.0 —

Vlnchlozolin 1500.0 —

a Concentration giving 50% inhibition.
6 Least detectable dose estimated at B0 of 80%.

The following pesticides showed no cross-reactivity at a concen
tration of 1.5 ppm: 2-aminobenzimidazole, iprodlone, carbofuran, 
folpet, sallthion, phosalone, alachlor, amltrole, chlormephos, bay- 
leton, pronamide, guthion, tetradifon, metholachlor, dinoseb, aci- 
fluorfen, atrazine, benefin, diphenylamine, chlorothalonil, aldicarb, 
diazinon, metalaxyl, asulam, propachlor, thidiazuron, pyrolan, anil- 
azine, bentazon, butylate, fluchloralin, butachlor, diphenamid, oxy- 
thioquinox, secbumeton, pyrazophos, metrazole, rubigan, basalin, 
morestan, pyrene, carbaryi, chlorpropham, acephate, mercarbam, 
nitralin, iodofenphos, bendiocarb, oryzalin, fluazifop butyl, linuron, 
mollnate, triforine, dodine, fenthiuron, terbutryn, diuron, phosmet, 
propoxur, mefluidide, and carbanolate.

sufficient cross-reactivity toward TBZ to allow detection of 
TBZ in foods (Table 4). A cross-reactivity between 2 widely 
used fungicides could lead to a major problem, but, in this case, 
it does not reduce the effectiveness of the screening procedure. 
In most instances, TBZ quantitation by EIA will not be affected 
by MBC. Because benomyl is no longer used in postharvest 
applications, TBZ is usually not found with benomyl.

The correlation between tube EIA and LC was studied with 
107 fruits, vegetables, and their process products. The results 
support the statements made above concerning potential MBC 
interferences. A total of 84 samples were positive for TBZ (Ta
ble 5), 15 were positive for MBC, and 8 contained no detect
able levels of TBZ or MBC. For the 84 TBZ-positive samples, 
a correlation coefficient of 0.989 was obtained with an equa
tion of y  = 0.80jc + 67.6. This equation indicates a high bias of 
the EIA method for TBZ concentrations (none of the 84 sam
ples showed any MBC by liquid chromatography (LC) so it 
was not the cause of the high bias), but the EIA method is still 
excellent for a screening procedure. The 15 MBC-positive 
samples were potatoes grown in Wisconsin, where benomyl is 
widely used on potatoes and some apples.

The data presented in Table 5 gives useful information 
about the distribution of TBZ in fruits. For example, the peel of 
treated fruit contains from 83 to 98% of the total amount of 
TBZ present. Also, processed products, such as potato chips, 
extruded potato peel, and baked and fried potatoes, contain 
high levels of TBZ.
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Table 5. Com parison  of im m unoassay and LC  for the determ ination of T B Z  in fru its , vegetab les, and their products

TBZ, ppb TBZ, ppb

Sample Immunoassay LC Sample Immunoassay LC

Extruded potato peel 84000 63635 Red delicious apple 2120 1484
Extruded potato peel 94000 61855 Potato chips 53 46
Dried potato peel 76000 63190 Potato chips 154 130
Grapefruit peel 10000 8633 Potato chips 540 310
Grapefruit flesh 360 233 Potato chips 600 317
Grapefruit peel 8400 4895 Cracker ND ND
Macintosh apple 43 43 Cracker ND ND
Macintosh apple 23 24 Baked potato 53 20
Red delicious apple 6400 3916 Baked potato 1480 1277
Red delicious apple 4200 3827 Fried potato skin 500 356
Pear 580 475 Fried potato skin 352 267
Pear 1192 507 Steak fries 15 8
Apple 43 10 Steak fries 23 13
Apple 31 12 Potato cookie raw 4500 1780
Potato 43 18 Potato cookie
Potato 49 15 extruded 3200 1691
Potato 157 112 Banana peel 466 490
Potato 173 109 Banana flesh 82 102
Potato 19 11 Potato 13 2
Potato 31 11 Potato 11 2
Russet potato 114 81 Potato chips ND ND
Russet potato 109 88 Potato chips ND ND
Potato chips 17 33 Round white potato 56 63
Potato chips 12 16 Round white potato 85 60
Potato chips 1480 892 Katahdin potato 760 470
Potato chips 1760 1270 Extruded potato peel 816 638
Potato chips 760 482 Extruded potato peel 26400 28226
Potato chips 680 534 Extruded potato peel 46000 51493
Lime peel 47 11 Extruded potato peel 84000 72471
Lime flesh 13 4 Extruded potato peel 74000 61029
Orange peel 3000 2634 Raspberry 43 27
Orange flesh 448 235 Raspberry 13 2
Lemon peel 319 164 Banana flesh 59 57
Lemon flesh 49 21 Banana peel 412 282
Golden delicious apple 5880 3631 Potato 340 259
Golden delicious apple 5400 4058 Potato 288 252
Red delicious apple 900 470 Potato ND ND
Red delicious apple 900 484 Pear 1320 725
Macintosh apple 19 6 Pear 920 610
Macintosh apple 11 4 Lime peel 100 10
Pear 1000 534 Lime flesh ND ND
Pear 1000 579 Lemon peel ND ND
Grapefruit peel 6200 5207 Lemon flesh ND ND
Grapefruit flesh 170 107 Orange peel 4000 3433
Banana flesh 30 25 Orange flesh 360 328
Golden delicious apple 560 354 Golden delicious apple 740 412

Red delicious apple 2240 1983

ND, none detected at a detection limit of 9 ppb for EIA and 2 ppb for LC.
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Table 6. Com parison of im m unoassay with methanol 
w ash  and LC  for determ ination of thiabendazole in 
potatoes

Sample

TBZ, ppm

Immunoassay LC

Potato 1 69.3 57.5
Potato 2 52.1 44.0
Potato 3 96.6 57.5
Potato 4 40.0 29.0
Potato 5 40.5 36.0
Potato 6 16.4 19.0
Potato 7 66.9 57.5
Potato 8 38.5 47.0
Potato 9 1 2 .1 9.0
Potato 10 56.1 55.0

Food matrix effects are commonly encountered in immu
noassay methods (10-12). To help prevent such effects, sam
ples were partitioned into methylene chloride after extraction. 
However, preliminary results indicated that a methanol sonica- 
tion of the outside of the fruits and vegetables works well as a 
rapid screening technique. We have tried this procedure on sev
eral types of fruits and vegetables and observed that, each time, 
EIA results that indicated the presence of TBZ were confirmed 
by LC results. A correlation was determined with this method 
with 10 potato samples (Table 6). The correlation coefficient 
was 0.886 and the equation was y = 1 ,28lt -3 .9 7 .

Because this antibody does cross-react with both MBC and 
TBZ at low levels, the EIA method can be used only to screen 
for both fungicides in fruits and vegetables and their products. 
The data indicate that this procedure would be a good screening 
method especially because there are LC methods that can dis
tinguish between MBC and TBZ in a sample. However, if one 
knows the pesticide history of the food, this immunoassay

would be very effective in the quantitation of TBZ, as sup
ported by the data presented.
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RESIDUES AND TRACE ELEMENTS

Determination of Levels of Lead Contamination in Food and 
Feed Crops
Carmen Cabrera, Carmen Gallego, M aria C. Lopez, and M aria L. Lorenzo
University of Granada, School of Pharmacy, Department of Nutrition and Bromatology, E -18012 Granada, Spain 
Enrique Lillo
Laboratorio Agroalimentario de Granada, Junta de Andalucía, E -18014 Atarfe, Granada, Spain

A  r a p i d ,  p r e c i s e  p r o c e d u r e  i s  d e s c r i b e d  f o r  t h e  d e 
t e r m i n a t i o n  o f  l e a d  i n  f o o d  a n d  f e e d  p r o d u c t s  w i t h  
e l e c t r o t h e r m a l  a t o m i c  a b s o r p t i o n  s p e c t r o 
p h o t o m e t r y .  S a m p l e s  w e r e  m i n e r a l i z e d  i n  a  m i c r o -  
w a v e  a c i d  d i g e s t i o n  b o m b  i n  t h e  p r e s e n c e  o f  n i t r i c  
a c i d  a n d  v a n a d i u m  p e n t o x i d e .  L e a d  c o n c e n t r a t i o n s  
w e r e  d e t e r m i n e d  d i r e c t l y  f r o m  d i g e s t e d  s a m p l e s .  
T h e  d e t e c t i o n  l i m i t  w a s  0 . 0 4  n g / m L .  A c c u r a c y  a n d  
p r e c i s i o n  w e r e  c h e c k e d  a g a i n s t  N a t i o n a l  I n s t i t u t e  
o f  S t a n d a r d s  a n d  T e c h n o l o g y  s t a n d a r d  r e f e r e n c e  
m a t e r i a l .  T h e  a n a l y t i c a l  m e t h o d  w a s  t e s t e d  w i t h  5 1  
f o o d  a n d  f e e d  c r o p s  f r o m  M e d i t e r r a n e a n  z o n e s  i n  
S p a i n  a n d  f o u n d  t o  b e  s u i t a b l e  f o r  t h e s e  p r o d u c t s .  
L e a d  c o n c e n t r a t i o n s  i n  s a m p l e s  r a n g e d  f r o m  n o t  
d e t e c t a b l e  t o  2 . 6 9 5  p g / g  ( f r e s h  w e i g h t ) .

H uman activity is leading to increasing levels of lead 
contamination in the environment. Agricultural prod
ucts can be markedly affected by urban and industrial 

wastes allowed to reach farmlands, which occurs when waste 
water is used for irrigation or when phytosanitary products are 
repeatedly applied (1). However, the most important source of 
contamination is atmospheric pollution from industrial or mo
tor vehicle emissions, which represent from 73 to 95% of the 
total lead load in plants (2). Plant susceptibility to Pb accumu
lation is also affected by the duration of exposure, climate, 
physicochemical characteristics of the soil, the plant species in 
question, or the anatomical part of the plant considered (2-4).

Elevated Pb levels cause a series of metabolic changes in 
plants, including decreased growth; delayed flowering; low
ered chlorophyll content; and reductions in the number and 
quality of shoots, leaves, and fruits (4). If animals consume 
contaminated plants, agricultural production may be reduced 
considerably. Moreover, this process can bring Pb into the hu
man food chain (5). Approximately 80% of the total human Pb 
intake is supplied by the diet (6, 7). According to FDA data
(8), food and feed crops provide approximately 34 to 44% of 
the dietary intake. There is obviously a need to accurately de
tect even very low Pb concentrations in foods and possible

Received A ugust 6, 1993. Accepted by JS  Novem ber 17, 1993.

increases in contamination resulting from environmental pol
lution.

The most frequently recommended techniques for Pb deter
mination in foods include polarography, inductively coupled 
plasma atomic emission spectrometry (ICP-AES), and elec
trothermal atomization atomic absorption spectrophotometry 
(ETA-AAS) (9-12). The latter, when used with an L’vov plat
form, yields the most reproducible results (13-15). Acid de
composition is the most widely used method for sample diges
tion. Several combinations of acids and oxidants have been 
proposed with different time and temperature programs (10- 
12). One of the best techniques is based on the use of both 
sealed polytetrafluoroethylene flasks and on microwaves to re
duce digestion time (16-19).

We have perfected an analytical method suitable to deter
mine Pb in food and feed crops, based on ETA-AAS with an 
L’vov platform, following optimization of the temperature
time program for the graphite furnace. The samples are miner
alized in a microwave acid digestion bomb. To optimize the 
procedure, we did a series of assays at different power settings 
of a microwave oven, combining the settings with different du
rations of digestion and varying the amounts of sample and 
nitric acid. The method can be used in quality control assays of 
food and feed crops grown in Mediterranean coastal regions of 
Granada (southern Spain), a zone characterized by intensive 
cropping and the widespread use of fertilizers (including sew
age sludge) and pesticides. The farmlands from which we ob
tained the plant samples are also characterized by their proxim
ity to potential sources of pollution such as industries, heavily 
traveled highways, and urban communities.

E x p e r i m e n t a l

A p para tu s

(a) Spectrophotometer.— Perkin-Elmer Model 2380 dou
ble-beam atomic absorption spectrophotometer equipped with 
a deuterium arc background corrector and hollow cathode lamp 
(Perkin-Elmer Corp., Norwalk, CT); Bausch & Lomb D-5000 
chart recorder (Bausch & Lomb, Rochester, NY).

(b) Graphite furnace.—Perkin-Elmer HGA-400 (Perkin- 
Elmer Corp.). Pyrolytic graphite tubes with an L’vov platform.
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(c) Microwave oven.—Moulinex Model FM-460 with 15- 
100% full power (600 W) capability in 25% increments.

(d) Microwave acid digestion bomb.—Parr Model 4782 
(Parr Instrument Co., Moline, IL).

R e a g e n ts

(a) Nitric acid.—Reagent grade, 65% (E. Merck, 
Darmstadt, Germany).

(b) Vanadium pentoxide.—Analytical reagent grade (E. 
Merck).

(c) Lead standard solution.—Titrisol lead solution (1.00 ± 
0.002 g) (E. Merck).

(d) Ammonium molybdate.—Reagent grade (E. Merck).
(e) Water.—All solutions were prepared from deionized 

water with a specific resistivity of 18 MQ.cm, which was ob
tained by filtering distilled water through a Millipore Milli-Q 
Model RO15 purifier immediately before use.

M ateria l

To eliminate absorbance due to detergents and samples, all 
glassware and polyethylene sample containers were washed 
with tap water after each use, soaked in a 6N H N 03 solution (at 
least overnight), and rinsed several times in ultrapure water.

S a m p le s

Samples were collected from farm plots in the coastal re
gion of Granada. We obtained samples from plots located near 
potential sources of pollution and used random sampling in the 
rest of the plots.

In the study area, vegetables, fruits, and cereal (Zea mays) 
were grown, although the predominant irrigation crop was 
sugarcane (Saccharum ojficinarum).

The number of samples collected of each species depended 
on the relative abundance of the crops. To optimize the amount 
of plant material, previous assays were done to ensure that sam
ples were homogeneous and representative of the crop investi
gated (20).

Depending on their morphological features, the samples 
were peeled or washed with potable water, then rinsed several 
times in deionized water. Fractions (250 g) of the edible portion 
of each species were dried at low setting in a microwave oven. 
The dried samples were ground into a fine powder, homoge
nized as appropriate, and stored at 4°C in sealed polyethylene 
jars. Lyophilized samples were prepared of each species and 
subjected to the same analytical technique. No significant dif
ferences were found between data obtained with the two pro
cedures.

S a m p le  D igestion

Dried and homogenized samples (0.200 g) were treated 
with 2.5 mL 65% H N 03 and 35 mg V20 5 as a catalyst (21), and 
then digested in a microwave acid digestion bomb. Mineraliza
tion was complete in 90 s with the oven at its highest setting. 
The digestion bomb was cooled by freezing at -18°C for 30- 
40 min, then the solution was diluted to a total volume of 
25 mL in a glass volumetric flask with ultrapure water.

L e a d  Determ ination

To avoid the formation of refractory carbides, the tube 
was pretreated by injecting 10 |iL saturated ammonium 
molybdate solution and by heating according to the time- 
temperature program optimized for samples (Table 1). A 
sample aliquot of 10 pL was analyzed under the optimized 
conditions at a wavelength of 283.3 nm and a slit width of 
0.7 nm. The conditions were optimized on the basis of time- 
temperature studies using National Institute of Standards 
and Technology (NIST) standard reference material Citrus 
leaves (SRM 1572). Mineralization of the matrix was com
plete after heating at 500°C for 30 s. The atomization tem
perature that yielded maximum signals was 2100°C for 6 s, 
with an integration time of 6 s. Argon was used as the inter
nal gas. Flow was stopped during the atomization stage to 
increase sensitivity; this did not alter the usable life of the 
tube. The furnace was cleaned by raising the temperature to 
2650°C; the graphite tube was cooled to 20°C between 
analyses. For the instrumental conditions used, the analyti
cal detection limit was 0.04 ng/mL (22).

The calibration plot was obtained from a working solu
tion of 1 pg/mL and successive dilutions with 10% H N 03 
(65%). The working solution, along with the blank (2.5 mL 
65% H N 03, 35 mg V20 5, and ultrapure water to a total vol
ume of 25 mL), was subjected to the same acid digestion 
bomb treatment as the samples (although this treatment was 
shown to be unnecessary). The equation for the calibration 
plot is as follows:

Absorbance = -2.16 x 10~3 + 2.29 x 10-3 [Pb, ng/m L]

where r = 0.9965 and a  = 1% (a, level of significance). The 
results were linear over a range of up to 1 pg/mL.

The standard additions method (23) were used to detect pos
sible interferences; standards for digestion and dilution were 
processed in the same way as samples. The slopes of the cali
bration plot for spiked samples were similar to the slope of the 
calibration plot for the standards in acid medium; thus, matrix 
effects were considered negligible.

Table 1. Instrum ental conditions for the determ ination 
of lead in food and feed crops

Step Temp., °C
Ramp 
time, s

Hold 
time, s

Gas flow 
rate, mL 
Ar/min

Dry 100 20 10 100
150 15 25 100

Char 500 15 15 100
Atomize 2100 1 5 stop
Clean 2650 1 2 100

20 1 2 100
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Table 2. A ccu ra cy  and precision  of m easured concentrations of lead in N IST standard reference material

Pb concn, pg/g dry weight

Reference material Measured3 Certified3 Recovery, % Precision RSD, %b

SRM 1572 Citrus leaves 13.1 ±0.86 13.3 ±2.4 98.50 9.2

a Mean ± standard deviation, at 95% confidence internal about the mean (n = 10). 
6 Relative standard deviation.

R e s u l t s  a n d  D i s c u s s i o n

A c cu ra cy  a n d  P rec is io n

The accuracy of this analytical method was checked with 
recovery assays (20). Known amounts of analyte were added 
to 5 different randomly chosen samples and the mixtures were 
processed for acid digestion and dilution as described above for 
experimental samples. Percentage recoveries ranged from 
97.37 to 100.50%.

Accuracy and precision were also checked in 10 determina
tions of NIST standard reference material (Table 2). In addi
tion, reproducibility of the spectrophotometric determinations 
and absorbance values from 10 successive measurements in 2 
different samples were statistically analyzed (24). The results 
of the precision tests are shown in Table 3.

S a m p le  A n a ly s is

The procedure described above was used to determine Pb 
concentrations in 51 samples of 7 different plant species. The 
mean values and range of concentrations in each species are 
given in Table 4, in which all data are referred to fresh weight 
of the edible fraction.

The developed digestion procedure provides rapid, com
plete mineralization of the sample with minimal losses and 
avoids external contamination by the reaction vessel or re
agents because of the small amounts involved of these materi
als. Mineralization with the microwave acid digestion bomb 
technique was complete within 90 s, which represents a signifi
cant savings in time when compared with other methods that 
require hours or even days. The use of a small volume of acid 
and the simplicity of the entire procedure reduce the risk of 
contamination, an important factor in the determining trace ele
ments. More than one element at a time can be analyzed in a 
single analytical solution, and the method is suitable for a wide

variety of samples (25-27). The digestion procedure increases 
the accuracy and precision of the analytical technique and is 
appropriate for the range of Pb concentrations found in the ex
perimental samples discussed here (28).

Lead was quantified by ETA-AAS with an optimized time- 
temperature program for the drying, charing, and atomization 
phases in a graphite furnace. Factors with the potential to cause 
interferences were eliminated, and the final method was found 
to be highly accurate and precise. The optimized assay condi
tions obviate most matrix interferences and other sources of 
unspecific absorption. Omission of the standard additions 
method considerably simplifies the analysis. The detection 
limit and sensitivity are suitable for the range of Pb concentra
tions encountered and are compatible with estimates given by 
other authors. Moreover, the analytical accuracy and precision 
of our method are acceptable (28).

The advantages of this method make it useful for routine 
analysis, not only for quality control of food and feed crops, but 
also as a measure of environmental contamination and as a tool 
in assessing medium- and long-term health risks to humans.

The mean concentration of Pb in the plant samples analyzed 
in this study was 0.304 ± 0.490 jig/g (mean ± standard devia
tion). The variability of the data emphasizes the influence of 
species-specific characteristics on the accumulation of heavy 
metals by plants and reflects variations in contamination be
tween different sampling points. The highest Pb levels were 
found in com {Zea mays) and green bean (Phaseolus vulgaris). 
These 2 species are able to absorb large amounts of heavy met
als from the soil; in Zea mays, absorption is further facilitated 
by the extensive superficial root system (5). No statistically sig
nificant correlation was found between Pb concentration and 
the proximity of the sampling point to potential sources of con
tamination (industries, heavily traveled highways, and urban 
communities). Thus, Pb concentrations in the crops analyzed 
here may be influenced by as yet undetermined interactions

Table 3. Sta tistica l an a ly s is  of resu lts of determ inations of lead in food and feed crops by electrotherm al atom ic 
absorption spectrom etry

f ~
Sample Xa Sn- l b Q O x ± S m -A --------, %X

Lettuce-1 (L. sativa) 0.031 1.767 x1 0 “3 5.588 x 10-4 0.031 ± 1.264 x 10"3 4.07

Green bean-1 (P. vulgaris) 0.080 1.229x1 O'3 3.887x10"4 0.080 ± 8.793 x 10-4 1.09

3 x, mean value of 10 determinations.
6 S^,, standard deviation for 10-replicate determinations. 
c Sm, standard error of the mean. 
d The value ot Student’s t was 2.262 for both samples.
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Table 4. Concentrations of lead (pg/g fresh  weight) in 
food and feed cro p s grown on the co ast of G ranada 
(Spa in)

Sample
No. of 

samples Mean Range

Sugarcane 
(S. officinarum) 24 0.131 0.030-0.265
Sweet com (Z  mays) 11 0.983 0.124-2.695
Potato {Solanurn 
tuberosum) 6 0.048 0.025-0.087
Green bean (P. vulgaris) 4 0.209 0.119-0.422
Banana (Musa 
paradisiaca) 2 NDa _

Lettuce (L. sativa) 2 0.179 0.108-0.250
Tomato (Lycopersicum 
esculentum) 2 0.034 0.034-0.035

a Not detectable.

between different types of contamination, in combination with 
Pb supplied through irrigation water, fertilizers, and pesticides.

Although the values of Pb found in these food and feed 
crops do not represent an imminent toxicological risk, periodic 
determinations are advisable because of the large amounts of 
these products that are consumed as part of the Mediterranean 
diet.
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Warden

T h e  U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  ( U . S .  
E P A )  a n d  t h e  A m e r i c a n  S o c i e t y  f o r  T e s t i n g  a n d  M a 
t e r i a l s  ( A S T M )  c o n d u c t e d  a  j o i n t  c o l l a b o r a t i v e  
s t u d y  v a l i d a t i n g  a n  i o n  c h r o m a t o g r a p h i c  m e t h o d  
f o r  d e t e r m i n a t i o n  o f  i n o r g a n i c  a n i o n s  ( U . S .  E P A  
m e t h o d  3 0 0 . 0 A  a n d  t h e  e q u i v a l e n t  p r o p o s e d  r e v i 
s i o n  t o  A S T M  m e t h o d  D 4 3 2 7 ) .  T h i s  s t u d y  w a s  c o n 
d u c t e d  t o  d e t e r m i n e  t h e  m e a n  r e c o v e r y  a n d  p r e c i 
s i o n  o f  a n a l y s e s  f o r  b r o m i d e ,  c h l o r i d e ,  f l u o r i d e ,  
n i t r a t e ,  n i t r i t e ,  o r t h o p h o s p h a t e ,  a n d  s u l f a t e  i n  r e 
a g e n t  w a t e r ,  d r i n k i n g  w a t e r ,  a n d  w a s t e w a t e r .  T h e  
s t u d y  d e s i g n  w a s  b a s e d  o n  Y o u d e n ’s  n o n r e p l i c a t e  
p l a n  f o r  c o l l a b o r a t i v e  t e s t s  o f  a n a l y t i c a l  m e t h o d s .  
T h e  t e s t  w a t e r s  w e r e  s p i k e d  w i t h  t h e  a n i o n s  a t  
6  c o n c e n t r a t i o n  l e v e l s ,  p r e p a r e d  a s  3  Y o u d e n  p a i r s .  
T h e  2 2  v o l u n t e e r  l a b o r a t o r i e s  w e r e  i n s t r u c t e d  t o  d i 
l u t e  1 0  m L  s a m p l e  c o n c e n t r a t e  t o  1 0 0  m L  t e s t  
w a t e r .  A  m e a s u r e d  v o l u m e  o f  s a m p l e  ( 2 0 - 2 0 0  j i L )  
w a s  i n j e c t e d  i n t o  a n  i o n  c h r o m a t o g r a p h  e q u i p p e d  
w i t h  a  g u a r d  c o l u m n ,  a n i o n  e x c h a n g e  c o l u m n ,  a n d  
a  c h e m i c a l  m i c r o m e m b r a n e  s u p p r e s s i o n  d e v i c e .  
T h e  a n i o n s  w e r e  t h e n  s e p a r a t e d  u s i n g  1 . 7  m M  s o 
d i u m  b i c a r b o n a t e  a n d  1 . 8  m M  s o d i u m  c a r b o n a t e ,  
a n d  m e a s u r e d  b y  a  c o n d u c t i v i t y  d e t e c t o r .  S u b m i t 
t e d  d a t a  w e r e  e v a l u a t e d  u s i n g  U . S .  E P A ’s  I M V S  
c o m p u t e r  p r o g r a m ,  w h i c h  f o l l o w s  A S T M  D 2 7 7 7 - 8 6  
s t a t i s t i c a l  g u i d a n c e .  U . S .  E P A  m e t h o d  3 0 0 . 0 A  a n d  
A S T M  m e t h o d  D 4 3 2 7  w e r e  j u d g e d  a c c e p t a b l e  f o r

Submitted for Publication A p ril 22, 1993.
The recommendation was approved by the Committee on 

Environm ental Quality, and w as adopted by the Official M ethods Board o f 
the Association. See “O fficia l M ethods Board A ction s” (1993) J. AOAC Int. 
76, 125A, and “Official Methods Board  Action s” (1993) The Referee 17, 

September issue.

m e a s u r e m e n t  o f  t h e  a b o v e  a n i o n s  ( e x c e p t  s u l f a t e )  
a t  c o n c e n t r a t i o n s  r a n g i n g  f r o m  0 . 3  t o  2 5  m g / L  a n d  
s u l f a t e  c o n c e n t r a t i o n s  f r o m  2 . 9  t o  9 5  m g / L .  M e a n  
r e c o v e r i e s  f o r  t h e  7  a n i o n s  f r o m  a l l  m a t r i x e s ,  a s  
e s t i m a t e d  f r o m  t h e  l i n e a r  r e g r e s s i o n  e q u a t i o n s ,  
r a n g e d  f r o m  9 5  t o  1 0 4 % .  A t  c o n c e n t r a t i o n s  a b o v e  
2 - 6  m g / L  f o r  b r o m i d e ,  f l u o r i d e ,  n i t r a t e ,  n i t r i t e ,  a n d  
o r t h o p h o s p h a t e ,  a n d  a b o v e  2 4  m g / L  f o r  s u l f a t e ,  t h e  
o v e r a l l  a n d  s i n g l e - a n a l y s t  r e l a t i v e  s t a n d a r d  d e v i a 
t i o n s  w e r e  l e s s  t h a n  1 0  a n d  6 % ,  r e s p e c t i v e l y .  A s  
c o n c e n t r a t i o n s  d e c r e a s e d ,  p r e c i s i o n  b e c a m e  m o r e  
v a r i a b l e .  T h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n s  o f  r e s u l t s  
f o r  c h l o r i d e  w e r e  s l i g h t l y  h i g h e r  t h a n  t h e  o t h e r  a n i 
o n s ,  e s p e c i a l l y  i n  m a t r i x e s  w i t h  h i g h  c h l o r i d e  b a c k 
g r o u n d .  A n a l y s i s  o f  V a r i a n c e  ( A N O V A )  t e s t s  a t  t h e  
9 5 %  c o n f i d e n c e  i n t e r v a l  i n d i c a t e d  a  s t a t i s t i c a l l y  s i g 
n i f i c a n t  m a t r i x  e f f e c t  f o r  c h l o r i d e ,  n i t r i t e ,  a n d  n i t r a t e  
a n a l y s e s  i n  d r i n k i n g  w a t e r  c o m p a r e d  t o  a n a l y s e s  i n  
r e a g e n t  w a t e r .  B e c a u s e  t h e s e  m a t r i x  e f f e c t s  w e r e  
c a u s e d  b y  t h e  s p i k i n g  p r o c e s s  a n d  n o t  t h e  d r i n k i n g  
w a t e r  i t s e l f ,  t h e  A N O V A  d e t e r m i n a t i o n  w a s  n o t  c o n 
s i d e r e d  t o  b e  o f  p r a c t i c a l  s i g n i f i c a n c e .

I on chromatography using U.S. Environmental Protection 
Agency (U.S. EPA) method 300 (1) was first approved for 
determination of nitrates in drinking water by the U.S. EPA 

in 1984. The method was upgraded as U.S. EPA method 
300.0A (2) to incorporate current equipment specifications and 
in January 1991, ion chromatography was approved for deter
mination of the regulated anions, nitrate and nitrite (3).

The U.S. EPA Environmental Monitoring Systems Labora
tory in Cincinnati, OH (EMSL-Cincinnati), develops or selects 
analytical methods and provides quality assurance (QA) sup
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port for Agency programs that involve water and wastewater 
regulations. Within EMSL-Cincinnati, the responsibility for 
providing QA support is assigned to the Quality Assurance Re
search Division (QARD). One of QARD’s activities is to con
duct interlaboratory method validation studies to evaluate ana
lytical methods selected for the Agency’s operating programs. 
EMSL-Cincinnati (for U.S. EPA) and American Society for 
Testing and Materials (ASTM) Committee D-19 have agreed 
to conduct joint interlaboratory method validation studies on 
methods of common interest. ASTM, through its consensus 
standard process, provided a forum for review of analytical 
methods, study designs, selection of appropriate test materials, 
and solicitation of volunteer laboratories for the study. U.S. 
EPA conducted the study and evaluated the data using statisti
cal procedures acceptable to both organizations.

The objectives of this study were 3-fold: (1) to characterize 
multilaboratory performance of U.S. EPA method 300.OA and 
the equivalent ASTM Method D4327 in terms of recovery, 
overall precision, and single-analyst precision; (2) to compare 
the recovery and precision for 7 anions in reagent water, drink
ing water, and wastewater; and (3) to develop appropriate QC 
acceptance limits for use in assessing overall data quality.

The joint study for U.S. EPA method 300.0A was conducted 
under the direction of QARD, EMSL-Cincinnati. As primary 
contractor to QARD, The Bionetics Corp. was responsible for 
preparing and distributing sample concentrates, user instruc
tions, and report forms, reviewing data, and drafting a final re
port. The raw data were statistically evaluated by QARD using 
its computer program, IMVS (4), designed for these studies.

Volunteer laboratories were solicited by EMSL-Cincinnati 
and ASTM Committee D-19, and 25 laboratories who volun
teered to participate in the study were sent sample concentrates 
in October 1990; 22 laboratories returned data by the closure 
date in December 1990.

C o l l a b o r a t i v e  S t u d y

The study design was based on Youden’s nonreplicate de
sign for collaborative evaluation of overall precision, single
analyst precision, and mean recovery for analytical methods
(5). Two samples, differing in analyte concentration by 5-20% 
of the mean of the pair, were analyzed as a Youden pair to pro
vide data for estimating single-analyst precision. In this study, 
3 concentration pairs encompassed the relatively low concen
tration ranges of 0.3-25 mg/L for all anions except sulfate and 
2.9-95 mg/L for sulfate. The study design called for each par
ticipant to spike the 7 anions into reagent water, drinking water, 
and a wastewater of interest to them. In addition to the spiked 
matrixes, each participant was asked to analyze a single un
spiked sample (blank) of reagent water, drinking water, and 
wastewater as background measures. Evaluation of results ob
tained for spiked reagent water demonstrated method profi
ciency in recovering the inorganic anions on a sample free of 
interferences. By difference, recoveries of spikes into drinking 
water and wastewater tested method suitability for these water 
types and gave a measure of interference by comparison with

results from reagent water. The drinking water and wastewater 
matrixes used in this study were selected by the participants.

Quality control (QC) requirements consistent with the 
method were incorporated into this study to monitor various 
stages of the analytical process. Each participant was sent a 
concentrate to prepare a QC sample containing the 7 anions at 
concentrations between 5-25 mg/L. Participants were in
structed to analyze the QC sample before analyzing each set of 
spiked matrix samples. If the QC sample results fell outside of 
the acceptance limits of ± 10% of spike concentration, the 
laboratory was directed to reanalyze the QC sample and, if the 
second analysis also failed, recalibrate its instrument. Because 
the fluoride anion elutes quickly in the region of the negative 
baseline excursion caused by water, it was not held to QC ac
ceptance limits required for the other 6 analytes. All QC results, 
including fluoride results, were requested as part of the study 
data.

Each participating laboratory received 18 spike solutions 
(6 unknown solutions for spiking into 3 water matrixes), 
one known calibration standard concentrate, one QC sample 
concentrate with true values and acceptance limits, report 
forms, a questionnaire, an instruction manual, and a formatted 
5Va in. disk for reporting results. Copies of the method were 
distributed to the participants prior to the study. The sample 
spiking concentrates, calibration concentrates, and QC sample 
concentrates were prepared using filter-sterilized (0.22 pm), 
deionized water, and packaged in flame-sealed 20 mL ampules 
(12 mL/ampule). The ampules were previously washed with 
tap water and double rinsed with deionized water. Collaborat
ing laboratories were instructed to calibrate their analytical in
struments using the provided calibration standard concentrate, 
analyze the spiked samples in strict accord with the written 
method (2), and complete the analyses within 30 days after re
ceipt of the samples. Prior to distribution, the concentrations of 
ampule solutions were confirmed using U.S. EPA method 
300.0A vs standards freshly prepared from neat materials.

Study data were recorded on 5Va in. data entry disks using 
EMSL-Cincinnati’s software program, RETRIEVE. This MS- 
DOS based software structures a data file for a collaborative 
study, produces personalized data entry disks, and then reads 
the data on the returned disks into a consolidated data file for 
further computer processing.

9 9 3 . 3 0  I n o r g a n i c  A n i o n s  i n  W a t e r — I o n  
C h r o m a t o g r a p h i c  M e t h o d

U.S. EPA-ASTM-AOAC Method

F i r s t  A c t i o n  1 9 9 3

(Applicable to determination of bromide, chloride, fluoride, 
nitrate-N, nitrite-N, orthophosphate, and sulfate in drinking 
water and wastewater in the range shown in Table 99330A.)

Method performance:
See Table 993.30A for method performance data.
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Table 993.30A. Method perform ance for determ ination of inorganic an ions in drinking w ater (DW) and wastewater 
(WW) by ion chrom atographic method

Av. Youden

Anion Water type
pair spikes, 

mg/L Mean, mg/L r3 Rb RSDr, % RSDr, %
Mean rec. of 

spike, %

Bromide DW 0.74 0.72 0.04 0.12 6.22 16.45 97.96

DW 5.77 5.70 0.13 0.32 2.32 5.65 98.87

DW 18.90 18.91 0.57 0.59 2.99 3.10 100.05

WW 0.74 0.67 0.31 0.31 46.42 46.42 91.16

WW 5.77 5.73 0.12 0.43 2.05 7.53 99.39

WW 18.90 18.80 0.66 1.13 3.52 6.03 99.47

Chloride DW 0.91 1.38 0.38 0.67 27.93 48.31 151.65

DW 7.15 7.72 0.55 1.08 7.06 14.04 107.97

DW 23.40 23.93 1.45 2.60 6.05 10.85 102.26

WW 0.91 1.01 0.33 0.63 33.01 62.86 110.99

WW 7.15 7.06 0.89 0.92 12.58 13.09 98.74

WW 23.40 23.02 0.75 2.16 3.27 9.40 98.38

Fluoride DW 0.30 0.32 0.05 0.08 15.62 26.42 106.67

DW 2.34 2.30 0.06 0.21 2.48 9.19 98.50

DW 7.64 7.56 0.24 0.69 3.12 9.15 98.95

WW 0.30 0.28 0.06 0.12 22.71 43.44 93.33

WW 2.34 2.37 0.08 0.22 3.23 9.43 101.50

WW 7.64 7.54 0.22 0.40 2.94 5.36 98.69

Nitrate-N DW 0.49 0.55 0.03 0.10 5.07 18.53 112.24

DW 3.86 3.93 0.15 0.49 3.72 12.51 101.81

DW 12.60 12.71 0.44 0.68 3.49 5.35 100.87

WW 0.49 0.49 0.05 0.11 10.71 22.29 100.00

WW 3.86 3.69 0.04 0.24 1.19 6.49 95.60

WW 12.60 12.42 0.47 0.52 3.78 4.16 98.57

Nitrite-N DW 0.42 0.36 0.03 0.12 7.31 34.24 85.71

DW 3.30 3.34 0.07 0.23 2.16 6.81 101.21

DW 10.80 10.64 0.28 0.53 2.63 4.95 98.52

WW 0.42 0.39 0.05 0.09 12.40 23.75 92.86

WW 3.30 3.52 0.07 0.16 2.05 4.55 106.67

WW 10.80 10.74 0.36 0.83 3.38 7.69 99.44

o-Phosphate DW 0.81 0.70 0.22 0.35 31.54 50.90 86.96

DW 6.35 5.98 0.15 0.65 2.53 10.79 94.25

DW 20.75 20.32 0.59 0.89 2.93 4.40 97.93

WW 0.81 0.81 0.08 0.18 10.18 21.92 100.62

WW 6.35 5.94 0.34 0.63 5.74 10.54 93 62

WW 20.75 20.12 1.22 1.82 6.07 9.06 96 96
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Table 993.30A. (continued)

Av. Youden 
pair spikes, Mean rec. of

Anion Water type mg/L Mean, mg/L r3 Rb RSDr, % RSDr, % spike, %

Sulfate DW 3.33 3.26 0.23 0.59 7.16 18.19 98.05

DW 26.15 26.20 0.28 0.98 1.09 3.73 100.19

DW 85.50 85.49 2.84 7.77 3.32 9.08 99.99

WW 3.33 3.42 0.48 0.96 14.16 28.03 102.86

WW 26.15 26.16 0.68 2.75 2.58 10.52 100.04

WW 85.50 84.21 3.30 4.87 3.92 5.78 98.49

a Repeatability. 
b Reproducibility.

A . P rincip le

Anions in test sample are separated by an ion chroma
tographic system containing guard column, separator column, 
and suppressor device and are measured using conductivity de
tector.

B . A p para tu s

(a) Balance.—Analytical, capable of accurately weighing 
to nearest 0.0001 g.

(b) Ion chromatographic system.—Equipped with guard 
column, anion separator column (Dionex AS4A, Dionex Corp., 
Sunnyvale, CA, is suitable), anion suppressor device, syringes, 
pumps to maintain flow rate of 2 mL/min, 50 pL sample loop, 
compressed gases, and conductivity detector with ca 1.25 pL 
internal volume. Data system is recommended for measuring 
peak areas.

(c) Sample bottles.—60 mL high-density polyethylene 
bottles with polypropylene (20 mm thickness) screw cap.

C. R e a g e n ts

(a) Reagent water.—Distilled or deionized water, free of 
the anions of interest, as determined by this method.

(b) Eluent solution.— 1.7 mM sodium bicarbonate (Na- 
H C03), 1.8 mM sodium carbonate (Na2C 0 3). Dissolve 0.2856 
g NaHC03 and 0.3816 g Na2C 0 3 and dilute to 2 L in reagent 
water, (a).

(c) Regeneration solution (micromembrane suppressor).— 
0.025N sulfuric acid (H2S 0 4). Dilute 2.8 mL concentrated 
H2S 04 to 4 L with reagent water, (a).

(d) Stock standard solutions.— 1000 mg/L (1 mg/mL): 
Stock standard solutions may be purchased as certified solu
tions or prepared from ACS reagent grade materials (dried at 
105°C for 30 min). To prepare 1000 mg/L stock standard solu
tions, dissolve and dilute to 1 L in reagent water, (a), the fol
lowing: (1) Bromide (Br~).— 1.2876 g sodium bromide 
(NaBr); (2) Chloride (CP).— 1.6485 g sodium chloride 
(NaCl); (3) Fluoride (F~).—2.2124 g sodium fluoride (NaF);
(4) Nitrate (NOJ-N).—6.0679 g sodium nitrate (NaN03); (5) 
Nitrite (NO~2~N).—4.9257 g sodium nitrite (NaN02); (6)

Phosphate (PO4 -P).—4.3937 g potassium phosphate 
(KH2P 0 4); and (7) Sulfate (S02f ) . — 1.8141 g potassium sul
fate (K2S 0 4).

Stock standard solutions are stable at least 1 month stored at 
4°C. Prepare working standards fresh weekly, except prepare ni
trite and phosphate working standards fresh daily.

D. S a m p le  C o llection , P rese rva tion , a n d  S to ra g e

Collect samples in scrupulously clean sample bottles, B (c ). 
Sample preservation and holding times for fluoride, bromide, 
and chloride are “none required” and 28 days; for nitrate-N, 
nitrite-N, and orthophosphate-P are “cool to 4°C” and 48 h; and 
for sulfate are “cool to 4°C” and 28 days, respectively.

Method of preservation and holding time for samples are 
determined by anions of interest that require most preservation 
and shortest holding time. It is recommended that all samples 
be cooled to 4°C and held <48 h.

E . Calibration

Use ion chromatographic operating parameters recom
mended in instrument operation manual and in B (b ).

Prepare calibration standards at 3 concentration levels mini
mum and a blank that brackets anticipated sample concentra
tion range. Dilute stock standards, C(d), with reagent water, 
C(a), in volumetric flasks. If sample analyte concentration ex
ceeds calibration range, dilute sample to fall within range. Cali
brate each attenuation range of instrument individually.

Collaborative study linear ranges are ca 0.3-25 mg/L (all 
anions), except 2-100 mg/L range for sulfate. See Ta
ble 99330A for anion specific ranges.

Inject 0.1-1.0 mL (determined by injection loop volume) of 
each calibration standard and plot peak height or area re
sponses against concentration.

Nonlinear response can result when separator column ca
pacity is exceeded (overloading). Compare response of sample 
diluted 1:1 to response of undiluted sample. If calculated re
sponses are equal, samples need not be diluted.
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F. P ro ce d u re

Load and inject fixed amount of well-mixed sample. Flush 
injection loop thoroughly with each new sample. Use same size 
loop for standards and samples. Record resulting peak size in 
area or peak height units. Automated constant volume injection 
system may also be used.

Dilute sample with reagent water, C(a), and reanalyze if 
response for peak exceeds working range of system.

If resulting chromatogram fails to produce adequate resolu
tion, or if identification of specific anions is questionable, for
tify sample with an appropriate amount of standard, C(d), and 
reanalyze.

Note: Retention time is inversely proportional to concentra
tion. Nitrate and sulfate exhibit greatest amount of change, al
though all anions are affected to some degree. In some cases, 
this peak migration may produce poor resolution or identifica
tion. Small organic acids or carbonate ion coelute with fluoride 
ion which can affect fluoride quantitation.

G. C a lcu la tions

Determine peak height or area counts of anions in samples. 
Compare with calibration curve to determine concentration.

H. Quality C ontro l

Minimum QC requirements:
(a) Initial demonstration o f laboratory capability.—Pre

pare and analyze 4 laboratory fortified blanks (LFB) using 
aliquots of stock standards, C(d), in 100 mL volumetric flasks; 
dilute to volume with reagent water, C(a), at concentration lev
els indicated in Table 993.30B. Calculate percent recovery in 
each sample. Repeat test if measurements are not in range 
shown in Table 993.30B ; check instrument calibration.

(b) Aiseis laboratory reagent blank (LRB).—Before proc
essing samples, demonstrate that glassware and reagent inter
ferences are under control. Analyze LRB, prepared using re
agent water, C(a), with each set of samples or when reagents 
are changed. If LRB produces a peak within retention time 
window of any analyte, determine and eliminate source of con
tamination before processing samples.

(c) Assess fortified matrix recovery.—Prepare fortified ma
trix sample using spike level indicated in Table 993.30B in 
100 mL volumetric flask; dilute to volume using appropriate 
matrix. Analyze one fortified matrix every 10% of routine sam
ples, or one fortified matrix per set, whichever is greater. For
tified concentration should be no less than background concen
tration of sample selected for fortification, and ideally equal to 
that used for LRB. Calculate percent recovery for each analyte, 
corrected for background concentrations measured in unforti
fied sample, and compare recoveries to control limits in Ta
ble 993.30B. If recovery of any analyte falls outside accep
tance limits and laboratory performance for that analyte is in 
control, recovery problem is judged matrix related, not system 
related.

(d) Assess field and laboratory precision.—Collect one 
field duplicate for each set of samples or every 20 samples to 
monitor sampling precision. Analyze one laboratory duplicate 
for each set of samples or every 20 samples to monitor analyti
cal precision.

(e) Assess laboratory performance.—Verify calibration 
curve each working day, or whenever anion eluent is changed, 
and after every 20 samples by analyzing one LFB containing 
each analyte of interest at concentration levels indicated in Ta
ble 993.30B. If retention time for any analyte varies from ex
pected values by > ± 10%, repeat test, using fresh calibration 
standards. If recovery for any analyte varies more than accep
tance limits in Table 993.30B, prepare a new calibration curve 
for that analyte.

(f) At least quarterly, analyze one U.S. EPA (U.S. Environ
mental Protection Agency) or AALA (American Association 
for Laboratory Accreditation) Certified Reference Material, or 
equivalent, as quality control sample to verify that standard so
lutions and calibration curves have been correctly prepared. 
Prepare fresh calibration standards and recalibrate if results fall 
outside acceptance limits in Table 993.30B.

(g) Annual participation in external performance evalu
ation study is recommended.

Ref.: J. AOACInt. 77, 1253(1994).
CAS 7647-15-6 Sodium bromide
CAS 7647-14-5 Sodium chloride

Table 993.30B. Quality control acceptance lim its for an a ly s is  of control sam ple, a s  percent of sp ike  value , in 
determination of inorganic an ions in water by ion chrom atographic method

Anion
Recommended 

cone., mg/L
Predicted recovery, 

mg/La
Predicted std. dev., 

mg/La

Acceptance limitsb

mg/L %

Bromide 10.0 9.99 0.44 8.67-11.31 87-113

Chloride 10.0 9.94 0.36 8.86-11.02 89-110

Fluoride 5.0 4.94 0.18 4.40-5.48 88-110

Nitrite-N 5.0 5.18 0.17 4.67-5.69 93-114

Nitrate-N 5.0 4.92 0.25 4.17-5.67 83-113

Phosphate-P 10.0 10.02 0.64 8.10-11.94 81-119

Sulfate 25.0 24.99 1.58 20.25-29.73 81-119

a Predicted from linear regression equations derived for collaborative study.
b Acceptance limits are defined as X ±  3 sR, where X=  predicted recovery (mg/L), and sR = predicted standard deviation (mg/L).
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CAS 7681-49-4 
CAS 7631-99-4 
CAS 7632-00-0 
CAS 7778-77-0 
CAS 7778-80-5

T r e a t m e n t  o f  D a t a

Sodium fluoride 
Sodium nitrate 
Sodium nitrite 
Potassium phosphate 
Potassium sulfate

form of linear regression equations, using the weighted least 
squares technique (8, 9). Coefficients of determination of the 
weighted regression equations (CODw) were also calculated to 
evaluate the fit of the regressions to the retained data sets. For 
these same data, IMVS also determined statistically significant 
matrix effects between the reagent water and the other ma
trixes.

Each data set was initially screened for calculation and tran
scription errors by looking for extreme data points which were 
less than one-fifth or greater than 5 times the true value. If 
found, the responsible laboratory was contacted and asked to 
review its calculations and transcription of the extreme data 
points. If an error was found, the laboratory was permitted to 
substitute corrected results. If an error was not found, extreme 
data were submitted with other study data for statistical proc
essing.

The QC sample data and narrative submitted by the partici
pants were evaluated for compliance with the acceptance limits 
of 90-110% of the spike value and for evidence of corrective 
actions, if appropriate. A pattern of chronic QC sample failures, 
with no documented corrective action, was considered grounds 
for removing the laboratory data set from the study.

The participating laboratories were instructed to report 
background concentrations of the anions in the matrix blanks 
separately and not to submit “background-corrected” data. Be
cause background corrections were performed by EMSL-Cin- 
cinnati, the effect of background concentration on the spiked 
concentration could be evaluated.

The background-corrected data were grouped by water 
type, arranged into 6 subsets as defined by the 6-concentration 
levels, and evaluated using U.S. EPA’s IMVS program. First, 
missing data points from the 6-concentration set were replaced 
by values estimated from the other concentrations and “less 
than” and “nondetect” values were converted to zero. Then, 
outlier tests suggested in the ASTM Standard Practice D2777- 
86 (6) were applied. The first outlier test was Youden’s labora
tory ranking procedure (5), which rejects a laboratory that had 
a consistently higher or lower bias in its submitted data for a 
given analyte compared to the other laboratories. If a bias was 
determined, all 6 analyte values for that laboratory were re
jected. This procedure was applied to each analyte data set, for 
each water type, at the 5% level of significance. Next, zeroes, 
interpolated values, and negative numbers were removed be
fore further analyses. As a final outlier test, Thompson’s test for 
individual outliers (7) was applied to the retained data for a 
specific water type and sample at the 5% significance level. If 
an individual data point was rejected based on this test, it was 
removed from the subset and the test was repeated once more 
on the remaining data for that water type and sample.

Summary statistics were calculated for the mean recovery 
and overall precision for each of the 6-concentration levels. 
Single-analyst precision was calculated for each of the 
3 Youden concentration pairs. The IMVS computer program 
used the summary statistics for the 6-concentration samples to 
calculate relationships between mean recovery and true con
centration and between precision and mean recovery in the

R e s u l t s  a n d  D i s c u s s i o n

Initial Data S c re e n

Of the 22 laboratories that submitted data during this study, 
3 laboratory data sets were completely removed and 2 data sets 
were partially removed. Data from 2 laboratories were ex
cluded because they used instrument configurations outside the 
scope of the method. Laboratory 22 used an electronically sup
pressed ion chromatograph, and Laboratory 23 used a chemi
cally suppressed system other than the micromembrane system 
specified in the method. Data from Laboratory 8 were rejected 
because this collaborator did not return any data for orthophos
phate or sulfate, reported out-of-control nitrate QC results for 
all 3 QC samples, and reported hydrochloric acid contamina
tion in its reagent water source. Data for bromide, nitrate, and 
orthophosphate from Laboratory 6 were removed because the 
laboratory mislabeled 3 of the 7 anions during analysis and 
quantification. Sulfate and chloride wastewater data from 
Laboratory 7 were removed because several of its wastewater 
samples were diluted to different levels than the wastewater 
blank, making background correction impossible to apply. 
Data for remaining anions were not affected because no back
ground concentrations were present in the wastewater.

Q uality C ontro l S a m p le  R e su lts

Of the 22 laboratories, 11 successfully passed all 18 QC 
checks (6 anions x 3 analyses). Of the 11 laboratories that 
failed one or more of the 18 QC checks, only 3 performed cor
rective action as instructed. Failures of QC sample checks by 
Laboratory 6 resulted from mislabeled peaks; reanalysis of the 
QC samples did not improve its results. Laboratories 10 and 17 
recalibrated after several unacceptable QC sample results, and 
both submitted acceptable data after recalibration.

The results reported for fluoride in the QC sample were very 
encouraging. Although the participating laboratories were not 
required to achieve the 90-110% acceptance criterion for the 
fluoride QC sample results, they had no problem in doing so. 
Only Laboratory 2 showed a low systematic bias for all 3 of its 
fluoride results. Since recalibration was not required as a result 
of low fluoride QC recovery, the Laboratory 2 drinking water 
and wastewater fluoride data sets were rejected as outliers by 
the ranking test which detected the low systematic bias. Of the 
48 submitted fluoride QC results, 3 (all from Laboratory 2) 
were biased low and only 2 values (random laboratories) were 
biased high. These results indicate that fluoride can be used 
effectively in a QC sample to monitor “in control” status of 
fluoride analyses.
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R e jec tio n  o f  O utliers

For the entire study, the IMVS computer program rejected 
311 (14.3%) of the 2169 data points submitted to the computer. 
Across matrix types as outliers were rejected: 9.0% of the re
agent water data, 15.0% of the drinking water data, and 19.2% 
of the wastewater data. The higher percentage of outlier data in 
the drinking water and wastewater data sets was primarily the 
result of high chloride, nitrate, and sulfate background concen
trations in the samples selected for spiking by Laboratories 1, 
2,9, and 13.

The percentage of data rejected for each analyte is presented 
in Figure 1. The fluoride analytical results had the largest aver
age percentage (20.6%) of rejected data points, across water 
types. The majority of these outlier data was removed by the 
laboratory ranking test, which identified systematic bias in 
Laboratories 1,2, 9, and 12 data sets.

The percentage of data rejected for each laboratory is pre
sented in Figure 2. The laboratory ranking test accounted for 
62.5% of the total number of outlier data. Laboratories 1,2, and 
15 were judged to have a low systematic bias in some of their 
submitted data, and Laboratories 9,10,17, and 20 were judged 
to have a high systematic bias in some of their submitted data.

M etho d  P erfo rm a n ce  for B rom ide , Nitrate, Nitrite,
O rthophosphate , a n d  Su lfa te

The summary statistics, calculated after removal of outlier 
data, are presented in Table 1. The weighted least squares linear 
regression equations calculated using the summary statistics 
are presented in Table 2. The mean recoveries for bromide, ni
trate, nitrite, orthophosphate, and sulfate, as estimated from the 
slopes of the mean recovery regression equations, ranged from 
98 to 104% in reagent water, from 95 to 101% in drinking 
water, and from 93 to 104% in wastewater.

In all water types tested, the overall precision, RSDr , was 
less than 10% at concentrations above 2-6 mg/L for bromide, 
nitrate, nitrite, and orthophosphate, and above 24 mg/L for sul
fate. As concentrations decreased to 0.5 mg/L (2.8 mg/L for 
sulfate), the RSDr became more variable, 10-30%. The single
analyst precisions were less than 6% at concentration levels

Percentage of Data Rejected as Outliers

Anions

■ I  Reagent Water 1HI Drinking Water I 1 Wastewater

Figure 1. Outlier rem oval by anion.

Percentage of Data Rejected as Outliers

Laboratory Code

H i Reagent Water B U  Drinking Water i I Wastewater

Figure 2. Outlier rem oval by laboratory.

above 2-6 mg/L for bromide, nitrate, nitrite, and orthophos
phate and above 24 mg/L for sulfate in all water types. As con
centrations decreased to 0.5 mg/L (2.8 mg/L for sulfate), the 
precisions varied 6-20%.

M eth o d  Perfo rm a n ce  fo r C h lo ride  Ion

Mean chloride ion recoveries at the 4 highest concentrations 
were comparable to recoveries obtained from other method 
analytes ranging from 96 to 104%. However, high biased re
coveries were obtained at the lowest concentrations in drinking 
waters. Recoveries of chloride ion at 1.04 and 0.78 mg/L were 
126 and 148%, respectively, from the drinking waters. These 
higher chloride recoveries may have resulted from reduction of 
residual chlorine to chloride by nitrite anion present in the spike 
solution:

H N 02 + C12 + H20  H N 03 + 2H+ + 2CF

If so, in addition to higher than expected recoveries of chlo
ride at the lower concentration levels, we would expect to find 
higher than expected recoveries of nitrate and lower than ex
pected recoveries of nitrite, which is exactly what is seen in 
Table 1. Additional support for this theory is found in the re
agent water results, where the absence of residual chlorine re
sulted in the nearly 100% recovery of chloride, nitrite, and ni
trate.

For reagent water, the overall relative standard deviations 
(RSDr ) for chloride results were comparable to those obtained 
for other anions, but RSDr for drinking water and wastewater 
matrixes were more variable. At concentrations above
6.5 mg/L, the RSDr ranged from 11 to 40%. As the concentra
tions approached 1.0 mg/L, the RSDr increased to 70%. 
Mathematical manipulation of a high background chloride ion 
concentration to determine recovery of a small chloride spike 
concentration was responsible for the increased variability ob
served, particularly at the lower concentration levels. The av
erage background concentration of chloride was 18 mg/L in the 
drinking waters and 29 mg/L in the wastewaters. The single- 
analyst RSRr for chloride analyses ranged from 2 to 12% above 
concentration 6.5 mg/L in all matrixes. As the concentration
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Table 1. Sum m ary sta tis t ics  of the co llaborative study resu lts  for determ ination of inorganic an ions in water

Analyte

Reagent water Finished drinking water Wastewater

Concn3 Nb X e o d 
SR sre N X SR sr N X SR Sr

Fluoride 0.26 13 0.25 0.08 0.11 10 0.30 0.07 0.04 9 0.28 0.15 0.06
0.34 14 0.29 0.11 10 0.33 0.03 12 0.35 0.07
2.12 14 2.12 0.07 0.12 11 2.10 0.17 0.07 12 2.17 0.21 0.14

2.55 14 2.49 0.14 11 2.53 0.12 12 2.51 0.16
6.79 14 6.76 0.20 0.19 12 6.80 0.51 0.27 11 6.67 0.41 0.22
8.49 14 8.46 0.30 12 8.33 0.75 11 8.33 0.37

Chloride 0.78 16 0.80 0.17 0.29 16 1.16 0.51 0.35 13 0.84 0.36 0.59
1.04 17 1.12 0.46 16 1.32 0.46 15 1.24 0.89
6.50 15 6.31 0.27 0.14 16 6.81 0.89 0.91 16 6.45 1.04 0.89
7.80 16 7.77 0.39 17 7.91 1.53 16 7.68 0.80

20.8 15 20.7 0.54 0.62 17 22.9 2.34 1.47 14 20.7 1.21 1.53
26.0 15 25.9 0.58 17 25.9 2.96 15 24.9 2.04

Nitrite 0.36 18 0.37 0.04 0.04 16 0.30 0.13 0.03 15 0.37 0.03 0.04
0.48 18 0.48 0.06 16 0.38 0.13 16 0.46 0.10
3.00 16 3.18 0.12 0.06 17 3.01 0.22 0.12 17 3.19 0.14 0.11
3.60 17 3.83 0.12 17 3.62 0.22 18 3.81 0.20
9.60 18 9.84 0.36 0.26 17 9.54 0.38 0.29 17 9.68 0.75 0.33

12.0 17 12.1 0.27 17 11.6 0.53 18 12.1 0.64
Bromide 0.63 17 0.69 0.11 0.05 17 0.63 0.12 0.04 15 0.65 0.14 0.09

0.84 18 0.85 0.12 16 0.81 0.13 14 0.86 0.14
5.24 17 5.21 0.22 0.21 17 5.12 0.23 0.13 16 5.24 0.37 0.11
6.29 18 6.17 0.35 17 6.20 0.30 16 6.29 0.47

16.8 17 17.1 0.70 0.36 17 16.9 0.55 0.57 14 16.7 0.70 0.43
21.0 18 21.3 0.93 16 20.9 0.65 15 21.0 0.64

Nitrate 0.42 14 0.42 0.04 0.02 15 0.49 0.05 0.03 15 0.43 0.10 0.05
0.56 15 0.56 0.06 14 0.61 0.08 15 0.53 0.11
3.51 13 3.34 0.15 0.08 14 3.47 0.26 0.10 15 3.34 0.23 0.07
4.21 15 4.05 0.28 15 4.23 0.40 16 4.03 0.26

11.2 13 11.1 0.47 0.34 14 11.5 0.63 0.46 14 10.9 0.33 0.47
14.0 14 14.4 0.61 14 14.2 0.61 14 13.9 0.65

Phosphate 0.69 12 0.69 0.06 0.06 12 0.67 0.11 0.17 14 0.70 0.09 0.09
0.92 15 0.98 0.15 12 0.95 0.21 13 0.86 0.13
5.77 16 5.72 0.36 0.18 15 5.34 0.41 0.40 16 5.41 0.59 0.34
6.92 15 6.78 0.42 15 6.29 0.72 16 6.46 0.66

18.4 17 18.8 1.04 0.63 14 18.0 0.70 0.59 15 17.9 2.11 1.27
23.1 14 23.2 0.35 14 22.6 1.07 14 22.7 0.98

Sulfate 2.85 17 2.83 0.32 0.52 19 2.80 0.52 0.34 15 2.80 0.50 0.41
3.80 19 3.83 0.92 19 3.79 0.67 16 3.90 0.74

23.8 19 24.0 1.67 0.68 17 24.1 1.22 0.53 16 23.4 1.76 0.57
28.5 19 28.5 1.56 19 28.6 1.74 17 27.9 2.39
76.0 18 76.8 3.42 2.33 19 76.6 6.59 2.84 15 74.0 3.25 3.39
95.0 17 95.7 3.59 19 94.4 8.78 15 93.9 6.16

a C = spike concentration, mg/L. 
b N = number of retained data points in each set. 
c X = mean recovery, mg/L. 
d sR = overall standard deviation, mg/L.
8 sr = single-analyst standard deviation, mg/L.

level approached 1.0 mg/L, the RSDr became more variable 
(25-50%).

M ethod  P erfo rm a n ce  fo r F luo ride  Ion

Fluoride was included in this collaborative study even 
though U.S. EPA method 300.0A and ASTM method D4327

are not recommended for fluoride analysis. Anions that are not 
retained or only slightly retained by the analytical column elute 
in the area of the fluoride anion. Also, small organic acids and 
the carbonate anion coelute with fluoride. Although the matrix 
waters used in this study were not characterized for the pres
ence or absence of carbonate ion or small organic acids, results
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Table 2. Regression equations based on the summary statistics of the collaborative study results for determination 
of inorganic anions in water

Analyte, mg/L Reagent water Drinking water Wastewater

Fluoride
(0.26-8.49)

Xa = 0.993Cb 0.022 
s r c = 0 . 0 1 9 X  + 0.085 

srd=0.009X  + 0.109

X = 0.978C + 0.029 
s r  = 0.058X + 0.039 
sr = 0.024X + 0.029

X = 0.984C + 0.022 
s r  = 0.027X + 0.111 

sr = 0.031 X + 0.050

Chloride
(0.78-26.0)

X = 0.989C + 0.049 
s r  =  0 .0 2 1 X  + 0.154 

Sr = 0.35®

X = 0.992C + 0.347 
s r  =  0 .1 0 0 X  + 0.368 
sr = 0.068X + 0.265

X = 0.976C + 0.134 
s r  = 0.077X + 0.476' 
sr = 0.046X + 0.543

Nitrite
(0.36-12.0)

X = 1.037C 0.009 
s r  = 0.026X + 0.039 
sr = 0.015X + 0.035

X = 1.002C 0.076 
s r  =  0 .0 3 2 X  + 0.117 

sr = 0.028X + 0.018

X = 1.032C 0.011 
s r  = 0.056X + 0.033 
sr = 0.026X + 0.029

Bromide 
(0.63-21.0)

X = 0.995C + 0.040 
s r  = 0.035X + 0.088 

sr = 0.024X + 0.030

X = 0.9910 0.004 
s r  = 0.027X + 0.106 
s, = 0.024X + 0.026

X = 0.996C + 0.024 
s r  = 0.040X + 0.112 
Sr = 0.012X + 0.079

Nitrate
(0.42-14.0)

X = 0.982C + 0.009 
s r  = 0.045X + 0.030 

sr = 0.023X + 0.010

X = 0.995C + 0.064 
s r  = 0.055X + 0.069 
sr = 0.029X + 0.012

X = 0.965C + 0.013 
s r  = 0.038X + 0.088 
Sr = 0.022X + 0.040

Phosphate
(0.69-23.1)

X = 1.0000 + 0.021 
s r  = 0.060X + 0.042 
Sr = 0.026X + 0.034

X = 0.948C + 0.038 
s r  =  0 .0 6 0 X  + 0.104' 
Sr = 0.032X + 0.146'

X = 0 .9 52 0 +  0.019 
s r  = 0.08961X + 0.042' 

sr = 0.056X + 0.041

Sulfate
(2.85-95.0)

X = 1 .0080 0.030 
s r  = 0.048X + 0.378 
sr = 0.015X + 0.464

X = 1.006C 0.053 
s r  = 0.066X + 0.358 
Sr = 0.020X + 0.270

X = 0.9810 + 0.067 
s r  = 0.059X + 0.394 
sr = 0.024X + 0.322

a X = mean recovery, mg/L. 
b C = spike concentration, mg/L. 
c sR = overall standard deviation, mg/L. 
d s, = single-analyst standard deviation, mg/L.
e Regression equation contained negative slope. Average precision is reported.
' CODw <0.50. Regression equation should not be used outside of study concentration range.

obtained for recovery of fluoride spiked at background concen
trations in drinking water and wastewater were very encourag
ing. Of 19 laboratories, 18 reported background concentrations 
of fluoride in drinking water ranging from 0.050 to 3.28 mg/L 
with an average of 0.66 mg/L. Only 10 of 18 laboratories re
ported background concentrations of fluoride in wastewater 
ranging from 0.060 to 12.8 mg/L. The average fluoride back
ground concentration in wastewater, excluding the 12.8 mg/L 
value, was 0.47 mg/L..

At all concentrations in all matrixes, mean fluoride ion re
coveries were comparable to those for bromide, nitrate, nitrite, 
orthophosphate, and sulfate. The overall RSDr across all water 
types were less than 9% at concentrations above 2.0 mg/L and 
became more variable (20-50%) as the concentration ap
proached 0.3 mg/L. The precision of results for fluoride anion 
was comparable to that of the other anions, even with the di
verse matrixes analyzed and the potential for interferences 
from coeluting compounds. The RSDr for fluoride results 
ranged from 3 to 10% for concentrations above 2.0 mg/L in all 
matrixes. As the concentration approached 0.3 mg/L, the RSDr 
became more variable, 20-38%.

Effect o f Water Type

The reagent water, drinking water, and wastewater data 
were subjected to an ANOVA test at the 95% confidence inter
val to determine the effect of water type. The ANOVA test de
tected a statistically significant matrix effect of drinking water 
on determinations of chloride, nitrite, and nitrate anions. Resid
ual chlorine appeared to be responsible for matrix effects asso
ciated with determinations of chloride, nitrite and nitrate in 
drinking water. When the spiking solution containing nitrite 
was added to samples containing residual chlorine, a measur
able concentration was oxidized to nitrate anion, producing ad
ditional chloride ion as a byproduct. The summary statistics 
presented in Table 1 show nitrite recoveries to be slightly lower 
than the spike level while the nitrate and chloride recoveries are 
slightly higher than the spike level. The biases were particu
larly noticeable at the lower concentration levels. The ANOVA 
test identified these biases as matrix related, when compared to 
results in reagent water. Because these biases were caused by 
materials introduced by the spiking process in the drinking wa
ters and not by the measurement process, the ANOVA determi
nation was not considered to be of practical significance.
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Quality Control Acceptance Limits

One principal use of collaborative study results is to provide 
a basis for establishing QC acceptance limits for method users. 
For this study, 90-110% limits were placed on recovery of ana
lytes from the QC sample. This was found to be a reasonable 
indicator of bias in participating laboratories. Generally, a labo
ratory with biased QC data also had some submitted data re
moved as outlier data for showing the same bias. On the basis 
of study results, a requirement was added to the method for 
analysis of a fortified reagent water blank with every 20 sam
ples, with acceptance limits set at the predicted mean recovery 
± 3 x sR. Periodically, laboratories should test their perform
ance and calibration using an independent, certified reference 
material.

Evaluation o f Data from Laboratories Not Using U.S.
EPA Method 300.0A

Laboratory 22 used an electronically suppressed ion chro
matographic system with 2% lithium borate gluconate as the 
eluent. Laboratory 23 used chemically suppressed ion chroma
tography, but not the micromembrane suppression specified in 
the method. Because U.S. EPA method 300.0A and ASTM 
method D4327 specify micromembrane chemically sup
pressed ion chromatography, these laboratory data sets were 
evaluated independent of the main study data. Laboratory 22 
data were comparable to study results submitted by the best 
laboratories that used chemically suppressed instruments. 
Laboratory 23 apparently had calibration problems because its 
4 highest concentration samples were comparable to the main 
study data while the 2 lowest concentration levels had a con
sistently high bias not observed in the main study data.

Insufficient data were obtained to conclude that either of 
these 2 method deviations would be an acceptable alternative 
to U.S. EPA method 300.0A or ASTM method D4327.

C o n c l u s i o n s  a n d  R e c o m m e n d a t i o n s

U.S. EPA method 300.0A and the equivalent ASTM method 
D4327 were shown to be sufficiently accurate and precise for 
determination of bromide, chloride, nitrate, nitrite, orthophos
phate, and sulfate in drinking water and wastewater in a col
laborative study involving 22 laboratories. Equations (Table 2) 
for method recovery, overall standard deviation, and single
analyst standard deviation can be used to estimate method per
formance at any concentration within the study range.

Although U.S. EPA method 300.0A and ASTM method 
D4327 are not currently approved for fluoride analyses per
formed under the U.S. Safe Drinking Water Act or the Clean 
Water Act, the methods produced accurate and precise fluoride 
data in drinking water matrixes and various types of waste- 
waters. However, caution must be used during fluoride deter
minations because of possible coeluting interferences.

Performance-based QC acceptance limits using the collabo
rative study mean recovery and precision estimates were found 
to be comparable to the ± 10% acceptance limits for QC sam
ples used in this study. Method users should routinely test a

laboratory QC sample prepared in reagent water at the concen
trations presented in Table 2 and compare results with the per
formance based acceptance limits.

Most of the data submitted by Laboratory 22 (electronically 
suppressed instrument) and Laboratory 23 (chemically sup
pressed but not using a micromembrane) were comparable to 
the rest of the study. Further research should be conducted to 
determine if these method variations are equivalent to the U.S. 
EPA method 300.0A.

On the basis of study results, it is recommended that the ion 
chromatographic method for determination of inorganic anions 
in water be adopted first action. This method, along with its 
U.S. EPA and ASTM counterparts, is also being recommended 
for inclusion in the National Pollutant Discharge Elimination 
System (NPDES) table of approved methods for all 7 anions.
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RESIDUES AND TRACE ELEMENTS

A Rapid Multiresidue Screen for Organophosphorus, 
Organochlorine, and A-Methyl Carbamate Insecticides in Plant 
and Animal Tissues
Dirk M. Holstege, David L. Scharberg, Elizabeth R. Tor, Laura C. Hart, and Francis D. Galey
University of California, Toxicology Laboratory, California Veterinary Diagnostic Laboratory System, Davis, CA 95616

A  m u l t i r e s i d u e  s c r e e n  f o r  t h e  q u a n t i t a t i v e  d e t e r m i 
n a t i o n  o f  4 3  o r g a n o p h o s p h o r u s ,  1 7  o r g a n o 
c h l o r i n e ,  a n d  1 1  N-m e t h y l  c a r b a m a t e  i n s e c t i c i d e s  
i n  1 0  g  o f  p l a n t  o r  a n i m a l  t i s s u e s  i s  d e s c r i b e d .  T h e  
i n s e c t i c i d e s  a r e  e x t r a c t e d  w i t h  5 %  e t h a n o l  i n  e t h y l  
a c e t a t e  ( v / v ) .  S a m p l e s  w i t h  h i g h  l i p i d  c o n t e n t  a r e  
c l e a n e d  u p  b y  a u t o m a t e d  g e l  p e r m e a t i o n  c h r o m a 
t o g r a p h y  w i t h  a  3 0 %  e t h y l  a c e t a t e  i n  h e x a n e  (v/v) 
e l u a n t  a n d  i n - l i n e  s i l i c a  g e l  m i n i c o l u m n s .  H i g h l y  
p i g m e n t e d  s a m p l e s  a r e  c l e a n e d  u p  w i t h  c l a s s - s p e 
c i f i c  s o l i d - p h a s e  e x t r a c t i o n  c o l u m n s .  T h e  c o n c e n 
t r a t e d  e x t r a c t s  a r e  a n a l y z e d  b y  s e l e c t i v e  d e t e c t i o n  
w i t h  g a s  c h r o m a t o g r a p h y  o r  l i q u i d  c h r o m a t o g r a 
p h y .  R e c o v e r y  o f  7 1  i n s e c t i c i d e s  r a n g e d  f r o m  7 7  t o  
1 1 3 % .  A n a l y s i s  o f  f o r t i f i e d  b o v i n e  l i v e r  (n = 5) r e 
s u l t e d  i n  a n  a v e r a g e  r e c o v e r y  o f  9 6  ±  4 %  a t  t h e  0 . 5  
t o  0 . 0 5  ( i g / g  l e v e l .  A n a l y s i s  o f  f o r t i f i e d  a l f a l f a  h a y  ( n  
=  5 )  r e s u l t e d  i n  a  m e a n  r e c o v e r y  o f  9 4  ±  4 %  a t  t h e  
0 . 0 6  t o  0 . 5  p g / g  l e v e l ,  a n d  a n a l y s i s  o f  f o r t i f i e d  f r e s h  
t o m a t o e s  ( n  =  5 )  r e s u l t e d  i n  a n  a v e r a g e  r e c o v e r y  o f

Received September 8, 1993. Accepted by JS November 5,1993.

9 7  ±  3 %  a t  t h e  0 . 0 6  t o  0 . 5  p g / g  l e v e l .  M e t h o d  d e t e c 
t i o n  l i m i t s  r a n g e d  f r o m  0 . 0 2  t o  0 . 5  p g / g  f o r  t h e  c o m 
p o u n d s  s t u d i e d  w i t h  a  n o m i n a l  1 0  g  s a m p l e .

A  multiresidue method (MRM) screening for insecti
cides for use in a veterinary diagnostic laboratory must 
be rapid and must test a wide variety of toxic insecti

cides at relevant toxicological concentrations. The 3 classes of 
insecticides of common interest are organophosphorus (OP), 
organochlorine (OC), and /V-methyl carbamate (MC) insecti
cides. Samples tested include animal tissue, plant tissue, and 
ingesta. Thus, the MRM must give good precision and accu
racy on samples with varying amounts of pigmentation, mois
ture content, and lipid content.

There are numerous MRMs testing for a single class of 
compounds such as OP (1-6), OC (7, 8) or MC (9, 10) insecti
cides, but few screen for these insecticides with a single sample 
extraction (11). Even fewer test the diversity of sample types 
encountered in a veterinary diagnostic laboratory. The MRMs 
developed by Luke et al. (12,13) and Specht and Tillkes (14) 
can be applied to foods of vegetable and animal origin. The
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MRM of Lee et al. ( 15), which was evaluated only on fruits and 
vegetables, has a cleanup to remove lipids. These MRMs use 
water-miscible solvents such as acetone or acetonitrile, fol
lowed by a water-removal step. This approach has the advan
tage of extracting a wide variety of pesticides but also extracts 
a large amount of polar matrix coextractives. Labor-intensive 
steps, such as liquid-liquid partitioning, column chromatogra
phy, or salting out, are required to remove coextracted water.

Previous work (1) has demonstrated the ability of a polar, 
water-immiscible organic solvent to extract organophosphorus 
insecticides from plant and animal tissue. The extraction sol
vent, 10% methanol in methylene chloride (v/v), was suffi
ciently polar to extract the organophosphorus insecticides, with 
a minimum of polar coextractives. Trace amounts of coex
tracted water were removed with sodium sulfate. An automated 
gel permeation-silica gel solid phase extraction (SPE) cleanup 
gave satisfactory cleanup of extracts for gas chromatography 
with flame photometric detection (GC-FPD). The method pro
vides a rapid organophosphorus insecticide screen. One incon
venience of the method was the use of a halogenated solvent, 
with the associated hazards and higher disposal costs.

The present paper describes an MRM for OP, OC, and MC 
insecticides in plant and animal tissue and complex matrixes 
such as ingesta. The insecticides are extracted with 5% ethanol 
in ethyl acetate (v/v). Samples of high lipid content are cleaned 
up by gel permeation chromatography with in-line silica gel 
SPE minicolumns. Samples containing low amounts of lipids 
are cleaned up as needed with class-specific SPE protocols. 
Extracts for analysis of OC insecticides are cleaned up on a 
1000 mg Florisil SPE column, whereas those for analysis of 
MC insecticides are cleaned up on a 500 mg aminopropyl SPE 
column. Sample extracts with low lipid content for OP insecti
cides are not cleaned up. Samples are analyzed by class-selec
tive instrumentation. OP insecticides are analyzed by GC- 
FPD; OC insecticides are analyzed by gas chromatography 
with electron capture detection (GC-ECD). MC insecticides 
are analyzed by liquid chromatography (LC) followed by post
column hydrolysis and derivatization, with fluorometric detec
tion. The MRM was tested for 43 OP, 17 OC, and 11 MC in
secticides by means of a recovery study from bovine liver, 
alfalfa hay, and fresh tomatoes. The variables tested were high 
lipid, pigment, and water contents.

M E T H O D

Equipment and Apparatus

(a) Gas chromatographs.—(/) Model 5890, Hewlett- 
Packard equipped with flame photometric detector, phospho
rus filter (525 nm); autosampler Model 7673, Hewlett- 
Packard, 30 m X 0.53 mm x  LO pm DB-17 capillary column 
(J&W Scientific), and glass insert with 0.5 cm loosely packed 
silanized glass wool; total helium flow, 70 mL/min; helium 
carrier gas flow, 15 psi (12 mL/min); septum purge flow, 
3 mL/min; detector flows: H2 at 75 mL/min, air at 
100 mL/min; temperature program: 60°C for 0.5 min, 
30°C/min to 160°C, 5°C/mm to 280°C, 280°C for 4.2 min: run

time, 32 min; splitless injection, valve off at 0.5 min; injector 
temperature, 240°C; detector temperature, 280°C; volume of 
injection, 2.0 pL. (2) Model Sigma 2000, Perkin-Elmer 
equipped with electron capture detector (ECD), autosampler 
(Model AS-2000, Perkin-Elmer), 30 m x 0.53 mm x  0.83 pm 
DB-608 capillary column (J&W Scientific), and glass insert 
with 0.5 cm loosely packed silanized glass wool; carrier gas 
flow, helium at 10 psi (4.5 mL/min); detector gas flow, argon- 
methane (95 + 5) at 6 psi (100 mL/min); temperature program: 
60^3 for 0 min, 30qC/min to 180°C, 5°C/min to 280°C, hold for 
5 min; run time, 32 min; splitless injection; valve off at 
0.5 min; injector temperature, 240°C; detector temperature, 
320°C; volume of injection, 2.0 pL.

(b) Liquid chromatograph.—Hewlett-Packard 1090 LC 
with dual postcolumn reaction system and fluorescence detec
tor (Hitachi 1050), autosampler (HP-1090 LC autosampler), 
150 mm x 3.9 mm, 4 p C8 Nova Pak (Waters); linear solvent 
gradient: methanol-H20-acetonitrile, 4 min at 0 + 85 + 15, 
10 min to 40 + 20 + 40 for 1 min at 1 mL/min; post time, 
10 min; oven temperature, 50°C; fluorescence detection at 
345 nm excitation and 455 nm emission; volume of injection, 
10 pL. Dual postcolumn reaction: 2-piston pump (LDC Ana
lytical) pumping 0.05N NaOH at 0.25 mL/min for /V-methyl 
carbamate hydrolysis and 0.05% OPA reagent at 0.25 mL/min 
for derivatization; 100°C heated 0.5 mL reaction coil for hy
drolysis (Model CRX 390, Pickering Laboratories, Inc,).

(c) Centrifuge.—IEC Centra-7R refrigerated centrifuge 
(International Equipment Co., Needham Heights, MA).

(d) Data output arid processing.—Chromatography data 
system (Turbochrom data system with 900 series interface, 
Perkin-Elmer Nelson).

(e) Gel permeation chromatograph.—Model 1002A, 
Autoprep GPC, ABC Laboratories) with 5 mL sample loop. 
Additional fittings included a 4-way switching valve to remove 
column from solvent path (Rainin Instrument Co.), a 0.5 cm 
Luer lock to solid-phase extraction column fitting (Bio-Rad 
Laboratories), low-pressure V4-28 tube couplings, flangeless 
PILE fittings for Vfi in. and Lie in. tubing, and Lie in. od x 
0.01 mm id PFTE tubing (Rainin Instrument Co.). GPC col
umn: 25 mm id x 180 mm packed with 38 g S-X3 Biobeads, 
200-400 mesh (Bio-Rad Laboratories); mobile phase, 30% 
ethyl acetate in hexane (v/v); flow rate, 5 mL/min; dump cycle, 
15 min; collect cycle, 26 min; wash cycle, 5 min. Determine 
dump, collect, and wash times experimentally by fractionating 
1 g com oil fortified with propetamphos and azinphos methyl. 
Dump and collect times should allow collection of the fractions 
between and including the fractions containing propetamphos 
(first eluted compound) and azinphos methyl (last eluted com
pound).

(f) Temperature-controlled nitrogen gas evaporator.—N- 
Evap Analytical Evaporator (Organomation Assoc., Inc.).

(g) Screw-cap test tubes with PTFE-lined caps.— 10 and 
50 mL (Fisher Scientific).

(h) Square French homogenization vessels with Teflon- 
lined caps.-—250 mL (Fisher Scientific).

(i) Silica gel solid-phase extraction columns.—6 mL, 
500 mg, disposable (Bakerbond SPE, J.T. Baker, Inc.).
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(j) Florisil solid-phase extraction columns.—6 mL, 
1000 mg, disposable (Bakerbond SPE, J.T. Baker, Inc.).

( k )  Aminopropyl solid-phase extraction columns.—6 mL, 
500 mg (Burdick & Jackson).

(l) Tissue homogenizer.—Polytron Model PT 10/35 
(Brinkman Instruments, Inc.).

(m) Acrodisc CR filter.—0.45 pm, chemical resistant 
(Fisher Scientific).

(n) Nylaflo nylon membrane filters.—0.45 pm, 47-mm di
ameter (Gelman Sciences, Ann Arbor, MI).

Reagents

(a) Hexane, methanol, ethanol, acetonitrile, ethyl acetate, 
acetone, and toluene.—Pesticide grade (Fisher Scientific).

(b) Sodium sulfate.—ACS reagent grade (Fisher Scien
tific) washed with ethyl acetate and oven-dried at 1 2 0 ^ .

(c) Decanol keeper.—Add 5 mL decanol to 95 mL ace
tone.

(d) Gel permeation chromatography solvent.—30% ethyl 
acetate in hexane (v/v).

(e) 0.05N NaOH.—Filtered through a Nylaflo 0.45 pm fil
ter.

(f) OPA reagent.—25 mL filtered (Nylaflo 0.45 pm filter) 
1M potassium borate, pH 10.4, + 0.25 g o-phthalaldehyde 
(Sigma Chemical Co., St. Louis, MO) + 0.5 mL mercap- 
toethanol (LKB Instruments, Inc., Gaithersburg, MD) in 
500 mL H20 .

Standards

Dissolve 25 mg neat insecticide in 25 mL methanol to make 
a 1000 pg/mL standard solution. Subsequent dilutions are 
made with toluene (OPs and OCs) or methanol (MCs). The OP 
compounds are divided into 4 mixtures (Table 1, A-D), the 
MCs are divided into 3 mixtures (Table 2, A-C), and the OCs 
are in one standard mixture (Table 3).

Extraction

Thoroughly mix sample to obtain a representative subsam
ple. Prepare plant samples as follows. Place 10 to 25 g sample 
in a Stein mill sample cup. Add sufficient liquid nitrogen to 
freeze the sample. Immediately fracture the plant sample by 
milling for 1 min. Prepare at least 100 g fractured plant mate
rial prior to subsampling. Mix tissue samples in Waring blender 
or chop finely if sample is insufficient for blending.

Weigh 10.0 g frozen sample into homogenizing vessel. Add 
50 g sodium sulfate and 100 mL 5% ethanol in ethyl acetate 
(v/v). Homogenize for 1 min at high speed. Centrifuge extracts 
at 1200 rpm for 4 min. Pipette a 40 mL aliquot of extract into a 
50 mL test tube and cap the tube. Proceed with cleanup proce
dure on the basis of sample lipid content.

Cleanup o f Samples with High Lipid Content (Liver):
Gel Permeation Chromatographic (GPC) Cleanup

Add 3 drops of decanol keeper solution to a 20 mL aliquot 
of sample extract. Carefully evaporate to dryness by using a 
nitrogen evaporator at 40°C. Add 10 mL GPC solvent and soni-

Table 1. Organophosphorus insecticides: CAS 
registry numbers, standard mixture, typical retention 
times (RT) under standard conditions (30 M DB-17 
megabore), and GPC elution volumes

C o m po und
C A S  registry  

num ber
Stand ard

mix
RT,
min

G P C  volum e, 
m L

D ichlorvos 62-73-7 c 4 .5 9 0 -1 2 0
M etham idophos 10265-92-6 D 5.1 1 1 0 -1 3 0
M evinphos E 7786-34-7 A 6 .3 1 0 0 -1 3 0
M evinphos Z 7786-34-7 A 6 .6 1 0 0 -1 3 0
A cep h ate 30560-19-1 D 7 .3 1 1 0 -1 4 0
D em e to n -0 298-03-3 C 8.2 8 0 -1 0 0
Ethoprop 13194-48-4 D 8 .7 9 0 -1 1 0
Phorate 298-02-2 A 9 .6 9 0 -1 1 0
N aled 300-76-5 B 9 .9 9 0 -1 3 0
Terbufos 13071-79-9 A 10.5 7 0 -1 0 0
D em eto n-S 126-75-0 C 10.5 9 0 -1 2 0
Dicrotophos 141-66-2 B 10.8 1 3 0 -1 6 0
Propetam phos 3 1 21 8-83-4 D 11.0 7 0 -9 0
Diazinon 333-41-5 A 11.0 7 0 -1 0 0
M onocrotophos 919-44-8 D 11.5 1 1 0 -1 4 0
Fonofos 944-22-9 A 11.5 1 0 0 -1 2 0
Disulfoton 298-04-4 B 11.6 8 0 -1 1 0
Dioxathion 78-34-2 C 12.0 1 0 0 -1 3 0
D im ethoate 60-51-5 B 12.3 1 3 0 -1 5 0
Phosph am ido n  E 13171-21-6 C 12.5 1 1 0 -1 4 0
R onnel 299-84-3 D 13.6 9 0 -1 2 0
Phosph am ido n  Z 13171-21-6 C 13.9 1 1 0 -1 4 0
Methyl Parathion 298-00-0 A 14.0 1 1 0 -1 4 0
M erphos 150-50-5 B 14 .4 7 0 -1 0 0
Chlorpyrifos 2921-88-2 D 14.8 8 0 -1 1 0
Parathion 56-38-2 A 15.0 1 0 0 -1 2 0
Malathion 121-75-5 B 15.1 9 0 -1 2 0
Fenthion 55-38-9 C 16.0 1 2 0 -1 5 0
Crufom ate 299-86-5 D 16.2 8 0 -1 1 0
Iso fenph os 25311-71-1 B 16 .3 7 0 -1 0 0
Chlorfenvinphos 470-90-6 C 16.8 9 0 -1 2 0
D E F 78-48-8 A 17.6 7 0 -1 0 0
Methidathion 950-37-8 A 18.9 1 4 0 -1 7 0
Crotoxyphos 7700-17-6 D 17.8 1 0 0 -1 3 0

Tetrachlorvinphos 961-11-5 B 18.2 1 1 0 -1 3 0

Profenophos 41198-08-7 D 18.5 9 0 -1 1 0

Fen am ip h o s 22224-92-6 C 18.6 9 0 -1 2 0

Ethion 563-12-2 A 2 0 .5 9 0 -1 1 0
Carbophenothion 786-19-6 B 2 1 .3 1 0 0 -1 2 0
Fensulfothion 115-90-2 D 2 1 .5 1 3 0 -1 6 0

T riazo ph o s 24017-47-8 D 2 2 .9 1 1 0 -1 4 0

E P N 2104-64-5 C 2 4 .2 1 2 0 -1 5 0

P h o sa lo n e 2310-17-0 A 2 5 .3 1 0 0 -1 3 0

P ho sm et 732-11-6 B 2 5 .7 1 6 0 -2 0 0

A zinp h o s m ethyl 86-50-0 C 2 7 .5 1 7 0 -2 1 0

C o u m ap h o s 56-72-4 A 2 8 .2 1 2 0 -1 5 0

cate for 2 min to redissolve the residue. Filter samples through 
0.45 pm PTFE filters as they are loaded onto the GPC.

The sample extracts are cleaned up by GPC and silica gel 
SPE minicolumns attached to the GPC outlet (Figure 1). Prer-
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Table 2. Methyl carbamate insecticides: CAS registry 
numbers, standard mix, typical retention times (RT) 
under standard conditions (C8 Nova Pak) and GPC 
elution volumes

Com pound
C A S  registry S tand ard  

num ber mix
RT,
min

G P C
volum e, m L

Aldicarb  su lfone 1646-88-4 B 3.1 1 2 0 -1 5 0

O xam yl 23135-22-0 C 3 .3 1 6 0 -2 0 0

M ethomyl 16752-77-5 B 3 .7 1 5 0 -1 8 0
3 -O H  carbofuran 16655-82-6 B 6 .3 1 0 0 -1 2 0

Aldicarb 116-06-3 C 9.6 1 1 0 -1 5 0

B end iocarb 22781-23-3 C 11.2 8 0 -1 1 0

Propoxur 114-26-1 B 11.2 9 0 -1 2 0
Carbofuran 1563-66-2 A 11.4 1 0 0 -1 3 C

C arbary l 63-25-2 C 11.7 1 1 0 -1 6 0

M ethiocarb 2032-65-7 A 13.5 1 0 0 -1 3 0

M exacarbate 315-18-4 C 14.7 1 0 0 -1 5 0

inse silica gel SPE columns with 5 mL GPC solvent and attach 
to GPC output. Load 5 mL extract into the GPC. Run the GPC 
program; collect in 125 mL flasks. Remove the GPC column 
from the solvent path by using a 4-way switching valve. Set the 
GPC to “load.” Change the GPC solvent to 20% acetone in 
ethyl acetate. Elute SPE columns with 15 mL 20% acetone in 
ethyl acetate (v/v) at 5 mL/min while running the GPC on 
dump, 0; collect, 3; and wash, 0. Combine eluate with GPC 
eluate. Add 3 drops of decanol solution. Evaporate to 10 mL 
with stream of nitrogen at 40°C. Transfer the residue to a 15 mL 
Kudema-Danish receiving flask with 5 mL ethyl acetate. Con-

Table 3. Organochlorine insecticides: CAS registry 
numbers, concentration, typical retention times (RT) 
under standard conditions (DB-608 Megabore) and GPC 
elution volumes

C o m po und
C A S  registry 

num ber
C o ncn ,
pg/m L

RT,
min

G P C  volum e, 
m L

H exach lo ro b en zen e 118-74-1 0.1 11.0 9 0 -1 1 0
a -B H C 319-84-6 0 .0 7 11.5 8 0 -1 1 0
Lin d an e 58-89-9 0.1 12.9 9 0 -1 1 0
H eptach lor 76-44-8 0.1 14.1 8 0 -1 0 0
Aldrin 309-00-2 0.1 15.3 8 0 -1 0 0
H eptach lor epoxide 1024-57-3 0.1 17.3 8 0 -1 1 0
y-Chlordane 5103-74-2 0.1 18.0 7 0 -1 0 0
En d o su lfan  I 959-98-8 0 .2 18.8 8 0 -1 1 0
p ,p  '-D D E 72-55-9 0.1 19.6 9 0 -1 3 0
Dieldrin 60-57-1 0.1 20.1 9 0 -1 2 0
Endrin 72-20-8 0.1 21 .8 9 0 -1 4 0
p ,p  '-D D D 72-54-8 0.1 22.1 8 0 -1 2 0
En d o su lfan  II 33213-65-9 0 .2 22 .6 8 0 -1 2 0
p ,p  '-D D T 5 0 -2 9 -3 0.1 23 .6 9 0 -1 2 0
Dicofol 115-32-2 0.5 27 .2 8 0 -1 1 0
p ,p  '-M ethoxychlor 72-43-5 0.2 28 .0 1 1 0 -1 5 0
Mi rex 2385-85-5 0.1 28 .7 8 0 -1 2 0

tinue concentration to 0.5 mL. Take a 200 pL aliquot for OP 
analysis. Take a 50 pL aliquot and dilute to 200 pL with tolu
ene for OC analysis. Carefully evaporate the remaining 250 pL 
just to dryness with a stream of nitrogen at room temperature. 
Immediately add 0.5 mL methanol for MC analysis.

Cleanup o f Samples With Low  Lipid Content (Alfalfa
and Tomato): SPE Cleanups

(a) Organochlorine insecticides.—Prerinse 1000 mg 
Florisil SPE column with 5 mL ethyl acetate followed by 5 mL 
hexane. Add 2 drops of decanol solution to a 2 mL aliquot of 
the extract and evaporate to dryness with a stream of nitrogen 
at 40°C. Immediately add 1 mL 10% ethyl acetate in hexane 
(v/v). Pipette the sample onto the SPE column, and elute the 
OCs with 15 mL 10% ethyl acetate in hexane (v/v) at a rate of 
1 drop/s. Add 2 drops of decanol solution and 1 mL toluene to 
the eluate and evaporate to 1.0 mL with a stream of nitrogen at 
40°C. Proceed to OC analysis.

(b) N-Methyl carbamate insecticides.—Prerinse 500 mg 
aminopropyl SPE column with 5 mL ethyl acetate followed by 
5 mL hexane. Add 2 drops of decanol solution to a 5 mL ali
quot of extract and evaporate to dryness with a stream of nitro
gen at 40°C. Immediately add 1 mL hexane. Pipette the sample

Figure 1. Schematic of GPC-SPE automatic cleanup 
system. V1 = 6-way manual load-run valve. V2 = 3-way 
solenoid dump-collect valve. V3 = 24-way, 3-gang 
solenoid sample selector valve. V4 = 4-way manual 
eluant bypass valve. R1 = 0.010 in. id capillary restrictor. 
SPE = silica gel solid phase column.
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Table 4. Summary of validation study results

M ethod Method

C o m po und
Fortification  
level, ppm

A verag e
rec., % C V , %

detection  
limit, ppm Co m po und

Fortification  
level, ppm

A verag e
rec., % C V , %

detection  
limit, ppm

Alfalfa hay Alfalfa h ay  (continued)

3-O H  carbofuran 0 .5 109 2 .0 0.1 Fonofos 0 .5 96 2 .4 0 .08
Aldicarb 0 .5 83 1.8 0.1 Iso fenph os 0 .5 99 2 .6 0.1
Ald icarb  sultone 0 .5 83 5.1 0.1 Malathion 0.5 99 3 .0 0 .0 4
Bend iocarb 0 .5 92 4 .4 0.1 M erphos 0.5 99 3 .4 0 .0 8
Carbary l 0 .5 85 2 .6 0.1 M etham ldophos 0.5 77 5 .7 0.1
Carbofuran 0 .5 90 4 .9 0.1 Methidathion 0.5 97 2.1 0 .0 8
M ethiocarb 0 .5 110 4 .4 0.1 Methyl parathlon 0.5 97 2 .2 0 .0 4
Methomyl 0 .5 89 3.6 0.1 M evinphos E 0.5 96 2 .8 0 .0 4
M exacarbate 0 .5 87 7 .0 0.1 M evlnphos Z 0.5 98 2 .9 0 .0 4
O xam yl 0 .5 86 6 .3 0.1 M onocrotophos 0.5 93 6.6 0.1
Propoxur 0 .5 88 2 .3 0.1 N aled 0 .5 85 5.9 0 .15

Parathion 0 .5 95 2 .7 0 .04
Aid rin 0 .1 2 5 94 4.6 0.1 Phorate 0.5 93 1.4 0 .0 4
ct-BHC 0 .0 9 86 3.0 0 .05 P h o sa lo n e 0.5 99 2 .8 0.1
y-Chlordane 0 .1 2 5 103 3.8 0.1 P ho sm et 0.5 104 3 .9 0 .2
p ,p  '-DD D 0 .1 2 5 100 3.4 0.1 Phospham idon 0.5 88 4 .2 0 .2p,p '-D D E 0 .1 2 5 95 4 .9 0.1 Profenophos 0 .5 97 6 .4 0.1p,p '-D D T 0 .1 2 5 98 4 .6 0.1 Propetam phos 0 .5 93 7.3 0.1
Dicofol 0 .6 100 5 .9 0 .5 R onnel 0 .5 96 7.2 0.1
Dieldrin 0 .2 5 90 4 .9 0 .2 Terbufos 0 .5 94 1.7 0.1
En d o su lfan  1 0 .1 2 5 93 7 .6 0.1 Tetrachlorvinphos 0 .5 99 3.1 0.1
En d o su lfan  II 0 .1 2 5 100 4 .6 0.1 Trlazo ph o s 0 .5 98 6 .4 0.1
Endrin 0 .1 2 5 81 2 .6 0.1
H C B 0 .0 6 100 4 .0 0 .0 5 Bo vine liver, pooled resu lts
H eptach lor 0 .1 2 5 90 4.2 0.1
H eptachlor epoxide 0 .1 2 5 93 4 .5 0.1 3-O H  carbofuran 0 .5 98 2 .0 0 .0 5
Llnd ane 0 .0 6 88 3.5 0 .05 Aldicarb 0 .5 7 7 7 .3 0 .0 5
p ,p  '-M ethoxychlor 0 .2 5 101 3 .0 0 .2 Ald icarb  sulfone 0 .5 97 1.5 0 .0 5
Mlrex 0 .2 5 82 2.6 0 .2 Bend iocarb 0 .5 92 2 .7 0 .05

Carbary l 0 .5 94 1.6 0 .0 5
A cep h ate 0 .5 84 6.1 0.1

Carbofuran 0 .5 92 1.7 0 .0 5
A zlnpho s methyl 0 .5 108 1.7 0.1

M ethiocarb 0 .5 88 4 .0 0 .0 5
Carbophenothion 0 .5 99 2 .7 0.1

Methomyl 0 .5 91 1.6 0 .0 5
Chlorfenvlnphos 0 .5 99 1.9 0 .08

M exacarbate 0.5 89 3 .6 0 .0 5
Chlorpyriphos 0 .5 97 7.0 0 .0 4

O xam yl 0.5 92 1.1 0 .05
C o u m ap h o s 0 .5 98 2.2 0.1

Propoxur 0.5 93 1.4 0 .0 5
Crufom ate 0 .5 95 6.9 0.1

Crotoxyphos 0 .5 99 6 .7 0.1 Aldrin 0.1 88 5 .4 0 .0 2

D D V P 0 .5 83 2.4 0.1 a -B H C 0 .0 7 106 3.2 0 .0 2
D E F 0 .5 96 2.6 0 .0 4 y-Chlordane 0.1 102 1.8 0 .0 2

D em eton 0 .5 82 3.2 0 .12 p,p '-D D D 0.1 98 4.1 0 .02

D iazinon 0 .5 96 3 .0 0 .0 4 p,p '-D D E 0.1 104 3 .7 0 .0 2

D icrotophos 0 .5 96 1.4 0.1 p ,p '-D D T 0.1 101 5 .4 0 .0 2

D im ethoate 0 .5 81 3 .8 0 .0 8 Dicofol 0 .5 101 6 .5 0.1

Dioxathion 0 .5 106 0 .7 0 .2 Dieldrin 0.2 113 4 .9 0 .0 4

Disulfoton 0 .5 87 2 .0 0 .0 8 En d o su lfan  I 0.1 102 3 .3 0 .02

E P N 0.5 97 1.9 0.1 En d o su lfan  II 0.1 95 5 .5 0 .02

Ethlon 0 .5 96 3 .2 0 .0 4 Endrin 0.1 102 4 .2 0 .0 2

Ethoprop 0 .5 93 6 .7 0.1 H C B 0 .0 5 112 1.8 0.01

Fen am ip h o s 0 .5 92 2.5 0.1 H eptachlor 0.1 90 5.1 0 .0 2

Fensulfothlon 0.5 97 6.5 0.1 H eptach lor epoxide 0.1 87 5 .3 0 .0 2

Fenthlon 0 .5 96 1.1 0.1 Lind ane 0 .0 5 109 1.9 0.01
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Table 4. (continued)

Co m po und
Fortification  
level, ppm

A verag e  
rec., % C V , %

Method 
detection  
limit, ppm Co m po und

Fortification 
level, ppm

A verag e  
rec., % C V , %

Method 
detection  
limit, ppm

Bovine liver, pooled resu lts (continued) Tom ato (continued)

p,p '-M ethoxychlor 0 .2 94 5.1 0 .0 4 Aldicarb sulfone 0 .5 91 1.6 0.1
Mi rex 0 .2 105 6 .3 0 .0 4 B end iocarb 0 .5 91 2.6 0.1

C arbary l 0 .5 96 3 .0 0.1
A cep h ate 0 .1 2 5 89 3.9 0 .0 2 5 Carbofuran 0 .5 93 4 .3 0.1
A z inp h o s m ethyl 0 .1 2 5 109 3.6 0 .0 2 5 M ethiocarb 0 .5 98 3 .3 0.1
Carbophenothion 0.125 98 3.1 0 .0 2 5 M ethomyl 0.5 94 1.6 0.1
C hlo rfenvinpho s 0 .1 2 5 101 2 .0 0 .0 2 M exacarbate 0.5 94 2 .9 0.1
Chlorpyriphos 0 .1 2 5 94 1.8 0.01 O xam yl 0.5 87 2.3 0.1
C o u m ap h o s 0 .1 2 5 102 6 .4 0 .0 2 5 Propoxur 0.5 94 2.0 0.1
Crufom ate 0 .1 2 5 96 1.9 0 .025
Crotoxyphos 0 .1 2 5 106 2 .0 0 .0 2 5 Aldrin 0 .1 2 5 100 7.5 0.1
D D V P 0 .1 2 5 100 4 .0 0 .0 2 5 o -B H C 0 .0 9 95 3 .2 0 .0 7
D E F 0 .1 2 5 95 7.1 0.01 y-Chlordane 0 .1 2 5 96 2 .8 0.1
Dem eton 0 .1 2 5 88 7 .0 0 .0 3 p,p '-D D D 0.125 96 1.7 0.1
D iazinon 0 .1 2 5 91 5 .5 0.01 p ,p  '-D D E 0.125 94 3.4 0.1
Dicrotophos 0 .1 2 5 98 5.2 0 .0 2 5 p ,p  '-D D T 0 .1 2 5 98 2.0 0.1
D im ethoate 0 .1 2 5 100 4.1 0 .02 Dicofol 0 .6 104 1.7 0.5
Dioxathion 0 .1 2 5 99 1.7 0 .0 5 Dieldrin 0 .25 93 3 .4 0.2
Disulfoton 0 .1 2 5 92 4 .2 0 .0 2 En d o su lfan  I 0 .1 2 5 95 2.9 0.1
E P N 0 .1 2 5 99 2 .4 0 .0 2 5 En d o su lfan  II 0 .1 2 5 96 3.8 0.1
Ethion 0 .1 2 5 104 2.9 0.01 Endrin 0 .1 2 5 96 2.6 0.1
Ethoprop 0 .1 2 5 82 5.1 0 .0 2 5 H C B 0 .06 88 2 .5 0 .05
Fen am ip h o s 0 .1 2 5 78 5.3 0 .0 2 5 H eptach lor 0 .125 87 3 .7 0.1
Fensulfothion 0 .1 2 5 100 2.1 0 .0 2 5 H eptach lor epoxide 0 .125 93 3.4 0.1
Fenthion 0 .1 2 5 85 6.1 0 .0 2 5 Lin d an e 0 .06 91 3.1 0 .05
Fonofos 0 .1 2 5 89 4 .6 0 .0 2 p ,p  '-M ethoxychlor 0 .25 98 2.0 0 .2
Iso fenph os 0 .1 2 5 96 3 .5 0 .0 2 5 Mi rex 0 .25 92 2 .5 0 .2
Malathion 0 .1 2 5 97 3.1 0.01
M erphos 0 .1 2 5 104 6 .3 0 .02 A cep h ate 0.5 103 1.7 0.1

M etham idophos 0 .1 2 5 91 6 .4 0 .0 2 5 A zinp h o s methyl 0 .5 110 1.3 0.1

Methidathion 0 .1 2 5 103 6 .9 0 .02 Carbophenothion 0.5 98 3.1 0.1

Methyl parathion 0 .1 2 5 96 6.1 0.01 Chlorfenvinphos 0.5 103 2 .0 0 .0 8

M evinphos E 0 .1 2 5 82 5.0 0.01 Chlorpyriphos 0.5 95 2 .0 0 .0 4

M evinphos Z 0 .1 2 5 89 5.3 0.01 C o u m ap h o s 0.5 103 0.6 0.1

M onocrotophos 0 .1 2 5 95 5.2 0 .0 2 5 Crufom ate 0.5 95 2.8 0.1

N aled 0 .1 2 5 84 9.2 0 .0 3 7 5 Crotoxyphos 0.5 98 2.5 0.1

Parathion 0 .1 2 5 94 6.2 0.01 D D V P 0.5 85 9.3 0.1

Phorate 0 .1 2 5 84 6.1 0.01 D E F 0.5 97 2 .4 0 .0 4

P h o sa lo n e 0 .1 2 5 105 7.6 0 .025 Dem eton 0.5 94 2 .8 0 .1 2

P h o sm et 0 .1 2 5 104 4 .0 0 .05 D iazinon 0 .5 96 1.8 0 .0 4

Phosph am ido n 0 .1 2 5 91 2 .8 0 .05 D icrotophos 0.5 98 5.2 0.1

P rofenopho s 0 .1 2 5 100 1.4 0 .0 2 5 D im ethoate 0.5 100 4.1 0 .08

P ropetam ph os 0 .1 2 5 85 4 .7 0 .0 2 5 Dioxathion 0.5 98 7.3 0.2

Ronnel 0 .1 2 5 92 1.9 0 .0 2 5 Disulfoton 0.5 92 4.2 0 .08

Terbufos 0 .1 2 5 86 4 .0 0 .0 2 5 E P N 0.5 104 2 .0 0.1

Tetrachlorvinphos 0 .1 2 5 98 3 .3 0 .025 Ethion 0.5 98 2 .7 0 .04

T riazo p h o s 0 .1 2 5 107 4.4 0 .025 Ethoprop 0.5 92 1.6 0.1
Fen am ip h o s 0.5 103 1.8 0.1

Tom ato Fensulfothion 0.5 98 3.0 0.1
Fenthion 0.5 103 2.0 0.1

3-O H  carbofuran 0 .5 89 1.4 0.1 Fonofos 0.5 95 1.9 0 .08
Aldicarb 0.5 87 3 .2 0.1 Isofenphos 0.5 96 3.5 0.1
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Table 4. (continued)

Co m p o un d
Fortification  
level, ppm

A verag e  
rec., % C V , %

Method 
detection  
limit, ppm

Tom ato (continued)

Malathion 0.5 97 3.1 0 .0 4
M erphos 0 .5 105 4.6 0 .0 8
M etham idophos 0 .5 113 2 .0 0.1
Methidathion 0.5 100 1.8 0 .08
Methyl parathion 0.5 98 1.8 0 .0 4
M evinphos E 0 .5 93 1.1 0 .0 4
M evinphos Z 0 .5 94 1.6 0 .0 4
M onocrotophos 0 .5 100 2.1 0.1
N aled 0 .5 109 5 .0 0 .1 5
Parathion 0 .5 97 2.2 0 .0 4
Phorate 0 .5 93 1.6 0 .0 4
P h o sa lo n e 0 .5 101 1.7 0.1
P ho sm et 0 .5 104 4 .0 0.2
Pho spham idon 0 .5 107 1.5 0 .2
Profenophos 0.5 96 2 .3 0.1
Propetam phos 0.5 95 1.6 0.1
Ronnel 0 .5 94 2 .0 0.1
Terbufos 0.5 94 1.9 0.1
Tetrachlorvinphos 0.5 98 3 .3 0.1
T riazo p h o s 0 .5 99 2 .2 0.1

onto the SPE column, and wash the column with 9 mL hexane 
at a rate of 1 drop/s. Discard this wash. Add 15 mL ethyl acetate 
to the test tube used to evaporate the extract, and use this ethyl 
acetate to elute the MCs from the SPE column. Add 2 drops of 
decanol solution to the eluate, and evaporate to dryness with a 
stream of nitrogen at 40°C. Immediately add 0.5 mL methanol. 
Proceed to MC analysis.

(c) Organophosphorus insecticides.—Add 2 drops of de
canol solution to a 5 mL aliquot of extract and evaporate to 
dryness with a stream of nitrogen at 40°C. Immediately add 
1 mL toluene. Proceed to OP analysis.

Analysis

(a) Organochlorine insecticides.—Determine residues by 
GC-ECD with a DB-608 megabore column. Inject 2 pL ana
lytical standard (0.1 to 0.5 pg/mL, Table 3) and sample extracts 
at 0.5 g/mL (animal tissue) or 0.2 g/mL (plant material). Quan
titate by using external calibration based on injections of OC 
insecticides.

( b )  N-Methyl carbamate insecticides.—Determine resi
dues by LC with dual postcolumn reaction system and fluores
cence detection. Inject 10 pL analytical standard (0.5 pg/mL) 
and sample extracts at 1.0 g/mL. Quantitate by using external 
calibration based on injections of 5 ng MC insecticides.

(c) Organophosphorus insecticides.—Determine residues 
by GC-FPD with a DB-17 megabore column. Inject 2 pL ana
lytical standard (0.5 pg/mL) and sample extracts at 2 g/mL 
(animal tissue) or 0.5 g/mL (plant material). Quantitate by us

ing external calibration based on injections of 1 ng OP insecti
cides.

Validation Study

Pooled alfalfa hay, fresh tomato, and bovine liver were for
tified with each insecticide standard at a level that was 2 to 10 
times the detection limit reported by this laboratory (Table 4). 
Five replicate fortifications for each matrix type were prepared.

R e s u l t s  a n d  D i s c u s s i o n

The recoveries of 71 insecticides are presented in Table 4. 
The method quantitatively extracted the polar insecticides. Ma
trix coextractives were removed without loss of the more vola
tile or the polar insecticides. Extraction with 5% ethanol in 
ethyl acetate (v/v) resulted in a multiresidue extraction. After 
appropriate cleanup steps, good precision and accuracy for 
high-lipid-content (bovine liver), highly pigmented (alfalfa 
hay), and high-water-content (tomato) samples were obtained.

The use of 5% ethanol in ethyl acetate remedied the prob
lems associated with the use of a polar extraction solvent such 
as acetone. This solvent mixture had sufficient polarity to ex
tract highly polar compounds such as acephate, methomyl, and 
methamidophos, and yet was immiscible with water. Trace 
amounts of water in the solvent extract were removed by so
dium sulfate.

Development o f Solvent

Development of the solvent system was based on several 
criteria. No solvent was used that was hazardous or was expen
sive to dispose of. A volatile solvent system must be used be
cause rapid evaporation of a large solvent volume would be 
required without loss of volatile compounds. The solvent sys
tem must be sufficiently polar to extract the most polar insecti
cides and yet be immiscible with water. The extract must be 
clear so that aliquots could be removed without time-consum
ing filtrations. The final sample extract should have a minimum 
of matrix coextractives, but extraction of the pesticides of in
terest must be quantitative.

Halogenated solvents, such as methylene chloride and ace
tonitrile, were eliminated from consideration because of higher 
hazard and disposal cost. Solvent mixtures with large percent
ages of water-miscible solvents such as methanol, ethanol, and 
acetone were not considered because of water miscibility. 
Toluene, propanol, larger alcohols, isooctane, and cyclohexane 
were eliminated because of insufficient volatility.

Ethyl acetate, modified by addition of acetone, methanol, or 
ethanol for increased polarity was chosen as a starting point for 
investigation. First, the ability of various percentages of ace
tone, methanol, and ethanol in ethyl acetate were compared for 
extraction of matrix coextractives from hydrated alfalfa hay. 
Alfalfa hay (5 g) was wetted with 10 mL H20  and extracted 
with 100 mL of 5,10, and 20% of methanol or ethanol in ethyl 
acetate and 20% acetone in ethyl acetate. Methanol (10%) in 
methylene chloride was also tested as a reference to earlier 
work (1). A 10 mL aliquot of the extract was taken and evapo
rated to dryness, and the residue was redissolved in 1 mL ethyl
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Table 5. Comparison of volatile matrix coextractives 
from 5 g alfalfa hay extracted with 100 mL solvent 
mixture

So lvent mixture Total a re a  (x 1 000)

5%  M ethanol In ethyl ace tate 451

10%  M ethanol in ethyl ace tate 463

5 %  Ethanol in ethyl ace tate 646

2 0 %  M ethanol in ethyl ace tate 938

10%  M ethanol in m ethylene chloride 1080

10%  Ethanol in ethyl ace tate 1104

20%  A ceto n e in ethyl acetate 1140

20%  Ethanol in ethyl ace tate 1304

acetate. A volume of 2 pL was injected on a PE Sigma 2000 
GC with flame ionization detection (FID) and a 30 m x 
0.53 mm x 1 |im DB-17 column and the temperature pro
grammed from 60° to 280°C at 10°C/min. The areas for all 
peaks after the solvent front were summed to estimate volatile 
coextractive content. The mixtures containing 5% methanol, 
10% methanol, and 5% ethanol in ethyl acetate gave the least 
total areas and thus the lowest overall volatile matrix coextrac
tives (Table 5).

The ability of 100 mL of these solvent mixtures to extract 
the polar compounds acephate and methamidophos from 
10 mL FLO was examined next. Each solvent mixture (10 mL) 
examined for matrix coextractives was added to 10 mL H20  
with 50 g Na2S 04, and the mixture was homogenized for 
1 min. Of these solvents, only 5% and 10% methanol in ethyl 
acetate, 5% ethano in ethyl acetate, and 20% acetone in ethyl 
acetate gave clear extracts, indicating a lower concentration of 
water. Because 5% ethanol or 5% methanol in ethyl acetate and 
10% methanol in ethyl acetate both gave clear extracts and low 
matrix coextractives, only these solvent mixtures were exam
ined further. Water (10 mL) was fortified at 5 pg/g with 
acephate and methamidophos, and the mixture was homoge
nized with 100 mL solvent and 50 g Na2S 0 4 for 1 min. 
Aliquots were evaporated to dryness with 3 drops of 5% de- 
canol in acetone at 40°C., and residues were analyzed via GC- 
FPD. All spike recoveries were less than 70%. The trial was 
repeated with 5 mL H20 , with 5% ethanol in ethyl acetate giv-

Table 6. Recoveries from 5 mL H2O fortified with 
acephate and methamidophos at 5 pg/g (n = 2)

A cep h ate M etham idophos

Solvent R e c ., % C V , % R e c ., % CV , %

5 %  Ethanol In 
ethyl ace tate 98 4 .0 105 1.8

5 %  M ethanol in 
ethyl ace tate 90 3 .9 95 1.8

10%  M ethanol 
In ethyl ace tate 90 0 .3 92 3 .7

ing approximately 10% higher recoveries than the other two 
solvents (Table 6).

The ability of solvents to extract various OP insecticides 
from liver was examined. Liver (10 g) was fortified at 1 pg/g 
with OP standard mixture D (Table 1). This mixture contains 
the most polar OPs (methamidophos, acephate, and monocro- 
tophos) and the least polar (on the basis of retention on silica 
gel SPE columns), ronnel and chlorpyriphos. Duplicate forti
fied livers were extracted with 100 mL solvent, cleaned up by 
GPC and in-line silica gel SPE columns, and analyzed by GC- 
FPD as in the cleanup section of the method. The solvent 5% 
ethanol in ethyl acetate yielded an average recovery of 99% 
(CV, 2.3%) for all OPs in the mixture, whereas 5% methanol in 
ethyl acetate gave a recovery of 92% (CV, 4.4%), and 10% 
methanol in ethyl acetate yielded a recovery of 86% (CV, 
8.0%).

Ethyl acetate containing 5% ethanol gave the best overall 
performance as an extraction solvent. It resulted in a minimum 
of volatile coextractives, the best extractability of polar insec
ticides from H20 , and the highest recovery of insecticides with 
a wide range of polarities from liver.

Development o f Cleanup Procedure

The GPC cleanup conditions are similar to those of previous 
work (1), except that GPC solvent was used. Hexane contain
ing 40% ethyl acetate (v/v) was replaced with 30% ethyl ace
tate in hexane. This solvent mixture allowed for the use of a 
shorter column and thus smaller collection volumes. Hexane 
and ethyl acetate were used because of their ease of removal by 
evaporation compared with other solvent systems (14) and the 
desire to avoid halogenated solvents (16). All insecticides were 
eluted from the GPC under the listed conditions in a volume of 
130 mL (Tables 1-3).

Cleanup steps for samples with low lipid content were se
lected to provide a rapid and selective cleanup based on the 
analysis being performed. Analysis of OP insecticides in alfalfa 
hay required no cleanup because of the selective nature of the 
FPD. MC and OC insecticides were adequately cleaned up 
with the SPE procedures (Figure 2).

Development o f Chromatographic Procedure

The chromatographic conditions are similar to those of 
other authors (1, 15, 17). Both short analysis times and reduced 
numbers of false-positive results were considered when select
ing these parameters. The use of a DB-608 megabore column 
was especially useful because it separated all the major OC 
insecticides (Figure 2). GPC/silica gel cleanup enabled analy
sis of tissue extracts at 2 g/mL (OP insecticides) and 0.5 g/mL 
(MC insecticides) without chromatographic problems (Fig
ures 3 and 4). The use of autosamplers enabled unattended 
overnight analyses. Longer chromatographic runs and thus bet
ter resolution between pesticides and interfering peaks were 
therefore possible with only minimal personnel time.
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Figure 2. (A) GC/ECD chromatogram of alfalfa hay extract fortified at 0.0625 to 0.25 ppm with OC insecticides (see 
Table 4). A 2 |lL volume of a 0.2 g/mL sample extract was injected under standard GC conditions. Peaks: (1) HCB, (2) 
a-BHC, (3) lindane, (4) heptachlor, (5) aldrin, (6) heptachlor epoxide, (7) Y-chlordane, (8) endosulfan I, (9) p,p -DDE, (10) 
dieldrin, (11) endrin, (12) p,p '-DDD, (13) endosulfan II, (14) p,p '-DDT, (15) dicofol, (16) p,p '-methoxychlor and (17) 
mirex. (B) GC/ECD chromatogram of control alfalfa hay extract. A 2 |lL volume of a 0.2 g/mL sample extract was 
injected under standard GC conditions.
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Figure 3. (A) GC/FPD chromatogram of bovine liver extract fortified at 0.125 ppm with OP standard mix A. A 2 |iL 
volume of a 2.0 g/mL sample extract was injected under standard GC conditions. Peaks: (1) mevinphos E, (2) 
mevinphos Z, (3) phorate, (4) terbufos, (5) diazinon, (6) fonofos, (7) methyl parathion, (8) parathion, (9) DEF, (10) 
methidathion, (11) ethion, (12) phosalone, and (13) coumaphos. (B) GC/FPD chromatogram of control bovine liver 
extract. A 2 pL volume of a 2.0 g/mL sample extract was injected under standard GC conditions.
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Figure 4. (A) LC chromatogram of bovine liver extract fortified at 0.5 ppm with MC standard mix B. A 10 jiL volume 
of a 0.5 g/mL sample extract was injected under standard LC conditions. Peaks: (1) aldicarb sulfone, (2) methomyl, (3) 
3-hydroxycarbofuran, and (4) propoxur. (B) LC chromatogram of control bovine liver extract. A 10 pL volume of a 
0.5 g/mL sample extract was injected under standard LC conditions.
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C o n c l u s i o n

The OP MRM developed previously for use in this labora
tory was greatly improved. The number of compounds was in
creased, and 3 classes of insecticides were analyzed from the 
same sample extract. The sample size was doubled from 5 to 
10 g, but the extraction solvent volume was kept constant. All 
halogenated solvents were eliminated. The GPC parameters 
were refined by changing from 40% ethyl acetate in hexane to 
30% ethyl acetate in hexane. The lower viscosity of the new 
GPC solvent gives greater resolution and allows use of shorter 
columns and smaller collection volumes.

This multiresidue insecticide screen extracted, cleaned up, 
and analyzed 3 classes of insecticides and over 71 compounds 
in bovine liver tissue, alfalfa, and tomatoes. The method per
formed well for a high-fat-content matrix (liver), an extremely 
pigmented matrix (alfalfa hay), and a matrix with high water 
content (tomato). Good fortification recoveries and coeffi
cients of variation for all 71 insecticides were obtained with all 
matrixes. The procedure is especially suited to veterinary diag
nostic laboratory situations, where sample size is limited, many 
difficult samples must be analyzed rapidly, and extremely low 
detection limits (<0.05 ppm) in source material are not re
quired. The method has been used over the past 2 years in rou
tine sample analysis with good spike recoveries from various 
matrixes, including various animal feeds and tissue types.
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RESIDUES AND TRACE ELEMENTS

Integration of Liquid Chromatography with Immunoassay: An 
Approach Combining the Strengths of Both Methods
Petra M. Kramer, * 1 Q ing X. L i ,2 and Bruce D. Hammock 3
University of California, Departments of Entomology and Environmental Toxicology, Davis, CA 95616

T h e  i n t e g r a t i o n  o f  l i q u i d  c h r o m a t o g r a p h y  ( L C )  w i t h  
i m m u n o c h e m i c a l  d e t e c t i o n  c o m b i n e s  t h e  s u p e r i o r  
s e p a r a t i o n  p o w e r  o f  L C  a n d  t h e  s e n s i t i v i t y  a n d  
s p e c i f i c i t y  o f  i m m u n o a s s a y s .  T h i s  a p p r o a c h  i s  
s h o w n  w i t h  3  L C  s y s t e m s  ( P e r k i n - E l m e r ,  C i s  R P ,
4 . 6  m m ;  V a r i a n ,  C i s  R P ,  1 m m  m i c r o b o r e ;  M i c h r o m ,  
C i s  R P ,  1 m m  m i c r o b o r e )  i n t e g r a t e d  w i t h  a n  e n 
z y m e - l i n k e d  i m m u n o s o r b e n t  a s s a y  ( E L I S A )  s e l e c 
t i v e  f o r  f i v e  4 - n i t r o p h e n o l s .  T h e  n i t r o p h e n o l s  w e r e  
s e p a r a t e d  w i t h  t h e  3  L C  s y s t e m s  w i t h  i s o c r a t i c  r u n s  
o f  1 5  t o  2 0  m i n .  M i c r o b o r e  L C  s e p a r a t i o n  s h o w e d  a  
1 0 - 2 0  t i m e s  r e d u c t i o n  i n  s o l v e n t  a m o u n t  c o m p a r e d  
t o  c o n v e n t i o n a l  s e p a r a t i o n .  L C - i m m u n o a s s a y  w a s  
a b o u t  8 -  t o  1 0 - f o l d  m o r e  s e n s i t i v e  c o m p a r e d  w i t h  
L C  w i t h  U V  d e t e c t i o n .  I n t e g r a t e d  L C - i m m u n o - a s -  
s a y  p r o v e d  t o  b e  a  v e r y  s e l e c t i v e  m e t h o d  w h e n  2 -  
m e t h y l p h e n o l  w a s  i n j e c t e d  w i t h  a n  e q u i m o l a r  m i x 
t u r e  o f  2 - a m i n o - 4 - n i t r o p h e n o l  a n d  3 - m e t h y l - 4 - n i t r o -  
p h e n o l ;  2 - m e t h y l p h e n o l  d o e s  n o t  c r o s s - r e a c t  w i t h  
t h e  s e r u m  u s e d .  O n l y  2  p e a k s  c o u l d  b e  s e e n  i n  t h e  
d e t e c t i o n ,  e v e n  w h e n  2 - m e t h y l p h e n o l  w a s  p r e s e n t  
i n  v e r y  h i g h  a m o u n t s  ( 3 0 0 0  p m o l ) .  F u r t h e r ,  t h e  
E L I S A - L C  d e t e c t i o n  p r o v e d  t o  b e  s e l e c t i v e  a n d  s e n 
s i t i v e  f o r  c o m p l e x  m a t r i x e s .  2 - A m i n o - 4 - n i t r o p h e n o l  
w a s  c l e a r l y  i d e n t i f i e d  i n  s p i k e d  e x t r a c t s  o f  s o i l  a n d  
p l a n t ,  e v e n  w h e n  a  v e r y  s m a l l  a m o u n t  ( 2 . 4  n g )  w a s  
i n j e c t e d .  A l t h o u g h  L C - i m m u n o a s s a y  i s  m o r e  l a b o r  
i n t e n s i v e  t h a n  L C  w i t h  U V  d e t e c t i o n ,  i t  o f f e r s  g r e a t  
a d v a n t a g e s  i n  m u l t i r e s i d u e  a n a l y s i s  a n d  i s  g e n e r 
a l l y  a p p l i c a b l e  f o r  p e a k  c o n f i r m a t i o n .

T he use of ELISA (enzyme-linked immunosorbent assay) 
to detect pesticides and other environmental chemicals 
has been demonstrated over the past 15 years (1,2). In
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many cases, ELISA has proven to be a sensitive and selective 
analytical method. Although some immunoassays can be very 
selective, a drawback can be that antibodies cross-react with 
structurally related compounds; therefore, the signal obtained 
in an ELISA may not strictly relate to only one compound. This 
is particularly the case in environmental analysis, where a num
ber of structurally related compounds could be present in the 
matrix. Multianalyte analysis, therefore, could be done by 
combining different antibodies, as shown by Muldoon et al. (3) 
for the analysis of .v-triazines, or by using one antiserum of dif
ferent bleeds combined with LC (liquid chromatography), as 
shown for the screening of (i-agonists (4). A step further in this 
direction is the integration of ELISA with chromatographic 
procedures, which is demonstrated in this paper. LC is an ana
lytical method that can be related, in many cases, to a single 
compound. Some uncertainties are associated with this 
method, too, for example, when standards and/or specific de
tectors are not available or when complex matrixes are deter
mined. As a result, the idea was to combine the strength of both 
methods: to use the ELISA as a sensitive and selective detector 
after the LC separation. As pointed out by de Fmtos and Reg- 
nier (5), these 2 techniques with their complementary features 
are very well suited to combine. This paper presents one exam
ple for such a union of technologies: taking a polyclonal antis
erum that cross-reacts with different 4-nitrophenols (6). These 
compounds were selected to study the integration of LC and 
ELISA because (/) they are common metabolites or degrada
tion products of pesticides and explosives; (2) they have strong 
UV absorbance, facilitating rigorous comparison of UV and 
ELISA detection; and (3) they are detected by a well-charac
terized antiserum that showed cross-reactivity in nearly equal 
percentages with the 4-nitrophenols separated, but does not 
cross-react with various other compounds that are likely to oc
cur in samples. By comparing 3 LC systems (Systems A, B, 
and C; Perkin-Elmer LC, Varian LC, and Michrom LC, respec
tively), which were combined with off-line ELISA detection, 
this paper will demonstrate some directions in which this field 
is most likely to evolve.

E x p e r i m e n t a l

A pparatus

(a) Liquid chromatographs.— System A.—Perkin-Elmer 
Series 410 BIO LC (San Jose, CA) was equipped with an LC-
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235 diode array detector and a GP-100 graphics printer. An 
Everex computer equipped with Perkin-Elmer Omega-4 soft
ware controlled the LC run and stored all chromatograms. A 
Rheodyne sample injector (Cotati, CA) with a 10 (iL injector 
loop was used. System B.—Varían 9010 LC (Sugar Land, TX) 
was equipped with a Varían 9050 UV-VIS detector. Chroma
tograms were recorded with an HP 3394A integrator (Hewlett- 
Packard, Avondale, PA). A Rheodyne Model 7125 syringe
loading sample injector with an injection loop of 10 |iL was 
used. System C.—Michrom Microbore LC (Michrom BioRe- 
sources, Pleasanton, CA) was equipped with a UV-VIS detec
tor. The injection loop was 10 (lL. Chromatograms were 
printed on an Epson LQ-570.(b) LC columns.— System A.—C18 RP column (10 |im, 
25 cm x 4.6 mm; Vydac, Hesperia, CA). System B.—Aquapore 
OD-300 microbore C18 RP column (7 pm, 25 cm x 1 mm; Ap
plied Biosystems, Inc., Foster City, CA). System C.—Reliasil C)8 
RP column (3 pm, 15 cm x 1 mm, Michrom BioResources).

(c) Syringes.—25 and 50 pL syringes (Hamilton Co., 
Reno, NV).

(d) Fraction collector.—Microfraction Model 203 collec
tor (Gilson Medical Electronics, Inc., Middleton, WI).

(e) Microtiter plates.—96-well microtiter plates (Dynatech 
Laboratories, Inc., Chantilly, VA) for fraction collection and 
microtiter plates (Nunc A/S, Roskilde, Denmark) for assay per
formance.

(f) ELISA reader.—Vmax Microplate reader with software 
package SOFTmax (Molecular Devices Corp., Menlo Park, 
CA) was used to measure in dual-wavelength mode, either at 
405 -  650 nm or at 450 -  650 nm.

Reagents

(a) Solvents.—LC grade acetonitrile and methanol (Fisher 
Scientific, Pittsburgh, PA) were filtered and degassed prior to

use. Water was filtered through a Sybron/Bamstedt Nanopure 
II water system set at 17.8 Mii-cm. It was used for mobile 
phase in LC and for aqueous solutions in immunochemistry.

(b) Filters.—FP-Vericel membrane filter, 0.2 pm pore size 
(Gelman Sciences, Ann Arbor, MI). Cameo 3N or 25F syringe 
filters, nylon or Teflon, respectively, 0.45 pm (Micron Separa
tions, Inc., Westboro, MA).

(c) Standards.—2-Amino-4-nitrophenol [1; molecular 
weight (MW), 154], 4-nitrophenol (2; MW, 139), 2,4-dini- 
trophenol (3; MW, 184), 3-methyl-4-nitrophenol (4; MW, 
153), 2-chloro-4-nitrophenol (5; MW, 173) (the numbers 1-5 
refer to sequence of peaks in LC separation, except for System 
B(2)), and 2-methylphenol (6; MW, 108) were purchased from 
Aldrich Chemical Co., Inc., Milwaukee, WI. Stock solutions 
were prepared in methanol and stored at 4°C. Diluted standards 
in equimolar concentrations of multianalytes (5 or 3 com
pounds) in a mixture were prepared and filtered prior to use in 
the LC system.

(d) Coating antigen.—C-OVA (4-nitrophenylacetic acid 
conjugated to ovalbumin [OVA] [6]; Figure 1).

(e) Immunochemicals.—Antibody (ab) 1812 (raised 
against a conjugate of 2-bromomethyl-4-nitrophenol coupled 
to bovine semm albumin [BSA] [6]; Figure 1), goat anti-rabbit 
IgG with alkaline phosphatase (AP; ICN Biomedicals. Inc., Di
agnostic Div., Costa Mesa, CA, or Sigma Chemical Co., St. 
Louis, MO), goat anti-rabbit IgG conjugated to horse radish 
peroxidase (HRP; Sigma Chemical Co.).

(f) Buffers.— Coating buffer.—0.5M carbonate buffer, 
pH 9.6. Assay buffer.—0.2M, 0.3M, or 0.4M phosphate-buff
ered saline solution (pH 7.5) with 0.05% Tween 20 and 0.02% 
sodium azide (PBSTA); 0.2M phosphate buffered saline solu
tion (pH 7.5) with 0.05% Tween 20 (PBST). Washing buffer.— 
see PBST. Substrate buffer.—(/) 10% diethanolamine buffer 
(pH 9.8) for AP; (2) 0.1M sodium acetate (pH 5.5) for HRP.

Immunogen Coating Antigen

OH
R1

R2
n o 2

Cross reactants

No. R1 r2 Chemical name
1 nh2 H 2-amino-4-nitrophenol
2 H H 4-nitrophenol
3 no2 H 2,4-dinitrophenol
4 H ch3 3-methyl-4-nltrophenol
5 Cl H 2-chloro-4-nitrophenol

Figure 1. Relevant structures for the assay for nitrophenols. BSA, bovine serum albumin; OVA, ovalbumin.
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(g) Substrates fo r  enzyme reaction.—p-Nitrophenyl phos
phate (1 mg/mL) and tetramethyl benzidine (6 mg/mL in di
methyl sulfoxide; Sigma Chemical Co.) with 1% H20 2 (Fisher 
Scientific) were used as substrates for AP and HRP, respectively.

Extraction o f Soil and P lant Material

(a) Soil.—Yolo silt loam (25 g; typic xerorthenl, 1.3% or
ganic carbon) was boiled in 150 mL methanol for 30-40 min. 
After cooling, the mixture was filtered through Whatman filter 
No. 1 (Clifton, NJ). The solvent was evaporated with a Buchler 
rotary evaporator (Kansas City, MO), and the residue redis
solved in 1 mL methanol. Before injection, this concentrate 
was filtered through Cameo 3N, nylon, 0.45-pm filters.

(b) Plant.—Maize leaves (90 g; Zea mays, Pioneer hybrid, 
3379) were homogenized in 600 mL methanol-chloroform (4 
+ 1) for 10 min (Polytron, Brinkmann Instmments, Westbury, 
NY) and boiled for 30-40 min. Roughly 100 mL of the extract 
was filtered and evaporated as described for soil extracts, and 
the residue after evaporation of solvent redissolved in 3 mL 
methanol.

Liquid Chromatography

(a) System A .— The separation was performed at room 
temperature (RT, 22°-24°C). The mobile phase was a mixture 
of acetonitrile (16%, v/v), methanol (16%, v/v), and H20  (68%, 
v/v), containing 0.5% (v/v) acetic acid. It was run at a flow rate 
of 1 mL/min. A mixture of equimolar amounts of standards 
(ranging from 78 to 10 000 pmol) in methanol was injected 
onto the column and detected by a UV detector at 280 nm.

(b) System B .— Equimolar amounts (ranging from 15.6 to 
2000 pmol) of 5 nitrophenols (see standards) in methanol were 
injected. The mobile phase used was either H20-acetonitrile- 
methanol (78 + 11 + 11, v/v) with 0.1% trifluoroacetic acid

(TFA; v/v) (Bl) or H20-methanol-acetonitrile (81 + 9.5 + 9.5, 
v/v) (B2) and was held isocratic. The flow rate was kept con
stant either at 0.12 or 0.14 mL/min. The pressure during sepa
ration was 8.1-10.1 MPa. Analyses were performed at RT. The 
output of the UV detector (set at 280 nm) was monitored with an 
integrator that recorded peak areas (counts) and retention times.

(c) System C.—The separation of the five 4-nitrophenols 
(see System A) or a mixture of two 4-nitrophenols (2-amino-4- 
nitrophenol and 2-chloro-4-nitrophenol) and 2-methylphenol 
was performed at 40°C (temperature controlled). The mobile 
phase was H20-acetonitrile-methanol (60 + 20 + 20, v/v) with 
0.04% (v/v) TFA and was kept pressurized. An isocratic run 
was used with a flow rate of 50 |iL/min. The UV detector was 
set at 280 nm. The pressure during separation was between 13 
and 15 MPa.

Eluate Collection

(a) Systems A  and B .— The microfraction collector, con
nected to the LC detector, was used to collect either fractions 
in microtiter plates or whole peaks in tubes. For System A, the 
collection volume (1170 |iL) of each peak was determined by 
flow rate and time. For System B, the volume for a single peak 
varied (170-400 pL), and each corresponding volume was 
taken into account for the determination of detected amounts.

For off-line monitoring of the separation of the nitrophe
nols, the eluate was collected with the fraction collector either 
in time mode (System A .— 0.14 min/well or 140 pL; System 
B.—0.24 min/well or 35 pL) or in drop mode (2 or 
3 drops/well, System B only) directly into the wells of a mi
crotiter plate. For System A, collection was started 4 min after 
the start of the LC run.

(b) System C.—The fraction collector was connected to the 
LC detector and controlled by the LC. Whole peaks were collected

Table 1. Summary of LC Systems A, B, and C a

Item System A System B System C

Liquid chromatograph Perkin-Elmer LC Series 
410 Bio LC

Varian 9010 Michrom Microbore LC

Detector LC-235 diode array 280 nm UV-Vis 280 nm UV-Vis 280 nm
Injector 10 pL loop (Rheodyne) 10 pL loop (Rheodyne, 

Model 7125)
10 pL loop

LC column Ci8 RP, 10 pM, 25 cm x 
4.6 mm (Vydac)

Ci8 RP Aquapore OD-300 
microbore, 7 pM, 25 cm x 
1 mm (Applied Biosystems)

Reiiasil Ci8 RP microbore, 
3 pM, 15 cm x 1 mm 
(Michrom BioResources)

Temperature Room temperature (22-24°C) Room temperature (22-24°C) 40°C

Mobile phase ACN-MeOH-H20  
(16 + 16 + 68, v/v) 
Acetic acid, 0.5%

B1 : ACN-MeOH-H20  
(11 +11 +78); TFA, 0.1% 
B2: ACN-MeOH-H20  
(9.5 + 9.5 + 81)

ACN-MeOH-H20  
(20 + 20 + 60) TFA, 0.04%

Flow rate, pLVmin 1000 Isocratic 120 or 140 Isocratic 
(Pressure, 8.1 to 10.1 MPa)

50 Isocratic (Pressure, 13 to 
15 MPa)

Injection volume, pL 
Eluate collection

10 2 2

Whole peak collection, pL/peak 1170 in tubes 170 to 400 in microtiter plates 50 to 90 in microtiter plates

Collection for monitoring, pL/well 140 35 (2 or 3 drops per well) 10

a ACN, acetonitrile; MeOH, methanol; TFA, trifluoroacetic acid.



1278 Krämer Et Al.: Journal Of AOAC International Vol. 77, No. 5,1994

in wells of a microtiter plate (50-90 |iL). To monitorthe analytes 
after the LC separation, the eluate was collected in time mode 
(0.2 min/well or 10 pL). The collection was started either from 
start or 2.5 min after the start of LC separation.

All details for the performance of the LC systems are sum
marized in Table 1.

ELISA

The assay was performed as described by Li et al. (6), with 
modifications based on this special purpose as a detector for 
LC. Details of the ELISA-LC are described in Table 2. Both 
quantification and post-column monitoring by ELISA-LC 
were performed off-line. For quantification of whole peaks, the 
corresponding standards were run at the same time on the same 
plate in quadruplicate. They were set up in the mobile phase 
that was used for LC separation.

At least 4 zero concentrations (AMax) and 4 background 
concentrations (ABackground) were added to each plate for 
monitoring of the LC separation with ELISA-LC. This 
made it possible to transform the absorbance values into per
cent inhibition values (= 100 -  % control) and allowed con
version of valleys to peaks for better comparison with the 
LC separation:

% inhibition = 1 0 0 -  % control

= 1 0 0 - 04 - A md)Backgroui 
(A ^ fax  A  Background)

x 100

where A = absorbance of samples (eluate fractions), 
A Background = absorbance of background (mobile phase for LC 
separation; no ab 1812; no inhibitor), and AMax -  maximum

Table 2. Summary of ELISA-LC after LC separation
System A System B System C

Item
Quantitative
ELISA-LC

Off-line
monitoring

Quantitative
ELISA-LC

Off-line
monitoring

Off-line
monitoring

Coating antigen: C-OVA 
Volume, pL/well; concentration,, 

pg/mL 100; 2.5 100; 2.5 100; 2 100; 2.5 100; 2
Coating buffer: 0.5M carbonate, 

pH 9.6 incubation Overnight, 4°C Overnight, 4°C Overnight, 4°C Overnight, 4°C Overnight, 4°C
Eluate volume for ELISA, pL 55a 55a 50 20 10
Standard in mobile phase: 
volume, pL

Specific antibody: 1812 
Volume, pL/well; dilution

55a

103; 1:400 103; 1:400

50

200; 1:1600 80; 1:800 40; 1:1600
Buffer, pH 7.5 0.4M PBSTA 0.4M PBSTA 0.4M PBSTA 0.2M PBSTA 0.2M PBSTA
Incubation, together with eluate 
and standard Overnight, RT Overnight, RT Overnight, RT Overnight, RT Overnight, RT

Specific antibody and eluate or 
standard on coated plate: volume,, 
pL/well 50fc 50 50b 50 45
Incubation 2 h, RT 2 h, RT 2 h, RT 2 h, RT 2 h, RT

Second antibody: goat anti-rabbit IgG Conjugated Conjugated Conjugated Conjugated Conjugated
with AP with AP with AP with AP with HRP

Dilution; volume, pL7well 1:2500; 50 1:2500; 50 1:5000; 50 1:5000; 50 1:8000; 50
Buffer, pH 7.5 0.2M PBSTA 0.2M PBSTA 0.2M PBSTA 0.2M PBSTA 0.2M PBSTA
Incubation 1 h, RT 1 h, RT 2 h, RT 2 h, RT 1.5 h, RT

Substrate for enzyme reaction p-Nitrophenyl p-Nitrophenyl p-Nitrophenyl p-Nitrophenyl
phosphate phosphate phosphate phosphate TMB/1 % H2O2

Volume, pL/well 100 100 100 100 100
Buffer 10% Diethanol- 10% Diethanol- 10% Diethanol- 10% Diethanol- 0.1M sodium

aminec aminec aminec aminec acetate“*
Incubation 1 h 1 h 1 h 20 min 9-10 min
Wavelength, nm 405 -  650 405 -  650 405 -  650 405 -  650 450 -  650

Note: Between each step during the assay, the plates were washed with washing buffer (0.2M PBST, pH 7.5). RT, room temperature 
(22-24°C); AP, alkaline phosphatase; HRP, horseradish peroxidase; IgG, immunoglobulin G.

3 55 |iL H20  and 6.6 (iL 0.83N NaOH were added to adjust the pH. 
b Quadruplicate determination. 
c pH 9.8. 
d pH 5.5.
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absorbance (mobile phase for LC separation; ab 1812; no in
hibitor).

R e s u l t s

ELISA for 4-Nitrophenols

The general assay for nitrophenols developed by Li et al. (6) 
requires the presence of both a 4-nitro and a 1-phenolic group 
for detection (Figure 1). It will detect a wide variety of 4-ni- 
trophenols mono- or disubstituted in the 2,3 positions, but it 
will not cross-react with symmetrica] di- or polysubstituted 4- 
nitrophenols, if the 5 and/or 6 positions are substituted. To 
evaluate the LC systems, five 4-nitrophenols were selected. 
These nitrophenols are recognized by this assay in a similar 
concentration range (50-150nM; Figure 2). The calculated 
data (/50 = concentration of analyte that gives 50% inhibition) 
from SOFTmax were used to determine the cross-reactivities: 
100% for 4-nitrophenol, 67% for 2-amino-4-nitrophenol, 
100% for 2,4-dinitrophenol, 95% for 3-methyl-4-nitrophenol, 
and 230% for 2-chloro-4-nitrophenol [%CR, = (concentration 
of 4-nitrophenol at ^(/concentration of other 4-nitrophenols at

Figure 2. Standard curves for five 4-nitrophenols 
expressed as follows:

% B /B o  = /  ^ e-ŝ - x 1 0 0  
/«max — « ex cess

where B  = absorbance with an excess concentration of 
analtye and Bo = absorbance without analyte. Standards 
were prepared in the mobile phase used for LC separa
tion, in this case, 11% methanol, 11% acetonitrile, 78% 
H20  with 0.1 % trifluoroacetic acid. Standard in mobile 
phase (50 pL) was diluted with 200 pL ab solution (0.3M 
PBSTA), and the assay was performed as described.

i50) x 100]. These values will change slightly, depending on the 
assay setup. In this study, the assay was run in the mobile phase 
that was used for LC separation. Cross-reactivity values can be 
considered analogous to response factors used in quantitative 
gas-liquid chromatographic or LC analysis. As with these ana
lytical methods, the quality of the resulting data is improved if 
the response factors and standard curves are determined at the 
same time as the actual analysis. In this case, it means that the 
standard curve for the compound of interest should be put on 
the same plate with the collected eluate for this compound.

Integrated LC-lm m unoassay Setup

The scheme of the LC-immunoassay is shown in Figure 3. 
Standard amounts of nitrophenols were injected, separated, 
and monitored with a UV detector in 3 LC systems (lower part) 
and then collected via a fraction collector either in tubes or in 
microtiter plates and monitored off-line with ELISA (upper 
part). LC System A (Perkin Elmer LC, C18 RP, 4.6 mm col
umn), B (Varian LC, C18 RP, 1 mm microbore column), and C 
(Michrom Microbore LC, C I8 RP, 1 mm microbore column) 
were used and combined with an off-line ELISA detection. The 
separations with all systems were monitored either with a com
puter system (Systems A and C) or with an integrator (System 
B) that was connected to the detector. As an option, a Speed Vac 
or similar equipment might be useful for evaporation of the 
solvent after eluate collection, by using either tubes or 96-well- 
plate racks. In this study, preliminary experiments to evaporate 
the solvent did not show good reproducibility.

LC Separation o f 4-Nitrophenols

With the 3 LC instruments, five 4-nitrophenols were sepa
rated with isocratic runs to about 15-20 min. The injected equi
molar amounts of the five 4-nitrophenols ranged from 10 to 
1800 ng for System A and from 2 to 360 ng for Systems B and 
C. The retention times of 2-amino-4-nitrophenol, 4-nitrophe
nol, 2,4-dinitrophenol, 3-methyl-4-nitrophenol, and 2-chloro-
4-nitrophenol with system A (average of 10 LC runs) were 
4.26,7.40,9.55,11.21, and 16.38 min, respectively, with a co
efficient of variation (CV) <3.3%. The volume of the eluate for 
each peak was 1170 pL, which was determined by flow rate 
and collection time (Table 3, System A). Because of the rela
tively large volume, the eluates of the whole peaks had to be 
collected in tubes and only 55 pL were taken off-line for analy
sis by ELISA.

For System B, the mobile phase was used with and without 
acid. The retention times of the separation with 0.1% TFA were 
2.33, 7.14, 9.34, 12.96, and 20.19 min, respectively, for the 
5 compounds listed earlier (average of 10 runs; CV <5.1%; Ta
ble 3, System B[l]). After the separation was run without acid, 
the retention times changed: 2.96 min for 2,4-dinitrophenol, 
4.42 min for 2-amino-4-nitrophenol, 6.14 min for 4-nitrophe
nol, 10.19 min for 3-methyl-4-nitrophenol, and 16.09 min for 
2-chloro-4-nitrophenol (average of 10 mns; CV <3.5%; Ta
ble 3, System B[2]).

Separation with System C showed the least volume for each 
peak (50-90 pL/peak; Table 3). The retention times (average 
of 8-15 runs) were 3.92 min for 2-amino-4-nitrophenol,



1280 Krämer Et Al.: Journal Of ADAC International Vol. 77, No. 5,1994

Injector Pump

ELISA

Option:

Solvent reservoir

Speed vac
/  \

Test tubes Microtiter plate

H PLC

Figure 3. Scheme of integrated LC-immunoassay. Three LC systems were used to separate five 4-nitrophenols: 
Systems A: Perkin-Elmer LC, Ci8 RP, 4.6 mm column; System B: Varian LC, C is RP, 1 mm microbore column; and 
System C: Michrom LC, C is RP, 1 mm microbore column. The fraction collector was connected to the outlet of the 
detector (UV-Vis) and was able to collect either in plates or in tubes. As an option for future projects, a Speed Vac can 
be used to evaporate the solvent of the eluate after collection and prior to ELISA detection.

6.52 min for 4-nitrophenol, 8.32 min for 2,4-dinitrophenol, 
9.66 min for 3-methyl-4-nitrophenol, and 14.9 min for 2- 
chloro-4-nitrophenol (CV <5.3%). The retention time of o-cre- 
sol (2-methylphenol), which was added as a compound that 
does not cross-react in the ELISA detection, was 7.87 (average 
of 8 runs; CV = 3.2%).

Peak Monitoring with U V -LC  and ELISA-LC

The separations with the 3 systems were monitored by UV- 
LC and by ELISA-LC. As an example, Figure 4 shows the 
monitoring for System A (top, UV-LC; bottom. ELISA-LC). 
Here an equimolar amount of 625 pmol was injected. Eluate 
collection for ELISA-LC was started 4 min after the start of 
chromatography and collection was interrupted for 3.4 min be
tween peaks 4 and 5. Eighty-eight fractions of 140 pL were 
collected (0.14 min/well). The retention times with UV-LC 
corresponded very well with those in ELISA-LC, with a delay 
of about 30 s for the ELISA-LC due to the connection between 
detector and collector. With the amount injected, UV-LC and 
ELISA-LC show comparable performance. When only

15.6 pmol was injected (Figure 5; System C), the ELISA-LC 
still monitors the LC separation, but the UV-LC is at its limit 
of detection. Because all compounds were injected in equimo
lar amounts, the peak heights seen in UV-LC depend on the 
molar absorption coefficients of these compounds at 280 nm; 
in ELISA-LC, however, the peak heights depend on the bind
ing of the antibody to each compound. An aspect observed 
quite often in the ELISA-LC is negative inhibition (for exam
ple, see Figures 4 and 5), although the inhibition values were 
determined against the mobile phase of the LC separation. An 
explanation might be an edge effect on the plate because the 
control values (background and zero concentration) were al
ways located in the right row of the plate.

Quantitation with U V -LC  and E LISA-LC

For quantitative analyses, each peak was collected in a sepa
rate tube and the nitrophenol concentration was determined. 
Table 4 shows a comparison of the injected amounts and the 
detected amounts with System A. In most cases, the ELISA 
data show good agreement with the amounts injected. Discrep-
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Table 3. Retention times and volumes with different LC systems
Peak 1 Peak 2 Peak 3 Peak 4 Peak 5

2-Amino-4-nitrophenol 4-Nitrophenol 2,4-Dinitrophenol 3-Methyl-4-nitrophenol 2-Chloro-4-nitrophenol

System A: Perkin-Elmer LC; column: Cis RP, 4.6 mm; mobile phase: 16% methanol, 16% acetonitrile, 68% H2O, 0.5% acetic acid

Retention time®, min 4.26±0.14 7.40±0.15 9.55±0.16 11.21 ±0.19 16.38±0.24
Peak volume6, pL 1170 1170 1170 1170 1170

System B(1): Varian LC; column: Cis RP, 1 mm microbore; mobile phase: 11% methanol, 11% acetonitrile, 78% H2O, 0.1% trifluoroacetic acid

Retention time®, min 2.33 1 0.12 7.14 1 0.16 9.34 1 0.21 12.96 1 0.30 20.19 1 0.43
Peak volumec, pL 338131 255124 399147 286152 3431121

System C: Michrom LC; column: C18 RP, 1 mm microbore; mobile phase: 20% methanol, 20% acetonitrile, 60% H2O, 0.04% trifluoroacetic acid

Retention time"', min 3.92 1 0.09 6.52 1 0.17 8.32 1 0.44 9.66 1 0.34 14.9 ±0.38
Peak volume4’4 , pL 54 11 5  6 2 11 4  73110  73 1 7 90111

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5
2,4-Dinitrophenol 2-Amino-4-nitrophenol 4-Nitrophenol 3-Methyl-4-nitrophenol 2-Chloro-4-nitrophenol

System B(2): Varian LC; column: C18 RP, 1 mm microbore; mobile phase: 9.5% methanol, 9.5% acetonitrile, 81 % H2O

Retention time®, min 2.9610.09 4.4210.10 6.1410.18 10.1910.35 16.0910.56
Peak volume®, pL 173163 183117 266148 302175 404177

Note: Flow rates were 1 mL/min for System A, 0.12 mL/mln for Systems B(1) and B(2), and 0.05 mL/min for System C. The separation 
with the Varian LC was done with (B1) and without (B2) addition of trifluoroacetic acid In the solvent. By eliminating the acid, the first 3 
peaks changed their sequence during elution. 

a Values are means 1 standard deviations (SDs) of 10 LC runs. 
b Values are determined by collection time and flow rate.
c Values are means 1 SDs of 8 LC runs with injected amounts from 15.6 to 1000 pmol. 
d Values are means 1 SDs of 8-15 LC runs with injected amounts from 125 to 1000 pmol.

ancies in some cases might be related to the peak collection 
mode, which did not allow variation in peak volume. The dilu
tions during the separation and within the performance of the 
assay are still a drawback, especially with this system, which 
uses a relatively large solvent flow and, therefore, dilutes the 
analytes during the separation by about 100 times.

In Figure 6, a comparison between UV-LC and ELISA-LC 
quantitations is shown for the compounds 2,4-dinitrophenol,
3-methyl-4-nitrophenol, and 2-chloro-4-nitrophenol separated 
by System B (1). For each compound, a standard curve was 
generated in LC (data not shown) and the concentration meas
ured was plotted against the amount injected. The same sepa
ration was also measured by ELISA-LC, which gave better 
results, especially at lower concentrations (compare with R2 
values). Only one-fifth of the amount injected in System A was 
injected onto this column.

ELISA-LC  as a Selective Detector

An important feature of ELISA-LC is its selectivity. Fig
ure 7 shows an example demonstrating how ELISA-LC selec
tively detects the compounds that cross-react with the antis
erum. Flere 2-methylphenol was added in 2 different amounts 
(A, 250 pmol; B, 3000 pmol) to an equimolar mixture of 2- 
amino-4-nitrophenol and 2-chloro-4-nitrophenol (A, 250 pmol; 
B, 1000 pmol). Even with the very high amount of 2-methyl- 
phenol in the sample, the ELISA-LC did not give a response.

ELISA-LC, therefore, is potentially a very useful tool either to 
monitor selectively only a small set of compounds out of a mix
ture or to verify a compound in a mixture. The latter case is 
particularly helpful when a compound of interest has only low 
UV absorbance (7). This selectivity also will be important 
when the compound of interest must be analyzed in a UV-dense 
matrix. The value of high selectivity was shown by Hanis et al. 
(8) for analysis of nitrophenols in urine and is demonstrated 
here with the example of soil and plant extracts (Figure 8). 2- 
Amino-4-nitrophenol was added in a low amount (2.4 ng) to 
both extracts. It was not possible to detect this compound in soil 
or in plant extract with UV-LC (Figure 8, top). Rigorous ex
traction conditions were used with both matrixes to give a 
worst case situation. Only when the fractions were collected 
and analyzed by ELISA-LC could the compound be clearly 
identified by cochromatography of the standard in methanol 
(Figure 8, bottom). Unlike with UV-LC, the extracts did not 
affect the ELISA-LC performance (traces C-1 and C-2, respec
tively).

Microbore LC-lm m unoassay

The use of a microbore column for separation offers the 
great advantage of saving solvent and of creating less solvent 
waste. The small solvent flow is advantageous for integrated 
LC-immunoassays. System B (Varian LC) is not a dedicated 
microbore LC; however, a microbore column allowed a 3- to
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3

Fraction #1 
4  min

Figure 4. Separation and detection of five 4-nitrophenols by LC-immunoassay using the Perkin-Elmer LC  
(System A). (Top) LC chromatogram of five 4-nitrophenols. Equimolar amounts (625 pmol) of all five 4-nitrophenols 
were injected onto a 4.6 mm column, C is RP. Mobile phase contained 16% (v/v) acetonitrile, 16% (v/v) methanol, and 
68% (v/v) H2O with 0.5% acetic acid and was held isocratic. Peaks: (1) 2-amino-4-nitrophenol, (2) 4-nitrophenol, (3) 
2,4-dinitrophenol, (4) 3-methyl-4-nitrophenol, and (5) 2-chloro-4-nitrophenol. The first peaks were solvent peaks. The 
arrow indicates start of fraction collection for ELISA-LC. (Bottom) Peak monitoring with ELISA-LC. Eluate collection 
was started 4 min after the start of UV-LC, and collection was interrupted for 3.4 min between peaks 4 and 5. 
Eighty-eight fractions of 140 |iL each were collected (0.14 min/well). The eluate-ab mixture was split between 2 plates, 
and the average of both plates was taken for this ELISA-LC detection. Detection by UV-LC depends on the molar 
absorbance coefficient of the compound, whereas detection by ELISA-LC depends on the binding and 
cross-reactivity of the antiserum used.
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Fraction #1 
2.5 min

Figure 5. ELISA as a sensitive detector for LC. With the amount injected (equimolar amounts of 15.6 pmol for com
pounds 1-5), detection with UV-LC (top) is near its limit, whereas detection with ELISA-LC (bottom) is still possible 
(System C). In UV-LC, a number of peaks were integrated that exceeded the number of compounds injected. When the 
eluate was detected with ELISA-LC, only 5 peaks were clearly detected. Retention times were 3.9 (1), 6.3 (2), 8.2 (3), 9.5 (4), 
and 14.7 (5) min, which clearly identified the compounds. The arrow (fraction No. 1) identifies the start of fraction collection.

6-fold reduction in solvent use. Using a microbore LC reduces 
the amount of solvent sufficiently for one peak to be collected 
in about 50-90 pL eluate (Table 2, System C). Thus, the 
ELISA could be run directly without transfer to another plate. 
With the equipment described in this paper, transferring a defi
nite volume, especially for quantitative data, gave more accu

rate results because the elution volume for different com
pounds may differ slightly (see Table 2, C).

D i s c u s s i o n

Immunochemical technologies are often considered as 
competitors of chromatographic-based systems as discussed
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Amount injected (pmoles)

Figure 6. Comparison of quantitative detection by UV-LC and ELISA-LC. System B(1) was used to compare UV-LC  
detection and ELISA-LC detection. Equimolar amounts (15.6 to 500 pmol) were injected onto the LC column. For 
UV-LC, areas (counts) were transferred into amounts (picomoles). These values were plotted against amounts in
jected and R 2 values were determined. For ELISA-LC, the amounts were determined and compared also with the 
amounts injected onto LC, and fl2 values were determined. Compounds: 3 ,2,4-dinitrophenol; 4, 3-methyl-4-nitro- 
phenol; 5 ,2-chloro-4-nitrophenol.

here for spectral systems. We feel that a future trend will in
clude integration of analytical technologies, with immuno
chemical cleanup being a common procedure prior to mass 
spectral analysis and immunoassays increasingly used as 
highly sensitive and selective detector systems for chroma
tographic analysis. Immunoassays long have been used as de
tectors for chromatographic systems (9, 10). Because of the 
complexities of integrating the 2 technologies, however, im
munoassay detectors have not been widely used. The increas
ing simplicity of non-radiochemical immunoassays and ad
vances in LC, particularly microbore LC, make the integration 
of LC and immunoassay increasingly attractive. By designing 
the analysis to take advantage of the strengths of both technolo
gies, analyses may be optimized. For example, the separation 
shown in Figure 3 could be optimized by shortening the reten
tion time between peaks 4 and 5. This change would require a

change from an isocratic ran to a gradient system, which would 
complicate the immunochemical detection unless the organic 
cosolvent is removed or volumes are small. Even though most 
immunoassays tolerate at least 10% of solvent, standardization 
is difficult with assays sensitive to solvents. Another factor to 
consider is the eluate pH, which can be adjusted by addition of 
base, as was done with System A. Another case investigated 
was avoidance of acid in the mobile phase [see Table 2, Sys
tems B (1) and B (2)].

A combination of technologies offers various advantages 
depending on the configuration of the system. Highly specific 
immunoassays can be considered as confirmation systems for 
analyses based on a compound’s retention time on LC. With 
single compounds, the active fraction is easily collected for 
analysis by one or even a battery of immunoassays. If quanti
fication by immunoassay matches that by a chromatographic
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Figure 7. ELISA-LC as a confirmation method. A mixture of 2-amino-4-nitrophenol (A, 250 pmol; B, 1000 pmol), 
2-methylphenol (A, 250 pmol; B, 3000 pmol), and 2-chloro-4-nitrophenol (A, 250 pmol; B, 1000 pmol) was injected onto 
System C and detected by UV-LC (upper parts of A and B, respectively). 2-Methylphenol does not cross-react with the 
antiserum used; therefore, no immunoreactive material is seen in ELISA-LC (lower parts in A and B, respectively), 
even when an amount as high as 3000 pmol is present in the sample (B). 2-Chloro-4-nitrophenol on this run was 
injected at levels that are beyond the linear detection range for the ELISA. Because the ELISA data are expressed as 
percent inhibition rather than analyte concentration, the ELISA peak appears to tail. Eluate collection with fraction 
collector for ELISA-LC was started 2.5 min later than that for UV-LC. Peaks at 2.76 (A), and at 2.62 (B) min are solvent 
peaks; peak 1, 2-amino-4-nitrophenol; peak 2, 2-methylphenol; and peak 3, 2-chloro-4-nitrophenol.
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Figure 8. Immunoassay as a highly selective detector for LC separation. The UV-LC tracings are from a 1-mm 
microbore LC column (System C). (Top) Tracings give the UV profile of a sample of 2-amino-4-nitrophenol (2.4 ng) in 
soil extract (left) or in plant extract (right). The UV tracing of this compound in methanol shows a retention time of 
4.1 min. (Bottom) Tracings show the ELISA response. A-1 shows the detection of the soil extract alone with ELISA-LC. 
The ELISA response for both chromatograms were identical whether the 2-amino-4-nitrophenol was injected in 
methanol or in soil extract (B-1 or C-1, respectively). (1 Left) A-1, soil extract; B-1, soil extract spiked with 
2-amino-4-nitrophenol; C-1,2-amino-4-nitrophenol in methanol. (2 Right) A-2, plant extract; B-2, plant extract spiked 
with 2-amino-4-nitrophenol; C-2, 2-amino-4-nitrophenol in methanol.

detector and if the unknown shows an immunoassay response 
curve parallel to the standard, there is strong evidence for the 
assigned structure.

For most environmental needs, immunoassays offer ade
quate sensitivity when performed directly on crude samples af
ter a single partition or solid-phase purification. However, 
when high sensitivity is needed, immunoassays can be used as 
post-column detectors for LC systems. For example, large sam
ple volumes first can be concentrated on a reversed-phase sys
tem with low levels of organic cosolvent and then eluted with 
increasingly powerful solvents. The LC acts both to concen
trate the sample and to remove materials that may interfere 
with the immunoassay. If a standard 4.6 mm column is used, 
the fractions can be reduced over an order of magnitude in vol
ume for greater sensitivity. Such reduction in volume removes 
solvents that may interfere with the assay and allows more ma

terial to be added. If an appropriate trap solvent such as propane 
1,2-diol is used, the sample can be reduced even to dryness and 
the immunoassay can be run in the same plate or tube used for 
sample collection. Under these conditions, integrated LC-im- 
munoassays can lead to a 10- to 100-fold increase in assay sen
sitivity over that with the ELISA alone.

Several techniques are available for collecting samples for 
post-column immunoassay. The approach that yields the great
est accuracy by minimizing potential errors in measuring vol
umes and requiring the fewest numbers of assays to be run in
volves collecting the entire volume of the desired peak as a 
single sample. Most modem fraction collectors can be inte
grated with LC detectors to initiate collection as a peak begins 
to appear and to terminate collection as the peak ends. If the 
sample is not sufficiently concentrated to be detected spec
trally, it can be collected on the basis of retention time.
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As a prelude to subsequent projects involving on-line im
munoassay, we used mainly off-line collection methods where 
numerous fractions were collected in tubes or 96-well plates 
prior to immunoassay. This method is much more labor inten
sive and slightly less accurate and sensitive. However, it allows 
one to determine if the immunoreactive material coelutes with 
the UV peak, providing additional evidence in support of the 
identity of the unknown.

Immunoassays often are thought of as single-analyte meth
ods, and many laboratories have developed assays that are ex
traordinarily specific. However, with careful hapten design, 
methods that can detect a class as a whole or parent molecule 
plus metabolites can be developed. These assays are very pow
erful for screening, but compound identification must depend 
on subsequent steps, including independent methods such as 
GLC or GLC/MS, an immunoassay based on a specific anti
body, or a battery of immunoassays of varying specificity with 
detection based on pattern recognition of an analogous mathe
matical approach. This study illustrates that a class-specific im
munoassay can be used with LC to provide both quantitative 
and qualitative information. The nitrophenol assay detects a 
variety of similar materials present as biomarkers of exposure 
to a variety of organophosphorus pesticides or as biomarkers or 
environmental markers of the presence of numerous nitroaro- 
matics. As shown in this study, the ELISA-LC data compare 
very favorably with the UV-LC data, even when several com
pounds are present in a single ran. The ELISA as a post-column 
detector is more sensitive than UV even without sample con
centration, and of course, it can be applied to materials lacking 
UV chromophores or other groups easily detected by LC de
tectors. The technology is applicable to standard LC systems. 
However, the enhanced resolution and less waste generation 
made possible by microbore systems probably will drive the 
field in this direction. This trend makes immunoassay even 
more attractive because it takes advantage of its great sensitiv
ity as a detector and the reduced organic solvent allows samples 
to be ran directly. With these low volumes, the development of 
on-line immunochemical detectors for LC becomes increas
ingly attractive and soon should evolve as a technology inte
grating these 2 systems.
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RESIDUES AND TRACE ELEMENTS

Graphite Furnace Atomic Absorption Method for the 
Determination of Lead in Sugars and Syrups
N a n c y  J. M il l e r - I h l i
U.S. Department of Agriculture, BHNRC, Nutrient Composition Laboratory, Bldg 161 BARC-East, Beltsville, MD 20705

A  m e t h o d  w a s  d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  
l e a d  i n  s u g a r s  a n d  s y r u p s .  S a m p l e s  a r e  w e t - a s h e d  
w i t h  a  n i t r i c  a c i d - h y d r o g e n  p e r o x i d e  p r o c e d u r e  
a n d  a n a l y z e d  b y  g r a p h i t e  f u r n a c e  a t o m i c  a b s o r p 
t i o n  s p e c t r o m e t r y .  T h e  m e t h o d  i n v o l v e s  t h e  u s e  o f  
m a g n e s i u m  n i t r a t e  a s  a  m a t r i x  m o d i f i e r ,  a i r  a s h i n g ,  
p l a t f o r m  a t o m i z a t i o n ,  a n d  q u a n t i t a t i o n  b y  p e a k  a r e a  
m e a s u r e m e n t s  w i t h  d i r e c t  c a l i b r a t i o n  a g a i n s t  a q u e 
o u s  s t a n d a r d s .  T h e  i n s t r u m e n t a l  d e t e c t i o n  l i m i t  
( b a s e d  o n  3 . 2 9 a )  w a s  1 0  p g ,  o r  0 . 5  p g / L  f o r  a  2 0  p L  
i n j e c t i o n ,  c o r r e s p o n d i n g  t o  a  m e t h o d  d e t e c t i o n  
l i m i t  o f  3 . 3  n g / g  s u g a r .  T h e  c h a r a c t e r i s t i c  m a s s  w a s  
a p p r o x i m a t e l y  1 2  p g .  T h i s  m e t h o d  w a s  v a l i d a t e d  b y  
a n a l y z i n g  s u c r o s e  a n d  h i g h - f r u c t o s e  c o r n  s y r u p  
s a m p l e s  s p i k e d  w i t h  k n o w n  q u a n t i t i e s  o f  l e a d .  T h e  
a v e r a g e  r e c o v e r y  w a s  1 0 1  ±  6 % .

O verall exposure to lead is a public health concern. There 
has been renewed concern about the adverse health ef
fects in individuals exposed to lead levels previously 

thought to be safe (1,2). In the United States, the Centers for 
Disease Control recently lowered the concentration of lead in 
blood considered to be harmful in young children from 
25 pg/dL to 10 pg/dL (3). Because food is a potential source of 
lead, there is an increasing interest in lowering the acceptable 
lead limits, particularly for foods that are frequently consumed. 
One objective of the Committee on Food Chemicals Codex 
(FCC) is to reduce lead and other heavy metal limits to the 
lowest extent feasible. In setting acceptable limits for FCC sub
stances, the Committee considers the amount consumed, the 
feasibility of manufacturing a product within these limits, and 
the availability of analytical methods to ensure compliance. 
The current limits for lead in sugars are 0.1 ppm for dextrose 
and fructose and 0.5 ppm for glucose syrup, sucrose, and high- 
fructose com syrup (4).

Graphite furnace atomic absorption spectrometry (GFAAS) 
is a highly sensitive technique that can be used to determine 
lead at sub-part-per-billion concentrations. This analytical
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Mention of trade names, commercial firms, or specific instrumentation 

is for identification purposes only and does not constitute endorsement by 
the U.S. Department of Agriculture.

technique is used routinely in the Nutrient Composition Labo
ratory for the determination of very low concentrations of ele
ments in foods and biological fluids (5, 6 ). This paper describes 
an optimized method for the routine determination of low lev
els of lead in sugars and syrups. Lead can be quantitated easily 
by this method at about the 2 0  ng/g level, which is significantly 
lower than the FCC limits. The most recent FCC method (4) is 
also a GFAAS method but uses antiquated technology and does 
not provide reliable performance because it employs in situ 
tungsten coating of the graphite tubes. A collaborative study of 
that method showed poor performance with low average re
coveries (8 6 %) and poor average within-laboratory (26%) and 
between-laboratories (42%) precisions (Elkins, E., personal 
communication regarding 1992 NFPA/ILSI interlaboratory 
comparison).

The method described herein was developed as an alterna
tive to the FCC method and was designed for use with a wide 
range of modem GFAAS instruments. It uses platform atomi
zation, oxygen ashing, peak area measurements, and calibra
tion against aqueous standards. Zeeman background correction 
was used to ensure adequate compensation for background 
from complex sample matrixes, but deuterium background 
correction should also provide adequate background correc
tion. No time-consuming matrix matching of standards or 
method of standard additions was required. The method was 
developed by starting with a basic wet ash digestion procedure. 
Next, furnace atomization conditions were optimized, and cali
bration range studies were performed. Finally, the method was 
validated. Analytical figures of merit for the method are pre
sented and validation data for method accuracy are reviewed.

E x p e r i m e n t a l

Apparatus

A  Perkin-Elmer Model 5100PC with Zeeman background 
correction was used for this study (Perkin-Elmer Corp., Nor
walk, CT). The spectrometer was equipped with an AS-60 
autosampler and an HGA-600 furnace. An electrodeless dis
charge lamp was operated at 10 W, and all data were taken at 
the 283.3 nm line by using a 0.7 nm slit. All analyses were done 
with solid, pyrolytic graphite-forked platforms inserted in py- 
rolytically coated graphite tubes (Perkin-Elmer part B050- 
5057). A 2% H N 03 rinse was used for the autosampler to avoid 
carryover from one injection to the next. Breathing-quality air
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was hooked up as the alternative gas for the furnace controller 
to facilitate oxygen ashing of samples. Argon was used as the 
normal purge gas.

Reagents

Care was taken to avoid sample contamination by the re
agents. Nitric acid used to prepare samples and standards was 
sub-boiling distilled (Seastar, Seattle, WA) and was certified as 
containing no more than 0.04 pg lead/L. Ultrapure magnesium 
nitrate [Mg(N03)2'6H20 ; Johnson Matthey, Materials Tech
nology, UK] was used to prepare a 20% solution that was di
luted 1:10 prior to use as a matrix modifier. A cleaning solution 
for glassware and plasticware consisted of 5% sub-boiling dis
tilled hydrochloric acid (Seastar, Seattle, WA) and 5% sub
boiling distilled nitric acid. Hydrogen peroxide (50%) (Fisher, 
Fair Lawn, NJ) was used for the wet ash digestion.

Contamination Control

Samples were prepared in a class 100 clean room, and the 
spectrometer was located under laminar flow. To avoid con
tamination, Teflon autosampler cups (Perkin-Elmer part B008- 
7600), class A volumetric glassware, and polyethylene test 
tubes used for sample digestion were cleaned with a mixture of 
5% sub-boiling distilled nitric acid and 5% sub-boiling distilled 
hydrochloric acid and rinsed thoroughly with 18 M£2 water 
prior to use. Disposable micropipet tips (Brinkmann Instru
ments Inc., Westbury, NY) for Eppendorf pipets were tested to 
ensure that they were free of lead contamination.

Wet Ash Digestion

Sample dissolution was performed in a clean hood. For 
crystalline sucrose samples, a more representative subsample 
may be obtained from a sucrose solution prepared by weighing 
equivalent amounts of sucrose and 18 MQ water and mixing 
them. A minimum of 5 g each was used, and the sucrose was 
completely dissolved. When working with high-fructose com 
syrups, ultrasonic mixing and/or vortex mixing was used prior 
to weighing samples for analysis to ensure that a representative 
subsample was used. Approximately 1.5 g sugar was weighed 
into a polyethylene test tube (Sarstedt, Princeton, NJ), and the 
weight was recorded to the nearest milligram. For sucrose so
lutions, 3 g of the solution was used to provide the specified
1.5 g sucrose for analysis. A solution reagent blank was pre
pared with 1.5 g 18 M£2 water. Next, 0.75 mL sub-boiling dis
tilled nitric acid was added to all samples. Plastic test tubes 
were heated in a water bath. Samples were heated at 90°-95°C 
with a ramp to the final temperature to avoid spattering. A 
200 mL beaker containing approximately 125 mL water was 
used as the water bath for 6 - 8  polypropylene test tubes, and the 
temperature was monitored by using a dummy sample. Sam
ples were heated until all brown vapors had dissipated and sam
ples no longer had a mst-colored tint. This step typically took 
20-30 min. Samples were cooled, 0.5 mL 50% hydrogen per
oxide was added dropwise to each sample, and samples were 
heated at 90°-95°C for approximately 5 min and then allowed 
to cool. A second 0.5 mL portion of 50% hydrogen peroxide 
was added dropwise to each sample, and the samples were

heated at 90°-95°C for an additional 10 min or until clear. Once 
cooled, the samples were diluted to a final volume of 10 mL 
and were ready for direct analysis.

Standards

A 10 000 mg/L single-element lead stock standard solution 
(NIST SRM 3128, Gaithersburg, MD) was used to prepare an 
intermediate 10 mg/L standard weekly. All standards were pre
pared in 5% sub-boiling distilled nitric acid. A 1.0 mg/L stand
ard was prepared daily, and working calibration standards of 
10.0, 25.0, 50.0, and 100.0 pg/L were prepared from this. All 
standards were stored in acid-cleaned polyethylene bottles. In 
some instances, the autosampler was used to dilute standards. 
In those instances, the amount of standard pipetted was not less 
than 3 pL.

R e s u l t s  a n d  D i s c u s s i o n

GFAAS Program Optimization

Oxygen ashing (7) can be used during the char step to avoid 
buildup of residue and to stabilize the Pb to higher tempera
tures. Thus, it acts as a matrix modifier (8 ). An additional bene
fit of oxygen ashing is that incomplete sample digestion is not 
a problem because samples are ashed in the furnace. Oxygen 
ashing even facilitates direct analyses by making it possible to 
avoid sample digestion altogether (9).

Charring and atomization temperature studies were per
formed to identify optimum GFAAS conditions. The optimum 
charring temperature is the maximum temperature that may be 
used without loss of analyte prior to atomization, and the opti
mum atomization temperature is the lowest temperature that 
can be used and still provide an absorbance in the plateau re
gion of the curve. Atomization temperature studies were con
ducted at 1700° to 1900°C. The optimum atomization tempera
ture was 1800°C. A charring study also was conducted with 
temperatures ranging from 650° to 850°C. Peak area measure
ments and background measurements were virtually identical 
for a 25 pg/L standard analyzed at various char temperatures, 
but analysis of a sugar digest showed a significant decrease 
(approximately by a factor of 3) in the background at 750°C 
compared with 650°C with no loss of analyte. As a result, a 
750°C char was used. Although higher char temperatures can 
provide lower background signals, oxygen ashing required the 
use of lower temperatures to avoid unnecessary oxidation of 
the graphite tube. Also, a 850°C char temperature significantly 
shortened tube lifetime.

Table 1 shows the optimized GFAAS program used for this 
work. The 60 s cooldown prior to atomization ensures that the 
air used for oxygen ashing is cleared from the furnace. This step 
prevents unnecessary oxidation of the graphite tube at high 
temperatures. An 8 s atomization time was selected to make the 
method applicable to a wide range of instruments and various 
matrix modifiers. The optimum integration time for the system 
described would have been 5 s because the analyte signal had 
returned to baseline by that time. Sample volumes were 20 pL
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Table 1. GFAAS conditions Table 2. Analytical results for NIST water SRMs
Gas flow,

Step Temp., °C Ramp, s Hold, s mUmin Read

Dry 200 20 30 Ar, 300
Char 750 40 40 Air, 300
Cool down 20 1 60 Ar, 300
Atomize 1800 0 8 Ar, stop 

flow
8 s

Clean 2600 1 7 Ar, 300
Cool down 20 1 5 Ar, 300

for all analyses, and 5 pL 2% modifier solution was used to 
provide 0.06 mg magnesium nitrate.

Method Optimization

Next, the calibration working range was optimized. The 
concentration range considered was 10.0-100.0 pg/L because 
data analysis will not be constrained to a linear least-squares fit. 
Standards (20 pL volumes) were analyzed and typical reagent- 
blank-corrected, integrated absorbance signals for various 
standard concentrations were 10.0 pg/L, 0.067 abs-sec;
25.0 pg/L, 0.166 abs-sec; 50.0 pg/L, 0.311 abs-sec; and
100.0 pg/L, 0.588 abs-sec. A calibration curve appears in Fig
ure 1. The nonlinear rational calibration function provided in 
the Perkin-Elmer software (10) gave a correlation coefficient 
of 0.99993. The relative concentration precision (based on the 
precision for 5 measurements) was better than 2% over the 
whole concentration range. Throughout the study, charac
teristic mass (m0) values and detection limits were monitored. 
The m0, defined as the amount of analyte required to produce 
an integrated absorbance measurement of 0.0044, was typi
cally 12-13 pg, based on a 20 pL injection of the 25 pg/L 
standard. This value of m0 is in good agreement with the manu
facturer’s specification for lead (12.0 pg). A well-characterized

Concentration (pg/L)

Figure 1. Calibration curve for lead (20 pL sample 
volumes). Nonlinear rational fit: correlation coefficient, 
0.99993; slope, 0.0068.

Material
Concentration 

determination, ng/g
Certified

concentration, ng/g

SRM 1643 (direct) 20.6 ±0.4 20 ±1
(x2 diln) 19.7 ±0.6
SRM 1643c (direct) 34.9 ± 0.9 34.7 ±0 .9
(x2 diln) 33.6 ± 0.6

blank was used to compute the standard deviation (a). The cal
culation of the detection limit was based on 3.29a. The average 
detection limit was 10 pg or 0.5 pg/L for a 20 pL injection.

Method Validation

Prior to analysis of digested sugar samples, NIST SRM 
1643 and SRM 1643c acidified water samples were analyzed 
to ensure analytical accuracy. The results appear in Table 2. 
Both acidified water samples were analyzed before and after 
dilution (1:2). This ensured accuracy over the 10-35 pg/L 
range. Next, spiked sucrose and fructose samples were wet- 
ashed and analyzed. Typical absorbance profiles for a lead 
standard and a sugar digest appear in Figure 2. Although the 
peak shapes are not identical, accurate results can be obtained 
by using peak area measurements for quantitation. The analyti
cal results appear in Table 3. The unspiked sucrose sample E 
contained a very low level of lead. As a result, the method was 
modified to use larger quantities of the sucrose suspension for 
analysis, as well as smaller final volumes. This modification 
resulted in solutions with lead concentrations in excess of the 
detection limit. Both sucrose and fructose results were blank- 
corrected for the amount of lead in the unspiked material. The

Figure 2. Typical atomization profiles for a lead 
standard and a sugar digest (first 6 s, 20 pL sample 
volumes). Solid lines represent the background 
corrected atomic absorption signals for (A) 25 pg/L Pb 
standards and (B) sugar A digest. Broken line 
represents background absorbance for the sugar 
sample. The calculated concentration for sugar A was 
106 ng/g, compared with the known spiked 
concentration of 105 ng/g.
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Table 3. Analytical results for spiked sugar sam ples

Material
Concentration

determined ng/ga
Added spike, 

ng/g

Unspiked 
Sucrose E 0

5 g samples 0.57
7 g samples 0.98
Average 0.8

Sucrose A 99.0 ± 2.2 [98.2] 105 94
Sucrose B 482 ±16  [481.2] 508 95
Sucrose C 53.7 ±0.1 [52.9] 53.7 99
Sucrose D 202 ± 3  [201.2] 214 94
Sucrose F 35.0 ±0.1 [34.2] 32.2 106
Unspiked 

fructose I 18.8 ± 1.0
Fructose G 483 ±13 [464.2] 454 102
Fructose H 61.9 ±4.8 [43.1] 44.8 96
Fructose J 51.8 ± 1.3 [33.0] 31.8 104
Fructose K 121 ± 4  [102.2] 93.3 109
Fructose M 182 ±15  [163.2] 151 108

Values are means ± standard deviations (n = 5). Values in 
brackets are blank-corrected.

blank-corrected data appear in brackets. Recoveries ranged 
from 94 to 109%, (average recovery, 101%). The overall aver
age accuracy was 101 ± 6 %. These data suggest that lead may 
be determined accurately in the 15-500 ng/g concentration 
range. To verify the accuracy over the whole calibration range, 
some of the digests were diluted 1 :1 0  and results were com
pared with those from analysis of the straight digests. Results 
were not statistically significantly different.

Precisions, expressed as percent relative standard deviation 
(% RSD), were 0.2-3.3% RSD for the spiked sucrose samples 
and 2.5-8.2% RSD for the spiked fructose samples. The aver
age precision was approximately 4% RSD for n = 3 digests 
with triplicate instrumental readings. The spiked samples were 
prepared for use in a collaborative study of this method, and on 
the basis of these data, it was concluded that the spiked samples 
could be used to assess the performance of this method in col
laborating laboratories (11).

Matrix Modifiers

In addition to magnesium nitrate with oxygen ashing, 2 
other commonly used modifiers were evaluated by using the

specified furnace program. One was a combination phosphate 
and magnesium nitrate modifier [0.2 mg P 0 42~ and 0.01 mg 
Mg(N03)2], and the second was palladium (0.008 mg Pd). The 
use of magnesium nitrate without oxygen ashing also was stud
ied. Although furnace conditions could be optimized for each 
modifier to obtain optimum performance, the same program 
was used because with oxygen ashing, only the 750°C char 
could be used to avoid tube degradation, and the differences in 
analytical performance were slight when the atomization tem
perature was varied from 1700° to 1900°C. Table 4 contains 
data obtained with the various modifiers. All the modifiers pro
vided reasonable results. Characteristic mass values (m0) were 
all in good agreement with the manufacturer’s recommended 
value of 12 pg. The data for the sugar A digest showed good 
recoveries compared with the known spiked concentration, and 
the data for NIST SRM 1643 showed good agreement com
pared with the reference concentration (2 0  ± 1 ng/g), regard
less of the choice of modifier as long as peak area measure
ments (abs-sec) were used for quantitation.

The profiles of absorbance vs time and the detailed data pro
vided some interesting insights. Background absorbances were 
highest for the combination phosphate and magnesium nitrate 
modifier and significantly lower for the palladium and the 
magnesium nitrate modifiers used with oxygen ashing. The 
peak shapes for the sugar digest indicate that the palladium and 
magnesium nitrate modifiers used with oxygen ashing pro
vided somewhat broader peaks, with peak maxima occurring 
0.2-0.3 s later than peak maxima when magnesium nitrate with 
no oxygen ashing was used or when the phosphate and magne
sium nitrate combination modifier was used with oxygen ash
ing. Although peak shapes were slightly different with the vari
ous modifiers, all modifiers clearly provided accurate results as 
long as peak area measurements were used for quantitation.

Table 5 contains peak height data for the same study of the 
various modifiers. As expected, peak height data generally pro
vide poorer analytical results. Current GFAAS practice, as re
ported by Slavin (12) when he described the stabilized-tem
perature platform furnace (STPF) concept, recommends the 
use of peak area measurements for quantitation. Peak height 
measurements are more prone to interference effects seen in the 
nonisothermal conditions of the standard Massmann-style fur
nace. The peak height data suggest that sensitivity varies 
greatly with the choice of modifier, and yet, characteristic mass 
values based on peak area measurements indicate that all modi
fiers perform equally well. If a modifier is selected on the basis

Table 4. Comparison of matrix modifiers: results based on peak area m easurem ents

Matrix modifier
25 gg/L, 

A-sec m 0, pg
Sugar A, 

A-sec
Sugar A, 

ng/ga
SRM 1643 

A-sec
SRM 1643, 

ng/gb

0.06 mg Mg(N03)2 0.184 11.9 0.121 109 0.143 19.4

0.06 mg Mg(N03)2, no 0 2 ashing 0.190 11.6 0.119 104 0.143 18.8

0.2 mg PO4“  + 0.01 mg Mg(N03)2 0.194 11.3 0.113 96.8 0.143 18.4

0.008 mg Pd 0.177 12.4 0.102 95.8 0.127 17.9

a Reference value, 105 ng/g. 
b Reference value, 20 ± 1 ng/g.
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Table 5. Comparison of matrix modifiers: results based on peak height m easurem ents

Matrix modifier
25 pg/L, 

Abs
Sugar A, 

Abs
Sugar A,a

ng/g
SRM 1643, 

Abs
SRM 1643,b

ng/g

0.06 mg Mg(N03)2 0.175 0.169 161 0.148 21.1
0.06 mg Mg(N03)2, no 0 2 ashing 0.199 0.173 145 0.196 24.6
0.2 mg P04 + 0.01 mg Mg(N03)2 0.304 0.203 111 0.232 19.1
0.008 mg Pd 0.089 0.050 93.3 0.048 13.5

3 Reference value, 105 ng/g. 
b Reference value, 20 ± 1 ng/g.

of peak height data, only the combination phosphate and mag
nesium nitrate modifier might be considered suitable, and yet, 
this modifier produces a significantly higher background signal 
compared with those of other modifiers studied. The data in 
Tables 4 and 5 illustrate why peak area measurements provide 
more versatility and should be used for quantitation and why 
peak height measurements often provide significantly biased 
analytical results.

C o n c l u s i o n s

A method was developed to facilitate the quantitation of 
lead levels in sugars. The graphite furnace method developed 
uses oxygen ashing, platform atomization, and quantitation us
ing peak area measurements with aqueous standards. Incom
plete sample digestion is not a problem because oxygen ashing 
is used during the char step. A char temperature of 750°C pro
vided significantly lower background than 650°C. The non
linear calibration function provided by the instrument allows 
accurate calibration up to 100 ng/mL, avoiding the limitation 
of working in the linear range. Accuracy data ranged from 94 
to 109%, with an average accuracy of 101%. Although magne
sium nitrate was used as the matrix modifier, results indicated 
that palladium could be used as an alternative and that a com
bination phosphate and magnesium nitrate modifier also pro
vides good results. This method was developed for widespread 
use and was recently tested collaboratively by 8  laboratories (11).
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Capillary Gas Chromatographic Determination of Thiabendazole 
in Citrus and Apple Juices
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A  r a p i d  a n d  s i m p l e  p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  
o f  t h i a b e n d a z o l e  ( T B Z )  r e s i d u e  i n  c i t r u s  a n d  a p p l e  
j u i c e s  i s  d e s c r i b e d .  A  j u i c e  s a m p l e  i s  m a d e  b a s i c  
w i t h  2 M  N a O H  a n d  a p p l i e d  t o  a  d i s p o s a b l e  E x t r e l u t  
p r e p a c k e d  c o l u m n .  T B Z  i s  e l u t e d  w i t h  h e x a n e -  
e t h y l  a c e t a t e  ( 3  +  1 )  f r o m  t h e  c o l u m n .  T h e  e l u a t e  i s  
e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  a n d  
t h e n  d i s s o l v e d  i n  a n  i n t e r n a l  s t a n d a r d  s o l u t i o n .
T B Z  i s  m o n i t o r e d  w i t h o u t  d e r i v a t i z a t i o n  b y  c a p i l 
l a r y  g a s  c h r o m a t o g r a p h y  w i t h  n i t r o g e n - p h o s p h o 
r u s  d e t e c t i o n .  T h e  r e c o v e r i e s  o f  T B Z  a d d e d  t o  f r u i t  
j u i c e s  a t  0 . 0 5 - 1 . 0  u g / g  w e r e  9 0 - 9 6 % .  T h e  l i m i t  o f  d e 
t e c t i o n  o f  t h e  m e t h o d  f o r  T B Z  w a s  0 .0 1  p g / g .  T h e  
p r o p o s e d  m e t h o d  i s  r a p i d ,  s i m p l e ,  a n d  s e n s i t i v e  
a n d  i s  a p p l i c a b l e  t o  t h e  d e t e r m i n a t i o n  o f  T B Z  i n  
c o m m e r c i a l  f r u i t  j u i c e s .

T hiabendazole (TBZ) is widely used as a fungicide on 
various food crops. In Japan, it is approved for use on 
citrus fruits and bananas, but it is prohibited for use in 

fruit juices. Hence, a low level of TBZ in fruit juices must be 
determined. Analytical methods for the determination of TBZ 
in fruits include spectrophotometry (1-3), fluorometry (4-6), 
thin-layer chromatography (7), liquid chromatography (8-13) 
and gas chromatography (GC) (14—20). However, these meth
ods involve tedious steps such as liquid-liquid extraction and 
column cleanup to eliminate interfering substances. In addi
tion, gas chromatographic analysis is usually carried out after 
formation of methyl (14), pentafluorobenzoyl (15), or pen- 
tafluorobenzyl derivative (16). To quantify a low level of TBZ, 
a highly sensitive method is required and losses during deriva
tization reactions must be avoided. A procedure for determin
ing TBZ residues in citrus and apple juices was developed. The 
procedure uses a disposable Extrelut prepacked solid-phase ex-

Received May 26, 1993. Accepted by JS September 14. 1993.

traction column and capillary gas chromatography equipped 
with a nitrogen-phosphorus detector.

E x p e r i m e n t a l

Apparatus

(a) Gas chromatograph.—Hewlett-Packard Model 5890 
equipped with a nitrogen-phosphorus detector (NPD). Operat
ing conditions: injector, 300°C; splitless injection; initial col
umn temperature, 100°C, hold for 1 min, then increase from 
100° to 200°C at 20°C/min and from 200° to 250CC at 
10°C/min, hold at final temperature for 8  min. hold at post-run 
temperature of 270°C for 2 min; detector, 300°C. Gas flow rate: 
helium carrier gas, 0.75 mL/min; nitrogen makeup gas, 
30 mL/min; hydrogen, 3 mL/min; and air, 130 mL/min. Injec-

Figure 1. Effect of sam ple pH on recovery from 
Extrelut column. Eluting solvent, hexane-ethyl acetate 
(3 + 1); sample, orange juice fortified with TBZ at 
0.5 pg/g.
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Table 1. Effect of eluting solvent on recovery of TBZ 
from Extrelut column
Solvent ratio (hexane-ethyl acetate) Recovery3

0 + 1 97.4
1 +1 95.5
2 + 1 95.0
3 + 1 93.1
4 + 1 87.3
5 + 1 83.4

Orange juice (20 mL) fortified with TBZ at 0.5 gg/g was applied to 
the column and eluted with each solvent (100 mL). Results are 
averages of duplicate determinations.

tion volume, 2 uL. Capillary column: 30 m x 0.25 mm id with 
0.25 pm DB-5 (J&W Scientific).

(b) Centrifuge.—Model M-160-IV (Sakuma Seisakusyo 
Co., Ltd, Tokyo, Japan).

(c) Rotary evaporator.—Rotary vacuum evaporator N (To
kyo Rikakikai Co., Ltd, Tokyo, Japan).

Reagents

(a) Ethyl acetate and hexane.—Pesticide grade (Wako 
Pure Chemical Industries Ltd, Osaka, Japan).

(b) 2M NaOH.—Dissolve 20 g NaOH (Wako) in 250 mL 
water.

(c) Phenolphthalein, 0.1%.—Dissolve 0.1 g phenolphthal- 
ein (Wako) in 100 mL ethanol (Wako).

( d )  Standard stock solution.—Accurately weigh 10 mg 
TBZ (Wako) into a 100 mL volumetric flask and dilute to vol
ume with ethyl acetate to give a solution concentration of 
100 pg/mL.

(e) Intermediate standard solution.—Add 1 mL standard 
stock solution to a 10 mL volumetric flask and dilute to volume 
with ethyl acetate to give a fmal concentration of 10 pg/mL.

(f) Internal standard solution.—Weigh 10 mg phenazine 
(Tokyo Kasei Kogyo Co., Ltd, Tokyo, Japan) into a 100 mL

volumetric flask and dilute to volume with ethyl acetate (stock 
solution, 100 pg/mL). Dilute 1 mL of the solution to 200 mL 
with ethyl acetate to obtain a final concentration of 0.5 pg/mL.

(g) Working standard solutions.—Working standard solu
tions (0.05, 0.1, 0.2, 0.5, 1.0, and 2.0 pg/mL) are prepared by 
dilution of the intermediate standard solution with the internal 
standard solution.

(h) Extraction column.—Extrelut 20, No. 11737 (E. 
Merck, Darmstadt, Germany), packed with disposable diato- 
maceous earth.

Preparation o f Sample

Weigh 20 g sample into a 25 mL graduated test tube 
equipped with a glass stopper. Add 1 drop 0.2% phenolphthal
ein solution and 2M sodium hydroxide solution until the color 
is developed (pH 8-9). Dilute to 25 mL with water and mix 
well. Transfer the solution to a 50 mL centrifuge tube equipped 
with a glass stopper. Centrifuge at 3000 rpm for 10 min. Apply 
20 mL supernatant to the Extrelut column. Allow column to 
stand for 20 min, and then add 100 mL hexane-ethyl acetate (3 
+ 1, v/v) to the column and collect eluate in a 200 mL round- 
bottom flask. Evaporate the eluate to dryness on a rotary evapo
rator under reduced pressure at 45X1. Dissolve the residue in 
2 mL internal standard solution.

R e s u l t s  a n d  D i s c u s s i o n

Various methods have been reported for the quantitation of 
TBZ in fruits. For the efficient extraction of TBZ from acidic 
samples, such as citrus fruits, with organic solvents, samples 
have been pretreated with buffer solutions (14, 15, 17) or alkali 
solutions (20). In this study, we used prepacked Extrelut col
umns for rapid and simple preparation of samples. Because 
sample pH seems to be important, TBZ recovery from Extrelut 
columns was investigated at various pH values. Citrus and ap
ple juices are usually acidic, that is, pH 3-4. At pH 3, TBZ re
covery was 89%, and at pH 4, it increased to 95%. High recov
eries were attained at pH 4 and over (Figure 1). However, TBZ
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Figure 2. Gas chromatograms of extracts of orange juice fortified with TBZ at 0.5 pg/g and extracted with (A) ethyl 
acetate, (B) hexane-ethyl acetate (1+1), (C) hexane-ethyl acetate (3 + 1), and (D) control sam ple extracted with 
hexane-ethyl acetate (3 + 1). IS, internal standard phenazine.
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Figure 3. Gas chrom atogram s of extracts of fruit juices fortified with TBZ at 0.5 pg/g: (A) orange juice; (B) 
grapefruit juice; (C) lemon juice; (D) apple juice. IS, internal standard phenazine.

recovery from lemon juice was low (82%) without addition of 
alkali because the pH of the sample was about 2.7. Therefore, 
all juice samples were adjusted to pH 8-9 with sodium hydrox
ide solution.

Ethyl acetate has been frequently used as the extraction sol
vent for TBZ (1 ,4 ,5 , 8,10-19). However, ethyl acetate was 
not suitable for elution from the Extrelut column because it also 
eluted interfering materials from the sample. Therefore, a non
polar solvent, hexane, was mixed with ethyl acetate at various 
ratios. Although TBZ recovery decreased with increasing ra
tios of hexane to ethyl acetate (Table 1), interfering peaks dis
appeared (Figure 2). Hexane-ethyl acetate (3 + 1) gave the best 
results in specific elution of TBZ. TBZ was almost completely 
eluted from the column with 70 mL of this solvent.

Several nitrogen-containing compounds for NPD monitor
ing were examined as the internal standard (IS) under the GC 
conditions described earlier. On the basis of peak height and 
adequate retention time, phenazine proved to be acceptable. 
Use of an IS is indispensable for accurate determination be
cause the reproducibility of injection with IS (coefficient of

Table 2. Recovery of TBZ from fortified fruit juices

Sample
Added,

pg/g
Found,
pg/g Rec.,a % CV, %

Grapefruit juice 0.05 0.045 90 2.5
1.0 0.93 93 3.3

Orange juice 0.05 0.045 90 1.9
1.0 0.92 92 1.9

Lemon juice 0.05 0.045 90 3.2
1.0 0.95 95 2.0

Apple juice 0.05 0.045 90 3.4
1.0 0.96 96 0.8

Values are means of 5 trials.

variation [CV] = 1.2%; n -  4) was better than that without IS 
(CV - 5.2%; n -  4). The chromatograms of TBZ and IS in 
extracts of orange juice monitored by NPD, flame ionization 
detector (FID), and flame photometric detector S mode (FPD- 
S) were compared. TBZ and IS are hardly discriminated by 
FID because of interfering peaks. The response of TBZ moni
tored by FPD-S was low. Compared with FID and FPD-S, NPD 
proved to be suitable for the determination of TBZ because of 
the specific response to nitrogen compounds.

Figure 3 shows typical gas chromatograms of extracts of 
orange, grapefruit, lemon, and apple juices fortified with TBZ 
at 0.5 pg/g. TBZ was detected without interference from other 
peaks.

TBZ recoveries from grapefruit, orange, lemon, and apple 
juices fortified at 0.05 and 1 pg/g are shown in Table 2. TBZ 
recoveries from juices fortified at 0.05 pg/g were 90% regard
less of the kind of fruit juice. Recoveries from juices fortified 
at 1 pg/g were more than 92%. CVs were less than 3.4%. These 
results show satisfactory reproducibility. A linear calibration 
curve for TBZ at concentrations ranging from 0.05 to
2.0 pg/mL was obtained by the internal standard method. The 
limit of detection of the method was 0.01 pg/g for TBZ (signal- 
to-noise ratio = 5). The combination of Extrelut column 
cleanup and capillary gas chromatography with NPD gives a 
rapid, simple, and sensitive method for analyzing TBZ in fruit 
juices. The proposed method can be applied to other processed 
fruits.
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RESIDUES AND TRACE ELEMENTS

Analysis of Methyl Isothiocyanate in Wine by Gas 
Chromatography with Dual Detection
Isao Saito, Sadaji Yamada, Harumi Oshima, Yoshitomo Irai, H isao O ka, and J unko Hayakawa 
Aichi Prefectural Institute of Public Health, 7-6, Nagare, Tsuji-machi, Kita-ku, Nagoya 462 Japan

M e t h y l  i s o t h i o c y a n a t e  ( M I T C )  w a s  e x t r a c t e d  f r o m  a  
5  m L  w i n e  s a m p l e  w i t h  2  m L  d i c h l o r o m e t h a n e ,  a n d  
t h e  e x t r a c t  w a s  w a s h e d  w i t h  5 %  s o d i u m  c h l o r i d e  
s o l u t i o n .  M I T C  w a s  d e t e r m i n e d  b y  g a s  c h r o m a t o g 
r a p h y  w i t h  a  d u a l  n i t r o g e n - p h o s p h o r u s  d e t e c t o r  
( N P D )  a n d  a  f l a m e  p h o t o m e t r i c  d e t e c t o r  ( F P D ,  S  
m o d e )  ( D B - 2 1 0  c o l u m n ,  3 0  m  x 0 . 5 3  m m  i d ,  c o l u m n  
t e m p e r a t u r e ,  7 0 ° C ) .  T h e  l i m i t  o f  d e t e c t i o n  a n d  q u a n 
t i t a t i o n  o f  M I T C  w i t h  N P D - G C  w e r e  0 . 0 0 3  a n d  
0 .0 1  p p m ,  r e s p e c t i v e l y .  A v e r a g e  r e c o v e r i e s  o f  M I T C  
a d d e d  t o  w i n e  a t  1 a n d  0 .1  p p m  w e r e  o v e r  9 5 % .
T h i s  m e t h o d  i s  s i m p l e  a n d  r a p i d  f o r  r o u t i n e  a n a l y 
s i s  o f  M I T C  i n  w i n e .

M ethyl isothiocyanate (MITC) is used as a soil fumi
gant for nematodes, fungi, and other diseases in vege
tables, fruits, etc. MITC residues in crops were regu

lated to be less than 0.05 ppm for fruits, 1.0 ppm for vegetables

Received March 12, 1993. Accepted by AP September 3, 1993.

and tea, and 0.5 ppm for potatoes by the Environment Agency 
in Japan.

Recently, MITC was detected in imported Italian wine as an 
illegal antifermentative substance (1 , 2 ).

MITC in wine is usually extracted with an organic solvent. 
The extract is concentrated under reduced pressure or cleaned 
up by distillation and determined by gas chromatography (GC) 
or GC/MS (mass spectrometry) (3-6). However, concentration 
of extract under reduced pressure results in poor recovery of 
MITC because MITC is volatile (7). Use of different GC detec
tors like the flame photometric detector (FPD) and the nitro
gen-phosphorus detector (NPD) is sufficient for peak identifi
cation. The method is based on extraction of MITC with 
dichloromethane without extract concentration and determina
tion of MITC by GC with dual detection.

M E T H O D

R e a g e n ts

All reagents used were analytical grade (Wako Pure Chemi
cal Industries, Osaka, Japan). Deionized, distilled water was 
used throughout.
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(a) Methyl isothiocyanate solution.—Dissolve in methanol 
to obtain a 1 mg/mL solution and dilute with dichloromethane 
for working solutions.

(b) Sodium chloride solution, 5%.—Dissolve 50 g sodium 
chloride in distilled water and bring up to 1 L with water. Wash 
the solution in n-hexane before use.

(c) Anhydrous sodium sulfate.—Extra pure grade.
(d) Extracting solvent.—Dichloromethane containing iso

butyl isothiocyanate at 0.5 jig/mL as internal standard.
(e) Test tubes.—Graduated glass test tube (10 mL) with 

stopper and round bottom.
Apparatus

(a) Gas chromatography.—Hewlett-Packard 5890 series II 
(Yokogawa Analytical Systems, Tokyo, Japan) equipped with 
NPD and FPD (S mode). The column was DB-210 (30 m x 
0.53 mm; film thickness, 1 pm; 50% trifluoropropyl methyl 
polysiloxane; J&W Scientific, Inc., Folsom, CA). The column 
outlet was connected to a 2 -way separator for dual detection. 
The separation ratio was 50.3:49.7. The column temperature 
was programmed as follows: 70°C for 6  min, increase from 
70°C to 170°C at 20°C/min, and 170°C for 5 min. The injection 
port column temperature was 160°C; the detection port tem
perature was 200°C. The flow rate of carrier gas (helium) was 
20 ml./min (NPD). Other flow rates were as follows: hydro
gen, 3 mL/min; air, 100 mL/min (FPD); hydrogen, 75 mL/min; 
and air, 100 mL/min.

(b) GC/MS.—Hewlett-Packard GC 5890 series II and 
JEOL JMS-AX 505W (JEOL, Tokyo, Japan) operated in the 
electron impact mode at an ionization voltage of 70 eV and an 
ionization current of 300 pA. Operating conditions were as fol
lows: columns, 15 m x 0.53 mm id DB-WAX and 30 m x 
0.53 mm id DB-17 (film thickness, 1 pm; J&W Scientific, 
Inc.); injection port, 200°C; column, 100°C; and carrier gas 
(helium) 10 mL/min. Selected ion chromatograms of MITC 
were monitored at m/z 73 (M+), 72, and 45.

(c) Shaker.—Yayoi SD-1 (Tokyo, Japan).
(d) Centrifuge.—Kubota RS-6000 (Tokyo, Japan).
Extraction

Weigh 5 g wine (white, red, and rosé) into a glass test tube 
(10 mL). Add 2 mL dichloromethane containing internal 
standard and shake for 5 min. Centrifuge at 3000 rpm for 
5 min. Discard upper aqueous layer by suction and add 2 mL 
5% sodium chloride solution to the organic layer and shake for 
1 min. Discard aqueous layer by suction and dry the organic 
layer with anhydrous sodium sulfate.

Determination

Inject 2 pL of the extracted solution into a gas chroma
tograph with splitless mode. An internal standard is used to 
decrease the variability during GC analysis. Calculate the con
centration of MITC in wine samples by using the MITC/inter- 
nal standard peak ratio and referring to the appropriate MITC 
standard curve.

R e s u l t s  a n d  D i s c u s s i o n

Although a large amount of sample is generally used to ana
lyze MITC in wine (1,4, 5), a small amount of wine is suffi
cient with the present method. Therefore, we chose 5 g as the 
sample weight. MITC is easily extracted with many organic 
solvents, such as diethyl ether, ethyl acetate, and dichlo
romethane. We chose dichloromethane (2 mL) as extracting 
solvent. MITC extracts easily into the lower dichloromethane 
layer after shaking with wine, and the upper wine layer is dis
carded; 5% sodium chloride solution is used as a washing so
lution. Furthermore, dichloromethane has less water than other 
solvents. The efficiency of MITC extraction was over 95% for 
an ethanol content of up to 30%. Therefore, the ethanol content 
of wine does not effect MITC extraction. As described pre
viously, MITC may be lost during concentration of the extract, 
so that the resulting recoveries are low (7). Therefore, the ex
tract was injected directly into the gas chromatograph.

A polar, liquid-phase column-like poly(ethyleneglycol) is 
usually used for determining MITC. We used DB-210 (50% 
trifluoropropylmethyl polysiloxane), which is more stable than 
the polar, liquid-phase column and shows good peak separa
tion. MITC has one nitrogen and one sulfur atom in the struc
ture. We used NPD and FPD (S mode) as GC detectors. The 
limits of detection for MITC in wine by NPD and FPD were 
0.003 and 0.03 ppm, respectively (A.v -A b > 3  Sb;As = average 
of sample signal, Ab = average of blank signal, Sb = standard 
deviation of blank signal). The limits of quantitation for MITC in 
wine by NPD and FPD were 0.01 and 0.1 ppm, respectively (Ay -  
Ab > 10 Sb). A disadvantage of the FPD (S mode) is that the 
response is not linear with respect to sulfur concentration; thus, 
the quantitation was done by using the square root of the peak 
height or peak area. Therefore, NPD was used mainly for quan
titative calculation and FPD was used for confirmation of 
MITC. The 2-way separator on the detector did not affect quan
titation because the variation coefficients of the peak ratio be
tween 2 detectors were below 5% when the same sample was 
injected 10 times. The variation coefficient of the MITC peak 
and MITC/intemal standard peak ratio on 10 injections were
6.7 and 1.6%, respectively. Therefore, we chose the peak ratio 
for MITC quantitation. Figure 1 shows calibration curve of the 
MITC/intemal standard peak ratio. This curve gives the con
centration of MITC by dual detection. The calibration curve 
showed good linearity (NPD: r = 0.999, FPD: r  = 0.998).

The average recoveries (3 trials) of MITC added to wine at
1.0 and 0.1 ppm were 97.6 ± 0.65 and 98.0 ± 1.74%, respec
tively. Recoveries and standard deviations were satisfactory. 
MITC concentrations in contaminated wine analyzed by this 
method were 0.077 ± 0.004 ppm by NPD and 0.080 ± 
0.001 ppm by FPD (6  trials). The results based on dual detec
tion agreed well.

Figure 2 shows typical chromatograms of MITC detected in 
wine. Interfering peaks were not observed on the chromato
gram of a blank sample. With FPD, interference by sulfites was 
not observed. If chromatographic conditions include dual col
umns and dual detectors, separation and confirmation are better 
and more precise. The MITC peak detected in wine was con-
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Figure 1. Calibration curve of MITC: (a) NPD, (b) FPD 
(S mode).
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Figure 2. Gas chromatograms of MITC in wines: left 
column, NPD; right column, FPD (S mode); peak 1 is 
MITC, peak 2 is internal standard; (a) standard solution 
0.2 ppm of MITC, (b) red wine extract, (c) white wine 
extract, (d) white wine extract detected MITC.
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Figure 3. Selected ion monitoring of MITC detected in 
white wine: monitored ions are M+ 73,72, and 45 m /z of 
MITC; (a) standard solution of MITC, (b) MITC detected in 
white wine.

firmed by selected ion mass chromatograms monitored at 
m/z 73 (Mf), 72, and 45. (Figure 3).

This method is good for separation and is accurate for the 
determination of MITC in wine.
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RESIDUES AND TRACE ELEMENTS

Analysis of Calcium and Lead in Calcium Supplements by 
Inductively Coupled Plasma-Atomic Emission Spectrometry and 
Graphite Furnace Atomic Absorption Spectrophotometry
Paul H. Shtonen and Harold C. Thompson, J r
U.S. Food and Drug Administration, National Center for Toxicological Research, Office of Research, Division of 
Chemistry, Jefferson, AR 72079-9502

A  m e t h o d  w a s  d e v e l o p e d  t o  a n a l y z e  v a r i o u s  c a l 
c i u m  s u p p l e m e n t s  f o r  C a  a n d  P b  c o n t e n t .  T h e  
a n a l y s i s  i n v o l v e s  a  d r y  a s h  o f  t h e  s u p p l e m e n t s  f o l 
l o w e d  b y  w e t  d i g e s t i o n .  T h e  P b  i s  d e t e r m i n e d  b y  
g r a p h i t e  f u r n a c e  a t o m i c  a b s o r p t i o n  s p e c t r o 
p h o t o m e t r y  ( G F A A S ) .  A n a l y s i s  o f  C a  i s  b y  i n d u c 
t i v e l y  c o u p l e d  p l a s m a - a t o m i c  e m i s s i o n  s p e c t r o m e 
t r y  ( I C P - A E S ) .  C a  s u p p l e m e n t s  f o r t i f i e d  w i t h  P b  a t  
l e v e l s  r a n g i n g  f r o m  0 . 2 5  t o  1 0 . 0  j a g / g  y i e l d e d  r e c o v 
e r i e s  r a n g i n g  f r o m  8 2 . 7  ±  4 . 2  t o  1 0 5 . 0  ±  1 . 7 % .  T o  
t e s t  a c c u r a c y ,  t h e  m e t h o d  w a s  a p p l i e d  t o  N a t i o n a l  
I n s t i t u t e  o f  S t a n d a r d s  a n d  T e c h n o l o g y  s t a n d a r d  r e f 
e r e n c e  m a t e r i a l s  ( N I S T  S R M s )  1 5 7 2  c i t r u s  l e a v e s  
a n d  1 4 8 6  b o n e  m e a l .  G F A A S  a n a l y s i s  o f  S R M  1 5 7 2  
a v e r a g e d  1 3 .1  ±  0 . 6  ja g  P b  p e r  g  ( c e r t i f i c a t e  v a l u e ,
1 3 . 3  ±  2 . 4  ju g  P b  p e r  g ) ,  a n d  a n a l y s i s  o f  S R M  1486 
a v e r a g e d  1 . 3 4  ±  0 .1 1  ju g  P b  p e r  g  ( c e r t i f i c a t e  v a l u e ,
1 . 3 3 5  ±  0 . 0 1 4  | r g  P b  p e r  g ) .  I C P - A E S  a n a l y s i s  o f  
S R M  1 5 7 2  a v e r a g e d  3 . 1 2  ±  0 . 0 1 %  C a  ( c e r t i f i c a t e  
v a l u e ,  3 . 1 5  ±  0 . 1 0 %  C a  b y  w e i g h t ) ,  a n d  a n a l y s i s  o f  
S R M  1 4 8 6  a v e r a g e d  2 7 . 6 3  ±  0 . 2 7 %  C a  ( c e r t i f i c a t e  
v a l u e ,  2 6 . 5 8  ±  0 . 2 4 %  C a ) .  T h e  m e t h o d ’s  l i m i t  o f  
q u a n t i t a t i o n  ( L O Q ) ,  o n  s u p p l e m e n t  C a  b a s i s  a n d  a  
1 g  s a m p l e ,  a v e r a g e d  0 . 7 5  p g  P b  p e r  1 g  C a  f o r  s u p 
p l e m e n t s  c o n t a i n i n g  9  t o  3 5 %  C a  b y  w e i g h t .  A t  a  P b  
l e v e l  o f  0 . 6 6 3  j i g / g  C a ,  t h e  r e p r o d u c i b i l i t y  r e l a t i v e  
s t a n d a r d  d e v i a t i o n  ( R S D r)  a v e r a g e d  7 . 3 %  a n d  t h e  r e 
p e a t a b i l i t y  r e l a t i v e  s t a n d a r d  d e v i a t i o n  ( R S D r )  a v e r 
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a g e d  8 . 0 % .  I t  i s  r e c o m m e n d e d  t h a t  t h e  m e t h o d  b e  
s t u d i e d  c o l l a b o r a t i v e l y .

L ead has been known to be a toxic element for centuries. 
The low Pb exposure levels necessary to produce toxic 
effects, however, have been realized only recently. The 

outward clinical manifestations of lead overexposure are evi
dent only at levels that produce behavioral and neurological 
effects that are thought to be permanent. The effects of low- 
level exposure to lead can be assessed only by neuropsy
chological behavior tests, which indicate decrements in IQ 
scores in group studies, hyperactivity, poor attention span, and 
other significant manifestations f 1 —4). These effects occur at 
levels of 15 to 50 jug Pb/dL blood. It is not clear at what levels 
in blood Pb has no effect.

Lead is sometimes found at elevated levels in Ca supple
ments that are often prescribed to expectant women to meet the 
increased Ca needs of pregnancy. This Pb in Ca supplements is 
of concern because the developing fetus is especially sensitive 
to Pb, which readily crosses the placenta (5). Studies indicate 
that infants and children absorb and retain a greater percentage 
of Pb than do adults (6 - 8 ). The consensus is that exposure to 
Pb should be minimized.

The analysis of Ca supplements for Pb until now has in
volved digestion with perchloric acid and detection of Pb by 
differential pulsed anodic stripping voltammetry (DPASV) (9). 
The use of perchloric acid in digestions should be minimized, 
because it presents an explosive hazard. DPASV involves the 
use of a hanging mercury drop electrode, which presents 
chemical waste disposal and toxicity problems. Recently, wet
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digestion was used in combination with a dry ash for analysis 
of minerals in biological materials (10).

The United States Pharmacopeia (USP) recently lowered 
the level of Pb allowed in CaC03 from 10 to 3 jig/g. The USP 
action became official on January 1,1990 (11). The U.S. Food 
and Drug Administration (USFDA) recently began a program 
to minimize exposure to Pb from all sources and is considering 
a proposed regulation that would extend the USP limit for Pb 
in CaC03 to other types of Ca supplements. The USFDA pro
visional tolerable daily intake (TDI) for infants and youth of 
age 6  and under is 6  jig Pb per day (12). Commonly available 
Ca supplements vary in composition from about 9 to 36% Ca 
by weight. The various manufacturers’ recommended daily in
takes also vary for different supplement types and sometimes 
within a supplement type. To uniformly evaluate the contribu
tion of Ca supplements to daily exposure to Pb, it is necessary 
to express the Pb content of supplements on the basis of Ca 
content. The USP specification of 3 jig Pb per 1 g CaC03 is 
equivalent to 7.5 jig Pb per 1 g Ca.

The preceding information and concerns led to the develop
ment of the method described in this paper.

M a t e r i a l s  a n d  M e t h o d s

Principle

Samples of calcium supplements are mineralized by dry 
ashing and wet digestion. The sample digest matrix is modified 
by addition of (NH4)2H P04 to 0.5% w/v, and the resulting so
lution is analyzed for Pb by graphite furnace atomic absorption 
spectrophotometry (GFAAS). Ca analysis is performed by induc
tively coupled plasma-atomic emission spectrometry (ICP-AES).

Apparatus

Initially all laboratory glass and plasticware were washed 
with a neutral detergent, rinsed with deionized water, soaked in 
IN FINO3 overnight, rinsed with deionized water, and air dried. 
Thereafter, laboratory ware were thoroughly cleaned with IN 
H N 03, rinsed with deionized water, and air dried to avoid Pb 
contamination.

(a) GFAAS.—Capable of an instrument detection limit 
(IDL) of 2 ng Pb per mL with background correction enabled; 
Thermo Jarrell Ash Corp. (Franklin, MA) model video 22 with 
Smith-Hieftje background correction and model 755 furnace 
atomizer or equivalent.

(b) Inductively coupled plasma-atomic emission spec
trometer (ICP-AES).—Capable of analysis of calcium, Thermo 
Jarrell Ash Corp., model ICAP61 or equivalent.

(c) Programmable muffle furnace.—Lindeburg type 51668 
furnace with a model 59564 control console or equivalent.

Materials

(a) Calcium Standard Stock Solution.— 10.00 mg/mL, Na
tional Institute of Standards and Technology (Gaithersburg, 
MD), SRM 3109 or equivalent.

(b) Lead standard stock solution.— 10.00 mg/mL, NIST 
SRM 3128 or equivalent.

(c) Ammonium phosphate dibasic.—Mallinckrodt, analyti
cal reagent; meets ACS specifications (Mallinckrodt Chemical 
Works, St. Louis, MO) or equivalent.

(d) Nitric acid (70.0-71.0%).—Baker Instra-Analyzed re
agent for trace metals analysis (J.T. Baker, Inc., Phillipsburg, 
NJ) or equivalent.

(e) Hydrogen peroxide, 30%.—Baker-Analyzed reagent 
(stabilized) (J.T. Baker, Inc.) or equivalent.

(f) Reagent grade water ASTM type II.—Bamstead (Ther- 
molyne Corp., Dubuque. IA) nanopure deionized water system 
or equivalent.

Quality Control

(a) Reagent blank.—A blank sample is carried through the 
method to monitor reagent contamination. Prior to analysis of 
samples and with each analytical batch, a reagent blank is 
evaluated for potential Ca or Pb contribution. A Ca level of 
0.5 jig/mL or a Pb level of >50% of the low Pb quantitation 
standard in the method blank is the basis for identification and 
elimination of the source(s) of contamination.

(b) Calibration blank standard (CBS).—This blank is used 
to establish the analytical curve. For GFAAS, the CBS is 0.5% 
w/v (NH4)2H P04 in IN H N 03. The ICP-AES CBS is IN 
HN 03. During Ca analysis, the CBS is read after analysis of 
each batch of 10 samples. If the result is more than 3 standard 
deviations from the initial blank value, the CBS is read 2 more 
times and the results are averaged. If the averaged CBS value 
is more than 3 times the standard deviation of the initial CBS 
value, the instrument is restandardized, and the previous batch 
of 10  samples are analyzed again.

(c) Instrument check standard (ICS).—This midrange 
standard is analyzed after each batch of 10 samples. For ICP- 
AES analysis, if the ICS result is > ± 10% of the known value, 
restandardization and reanalysis of the previous batch of 
10 samples is required. For GFAAS analysis, the ICS is re
quired to be < ± 2 0 % of the expected value.

(d) Duplicate sample.—Two similar samples from a single 
source are brought through the entire sample preparation and 
analytical process. The results of duplicate sample analyses 
must agree to ± 20%. The relative percent difference (RPD) of 
duplicate results should be <±20% , where RPD = 100 x 
(.S’ 1 -  5 2)/[1/ 2(.S'i + S2)]■  If the RPD is greater than ± 20%, the 
sample is reanalyzed. However, if the RPD for the reanalyzed 
sample remains > ± 2 0 %, sample homogeneity is suspect and 
the mean sample value (n = 4) is reported.

(e) NIST/SRM.—The analysis of NIST SRM for Ca or Pb 
must be accurate to < ± 1 0 % of the certificate value or within 
the uncertainties stated in the NIST SRM certificate of analysis, 
whichever is greater. For example, analysis of NIST SRM 1572 
for Pb should yield 13.3 ± 2.4 jig Pb per g or ± 18% (the cer
tificate value). Analysis of NIST SRM 1486 for Pb should yield 
1.34 ± 0.13 jig Pb per g (certificate value, 1.335 ± 0.014 |ig Pb per 
g)-

(f) Instrument detection limit (IDL).—This limit is the con
centration or mass of analyte that yields an absorbance equal to 
3 times the standard deviation of a series of measurements of a 
solution (minimum of 3 measurements). It is the concentration
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or mass of analyte that is distinctly detectable above the back
ground.

(g) Limit o f quantitation (LOQ).—The LOQ for analyte 
with respect to supplement is based on 5 times the standard 
deviation of a series of measurements of a solution.

(h) Sensitivity.— For GFAAS, the sensitivity is the mass of 
analyte that results in an absorbance of 0.0044 absorbance unit 
when analyzed. For this method, sensitivity is calculated from 
a midrange standard absorbance (20 ng Pb per mL). The sensi
tivity should be within 50% of the manufacturer’s specification 
and should remain consistent from day to day.

Procedure

(a) Weigh duplicate 1-g samples of Ca supplement to 4 sig
nificant figures into suitable precleaned borosilicate glass vessels.

(b) Analyze a reagent blank and NIST SRM 1486 bone 
meal (to monitor reagent contamination, method LOQ, and 
method performance) with each batch of samples.

(c) Place samples in programmable muffle furnace and al
low furnace to reach an initial temperature of 200°C. Initialize 
the following temperature program: heat from 200° to 450°C 
linearly over 4 h (to avoid ignition of sample), hold at 450°C 
for 8-16 h, and then allow to cool to room temperature.

(d) Wet each sample with 5 mL H20  and cautiously add 
2 mL H N 03 (because of foaming). Heat at 125°C until near 
dryness.

(e) Add 30% H20 2 dropwise until all carbonaceous mate
rial is mineralized (up to 4 mL).

(f) Transfer mineralized sample to 50 mL volumetric flask 
with several rinses of ca 5 mL IN H N 03, add 1.0 mL 25% 
w/v ammonium phosphate as a matrix modifier for GFAAS, 
and adjust to volume with IN HN 03.

(g) Dilute the sample concentrate 1:200 with IN HN 03 for 
a 1:10 000 final dilution for ICP-AES Ca analysis. The reagent 
blank is not diluted prior to Ca analysis.

(h) Perform additional dilutions required for GFAAS with 
IN H N 03 containing 0.5% w/v ammonium phosphate.

GFAAS Determination

The GFAAS instrument was configured and optimized for 
Pb analysis per manufacturer’s specifications. Typical general 
conditions are fisted in Table 1. Quantitation standards contain
ing 5.0, 10.0, 20.0,40.0 and 80.0 ng Pb per mL and 0.5% w/v 
ammonium phosphate in IN H N 03 were analyzed just prior to 
and immediately after sample analysis. The IDL was deter
mined. An ICS was analyzed after each batch of 10 samples. At 
least 3 readings of each sample were taken, and the absorbance 
area was averaged for each. A linear regression of the data for 
quantitation standards was performed, with Pb concentration 
as the x axis and absorbance as the y axis. Absorbance data for 
unknown samples were then used to calculate the Pb concen
tration in sample digests. Reagent blank contribution, dilution 
factors and the amount of Ca in sample (%) were applied to 
determine Pb content based on Ca content of supplement (pig 
Pb per 1 g Ca).

Table 1. Typical instrumental conditions for GFAAS
Item Setting

Furnace geometry Delayed atomization cuvette
Purge gas Argon
Smith-Hieftje background 

correction settings
Hollow cathode lamp Pb
Wavelength 283.3 nm
Bandpass 1 nm
Signal current 1.5 mA
Background current 3.0 mA

Temperature program
Sampling and drying 120°-140°C; 5 s
Pyrolysis 250°C; 10 s

Ramp atomization
680°C; 20 s 

2300°C; 10 s

ICP-AES Determination

The ICP-AES instrument was initialized and allowed to 
achieve thermal equilibrium over 30 min. Instmmental pa
rameters for analyses were coolant flow, 22 L/min; auxiliary 
flow, 0.4 L/min; nebulizer flow, 0.5 L/min; incident power,
1.2 kW; reflected power, <5 W; and observation height, 13 mm 
above work coil. The sample uptake rate was 1.5 mL/min. For 
sample solutions containing <10 pig Ca/mL, the 393.37 nm line 
was used for quantitation; for solutions containing >10 pig/mL, 
the 315.89-nm fine was used.

Spectral scans (wavelength vs intensity) were obtained by 
scanning 63 steps from -31 to +31 positions across the analyti
cal fines monitored. The instrument was calibrated and stand
ardized per manufacturer’s specifications. Four 5 s integrations 
were obtained for each sample or standard for signal averaging. 
Before sample analysis and after each batch of 10 samples, the 
CBS and ICS were read to evaluate instrument stability. If th e ' 
CBS differed by more than 3 standard deviations from the initial 
value or if the ICS differed from the known value by more than ± 
10%, corrective action was warranted (see Quality Control).

E x p e r i m e n t a l

Calcium supplements were obtained from area health food 
stores and chemical supply stores. For samples in tablet form, 
10 tablets were ground to a fine powder in a prewashed, H N 03 
(lN)-soaked, water-rinsed and air-dried alumina mortar and 
pestle. The powdered sample was air dried for 2 h at 95°C. One 
supplement of the gel capsule type was analyzed as received.

Several digestion methods (wet digestion, dry ashing, and 
microwave digestion) were attempted before the present 
method was chosen.

Recovery experiments were performed by fortification of a 
CaC03 sample (SP1 A) with 0.25,0.50,1.0,5.0 and 10.0 pg Pb 
per 1 g supplement. Fortification was performed by adding the 
respective Pb levels, each contained in 1 mL IN H N 03, to 
quadruplicate 1 g subsamples of supplement. Additionally,
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during analysis of various types of Ca supplements, supple
ments were spiked at 5 |ig Pb per g to monitor recovery from a 
full range of supplement types.

A comparative study, undertaken by the FDA Center for 
Food Safety and Applied Nutrition (CFSAN) Neutron Activa
tion Analysis Laboratory and the FDA National Center for 
Toxicological Research (NCTR), provided an independent in
dication of the validity of the Ca levels determined in the sam
ple digests by ICP-AES at the NCTR.

Subsamples of Ca supplements were analyzed in parallel. 
At the NCTR, Ca analysis was performed by the current 
method. At the CFSAN, Ca analysis of intact Ca supplements 
was performed by instrument neutron activation analysis 
(INAA). For ICP-AES analysis, quadruplicate readings were 
taken of duplicate supplement samples. For INAA, 5 analytical 
portions of each supplement type were analyzed.

Method accuracy and precision for Pb were assessed by 
concurrent analysis of NIST SRM 1572 with each batch of 
samples analyzed. Although not a Ca supplement, this material 
contains 3.15% Ca by weight and was the most readily avail
able material for repeated monitoring of method performance. 
Samples of animal bone reference material (H-5) from the In
ternational Atomic Energy Agency, which were also analyzed 
during the recovery experiment, provided additional informa
tion on the accuracy of Pb analysis. Because the H-5 reference 
material had limited availability, it was not used routinely for 
performance evaluations.

NIST SRM 1486 bone meal became available during the 
latter stages of method development. Analysis of SRM 1486 
and spikes (5 |±g Pb per g) were performed in quadruplicate to 
assess further the accuracy and precision of the method.

R e s u l t s  a n d  D i s c u s s i o n

Recovery Experiments

The results of recovery experiments with Pb-fortified sup
plement appear in Table 2. The recovery increased and the co
efficient of variation (CV) decreased as the fortification level 
increased. The recoveries ranged from 85.7 to 105%, whereas 
the CV values decreased from 5.1 to 0.8 as spike levels in
creased. The recoveries of Pb from supplement spiked at 5 |ig 
Pb per g ranged from 85 to 115% for supplements containing 
0.103 to 6.39 |ig Pb per g. Analysis of H-5 reference material 
yielded 3.20 ± 0.10 pig Pb per g, compared with the provision
ally certified value of 3.1 mg Pb per kg with a 95% confidence 
interval of 2.6-3.7 mg Pb per kg.

Analyses of NIST SRM 1486 gave an average value of 1.34 
± 0.11 pig Pb per g compared with the certified value of 1.335 
±0.014 pg Pb per g.

Supplement Analyses

The results of analyses of various Ca supplements appear in 
Table 3. The analyses yielded Pb contents of 0.326 to 19.3 pg 
Pb per 1 g Ca, which translate to 0.103-6.39 pg Pb per 1 g 
supplement. The method LOQ ranged from 0.34 to 1.5 pg Pb 
per 1 g Ca, which translates to 0.14 pg Pb per 1 g supplement.

Table 2. Recovery of Pb from fortified Ca supplem ent3
Fortification, pg 
of Pb per g

Pb determined, 
pg of Pb per g Recovery, % CV

_ 0.295 ± 0.026 _ __

0.250 0.502 ±0.011 82.7 ±4.2 5.1
0.500 0.750 ± 0.027 90.3 ±5.9 6.5
1.00 1.18 + 0.02 89.4 ±1.9 2.1
5.00 5.52 ± 0.08 105 ± 1.7 1.6

10.0 10.4 ±0.2 103 ±0.8 0.8
a Results are expressed as the mean ± 1 standard deviation tor n = 

4 replicates.

The high LOQ on a Ca basis was obtained only for Ca lactate, 
which contains 9.25% Ca by weight. The average LOQ for 10 
types of supplements analyzed was 0.75 pg Pb per 1 g Ca, 
which is below the USP limit by a factor of 10.

For methods that may be used for regulatory purposes, 
LOQs that are a factor of 10 below the regulatory limit are 
desirable. Because the USP specification for CaC03 based on 
Ca content is equivalent to 7.5 pg Pb per 1 g Ca, these LOQs 
are adequate. The IDL and LOQ for Ca by ICP-AES were far 
below the levels seen in the diluted supplement samples. The 
diluted digests contained 3.2 to 40 pg Ca per mL, compared

Table 3. Pb content of various Ca supplem ents
Pb Content

Ca
supplement Type3 pg/g of C a b

pg/g of 
supplement CV

PM1B 1 2.50 ±0.18 1.00 ±0.07 2.5
SG1A 1 0.415 ±0.090 0.166 ±0.036 22
SP1A 1 0.663 ± 0.053 0.265 ± 0.021 8.0
SP2A 1 3.15 ±0.20 1.26 ±0.08 6.3
SG1C 2 9.15 ±0.23 1.19 ±0.03 2.5
SP2C 2 <LOQc — —
HT1B 3 19.3 ±3.9 6.39 ± 1.29 20
PB1B 3 3.67 ± 0.12 1.21 ±0.04 3.3
PB2B 3 15.7 ±0.45 5.21 ±0.15 2.9
HT1D 4 2.68 ± 0.42 0.545 ± 0.085 16
PB1A 4 7.02 ± 0.33 1.51 ±0.07 4.6
PB2A 4 3.59 ±0.22 0.753 ± 0.046 6.1
HT1A 5 2.62 + 0.11 0.633 ± 0.027 4.3
HT1C 5 2.11 ±0.27 0.280 ± 0.036 13
HT1E 5 1.73 ±0.09 0.280 ±0.015 5.4
PB2C 5 2.06 ±0.07 0.817 ±0.026 3.2
PM1A 5 0.326 ± 0.044 0.103 ± 0.014 14
SG1B 5 <LOQc — —
SP2B 5 <LOQc — —

a 1, CaC03 or oyster shell; 2 , Ca lactate; 3, bone meal; 4, dolomite; 
and 5, other.

b Pb level divided by the fractional percent Ca in the supplement 
determined by instrumental analysis or from manufacturer’s 
labeling Information.c The limit of quantitation (LOQ) ranged from 0.34 to 1.5 pg of Pbper g of Ca supplement.
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Table 4. Ca content of various Ca supplem ents determined by ICP-AES and INAA

Sample/type
Ca content per 

manufacturer label, %

Ca content, %

ICP-AES INAA Differences,3 %

PS1A/tribasic Ca phosphate 33.5 32.32 ± 0.43 34.02 ± 0.38 5.0
PS2D/oyster shell 35.1 33.88 ± 0.24 36.37 ± 0.50 6.9
PS2E/CaC03 32.8 32.77 ± 0.75 35.33 ± 0.96 7.2
PS3A1/Ca lactate 13.3 15.22 ±0.12 17.47 ±0.53 13.
PS4H/bone meal 29.6 28.63 ± 0.25 30.75 ± 0.32 6.9
HT1A/chelated Ca Mg 23.1 23.95 ±0.13 24.52 ± 0.38 2.3
HT1 C/calcium soft gel 13.6 13.25 ±0.12 13.38 ±0.14 0.97
HT1D/dolomite 18.0 19.82 ±0.18 20.81 ± 0.50 4.8
HT1E/Ca malted milk balls 17.9 15.82 ±0.16 16.56 ±0.37 4.5
SP2B/Ca gluconate 9.12-9.50 8.838 ± 0.061 9.670 ± 0.27 8.6
NIST SRM 1572 3.15 ± 0.10 3.14 ±0.02 NDfc 0.32
NIST SRM 1549 1.30 ±0.05 ND 1,266c 2.7

a Difference, % = [(INAA -  ICP-AES)/INAA]100. NIST SRM values are the difference from certified values. 
6 ND, value not determined.
0 The historical average by INAA is 1.258 ± 0.030%.

with IDLs of 0.004 and 0.04 |ig of Ca per mL for the 393.37- 
and 315.89-nm Ca lines, respectively. Spectral scans of the di
luted supplements indicated that background correction was 
not necessary.

Three supplements contained greater than the USP CaC03 
equivalent of Pb: 2 bone meal supplements and 1 Ca lactate 
supplement. These supplements would contribute 6.1 to
38.3 pg Pb per day if taken as recommended. On the basis of 
the recommended daily allowance (RDA) of 1000 mg Ca per 
day, 4 supplements would contribute 7.0 to 19.3 pg Pb per day. 
These levels all exceed the FDA provisional TDI for youth and 
would not be recommended to expectant women. There was 
nonhomogeneity evident in one bone meal sample analyzed 
repeatedly (HT1B).

C o m p a r a t i v e  S t u d y

The results of the comparative study of Ca analyses by ICP- 
AES and INAA appear in Table 4. The results indicate a less 
than 1 0 % difference between the two methods, except for the 
Ca lactate sample. If the Ca lactate result is eliminated, the av
erage difference in Ca content determined was 5.2 ± 2.5% for 
9 supplement types.

The 13% difference observed for the Ca lactate sample may 
have been due to different levels of hydration. The manufac
turer indicated that this sample contained 13.3% calcium. Ca 
lactate monohydrate contains 17% Ca, whereas Ca lactate pen- 
tahydrate contains 13% Ca. Although the analyses were per
formed on dried materials, which were desiccated after drying, 
various degrees of hydration seems the best explanation.

In each case, ICP-AES analysis gave somewhat lower re
sults compared with INAA analysis for identical supplements. 
This difference may reflect differences in sample handling or 
lower recovery by ICP-AES, because INAA was performed on 
intact supplement samples. However, ICP-AES analyses of 
NIST SRM materials did not reflect this bias.

During INAA, NIST SRM 1549 nonfat milk powder was 
analyzed concurrently with Ca supplements. A mean value of 
1.27% Ca was obtained, compared with the certificate value of
1.30 ± 0.05% Ca. Analysis of NIST SRM 1572 citrus leaves by 
ICP-AES yielded 3.14 ± 0.02% Ca, compared with the certifi
cate value of 3.15 ± 0.10% Ca. Likewise, ICP-AES analysis of 
NIST SRM 1486 yielded 27.63 ±0.27% Ca, compared with 
the certificate value of 26.58 ± 0.24% Ca. The Ca contents of 
supplements given in manufacturers’ labeling information 
were accurate in most cases, on the basis of INAA and ICP- 
AES results.

These data support the conclusion that analysis of digests by 
ICP-AES evaluates the Ca content of various Ca supplements 
with acceptable accuracy.

Method Performance

In-house testing of method ruggedness and performance 
was performed to evaluate accuracy and precision. At a level 
of 0.663 |Lg Pb per 1 g Ca, the reproducibility relative standard 
deviation (RSDr) averaged 7.3% and the repeatability relative 
standard deviation (RSDr ) was 8.0%. The Pb analyses of NIST 
SRM 1572 yielded an average RSDr of 5.7% and an RSDr of 
4.7%. These data support the recommendation that the method 
be studied collaboratively.
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RESIDUES AND TRACE ELEMENTS

Analysis of Chlorophenols in Air at the Nanogram-per-Cubic- 
Meter-Level
Kamal Swamx and Rajindf.r S. Narang
New York State Department of Health, Wadsworth Center for Laboratories and Research, Empire State Plaza, PO Box 509, 
Albany, NY 12201-0509

A  g a s  c h r o m a t o g r a p h i c  ( G C )  m e t h o d  f o r  t h e  a n a l y 
s i s  o f  c h l o r o p h e n o l s  i n  a i r  a t  t h e  n a n o g r a m - p e r - c u -  
b i c - m e t e r  l e v e l  w a s  d e v e l o p e d .  C h l o r o p h e n o l s  
w e r e  t r a p p e d  o n  P o r a p a k - N ,  e l u t e d  w i t h  m e t h a n o l ,  
a n d  t h e n  d e r i v a t i z e d  b e f o r e  G C  a n a l y s i s .

C hlorophenols are or have been extensively used as wood 
preservatives, herbicides, and antiseptics ( 1) and in 
dyes (2, 3) and petrochemicals (4, 5). They are also 

byproducts of the chlorine-bleaching process used in the pulp 
and paper industries (6 ,7). Chlorophenols, a group of 
semivolatile organic compounds, are potential sources of environ
mental contamination and were identified in ambient air samples 
at low nanogram-per-cubic-meter concentrations (8- 10).

A method was reported (8 ) for the analysis of chlorophenols 
in ambient air by trapping chlorophenols on cartridges filled 
with Tenax GC, thermal desorption to elute the respective com
pounds onto a gas chromatographic (GC) column, and either 
electron capture or mass spectrometric detection. However, 
this method is slow, and the thermal desorbtion of all the chlo
rophenols is difficult. Polyurethane foam alone (8 ) or Tenax

Received November 2, 1992. Accepted by JS October 22, 1993.

GC sandwiched between 2 polyurethane foam plugs (11) was 
used to collect the chlorophenols, followed by Soxhlet extrac
tion of polyurethane foam and Tenax GC. GC analyses of chlo
rophenols were carried out directly (8 ) or after derivatization 
(11). The advantage of this method is that large sample vol
umes can be collected, and the potential for achieving low de
tection limits exists. However, the whole procedure involves 
too much solvent and glassware. Grob and Newkom (12) car
ried out the analysis of pentachlorophenol by trapping and deri- 
vatizing it on a precolumn, which is then attached to a GC col
umn to achieve the required separation. This method may or 
may not work for more volatile chlorophenols. It also has the 
disadvantage that separation from other organic compounds 
trapped along with chlorophenols may become a difficult proc
ess. We describe a method that involves trapping of the various 
chlorophenols on Porapak-N, desorption with methanol, deri
vatization of chlorophenols, and subsequent analysis by GC- 
electron capture detection (ECD).

E x p e r i m e n t a l

Apparatus

(a) Gas chromatograph.—Hewlett-Packard gas chroma
tograph (Model 5830A) equipped with an electron capture de
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tector (Model HP 18803-60520), a capillary injection port, and 
an autosampler (Model HP 7671A); DB-5 column (0.32 mm 
x 30 m; film thickness, 0.25 pm) and DB-225 column 
(0.32 mm x 30 m; film thickness, 0.25 pm), J&W Scientific 
(Rancho Cordova, CA). DB-5 column was used for the analy
sis of chlorophenols, and DB-225 column was used for the 
analysis of chlorophenol acetates. Samples were injected in a 
splitless mode (2.2 pL) by using helium as carrier gas and a 
column head pressure of 20 psi. ECD make-up gas was argon- 
methane (95 + 5), with a flow rate of 45 mL/min. The general 
GC conditions were as follows: detector, 300°C; injector, 
200X1; oven programmed from 60° to 220X at 2X/min, with 
hold at initial temperature of 5 min and at a final temperature 
of 60 min.

(b) Sampling cartridges.—Glass tubing (16 cm long and 
2 cm wide) was drawn at one end to give a 6  mm opening (3 cm 
long), as shown in Figure 1. Cleaned and conditioned Porapak- 
N (4.5 g) or XAD-2 (5 g) was placed in the tube and held in 
place with glass wool plugs at each end. The Porapak-N car
tridges were washed with methanol (50 mL) and reconditioned 
at 170X for 1 h under a nitrogen stream (20 mL/min). After 
conditioning, the cartridge was allowed to cool to room tem
perature, and the ends were sealed with polyethylene plugs on 
the 6 -mm end and aluminum foil at the 2 cm end. The XAD-2 
cartridge was washed with methanol (50 mL) and dried at 
room temperature under a nitrogen stream (20 mL/min).

(c) Glass wool.—Cleaned by Soxhlet extraction overnight 
with hexane-acetone (1  + 1).

Reagents

(a) Methanol and benzene.—Reagent grade (J.T. Baker, Inc.).
(b) Hexane and ethyl ether.—Nanograde (Mallinckrodt, Inc.).
(c) Potassium hydrogen carbonate, anhydrous sodium sul

fate, and acetic anhydride.— (Aldrich Chemical Co.). Distill 
acetic anhydride 3 times, and use fraction boiling at 138°- 
140X.

(d) XAD-2 resin.—(Supelco, Inc.). Wash with water fol
lowed by successive overnight Soxhlet extraction with metha
nol, methylene chloride, and benzene.

(e) Porapak-N.—(Alltech Assoc.). Extract by Soxhlet 
overnight with methanol, pack in a conditioning column, dry, 
and condition at 170X overnight under nitrogen stream 
(20 mL/min).

(f) Chlorophenols.—2,6-Dichlorophenol, 2,3,6-trichlo- 
rophenol, 2,3,5,6-tetra-chlorophenol, and 2,3,4,5,6-pentachlo- 
rophenol, analytical grade (Aldrich, Inc.).

(g) Florisil.—Activate 30-60 mesh (Aldrich, Inc.) at 
450X  overnight and then deactivate (2%) with interference- 
free water.

Chlorophenol Standards

Stock solutions were prepared at 5000 pg/mL in methanol. 
These were diluted to prepare other standards as required.

Extraction

Method A.—The cartridge was placed vertically on a ring 
stand and eluted with methanol (20 mL) by gravity.

Method B.—The resin from the cartridge was emptied into 
a Soxhlet apparatus and extracted overnight with methanol.

Derivatization

Acetates were prepared by the procedure of Lee et al. (13). 
A mixture containing from 50 ng to 10 pg of each chlorophe
nol in methanol (20 mL) was diluted with water (20 mL) in a 
separatory funnel, and potassium hydrogen carbonate 
(750 mg) was then added. The mixture was shaken until all the 
solid was dissolved, and acetic anhydride (250 pL) was added. 
The mixture was allowed to stand for 5 min and then extracted 
with 3 x 2  mL hexane. The organic extracts were combined, 
dried by passing through anhydrous sodium sulphate, and con
centrated to 1 mL under a stream of nitrogen.

Figure 1. Apparatus used for safe sampling of phenols in air.
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Table 1. GC—ECD analysis of a mixture of 4 chlorophenols at different levels3
pg/mL

pg/mL CI2-Phenol, pg/mL CI3-Phenol, pg/mL CI4-Phenol, pg/mL CI5-Phenol, pg/mL

10 10.000 ± 7 10.000 ± 6 10.000 ±11 10.000 ± 17

5 5.066 ± 6 4.922 ± 6 4.260 ± 7 2.131 ± 15

1 1.165 ± 10 0.822 ±10 0.215 ±35 —

0.5 C.679 ± 9 0.291 ±17 0.007 ± 61 —

0.1 C.134 ± 5 0.008 ± 49 — —

0.05 C.059 ± 3 0.002 ± 28 — —

n = 3. Values are mean (pg/mL) ± RSD (%).

Cleanup

A glass column (30 x 1 cm) was packed with deactivated 
Florisil (7.5 g). The acetates in hexane (1 mL) were transferred 
onto the top of the column with disposable glass pipets. The 
column was first eluted with hexane (50 mL) and then 15% 
ether in hexane (50 mL). The first fraction was rejected, and the 
second fraction was concentrated by using K-D apparatus over 
steam bath to ca 5 mL and then under a stream of nitrogen to 
1 mL. This fraction was then analyzed by GC.

Collection Efficiencies

The apparatus was assembled as shown in Figure 1 and con
sists of a 6  mm od U-tube. One end of the tube was attached to 
a set of 2  sampling cartridges, front and back, while the end of 
the back cartridge was attached to the house vacuum system. 
On the other end, a charcoal-filled cartridge was attached to 
purify the room air; the cartridge was attached to a rotameter. 
A known amount of the chlorophenols in a small amount of 
methanol was placed in the U-tube. The solvent was allowed 
to evaporate, leaving the chlorophenols coated on the walls of 
the U-tube. The tube was immersed in the hot water bath, and 
the vacuum cock was opened. The reading on the rotameter 
was recorded at the beginning of the experiment, after 12  h, and 
at the end of the experiment (average flow rate, 1 1 .0 -
15.0 L/min). At the end of the required sampling time, the vac
uum cock was closed. The sampling cartridges were removed 
and chlorophenols extracted by following Method A. After

derivatization and cleanup, the extract was analyzed for the 
chlorophenols. The U-tube was washed with methanol 
(10 mL), and after derivatization and cleanup the wash was 
analyzed for any residual chlorophenols.

R e s u l t s  a n d  D i s c u s s i o n

With the advances in the commercially available capillary 
columns and hardware (deactivated liners, etc.), we believed 
one might be able to carry out the analysis of the parent chlo
rophenols at very low levels. We tried a number of commer
cially prepared columns (DB-1, DB-5, DB-225, etc.) along 
with commercially available hardware. Table 1 shows the re
sults from repetitive injections of 4 chlorophenols at different 
levels on a DB-5 capillary column. The response of various 
phenols falls off very rapidly; pentachlorophenol could not be 
detected at 1 ¡±g/mL levels. Apparently, the difficulty arrises 
from getting rid of all the active sites in the injection port liners, 
the columns, or both, to achieve reproducible results at low 
levels over any length of time. This problem was confirmed 
early on by Grob & Newkom (12) and also more recently by 
other workers; Patton et al. (11) preferred to carry out the GC 
analysis of chlorophenolics only after derivatiation. We ob
served that it was easy to chromatograph chlorophenol acetates 
even at 0.005 Ug/mL levels with almost any capillary column. 
We decided to make acetate derivatives of these phenols, as 
these are stable and are easy to make and no toxic reagents such 
as diazomethane are required. Also, we were able to carry out

Table 2. Extraction efficiencies of chlorophenols from adsorbents

Adsorbent Amount, ng Method

Recovery, %a

CI2-Phenol CI3-Phenol CI4-Phenol CI5-Phenol

XAD-2 50 A 50.0 ±7.9 28.0 ± 54 21.0 ± 24 9.0 ± 36
XAD-2 50 B 50.0 ± 1 59.5 ± 6 65.0 ± 0.1 70.0 ± 2
Porapak-N 50 A 101 ± 4 102 ± 2 108 ± 5 106 ± 6
Porapak-N 20 A 104 ± 6 100 ± 6 99 ± 7 115 ± 9
Porapak-N 1000 A 103.0 ±11 71.0 ± 13 93.0 ±19 109.0 ±26
Florisil6 20 _C 91.0 ± 5 91.0 ± 6 80.0 ± 4 100.0 ± 6

3 n = 3. Values are mean ± RSD (%). 
b A mixture of 4 chloroohenol acetates was spiked.
c Recoveries of chlorophenol acetates from the cleanup procedure are reported here.
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Table 3. Collection efficiencies of chlorophenol mix spiked in a glass tube at 50°C and collected in Porapak-N 
cartridges

Sample
Amount of air 
sampled, L

Recovery, % a
CI2-Phenol CI3-Phenol CI4-Phenol CI5-Phenol

4-Phenol mix, 1 pg each 1 0 0  ± 0 104 ± 24 100 ± 7 85 ± 8 84 ± 4
4-Phenol mix, 1 pg each 1 0 0 0  ± 0 80 ± 9 87 ± 3 97 ± 8 98 ± 10
4-Phenol mix, 1 pg each 2 0 0 0  ± 0 100 ± 5 92 ± 7 94 ± 9 8 8  ± 8
4-Phenol mix, 1 pg each 19300 ±12 79 ±10 84 ±12 80 ± 11 87 ± 4
4-Phenol mixb, 20 ng each 31000± 11 104 + 8 89 ± 9 94 ± 8 104 ± 8
4-Phenol mix, 10 ng each 19400 ±15 110 ±74 120 ±36 70 ±39 43 ±13

a n =  3. Values are mean ± RSD (%). 
b n  =  7 .

the derivatization of the chlorophenols at low nanogram levels. 
The acetates show very good linearity on an electron-capture 
detector (0.005-1 (ig/mL).

To check which adsorbent releases various chlorophenols 
completely, cartridges filled with Porapak-N or XAD-2 were 
spiked directly with known amounts of a mixture of chlorophe
nols consisting of pentachlorophenol and one isomer from each 
group of chlorophenols (di- through tetra-), and eluted with 
methanol. The results are shown in Table 2. Everything elutes 
from Porapak-N in the first 20 mL, whereas the recoveries 
from XAD-2 were poor even after overnight Soxhlet extrac
tion. Table 2 also shows the recoveries of various chlorophenol 
acetates from a Florisil column.

On the basis of the above findings, we studied the collection 
efficiencies of chlorophenols from Porapak-N only. The U- 
tube (Figure 1) was spiked with a mixture of chlorophenols 
containing from 20 ng to 1 pg of each phenol. Air, 0.1-19 m3, 
was pulled through the cartridges at 11-15 L/min. Results are 
shown in Table 3. In every case, all of the chlorophenols were 
trapped on the first cartridge; therefore, no breakthrough of any 
chlorophenol occurs up to at least 19 m3 of sampling volume.

Figure 2. GC ECD chromatogram of chlorophenol 
acetates: (1) 2,6-dichlorophenol acetate, (2) 2,3,6-tri- 
chlorophenol acetate, (3) 2,3,5,6-tetrachlorophenol 
acetate, and (4) 2,3,4,5,6-pentachlorophenol acetate.

The analysis of the spiked U-tube did not show the presence of 
any residual chlorophenols (<2.5 ng). Also, the quantitative re
coveries of various phenols show that, once trapped, these were 
not further oxidized. To check the method detection limits, the 
U-tube was spiked with 10 and 20 ng of each chlorophenol and 
the sampling carried out in the normal fashion. The results, 
shown in Table 3, show that even at approximately 1 ng/m3 the 
method works very well. A typical ECD gas chromatogram of 
a mixture of 4 chlorophenol acetates is shown in Figure 2. Cur
rently, we are in the process of using this method for the analy
sis of other chlorophenol congeners.

C o n c l u s i o n

The chlorophenols can be efficiently trapped as well as 
desorbed from Porapak-N cartridges with a minimal amount of 
solvent. On the basis of a 20 m3 sample, detection limits of 
1 ng/m3 can be achieved.
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RESIDUES AND TRACE ELEMENTS

Determination of Cholinesterase Activity in Brain and Blood 
Samples Using a Plate Reader
E lizabeth R. Tor, Dirk M. H olstege, and F rancis D. Galey
University of California, Toxicology Laboratory, California Veterinary Diagnostic Laboratory System, Davis, CA 95616

A  r a p i d  m e t h o d  i s  d e s c r i b e d  f o r  t h e  q u a n t i t a t i v e  d e 
t e r m i n a t i o n  o f  c h o l i n e s t e r a s e  a c t i v i t y  i n  l a r g e  
b a t c h e s  o f  b l o o d  a n d  b r a i n  s a m p l e s .  T h e  t e c h n i q u e  
i s  a n  a d a p t a t i o n  o f  t h e  E l l m a n  p r o c e d u r e  f o r  a  9 6 -  
w e l l  m i c r o t i t e r  p l a t e  r e a d e r .  T e n  s a m p l e s  c a n  b e  
a n a l y z e d  s i m u l t a n e o u s l y  i n  5  m i n ,  w i t h  a l l  c a l c u l a 
t i o n s ,  i n c l u d i n g  s t a t i s t i c a l  a n a l y s i s ,  d o n e  a u t o m a t 
i c a l l y .  T h e  m e t h o d  d e t e c t i o n  l i m i t  i s  0 .1  p M / m L / m i n  
f o r  b l o o d  a n d  0 .1  p M / g / m i n  f o r  b r a i n  s a m p l e s .  T h e  
p r o c e d u r e  h a s  b e e n  a p p l i e d  t o  t h e  r o u t i n e  a n a l y s e s  
o f  s a m p l e s  p r e s e n t e d  t o  t h e  v e t e r i n a r y  d i a g n o s t i c  
l a b o r a t o r y .  M e t h o d  p e r f o r m a n c e ,  q u a l i t y  c o n t r o l ,  
a n d  n o r m a l  r a n g e s  o f  c h o l i n e s t e r a s e  a c t i v i t y  i n  l i v e 
s t o c k  a n d  o t h e r  a n i m a l s  a r e  d e s c r i b e d .

E xposure to organophosphorus and carbamate insecti
cides can be assessed by analyzing intact compounds in 
feed and tissue samples (1-3), alkyl phosphate metabo

lites in urine or tissues (4, 5), or the depression of choli
nesterase (ChE) activity in blood and brain.

Determination of ChE activity as a rapid screen for expo
sure to these insecticides has been widely used (6 - 8 ). Two re
lated ChE enzyme classes, capable of hydrolyzing acetyl
choline, exist in the blood and brain of animals in various 
proportions. These are pseudocholinesterase (PChE; 
EC3.1.1.8), found in plasma, liver, and muscles of vertebrates, 
and acetylcholinesterase (AChE; EC3.1.1.7), found in nerve 
endings, erythrocytes, and the gray matter of brain (9). Follow
ing inhibition, PChE activity in plasma recovers more rapidly
(8 ). Specific substrates or inhibitors can be used to distinguish

Received June 18. 1993. Accepted by JS September 29, 1993.

these 2 classes of ChEs (10, 11). Most analytical procedures 
measure the total ChE activity in whole blood or brain samples. 
The use of retinal ChE measurements in veterinary diagnostic 
medicine has also been evaluated (1 2 ).

Various analytical methods are used by veterinary and clini
cal diagnostic laboratories for determination of ChE activity. 
These include measurement of changes in pH over a 90 min 
incubation time (13), assays of radiolabeled acetylcholine (14), 
and spectrophotometric methods based on the Ellman reaction
(15). Results obtained from these incompatible methods cannot 
be compared reliably from one study to another (16). Interpre
tation of results is further complicated by the large variability 
of ChE activities among species (17). The compilation of base
line, normal ChE levels for different species of animals is nec
essary prior to use of the test as a diagnostic tool. Improved 
uniformity of the analytical method would aid veterinary prac
titioners in diagnosing cases of organophosphorus and car
bamate insecticide poisonings.

In recent years, the Ellman procedure has been used widely 
to measure total ChE activity in blood, plasma, and homogen
ates of tissues from domestic and wild species (18, 19). This 
wide use is due to rapid analysis time, convenience, good sen
sitivity, reproducibility, and suitability for automation. Short 
analysis time permits detection of ChE depression by revers
ible ChE inhibitors such as carbamate insecticides, which dis
sociate from ChE during the long incubation time required by 
the pH method. The principle of the Ellman method is meas
urement of the rate of production of thiocholine as the substrate 
acetylthiocholine is hydrolyzed by the ChE present in the sam
ple. Thiocholine reacts with 5,5 '-dithio-bis(2-nitrobenzoic 
acid) (DTNB) to produce a yellow ion of 5-thio-2-nitrobenzoic 
acid. The rate of color production is measured at 412 nm by a 
spectrophotometer. The original Ellman procedure has been
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modified for field applications and to accommodate larger 
batches of samples (2 0 - 2 2 ).

In clinical and environmental situations, a quick screening 
method with good quality control is needed to assess exposure 
to ChE-inhibiting insecticides. The recent introduction of the 
plate reader for colorimetric measurements offers a significant 
advance in data analysis and management. The method de
scribed here, an adaptation of the Ellman assay for the plate 
reader, was used for rapid and reliable determination of total 
ChE levels in large batches of blood and brain samples from 
many species of animals presented for routine testing to the 
diagnostic laboratory.

M E T H O D

Apparatus

(a) Kinetic microplate reader.—Model UVmax, (Molecu
lar Devices Corp., Menlo Park, CA) set at 405 nm, with SOFT- 
max version 2 .0 1  computer software program.

(b) Microtiter plates.—Falcon 3915, 96-well polystyrene 
(Becton and Dickinson Co., Lincoln Park, NJ).

(c) Multi-channel pipet.—Eppendorf Plus/8 repeater, vari
able volume, 25-125 pL, with 8 -channel Eppendorf Plus/8 
adapter (Brinkmann Instruments, Inc., Westbury, NY).

(d) Eppendorf combitips and cartridges.— 1.25 mL capac
ity, disposable (Brinkmann Instruments, Inc.).

(e) Eight-well reservoirs.—Polypropylene (Titertek, Flow 
Laboratories, Finland).

(f) Drummond pipetter.— 10 |iL, with disposable glass tips 
(Drummond Scientific Co., Broomall, PA).

(g) Tissue grinder.—Potter-Elvehjem, Wheaton, 55 mL 
(Fisher Scientific).

(h) Reagent dispenser.—Oxford type S-A (Fisher Scien
tific).

(i) Centrifuge tubes.—Polypropylene, 50 mL (Coming, 
Inc., Coming, NY).

(j) Microcentrijuge tubes fo r  storage o f standards and con
trols.— 1.5 mL polypropylene with caps (American Scientific 
Products, McGaw Park, IL).

(k) Disposable tubes.—Polystyrene with caps, 5 and 
10 mL (Falcon, Becton Dickinson Co., Lincoln Park, NJ).

(l) Electric thermometer with water-proof probe.— 
TEG AM 132C TRMS multimeter.

Reagents

(a) Substrate solution.—Weigh 0.067 g acetylthiocholine 
iodide (ATCI; Sigma Chemical Co., St. Louis, MO) into a 
10 mL volumetric flask and make up to volume with deionized 
water. Mix well, divide into five 2 mL portions, and keep fro
zen in polystyrene screw-capped vials. This solution is stable 
for 3 weeks.

(b) Ellman reagent solution.—Weigh 0.0205 g 5,5 
dithio-bis(2-nitrobenzoic acid) (DTNB; Sigma) into a 25 mL 
volumetric flask and make up to volume with 0.1M, pH 7.00 
phosphate buffer. Store in the same manner as the substrate 
solution.

(c) Phosphate buffers (0.1M).— (7) Sodium phosphate, di
basic.—Weigh 26.8 g Na2HP0 4 -7 H2 0  (Fisher Scientific) into 
a 1.0 L volumetric flask, and make to volume with deionized 
water. (2) Potassium phosphate, monobasic.—Weigh 13.6 g 
anhydrous KH2PO4 (Fisher Scientific) into a 1.0 L volumetric 
flask, and make to volume with deionized water. To buffer (7) 
add enough buffer (2) to obtain solutions of pH 7.00 or 8.00.

(d) Bovine serum albumin (BSA), 3 mg/mL.—Weigh 
0.075 g BSA (Sigma) into a 25 mL volumetric flask, dissolve 
in 0.1M, pH 8.00 phosphate buffer, and make up to volume. 
Keep refrigerated (4°C).

Preparation and Storage o f Controls and Standards

(a) Control serum.—SeraChem level 1, clinical chemistry 
control serum (human), assayed, (Fisher Scientific). Prepare 
according to manufacturer’s instructions. Store 250 jiL por
tions at —4°C in capped vials. Use a fresh portion of the control 
for each day of analysis. ChE activity in serum stored as de
scribed is stable for 4 weeks.

(b) StandardAChE, type III, Wunits/mL.—Sigma. Pipette 
52.63 (iL (50 units) of standard into a 5 mL volumetric flask 
and make up to volume with 3 mg/mL BSA. Use this stock 
solution to prepare standards containing 1-5 units/mLby dilut
ing with 3 mg/mL BSA.

(c) Standard AChE, type XII-S, 2 units/mL.—Sigma. 
Weigh 20 mg 0.5 unit/mg standard into a 5 mL volumetric 
flask and make up to volume with 3 mg/mL BSA. Make dilu
tions as above. Store standards as previously described for con
trols.

Sample storage

(a) Brain.—Fresh brain samples should be stored on ice or 
refrigerated if the analysis is to be done within 24 h. Frozen 
samples should be placed in the freezer immediately after re
ceipt and thawed just before analysis.

(b) Blood.—Only unclotted blood samples can be used for 
analysis. Fresh, whole blood should be kept in ethyle- 
nediaminetetraacetic acid or heparinized Vacutainer tubes at 
4°C. Blood samples should not be frozen.

Sample Preparation

(a) Brain.—Homogenize the whole brain sample (use a 
glass sample blender for large brains or a spatula for small 
brains). Weigh 5 g of homogeneous sample into a Wheaton ho- 
mogenizer. Add approximately 10 mL 0.1M, pH 8.00 phos
phate buffer. Homogenize for 5 min. Transfer quantitatively 
into a 50 mL, screw-cap centrifuge tube, and adjust the volume 
to 25 mL with the same buffer. Place the homogenate on ice 
and use for further dilutions. Make subsequent dilutions of ho
mogenate. The most convenient dilutions are 1:1000 to 1:2500 
for mammals and 1:5000 for birds. Dispense 10 mL pH 8.00, 
25 °C phosphate buffer into a 10 mL Falcon, polystyrene screw- 
cap tube by using an Oxford type S-A dispenser. Using a dis
posable Eppendorf combitip, pipette an aliquot of the brain ho
mogenate into the tube containing 10 mL buffer to obtain the 
desired dilution. Mix well by inverting the tube.
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( b )  Blood.—Dilute 10 |_iL of well-mixed whole blood to 
10 mL with pH 8.00, 25°C phosphate buffer. Mix well before 
analysis.

Determination

Analysis for ChE activity is done at 25°C. Allow all reagents 
to reach this temperature before performing the assay.

Assign wells on the plate to controls, samples, and dupli
cates. Allow at least 3 wells for each sample and 2 wells for its 
substrate blank. Include control and duplicate samples on each 
plate. Using the multichannel pipet, transfer 250 (iL of well- 
mixed, diluted brain, blood, or control serum from the 8 -well 
reservoir into the wells on the plate. Add 25 p L DTNB reagent 
to each well. Ensure that the temperature in the wells is 25°C. 
Add 25 pL ATCI to the “sample” wells only. Add 25 pL phos
phate buffer to “substrate blank” wells. Wait for 1 min for the 
reaction to equilibrate. With the plate reader in the automix 
mode, measure the changes in absorbance at 405 nm every 8 s 
for 5 min. Repeat the analysis if the reaction is not linear or if 
the ChE activity of control serum is not within the acceptable 
range (10% coefficient of variation [CV] from the established 
value).

Calculations

ChE activity is expressed as micromoles of acetylthio- 
choline iodide hydrclyzed per milliliter of blood or gram of 
brain sample per mir.ute (pM/mL/min or pM/g/min). The av
erage absorbance increase per minute frM/min), standard de
viation, and coefficient of variation on the replicates of the 
sample (CV, %) is calculated by the Soft Max program and 
presented in the report form. From Beer’s law, C = {AU) x E, 
where C = concentration, l = 1.05 cm (path length for Falcon 
3915 plate), and E=  13 600 M- 1cm-1 (extinction coefficient). 
Calculate ChE activity as follows: pM/mL/min = ¿74/min x 
0.07003 pM/mL x dilution factor. Subtract the “substrate 
blank” rate to obtain the activity of ChE in the sample. I f  using 
a microplate different from that specified (Falcon 3915), the 
path length must be determined for that plate before the analy
sis.

Recovery Experiments

Blood and brain samples from diagnostic cases were forti
fied with AChE type XII-S (blood) and AchE type III (brain). 
Fortification levels and species of animals involved are shown

in Table 1. Samples were analyzed by the method described, 
along with corresponding standards and unfortified samples. 
Recovery was calculated by subtracting the ChE activity of the 
unfortified sample from that of the fortified sample and divid
ing the difference by the activity of the corresponding standard.

R e s u l t s  a n d  D i s c u s s i o n

Thirty-four samples of bovine blood and 11 samples of 
equine brain were assayed by our technique and the original 
Ellman method (15). The results showed an excellent correla
tion between the 2  methods, with a correlation coefficient of 
0.9772 for blood and 0.9959 for brain samples. The values 
from the plate reader method differed from those from the Ell
man method only by an average of 8.5% for blood and 3.5% 
for brain samples.

The method was tested by running the recovery experi
ments on diagnostic blood and brain samples from different 
species of animals. Table 1 summarizes the recoveries of AChE 
type XII-S from fortified blood and of AchE type III from for
tified brain samples. Variations in recoveries are generally 
small despite different concentration ranges or species of ani
mals tested.

The observed rate of substrate hydrolysis was a linear func
tion of enzyme concentration with ̂ =0.9998 for AChE type III 
and 0.9995 for bovine erythrocyte AChE type XII-S in the 
range of 0 .1  to 10  units of activity.

Concentrations of substrate and DTNB reagent in sample 
wells needed to assure maximum rate of reaction (Umax) during 
the 5 min assay were determined to be 1.93 x 10-3, and 1.75 
x KF^M, respectively.

During a typical 5 min kinetic assay, the plate reader per
forms 39 absorbance measurements in each of the 96 wells. 
Plots of optical density (OD) vs time were linear, with r2 of 
0.998 to 1.000 for blood and 0.999 to 1.000 for brain samples.

The rate of background, nonenzymatic hydrolysis of ace- 
tylthiocholine at 25°C was 0.003 pM/mL/min (Table 2). Blood 
samples have a considerable background (up to 40% of total 
ChE level in dogs); therefore, a blank consisting of diluted 
blood, DTNB, and buffer is required to correct for the release 
of thiol material from the cells and the absorbance of other ma
terials in the suspension. The rate of the enzyme activity is, 
thus, the net rate after the background rate is subtracted from 
the observed rate. The background of brain samples is usually

Table 1 . Averge recoveries of bovine erythrocyte AChE type XII-S from fortified blood and AChE type III from 
fortified brain sam ples3
Fortification 
level, units/g Species

Recovery from 
blood, % CV, %

Fortification 
level, units/g Species

Recovery from 
brain, % CV, %

0.1 B, E 86 8 0.1 B, E 92 6
1.0 A, F, B 83 6 1.0 E 96 5
2.0 B, E 101 3 2.0 B, C, F, P 100 2
5.0 K9, C, B 96 5 5.0 B, E, F 99 1

a n = 4. A, avian; B, bovine; C, caprine; E, equine; F, feline; K9, canine; P, porcine.
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Table 2. Background activity of cholinesterase in 
bovine brain and blood sam ples

Sample

Well contents, + or - a

ChE activity
% sample 

activitySample DTNB ATCI

Reagent blank + + 0.003
Brain + + + 2.49

+ + - 0.009 0.4
+ - + 0.005 0.2
+ - - -0.012 -0.5

Blood + + + 2.1
+ + - 0.26 15
+ - + 0.14 9
+ - - 0.15 9

8 +, present in wells; absent in wells. DTNB, 5,5 '-dithiobis(2-nitro- 
benzoic acid). ATCI, acetylcholine iodide.

6 In pM/mL/min for blood and pM/g/min for brain samples.

below 1% of the sample activity and is considered to be negli
gible.

The sensitivity of the assay is comparable with that of the 
conventional spectrophotometric method. The method detec
tion limit is 0.1 (iM/mL/min for blood and 0.1 pM/g/min for 
brain samples, as determined by instrument noise and spike 
recoveries.

ChE activity depended on the temperature of reaction in a 
linear fashion, with r 2 of 0.9989. For every degree (°C) of in
creased assay temperature in the 19°-28°C range, the ChE ac
tivity of control semm increased by approximately 4%. There 
was a 1°C temperature difference between the outer rows of 
wells on the plate and the inner wells; therefore, outer rows 
were not used for sample analysis. Pipetting 300 pL phosphate 
buffer into unused, outer rows of wells on the plate consider
ably reduced temperature fluctuations and, therefore, improved 
the reproducibility of the results.

The overall precision of the assay was better than that of the 
traditional spectrophotometric method. Results of multiple de
terminations of AChE type XII-S and AchE type III standards 
and bovine blood and brain samples are summarized in Ta
ble 3. Duplicate analyses obtained on 2 different plates were 
very similar to those obtained on the same plate. Twenty-five 
chicken brain samples analyzed in duplicate on different plates 
showed a CV of less than 2%. The method demonstrated good 
reproducibility during routine analyses of diagnostic samples. 
The average relative standard deviations of 130 blood and 205 
brain samples analyzed in duplicate during a 2  year period 
were 3.3 and 1.8%, respectively.

The SeraChem 1 used as control for this assay had a stable 
ChE activity for up to 5 weeks if stored as described. Mean 
ChE activity of lot number 991524 was 1.76 pM/mL/min with 
a CV of 3.5% for 287 consecutive measurements during a 
1 year period.

Storage of blood samples with normal and depressed ChE 
activities for up to 120 h at 4°C did not significantly change

Table 3. Repeatability of rate m easurem ents by plate 
reader method3

ChE activity of bovine
ChE activity of standards samples

Statistical
parameter

AChE type 
III

AChE type 
XII-S Blood Brain

Average 
ChE activity 3.31 1.79 2.14 3.56
Repeatability
SD 0.06 0.04 0.09 0.03
CV, % 1.81 2.23 4.21 0.84

8 Statistical data on multiple determinations (n = 12) of a sample 
within 1 day are presented. Values for ChE activity are in 
pM/mL/min for standards and blood and in pM/g/min for brain 
samples.

enzyme activity (Table 4), in agreement with the findings of 
other authors (18, 19, 23).

A wide range of blood ChE activities was observed in clini
cally normal animal populations among and within species. 
The ChE activities in brain and blood samples from animals 
where ChE inhibiting agents were not suspected are presented 
in Table 5. Normal blood ChE activities in common species of 
livestock were comparable with findings of other authors, as 
shown in Table 6 .

The method described here is, in principle, similar to that of 
Ellman et al. (15). However, the plate reader method has sev
eral significant advantages over traditional spectrophotometric 
assays, (i) Speed of analysis is much greater. With a classical 
spectrophotometer, an analyst can run only one measurement 
at a time. With the plate reader, 10 samples can be analyzed 
simultaneously on one plate, and productivity is increased 
greatly. The limiting factor is the sample preparation time, not 
the measurements themselves. The use of buffer distributors 
and multichannel pipettes also reduces sample preparation 
time. (2) Improved quality control is achieved by making 5 
separate measurements for each sample analyzed. This practice 
diminishes the possibility of random error. All quality control 
samples are run concurrently with the diagnostic samples to 
eliminate many analytical variables. (3) Results obtained with 
this method are directly comparable with those obtained with 
the original Ellman method and modifications by Harlin (12) 
and Halbrook et al. (18). This comparability enables laborato-

Table 4. Storage stability at 4°C of blood fortified with 
selected AAmethyl carbam ate insecticides at 0.1 pg/g

Average ChE activity, pM/mL/min

Time, h
Control 
(n = 10)

Methomyl
(n = 3)

Aldicarb 
(n = 3)

Carbofuran 
(n = 3)

0 2.08 (2.1 )a 1.37 (2.2) 1.71 (4.2) 0.60 (3.3)
48 2.18(3.7) 1.26 (1.7) 1.70 (3.5) 0.67 (0.9)

120 2.00 (4.3) 1.16(6.2) 1.62(2.1) 0.67 (4.8)

8 CV values (%) are given in parentheses.
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Table 5. Cholinesterase (ChE) activities in brain and 
blood sam ples from animals where ChE inhibiting 
agents were not suspected

Species Sample
Average
activity3

Standard
deviation n

Avian
Chicken Brain 15.99 3.18 26
Turkey Brain 19.08 3.60 26

Bovine
Blood 2.26 0.47 120
Brain 3.78 1.25 82

Canine
Blood 1.63 0.34 28
Brain 1.96 0.97 3

Caprine
Blood 0.71 0.20 4
Brain 5.23 0.90 5

Deer
Brain 5.45 0.15 2

Equine
Blood 2.21 0.40 35
Brain 3.75 1.03 61

Feline
Blood 1.28 0.13 4
Brain 7.11 0.65 2

Fish
Brain 12.51 1.31 2

Llama
Blood 0.82 0.12 6
Brain 4.10 1.48 5

Ovine
Blood 1.01 0.17 70
Brain 5.42 2.51 27

Porcine
Blood 1.69 0.15 3
Brain 5.50 1.24 14

Rabbit
Brain 13.65 2.09 4

Sea lion
Blood 0.91 0.29 8
Brain 2.50 1.44 10

Sea turtle
Brain 4.92 1.53 11

Seal
Blood 0.75 0.12 2
Brain 1.51 0.35 2

3 In pM/mLVmin for blood and gM/g/min for brain.

ries to combine or exchange databases of normal ChE activities 
in various animal species. (4) The method is more convenient. 
All the calculations including statistical analysis are done auto
matically by the SoftMax program, which greatly speeds up 
report preparation. (5) All results are automatically archived 
and easy to reprocess. (6 ) The method can be extended for other 
applications such as a quick carbamate and organophosphorus 
insecticide screen on crop or tissue samples based on inhibition

Table 6. Comparison of normal blood cholinesterase 
activity (pM/mLVmin) in livestock as  reported by various 
authors

Species n
Average
activity

Standard
deviation Reference

Bovine 120 2.26 0.47 This method
29 2.65 0.30 Halbrook et al. 

1992 (18)
73 2.45 0.63 Harlin 1991 (12)

Equine 35 2.21 0.40 This method
27 2.01 0.16 Halbrook et al. 

1992 (18)
44 1.88 0.31 Harlin 1991 (12)

Ovine 70 1.01 0.17 This method
35 1.20 0.11 Halbrook et al. 

1992 (18)
4 1.38 0.35 Harlin 1991 (12)

of ChE activity as previously tested by the ChE-thin-layer 
chromatographic method (24). Some preliminary data on this 
application is presented in Table 7. This method is a valuable 
diagnostic tool for veterinary toxicology investigations, where 
large sample throughput and rapid analysis time are common.

C o n c l u s i o n s

The analytical method described here provides a rapid, re
producible, convenient, and efficient procedure for determin
ing ChE levels in brain and blood samples. The method per
formed well in routine sample analysis, with good spike 
recoveries from blood and brain samples from a variety of ani
mal species. This automatic technique enables simultaneous 
processing of many samples and is suitable for use by clinical 
and veterinary diagnostic laboratories.

Table 7. Preliminary results on the application of the 
method for quick carbam ate screen in tissues: inhibition 
of cholinesterase (ChE) activity in chicken brain by liver 
extracts fortified with carbofuran at 1.25 and 0.1 ug/g

Average ChE 
activity,

Sample n gM/g/min Inhibition, %

Brain control 6 13.28
Reagent blank 1 13.36
Liver control

(1 g) 3 15.32
Liver spiked at 

1.25 gg/g 6 0.53 93
Liver spiked at

0.1 gg/g 6 6.35 59
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STATISTICAL ANALYSIS

Validation of Computerized Liquid Chromatographic Systems
W illiam B. Furman and Thomas P. L ayloff
U.S. Food and Drug Administration, Division of Drug Analysis, 1114 Market St, Room 1002, St. Louis, MO 63101 
R onald F. Tetzlaff
U.S. Food and Drug Administration, 60 Eighth St, NE, Atlanta, GA 30309

A l m o s t  a l l  v e n d o r s  o f  l i q u i d  c h r o m a t o g r a p h s  o f f e r  
d e d i c a t e d  c o m p u t e r - b a s e d  c o n t r o l l e r / d a t a - p r o c e s s -  
i n g  s y s t e m s .  T h e s e  s y s t e m s  a r e  i n t e g r a t e d  i n t o  t h e  
o p e r a t i o n  o f  t h e  e q u i p m e n t  a n d  f r e q u e n t l y  u s e  p r o 
p r i e t a r y  s o f t w a r e  s y s t e m s  f o r  w h i c h  c o m p l e t e  d o c u 
m e n t a t i o n  a n d  p r o g r a m  l i s t i n g s  a r e  n o t  a v a i l a b l e  t o  
t h e  u s e r .  I n  s o m e  i n s t a n c e s ,  d a t a  i n  m a g n e t i c  m e 
d i a  a r e  c o n s i d e r e d  t o  b e  “ r a w  d a t a ”  f o r  r e g u l a t o r y  
r e t e n t i o n  r e q u i r e m e n t s .  I n  a d d i t i o n ,  p r i n t e d  c o p i e s  
o f  f i n a l  d a t a  u s e d  t o  m a k e  d e c i s i o n s  a n d  t h e  p r o c e 
d u r e s  u s e d  t o  g e n e r a t e  t h e s e  d a t a  f r o m  r a w  d a t a  
m u s t  b e  p r e p a r e d  a n d  r e t a i n e d .  I n  a l l  c a s e s ,  t h e  
s y s t e m s  m u s t  b e  v a l i d a t e d  t o  d e m o n s t r a t e  t h a t  
t h e y  a r e  s u i t a b l e  f o r  t h e i r  i n t e n d e d  u s e s .  A p 
p r o a c h e s  t o  v a l i d a t i o n  o f  t h e s e  s y s t e m s  a r e  d e 
s c r i b e d  a n d  d i s c u s s e d .

V alidation of computerized liquid chromatographic 
(LC) systems is of interest from scientific and regula
tory viewpoints. A scientist wants assurance of reliable 

data and computed results. A regulator wants tangible evidence 
of validation, such as written standard operating procedures 
(SOPs), raw data, guidelines, and policy documents that may 
be reviewed during inspections of manufacturing facilities. We 
present and discuss 2  approaches to such validation—modular 
and holistic—and describe procedures to satisfy the needs of 
scientists and regulators. Our remarks are addressed to quanti
tative analysis of products intended for the marketplace, or 
components of such products, and exclude qualitative or pre
liminary investigational work.

M o d u l a r  V a l i d a t i o n

By modular validation, we mean individual calibration or 
validation of each distinct, important part of a computerized 
laboratory system. This general approach was discussed by 
Tetzlaff (1) in a review of U.S. Food and Drug Administration 
(FDA) requirements and expectations during inspections of

Received July 28, 1993. Accepted by GL August 31, 1993.
Presented in part at the Workshop on Antibiotics and Drugs in Feeds, 

106th AOAC Annual International Meeting and Exposition, August 30, 
1992, at Cincinnati, OH.

such systems. Our concept of modular validation of computer
ized LC systems is outlined in Table 1, which is meant to be 
illustrative, not comprehensive. Although calibration of each 
module may be useful for troubleshooting purposes, such tests 
alone cannot guarantee the accuracy and precision of analytical 
results.

Detector Linearity

An attempt could be made to verify that the detector’s out
put voltage is linear with concentration of a standard material. 
For a UV-VIS LC detector, this test would have to be per
formed at several wavelengths to determine boundaries of reli
ability; for example, at which upper and lower wavelengths 
does stray light start to reduce the concentration range in which 
the output is linear? Even if these measurements could be 
made, there would be little assurance they would guarantee 
linearity when the detector is used for analytical measurements 
on compounds different from those selected for the detector 
calibration. Similar arguments apply to other types of LC de
tectors (fluorometric, electrochemical, etc.).

Detector Wavelength Accuracy

We have often encountered variable-wavelength UV-VIS 
LC detectors whose indicated wavelength differs from the ac
tual wavelength by considerable amounts, as much as 2 0  to 
30 nm. Loss of wavelength calibration can occur from me
chanical shocks during shipment, and we have observed such 
errors in detectors newly received from manufacturers. Wave
length inaccuracy is often not apparent to the person operating 
the detector and can lead to substantial errors in interpretation 
of data. The operator’s manual usually gives a quick way to 
adjust the detector to meet the manufacturer’s specification for 
wavelength accuracy; we urge all laboratories to perform this 
calibration.

Pump Flow Rate

An attempt could be made to measure flow rates at several 
pump settings with various back pressures. Such tests might be 
repeated over several days to evaluate the reproducibility of the 
pump’s flow rate. Yet, such measurements are fleeting and of 
limited value for 2 reasons: Critical pump parts—valves, espe
cially—deteriorate with time, and pump performance is often 
influenced by deposits of buffer salts on critical parts. Neither 
of these effects can be reliably duplicated in standardized tests.
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Table 1. Modular validation of computerized LC 
systems

Detector (UV-VIS)
Is output voltage linear with concentration?
For variable-wavelength detectors, are wavelength settings 

accurate?
Pump

Are flow rates accurate and reproducible?
Injector

Are injected volumes accurate and reproducible?
Data Processor (Integrator, Computer)

Is analog-to-digital converter accurate?
Is program code correct? Does it give correct calculated results 

(plots, peak heights or areas, assays, etc.)?
Are the macros coded correctly? Validated? Documented? 

Controller (Computer)
Is program code correct?

System Documentation
Is system documentation in place?

Injection Volume

Similarly, measuring within-day and between-day accuracy 
and precision of the amount of solution injected automatically 
or manually might be attempted. And again such measure
ments could not be assumed to hold up over useful periods of 
time due to gradual deterioration in injector parts or due to dif
ferences in viscosity or surfactant levels among the solutions 
used to test the injector and those actually used during analyses.

Data Processor: Analog-to-Digital Converter

In a rigorous modular validation, an attempt would be made 
to measure the accuracy of the analog-to-digital converter’s 
output (numbers) vs the input signal (detector voltage). How
ever, by connecting the voltage source, electromagnetic inter
ference might be introduced from the test leads, or the load on 
the input of the analog-to-digital converter might change 
enough to affect its output accuracy. It is extremely difficult to 
design electrical test protocols that accurately simulate the con
ditions present within the instrument when the detector, not the 
test device, is connected to the analog-to-digital converter. This 
approach is beyond the capability reasonably to be expected of 
many laboratories.

Data Processor and System Controller: Correctness 
o f Program Code

If a laboratory has written its own program code or has pur
chased a custom-written program code for data processing or 
system control, the source code should be available for scrutiny 
and validation. Included here are any “macros" that may be 
written for an LC system; they must be documented and avail
able for review. Minimum documentation of macros (and other 
custom-written routines) must include (/) a statement of what 
the macro is supposed to do; (2 ) a written description of how it 
performs its task, including a clear explanation of each step, the 
formulas developed for custom-written calculations, and refer

ences to the vendor’s user manual for vendor routines utilized; 
and (5) name(s) of the person(s) who prepared the macro, 
documented approval of the macro, date of its installation, 
date(s) of revision, and validation tests.

Let us now consider the programs supplied by the vendor of 
a chromatographic workstation—the programs that process 
data and control the LC system. Most practicing chemists do 
not have the ability or inclination to perform systematic soft
ware review and validation of the vendor’s programs, which 
may consist of thousands of lines of code. Further, most chem
ists use integrators or workstations that contain proprietary al
gorithms that the manufacturer will not share. The “logic” or 
the “applicability” of these internal programs cannot be veri
fied because a source listing of the code is not available. Even 
if the manufacturer supplied the source code, it is unlikely that 
even the most competent programmer could discern all the 
faults in all the branches and loops of an unfamiliar program.

All equipment manufacturers should have validated their 
software before releasing it. Some vendors will provide useful 
information on the behavior and performance of their pro
grams. Inquire about tests the vendor has run on the program 
code and request copies of the results.

Critique o f the M odular Approach

Most chemists cannot evaluate the proprietary programs 
running in their computerized LC systems, so they require 
other procedures for system validation. Individual calibrations 
of injectors, pumps, detectors, analog-to-digital converters, and 
the like are admirable but difficult. Although they may be use
ful for diagnosing problems with LC systems, they alone can
not guarantee reliable analytical results for the reasons given 
earlier.
H o l i s t i c  V a l i d a t i o n

In a holistic validation (Table 2), we use a series of tests to 
measure and evaluate the performance of the entire computer
ized LC system under the conditions of its intended use: chemi
cal analyses. The minimum holistic validation is a 2-step proc
ess: initial calibration and running calibration. Each laboratory 
should develop and include other tests to cover its own special 
requirements.

Initial Calibration— Linearity

Before any samples are run, the entire system—injector, 
pump, column, detector, data-acquisition device, and data-out- 
put device—must be calibrated for linearity (or for reproduc
ible nonlinearity) by injecting several standard solutions of dif
ferent concentrations. Use at least 4 standard solutions to 
generate this linearity curve; 0  must not be used as a “data 
point.” Initially, the linearity test must be run daily. If the linear
ity curve is proven reproducible over several days, the test in
terval may be lengthened: every other day, weekly, or as speci
fied in SOPs. Documented evidence must be obtained to 
establish that the specified test interval keeps the LC system in 
control.
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Table 2. Holistic validation of computerized LC  
systems

Initial Calibration— Linearity
Use at least 4 standard solutions.
Concentration range of standards must span anticipated results, 

plus safety margin.
Run standards daily2 before starting sample analysis.

Initial Calibration—System Precision
Calculate precision daily2 from at least 6 replicate injections of a 

standard solution before starting sample analysis.
Running Calibration

Run a standard solution at specified time intervals or after a 
specified number of sample solutions.

Data Processor (Integrator, Computer)
Are the macros coded correctly? Validated? Documented?

System Documentation
Is system documentation in place?

a Or at intervals specified in SOP.

How shall the span of concentrations be chosen for these 
standard solutions? For routine work, in which the result is ex
pected to fall within a known range, the standard curve must 
cover this range plus a bit more for safety. As an example, when 
analyzing individual tablets by the United States Pharmaco
poeia (USP) procedures, results are normally expected to fall 
between 85 and 115% of the labeled amount. Linearity stand
ards could be set up to cover 50 to 150% of label, for example. 
Each laboratory must prepare its own written requirements for 
calibration span of linearity standards and must not report ana
lytical results calculated from data that fall outside this span.

In research work, the result cannot always be anticipated. 
Examine the linearity of the system over several concentration 
decades to ensure usable linearity or to set up guidelines for 
dilutions or concentrations that are within the acceptable range.

Initial Calibration— System Precision

At first, measure the system precision daily by making at 
least 6  replicate injections of a single standard solution and by 
calculating the standard deviation of the standard responses. 
Only after acceptable system precision with replicate injections 
of a standard solution is obtained, should sample analysis pro
ceed. If the system precision is proven reproducible over sev
eral days, the test interval may be lengthened—every other day, 
weekly, or as specified in the SOPs—as long as documented 
evidence is available that adequate system precision is main
tained over the chosen interval.

Legally recognized methods, such as those in the United 
States Pharmacopoeia (2) or Official Methods of Analysis (3), 
often give requirements for system precision and procedures to 
measure it. If these guidelines are lacking, the “acceptable pre
cision” of the process to be controlled must be compared to the 
precision of the LC system. Unless the latter is much better than 
the former, the LC system will be of little use. As a rough guide, 
currently at the Division of Drug Analysis, we routinely obtain

precision, expressed as a relative standard deviation, of 1 % or 
less from a given LC system and operator.

Running Calibration

After satisfactory linearity and precision data are obtained 
and sample analysis has begun, how can quality control be sus
tained? A standard solution should be run at regular intervals— 
every 2 h or every 5 samples—or at the interval given in the 
written SOP. Calibration intervals are arguable, but docu
mented evidence must be provided to establish that the interval 
selected and specified keeps the LC system in control.

The goal is to document that the system is not drifting or has 
not experienced a catastrophe. The basic equation is as follows: 
The more often the system is calibrated, the less likely loss of 
quality measurements will occur. If the system does develop a 
problem, how soon will it be discovered? How many samples 
will have to be rerun since the last good calibration? Will those 
reruns cost more than the additional calibrations would have? 
Each laboratory has to balance this quality assurance equation 
in the most cost-effective way.

Definition and Storage of “Raw Data”

The term “raw data” is broadly defined in FDA’s Good 
Laboratory Practices (21 CFR 58.3(k)) (4). We excerpt the fol
lowing portions of interest:

Raw data means any laboratory ... records ... that are the 
result of original observations... and are necessary for the re
construction and evaluation of the report of [a] study ... Raw 
data may include ... computer printouts, magnetic media, ... 
and recorded data from automated instruments.

In the context of computerized LC systems, we further pro
pose the following definition of raw data: Of the data captured 
by the data processor, raw data are all those that can be saved 
and accessed later.

First, consider the simplest data processor, an ordinary inte
grator that furnishes at least 3 items in a printed report: a chro
matogram, a list of peak heights or areas vs retention time, and 
a table of “parameters” used to obtain the chromatogram and 
data (attenuation, noise rejection, slope sensitivity, construc
tion of baseline, etc.). This simple printout constitutes all the 
raw data that can be saved and accessed later.

Now consider the other end of the scale—a computerized 
workstation. The workstation can give a very abbreviated out
put—a chromatogram, a list of peak heights or areas vs reten
tion time, and a table of parameters—just as with the simple 
integrator. But now not only this “finished presentation” is 
available but also additional raw data residing on the hard 
drive—the detector readings and corresponding times from 
which the computer program calculated and printed the report. 
The workstation could capture much more data; obtain UV- 
VIS spectra of each compound eluting from the column; and 
obtain spectra taken at the beginning, middle, and end of each 
emerging peak, etc. If the workstation is instructed to do this, 
much more raw data will be available on the hard drive for each 
run.
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How long must raw data be saved? The minimum period is 

the time specified by the current FDA regulations applying to 
each project. When considering computerized workstations 
and digitized raw data (and with floppy disks or tape cartridges 
so cheap these days), it does not make sense to throw away any 
raw data, especially not the raw data that led to the results re
ported as final and correct.

Consider the following scenario: a couple of small peaks are 
detected eluting ahead of the main compound. The current 
method does not mention these peaks, so they are ignored. A 
year later, the research group announces it has identified those 
2  compounds as highly obnoxious materials, and management 
wants to know how to determine how much of these materials 
was in all those lots analyzed last year. What is preferable: re
running all the samples to integrate those little peaks, or having 
the computer retrieve the old files of raw data and integrate 
them?

So, our attitude toward saving raw data is very conservative: 
save all of it. If all that is available is a simple printed chroma
togram and table of results from the integrator, save them. If the 
computerized workstation was instructed to get a chromato
gram at a given wavelength but also to obtain and save the 
complete UV spectrum of each eluant, save all of those raw 
data as well.

If possible, equip each computerized workstation with a 
tape backup card and purchase a tape backup drive. The drive 
is the most expensive component, but one drive can serve many 
workstations. Adopt a consistent way of naming files that 
matches file names with sample numbers or research projects 
and that prevents overwriting of old files by new files. Then, at 
the interval specified in written procedures, save all raw data 
onto a tape cartridge. It is like having a time machine; the work
station can be put back the way it was on January 7,1991, and 
again examine the raw data saved.
Definition and Storage of Data Used To Make 
D ecisions

An analyst frequently works with the raw data and adjusts 
parameters to generate a suitable chromatogram and to obtain 
acceptable measurements of retention times and peak heights 
or areas. From these intermediate results, the analyst (or the 
workstation) calculates the final results used for decision mak
ing. Examples of such decisions include whether to recalibrate 
the LC system, whether a lot passes or fails requirements, 
whether to adjust a manufacturing process, etc. These data and 
the conditions used to obtain them should also be saved as pa
per copies for the length of time specified by the current FDA 
regulations applying to each project.

Although the trend is toward “paperless laboratories,” there 
are several strong arguments for retaining printed copies of all 
data used to make decisions. First, given a set of raw data, it is 
unlikely that 2  qualified independent operators of a computer
ized LC system will make exactly the same choices about how 
to treat the raw data to obtain finished results. The operators 
might choose different data-measurement parameters for 
smoothing data, noise-rejection levels, points to start and stop

integration of peak areas, etc. Unless chromatograms, data- 
measurement parameters, final data (retention times, peak ar
eas or heights, etc.), and methods of calculating final results are 
saved as paper copies, it may not be possible to fully recon
struct how the final decision was made. It is also wise to docu
ment any problems operators might have encountered in gen
erating final data and results from raw data, such as integration 
difficulties or any other comments. Second, the LC system, in
cluding its workstation, will eventually become obsolete or de
fective. If the computer or its programs are lost, regenerating 
final data and results from raw data may be impossible. Third, 
review by supervisors, quality assurance staff, and FDA inves
tigators will be greatly facilitated by available paper records 
that document all final decisions.
Responsibilities

Although regulatory liability for failure to calibrate equip
ment is shared by management within a firm, the primary re
sponsibility for instrument calibration resides with the chemist 
or technician who produces the data. He or she may receive 
assistance from repair personnel, but the ultimate responsibility 
stays with the person generating the data. Management’s re
sponsibility includes guidance on what is acceptable; an indi
vidual chemist or technician must not have free rein to decide 
what constitutes good data and what does not.

Why is responsibility placed with the person acquiring the 
data and with the supervisors to follow SOPs and not with re
pair personnel or the manufacturer of the equipment? Let us 
first dispense with “manufacturer responsibility.” If the com
pany who made our scientific apparatus could be sued because 
we cannot control the quality of the data it gave us, we would 
soon be forced to build our own liquid chromatographs and 
write our own computer programs to mn them. The manufac
turers would quickly abandon us for greener, less litigious pas
tures. Besides, no self-respecting laboratory manager would 
abrogate his or her responsibility in this manner.

Next, repair personnel do not produce the data and provide 
the final results to management. How can we hold repair per
sonnel responsible for calibration of the LC system? Even if we 
did, there might be subtle differences between the test condi
tions used by repair personnel and the conditions existing when 
the LC system is being used to analyze samples, as detailed 
earlier under Modular Validation.
Documentation

For an institution to make quality measurements, the very 
highest management levels must support this commitment. If 
such support is present, an institution will manifest this com
mitment in several ways, among them written SOPs that 
clearly state what management expects and how the staff ful
fills these expectations.

As a minimum, a laboratory should have a written SOP for 
each element of validation it elects to implement (see Tables 1 
and 2 for example elements). Management must approve these 
procedures in writing; the procedures must be in the hands of
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the operating staff; and the institution’s quality assurance unit 
must check to see that the procedures are being followed.

Granted, reviewing and validating proprietary computer 
programs purchased from commercial vendors is usually not 
possible. But, it is best to have documentation on the applica
bility and limitations of such programs. As a minimum, the user 
manuals would suffice that were supplied by the firm who sold 
the proprietary programs. These manuals, plus additional docu
mentation on program behavior and performance tests if sup
plied by the manufacturer, should be referenced in the written 
SOP. State that these programs are to be operated as intended 
and within the limitations specified in the manufacturer’s 
manuals and documentation.

As program revisions are received from the equipment 
manufacturer or from other program vendors, their installa
tions should be documented: date installed, which systems 
were upgraded, etc. References to new user manuals and new 
manufacturer’s documentation on program behavior and per
formance tests should also be updated in the laboratory’s writ
ten operating procedures. If a laboratory has several similar 
instruments, it is desirable to use the same revision of the pro
gram on all of them. If there are “compatibility problems” 
among revisions, using the same revision throughout an instal
lation may become a necessity.

Regardless of the data processor employed, it is important 
to describe raw data and to include a definition of raw data in 
the operating procedures for the specific types of testing con
ducted.

Sum m ary

Even if all elements of a modular validation were passed, 
there would be no direct assurance that final analytical results 
are correct. We urge all laboratories to test variable-wavelength 
LC detectors for wavelength accuracy. Otherwise, we suggest 
the holistic approach to calibration and validation of comput
erized LC systems. Because reviewing and validating proprie
tary programs is usually unfeasible, other methods must be 
used to verify them. Chemists should use chemical methods, as 
outlined, to achieve these goals.
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STATISTICAL ANALYSIS

Display Methods for Visual Comparison of the Results of Two 
Measurement Methods
Christa Hartmann and Désiré L. Massart
Pharmaceutical Institute, Vrije Universiteit Brussel, Laarbeeklaan 103, B-1090 Brussels, Belgium

The use of a plot originally proposed by Bland and 
Altman (1986, Lance t 8, 3 0 7 -3 10 ) for the compari
son of 2 clinical measurement methods was investi
gated and compared with a new visual display  
based on principal component analysis. The char
acteristics of both methods are demonstrated for 
several computer-simulated situations. For visual
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com parison of 2 methods, it is recommended to 
use the 2 methods simultaneously, together with a 
plot of the results of method 2 against method 1 .

I n method validation, a new measurement method is often 
validated by comparing it with a formerly used, already 
validated method. This comparison is done by analyzing a 

set of samples covering the concentration range to be validated.
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Table 1. Fat in pork products3

Product

Fat, %

AOAC Instrument

X1 Idi | X2 I d21
1 4.63 0.00 4.83 0.00
2 7.39 0.80 6.74 0.14
3 8.76 0.24 8.46 0.09
4 11.85 1.30 12.60 0.33
5 13.67 0.49 13.52 0.14
6 15.80 1.31 15.72 0.62
7 16.05 0.12 15.83 0.24
8 18.22 0.74 18.37 0.54
9 18.79 0.90 18.90 0.34

10 22.80 0.15 23.10 1.03
11 32.53 0.39 32.45 0.05
12 41.03 0.82 40.89 0.64
13 41.52 0.26 41.42 0.77
14 43.70 0.16 43.36 0.49
15 45.89 0.03 45.96 0.59
16 47.81 1.16 47.70 0.04
17 50.11 0.56 50.02 0.07
18 57.51 0.65 57.20 0.39
19 79.38 0.09 78.48 0.40

Data adapted from reference 1. X1, mean of duplicate analyses 
with AOAC method; X2, mean of duplicate analyses with 
instrumental method; d1, differences between 2 replicates of 
AOAC method (variance, 0.2302); d2, difference between 2 
replicates of instrumental method (variance, 0.1047).

In general, a statistical test is applied to compare the results of 
the samples analyzed with both methods.

As an example consider Table 1, derived from reference 1. 
The data concern the validation of methods for determining fat 
in meat products. A newly available instrumental method is 
compared with an existing AOAC method. The results for 
19 pork products, analyzed with both methods in replicate, are 
given in Table 1. After testing that the variances of both meth
ods are not significantly different (F-test), the authors applied

a paired t-test to conclude that there is no significant difference 
between the 2  measurement methods.

Another approach is to compare the results of both methods 
by regression and to check if there is a significant difference 
between the coefficients of the regression line and the line that 
would have been obtained when both methods give the same 
results. When both measurement methods differ only by ran
dom error, then the regression line has a slope (3!= 1 and an 
intercept (30 = 0 . (3] and (30 are estimated by the calculated co
efficients b\ and blh and the test consists of deciding whether 
they differ significantly from 1 and 0. When the deviations 
from 1 or 0  are significant, the presence of a proportional 
(Pi A 1 ) or an absolute ((30 A 0 ) systematic error is indicated.

However, as in every other application field, when such sta
tistical techniques are applied in method comparison, it is not 
recommended to use only numerical results. Visual evaluation 
of results is recommended both to observe sources of variation 
in the data and to detect possible problems with the statistical 
hypotheses.

The most common visualization method is a simple plot of 
the results of method 2 against method 1 (Figure 1 a). However, 
because of the scale effect, it is sometimes difficult to detect 
problems with this plot. Bland and Altman (2) proposed a sim
ple but efficient visualization procedure to evaluate results of 2  

measurements. The differences between 2 results are plotted 
against the means of these 2 measurements. Hartley (3) slightly 
simplified their plot. To detect a trend in measurement results, 
he suggests to plot only the differences between 2  measure
ment results in increasing order of the means. With the visual 
display, attention is drawn to the extreme values and small bi
ases, which probably would be unnoticed with only a statistical 
test.

As an example to illustrate the method of Bland and Altman, 
we applied it to the data of the fat determinations given in Ta
ble 1. The differences between the instrumental method and the 
AOAC method are plotted against the means of both methods. 
As Figure lb shows, the measurement results are more or less 
randomly scattered around the horizontal line zero, and it may 
be assumed that there is no systematic difference between both 
methods. The result for product 19 seems rather far from the

b) Bland and Altman

O
aP

20 40 60
mean

Figure 1. Fat determination in meat products (data in Table 1). (a) Regression line of the results of the 2 measure
ment methods:------- , calculated with P C A ;--------, expected line with slope 1 and intercept 0. (b) Bland and Altman
plot:------- , mean of the differences;--------, line with difference 0.
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line of no difference in comparison with the other points. It is 
not impossible that, at this extreme concentration, the instru
mental method gives a low result. Therefore, the quality of the 
methods at this concentration level should be investigated.

Recently, Lyon et al. (4) described the use of Bland and Alt
man’s visualization procedure to detect a small bias and an in
correct model selection that was not noticed with regression 
analysis. We wanted to investigate whether it would be useful 
to apply another type of visual display based on principal com
ponent analysis (PCA).
Experimental

Description o f the PCA Method

The concept of the new visual display based on PCA is il
lustrated in Figure 2. With PCA, the original variables are 
transformed (by linear transformation) to new variables, sum
marizing the data in a more informative way. To capture as 
much information as possible, the first of these new variables 
(PC 1) is chosen to lie in the direction with most variation of the 
data. This first principal component, therefore, describes the 
general size of the data and is sometimes called a size compo
nent (Figure 2). The second variable (PC2), orthogonal to PCI, 
then shows mainly a contrast between variables (5). The value 
of a data point projected on a principal component is called the 
score for this principal component. Consequently, a plot of the 
scores on PCI against the scores on PC2 is a plot that compares 
size (PC 1) and contrast or difference (PC2). A PCA plot, there
fore, resembles in principle somewhat the original plot of 
Bland and Altman because the mean of the methods describes 
the general size of the data and the difference can be viewed as 
a contrast. It seemed, therefore, indicated to investigate to what 
extent PCA can be applied as a visualization procedure.

An additional useful characteristic of the PCA method is 
that the slope of PCI is identical with the linear regression line

Figure 2. Principal components 1 and 2. PC1 and PC2 
through a scatter of points: (1) PC1; (2) PC2.

that takes into account the fact that there is measurement error 
in both variables (6 ). Usually, ordinary least squares (OLS) is 
applied to calculate such a regression line. However, in method 
comparison studies with a restricted measurement range, as for 
example in clinical chemistry, OLS significantly underesti
mates the slope of the linear regression line (6 ). This underes
timation can be explained by the fact that OLS is strictly correct 
only for calculations with only one variable subject to error. To 
take into account the measurement error of both variables, the 
residuals should be calculated orthogonal to the linear regres
sion line and not parallel to the y axis, as in OLS. When both 
variables have the same measurement error, this orthogonal re
gression line is identical with the line of the first principal com
ponent (PCI) of a column mean-centered n x  2 data matrix, 
where n is the number of measurements (6 ). The residuals, or
thogonal to PCI, are in the second principal component (PC2).

Consequently, the score plot of PCI against PC2 is not only 
a graph relating size and difference but also a visual display of 
the residuals to the appropriately calculated regression line, 
when both variables are equally subject to error.

Simulated Data

To demonstrate the different possibilities of these visualiza
tion procedures and their advantages for checking measure
ment results and finding disagreement, the following situations 
were simulated:

(7) There are no blank problems or matrix interferences; 
that is, there is no bias.

(2) The measurement results of the 2 methods still agree 
well as in case 1. However, the variance of the measurement 
error of both measurement methods is not constant over the 
measurement range (heteroscedasticity); that is, repeatability is 
not a constant function of concentration. A special case of het
eroscedasticity, a constant relative standard deviation, is cho
sen because of its importance in analytical chemistry.

(3) The method to be tested has a blank problem. The re
sults of this method differ from the reference method by a con
stant value.

(4) There are matrix interferences. Systematically, higher 
results are obtained with the method to be validated than with 
the other. The differences are proportional to the concentration.

(5) The chosen model of a linear relationship between the 
methods is not correct. There is a disagreement between the 
2 methods at higher concentrations. Therefore, the new method 
is valid only in a restricted concentration range.

The computer simulations were made with a computer pro
gram written in Visual Basic (7). Nineteen values were ran
domly generated following a rectangular distribution in the 
range 1-5. The biases were introduced as follows: In case 3, a 
constant value of 0.3 was added to the points of method 2. In 
case 4, a proportional error of 15% was added to the points of 
method 2. In case 5, a quadratic term (15% of the square of the 
value) was added to all points of method 2. A randomly gener
ated, normally distributed measurement error was superim
posed for the 2 methods. This random measurement error had 
either a constant variance (the standard deviation was 2 % of the
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Figure 3. Display of the position of the score plot 
( | 1) in the (yi,ys) variable space, (a) Situation with a
constant systematic error: ffi, point where the origin of 
PC1, PC2 would lie with zero intercept; (1), PC1; (2), 
PC2; (3), expected line with slope 1 and intercept 0; (4), 
intercept in yi,yz; (5), scores of intercept for (yi, yz). (b) 
Situation with a proportional systematic error: (1), PC1; 
(2), PC2; (3), expected line (slope 1 and intercept 0); (4), 
in score plot indicated line with slope 1 through point ©. 
(c) Orthogonal residuals: tk, orthogonal residual for 
point k; (1), PC1, yi: method 1, y?. method 2, yi*, yzk'- 
predicted values for methods 1 and 2, respectively.

mean of the range) (cases 1, 3, 4, and 5) or a constant relative 
standard deviation (2% of the original value) (case 2 ).

The calculations for the plots and the plots themselves were 
made with Matlab (8 ). The singular value decomposition (svd) 
function of Matlab was used to calculate PCI and PC2 of the n 
X  2 column mean-centered data matrix consisting of the n re
sults of both measurement methods. The slope was in all cases 
calculated with the assumption of the same random measure
ment error in both methods. To visualize a systematic error be
tween 2  measurement methods, the following 2  elements were 
added to the score plot (Figures 3a and 3b). A constant error is 
visualized with the distance between the origin (0 ,0 ) of 
PC1,PC2 and the point © (Figure 3a). The point © represents 
the point where the origin of PC1,PC2 would he with b0 = 0 
(i.e., if no constant error occurred). Through mean centering 
during the svd computation, the origin of PC1,PC2 corre
sponds to the means of both measurement methods, that is, 
(ji, y2). The point © can, therefore, be computed as the nega
tive value of the intercept b0 (= y2 -  slope x y,) expressed in 
scores for PCI and PC2 and illustrated for the point (yi, y2). A 
proportional error is illustrated through the deviation of the line 
of PCI and a dashed line (Figure 3b). The dashed line has a 
slope of 1. With this dashed line, the deviation angle (a) of PC 1 
from the 45° line is indicated. The line is drawn through the 
origin of PC1,PC2 with b0 = 0. To have PCI with a 45° angle 
to the x axis (parallel to a slope = 1 , b0 = 0), PCI has to be 
rotated with a  round the point © in the direction of the dashed 
line.

The residual plot of the calculated orthogonal residuals 
against the mean of the predicted values for both measurement 
methods is also given. The calculation of the residuals is illus
trated in Figure 3c. To avoid unclear situations due to scale ef
fects, the expected line with by = 1 and b0 = 0  is not given in the 
same plot.

Results and D iscussion

For illustration, the score plot of the data of the fat determi
nation (Table 1) is given in Figure 4c. For convenience, Fig
ures la and lb are repeated as Figures 4a and 4b, respectively. 
The score plot is quite similar to the plot of Bland and Altman 
(Figure 4b). The residual plot (Figure 4d) gives the same scat
ter of the points around the regression line as the score plot. 
Again, the plot leads to the conclusion that point 19 may be 
wrong or that nonlinearity might occur as the central residuals 
more or less fall on the same side of the zero line. This conclu
sion indicates that further statistical or experimental work is 
required. In the present instance, an F-test on the coefficient of 
the quadratic term was carried out. Because this test was not 
significant, it can be concluded that nonlinearity cannot be 
shown.

Figures 5a-5d through 9a-9d show that the position of the 
calculated orthogonal regression line relative to the expected 
line with slope 1 and intercept 0  is best visually represented 
with the regression plot. However, it is easier to interpret visu
ally the data stmcture with one of the more complex display 
methods (Bland and Altman’s method, PC [principal compo-
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Figure 4. Fat determination in meat products (data in Table 1). (a) Regression line of the results of the 2 measure
ment methods:-----, calculated with P C A ;--------, expected line with slope 1 and intercept 0. (b) Bland and Altman
plot:-----, mean of the differences;--------, line with difference 0. (c) PC score plot for the results of the 2 measure
ment methods, (d) Plot of the orthogonal residuals.
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nent] score plot or orthagonal residual plot) than with graphs 
that simply plot results of one method against another (regres
sion plot).

Although both visualization procedures, Bland and Altman 
and the one based on PCA, give rather similar graphs, there are 
some differences due to the data treatment with PCA.

When the results of both measurement methods agree well 
(Figures 5 and 6 ), there is no striking difference between the 
score plot and residual plot and the Bland and Altman plot.

When a systematic bias between both measurement meth
ods occurs, the Bland and Altman plot gives a different picture 
for an absolute or a proportional systematic error (Figures 7 
and 8 ).

It is in these cases that it is sometimes difficult to decide if 
the observed increase or decrease of the differences with higher 
increasing mean values is due to a proportional systematic error 
(Figure 8 ) or if this phenomenon is due to a nonlinear relation
ship (Figure 9).

In the PC score plot, a systematic error cannot be detected 
over the whole measurement range without additional hints 
about the position of the expected line with slope 1 and inter
cept 0. On the other hand, with the additional dashed line in the 
score plot of PC 1 /PC2, one has the advantage of the visualized 
deviation angle between the calculated slope and the expected 
slope. The estimate of the extent of a constant bias is possible 
with the indication of the intercept (©). A disadvantage of the 
proposed PC score plot is, however, that visualization of the

data scatter and the bias is obtained in units other than those of 
the original results, which can confuse a user who is inexperi
enced with PCA. The residual plot (which shows the same data 
scatter as the score plot) no longer has this disadvantage, and it 
is easy to judge the importance of the size of a certain residual 
at a specific concentration level at first sight. Because with the 
PC procedures residuals to the regression line (calculated by 
least squares) are obtained, a single outlier can affect this line 
and, therefore, all residuals. With Bland and Altman’s proce
dure, on the other hand, an outlying point affects only the co
ordinates of the outlier.

For both procedures, the classification of the plots in one of 
the cases described becomes much more difficult if the data 
points are not almost rectangularly spread over the measure
ment range, especially with a low measurement precision. 
Moreover, the distinction between homoscedasticity and het- 
eroscedasticity (cases 1 and 2 ) is possible only if both variables 
have the same kind of measurement errors; that is, both must 
have a homoscedastic (or a heteroscedastic) measurement er
ror. In simulated cases with homoscedasticity for method 1 and 
heteroscedasticity for method 2 , the kind of measurement error 
could not be detected from the plots of Bland and Altman and 
the PC score plot/residual plot; neither is it detected in cases 
with more than 19 measurement points. Therefore, it is advis
able first to check the measurement error of both methods by 
applying the visual comparison procedure to 2  replicates of one 
method instead of applying it to 2  different methods.
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Figure 9. Computer-simulated data with a homoscedastic random measurement error in both methods and a
nonlinear relationship between methods 1 and 2 (case 5; s e e  text), (a) Regression line:____, calculated with PCA; — ,
expected line with slope 1 and intercept 0. (b) Bland and Altman plot:___ mean of the differences; — , line with
difference 0. (c) PC score plot, (d) Plot of the orthogonal residuals.

Conclusion

The residual plot, the more easily interpretable variant of the 
score plot, enables visualization of the orthogonal residuals to
ward the linear regression line between the 2  methods being 
compared. We recommend its use simultaneously with visuali
zation by the classical regression plot and by Bland and Alt
man’s method. Each procedure has its own advantages, which 
cannot be summarized in one easily understandable graph.
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STATISTICAL ANALYSIS

Detection of Milk Fat Adulteration by Linear Discriminant 
Analysis of Fatty Acid Data
F r a n z  U l b e r t h
Agricultural University, Department of Dairy Research and Bacteriology, Gregor Mendel-Str. 33, A-1180 Vienna, Austria

A nalysis of the fatty acid (FA) profile of milk fat 
(MF) by gas-liquid chromatography is widely used  
to detect adulteration with foreign fats. On the ba
s is  of the FA spectra of 352 genuine Austrian MF 
sam ples collected over a 4-year period, the effec
tiveness of concentration ranges of the major FA of 
MF and of certain FA ratios to identify non-MF/MF 
mixtures was tested. FA ratios proved useful for 
the detection of coconut fat in MF and admixture of 
vegetable oils rich in linoleic acid down to a level 
of 2 % .  This approach failed to identify non-MF/MF 
blends containing beef tallow, lard, olive oil, or 
palm oil at a level less than 1 0 %  commingling. Lin
ear discrim inant analysis applied to FA data was 
successfu l in distinguishing pure MF from adulter
ated MF. Computer-sim ulated data were used to de
rive the discrim inant functions. Saturated and un
saturated FA with 18  C  atoms were the most useful 
discrim inating variables selected by a stepwise 
variable selection procedure. More than 9 5 %  of a 
data set com posed of pure MF, and non-MF/MF 
blends containing 3 %  of either tallow, lard, olive oil, 
or palm oil were correctly classified. The validity of 
the classification rule w as also tested by 
206 gravimetrically prepared fat mixtures. Mixtures 
containing > 3 %  foreign fat were detected in all 
cases.

I n most countries, milk fat (MF) is normally higher priced 
than other edible fats. If the price is high for a certain prod
uct and low for another group of different but otherwise 

related items, a distinct incentive exists for the unscrupulous 
manufacturer to commingle the cheaper product into the higher 
priced goods to reduce costs and to improve profits. Among 
fats and oils, MF, virgin olive oil, and cacao butter are vulner
able to such malpractices. Adulteration of these food commodi
ties has been common since ancient times and, moreover, 
“.. .continues as a major challenge to the chemists of modem 
times” (1). The problem is further intensified by the legaliza
tion of butter-margarine blends in most western countries.
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Therefore, the authority has to verify the correct labeling of 
these products to protect consumers from fraudulent practices.

Different analytical techniques were proposed to state the 
genuineness of MF (2). Analysis of the sterol fraction is a well- 
known and widely used approach to detect vegetable fats in 
MF (3-5). An adulteration is verified if sterols other than cho
lesterol are present. In addition to sterols, analysis of toco- 
pherols or tocotrienols is another valuable tool for assessing the 
genuineness of MF (6 , 7). However, both methods are only ap
plicable to the detection of foreign fats of vegetable origin.

Infrared spectroscopic and thermoanalytical methods were 
also proposed as means for detecting adulterated MF (8 , 9).

The occurrence of short-chain fatty acids (FA) in MF is a 
characteristic often used for authentification. Simple methods 
were devised for the group separation of these constituents, 
e.g., the Reichart-Meissl and the Polenske value (10). With the 
advent of gas-liquid chromatography (GLC), the classical fat 
values were substituted by the analysis of the total FA spec
trum. Strategies to detect adulterated MF can be based on either 
the concentration ranges of individual FA or the concentration 
ratios of 2 or more FA. Although low limits of detection are 
obtainable for mixtures of MF with certain fats and oils of 
vegetable origin, sensitivity toward falsification with animal 
fats, e.g., beef tallow or lard, is unsatisfactory. In general, the 
detectability of tallow in MF is in the range of 15-25% admix
ture (11-13). On the contrary, Toppino et al. (14) reported that 
blends consisting of 10% tallow in MF were traceable in 83% 
of the cases tested through a combination of several FA ratios.

Analysis of intact triacylglycerols (TG) was proposed as an 
alternative to detect adulterated MF. Timms (15) developed an 
approach combining TG analysis with multivariate evaluation 
of the results that allowed the determination of non-MF, includ
ing animal fats, in MF down to a level of 5%. His basic idea 
was developed further by Precht and Heine (16, 17) and by 
Precht (18, 19). With the elaborated “general” TG formula, the 
detection of 2 to 5% foreign fat in MF is possible. For vegetable 
fats, slightly better limits of detection (2-4%) than for animal 
fats (tallow and lard) are dealt with (18). Several collaborative 
studies organized by the European Community (EC) demon
strated the reliability of the TG formula method (20).

Compared with FA analysis, the techniques necessary for 
TG separation by GLC are much more stringent with respect to 
column inertness, carrier gas purity, sealing materials (septa, 
ferrules), etc., because of the high temperatures used (up to
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350°C). Therefore, GLC hitherto was mostly used to analyze 
the FA composition of MF. This fact resulted in detailed knowl
edge of the regional and seasonal variations in the FA profile of 
MF and, moreover, in a higher degree of expertise in MF FA 
analysis compared to MF TG analysis.

In combination with multivariate evaluation methods, espe
cially linear discriminant analysis (LDA), FA data were suc
cessfully applied to problems regarding the distinction of olive 
oils (2 1 ) and fish oils (2 2 ) according to their geographical ori
gin, mixtures of MF of different ruminant animals (23), and 
mixtures of animal depot fats (24). It is hypothesized that this 
approach should also be of great value for detecting adulterated 
MF. If the information content of an FA chromatogram is 
treated adequately, the final outcome, i.e., a statement about the 
genuineness of the fat, should be as efficient as the result ob
tained by the TG method. The objective of the present work 
was to prove the validity of this assumption.
Experimental

Materials

Synthetic TG standards were of highest purity (>99.0%) and 
were purchased from Sigma (Sigma Chemie, Deisenhofen, 
Germany). Cyclohexane, «-hexane, and diethylether were 
from E. Merck (Darmstadt, Germany). Diethylether was redis
tilled before use. Austrian butter and MF samples (in total 352) 
collected in 1987-1991 represented the set of genuine MF. But
ter was molten and the clear fat layer was filtered over anhy
drous Na2 S04  to remove traces of moisture. Vegetable oils 
were donated by Unilever-Austria and Ebhardt & Herout, Vi
enna. Tallow and lard samples were provided by a local render
ing plant (Schachinger, Vienna). An MF with certified FA com
position (reference material CRM 164) was obtained from the 
Community Bureau of Reference, Commission of the Euro
pean Communities, Brussels, Belgium.

Apparatus

A Mega 5160 gas chromatograph equipped with a flame 
ionization detector (FID) and an on-column autosampler 
AS 550 (Carlo Erba Strumentazione, Milan, Italy) was used. 
Chromatogram processing was done with an SP 4270 integra
tor interfaced to an IBM-compatible PC/AT running the WIN- 
ner software (Spectra-Physics, San Jose, CA). FA separation 
was accomplished with a CP-Wax 58 CB fused silica column 
(25 m x 0.32 mm id, film thickness 0.2 pm, Chrompack, Mid- 
delburg, The Netherlands). On-column injection of 1 pL sam
ples was performed at an oven temperature of 35X1. After 
3 min, the oven was programmed to a temperature of 110°C at 
10°C/min (held there for 1 min), and to 230°C at 6 °C/min (held 
there for 10 min). Hydrogen at 35 kPa was the carrier gas.

Transesterification

Transesterification of fat samples was done according to 
Christopherson and Glass (25). A 10% solution of fat in «-hex
ane was vigorously shaken with 200 pL 2M KOH in dry 
methanol for 1 min. To prevent saponification of the formed

fatty acid methyl esters (FAMEs), 0.5 g KHS04  • H20  was 
added after a further reaction time of 5 min. Two microliters of 
the ester-containing solution were added to 1 mL redistilled 
diethylether in an autosampler vial and crimp-capped.

Calibration and Validation o f the GLC Method

A calibration mixture that consisted of the saturated TG 
covering the range of the even-numbered FA with 4 to 18 C 
atoms and resembling the composition of MF was prepared 
gravimetrically. This mixture was dissolved in cyclohexane, 
transesterified, diluted, and chromatographed. Correction fac
tors were calculated to account for the uneven FID-response 
toward short- and long-chain FA. The content of an individual 
FA was reported as g per 100 g total FA.

The complete method was validated by means of the refer
ence material CRM 164. At the beginning of a workday, the 
performance of the overall technique was checked by an injec
tion of the transesterified reference material. In addition, refer
ence samples were included in the sampling sequence (every 
6 th or 7th vial). If the values of the reference sample did not 
comply with the certified values (mean values ± uncertainty) 
the instrument setup was checked, recalibrated with the pri
mary standard, if necessary, and the sequence was reanalyzed.

Fat mixtures

Mixtures of MF and non-MF were simulated arithmetically 
by the relationship:

Proportion of an individual FA in the mixture =
[% FA in MF] x [% MF in the mixture]

+ [% FA in non-MF] x [% non-MF in the mixture]

Statistical Analysis

The SAS/STAT Release 6.03 program (SAS Institute, Cary, 
NC) ran on an IBM-compatible PC was used for computations. 
Texts by Fahrmeier et al. (26), Srivastava and Carter (27), and 
Lachenbruch (28) aided in interpreting the results.
Results

Fatty Acid  Composition and Fatty Acid Ratios

Although a multitude of different FA can be found in MF of 
ruminant animals, only those FA that contributed to more than 
0.2 g/100 g of the FA spectrum were selected for further statis
tical treatment. Major FA were identified by comparison to 
authentic standard substances. In cases where standards were 
not available, equivalent chain length values calculated accord
ing to Van den Dool and Kratz (29) and literature data (30, 31) 
facilitated tentative identification of unknowns. Average con
centration values of 21 FA are listed in Table 1. Because of the 
strict quality control scheme applied, the FA data were highly 
reliable. This was demonstrated by a comparison of mean FA 
values of CRM 164 based on 54 replicates analyzed over a pe
riod of 1 2  weeks and the corresponding certified values (mean 
values ± uncertainty) (Table 2). Only for the very volatile C4:0



1 3 2 8  U l b e r t h : J o u r n a l  O f  AOAC In t e r n a t io n a l  V o l . 7 7 , No. 5 ,1 9 9 4

Table 1. FA concentration values (g individual 
FA/100 g of total FA) of 352 Austrian MF samples

Fatty acid Mean Std CV, % Maximum Minimum

C4:0 3.71 0.132 3.56 4.02 3.17
C6:0 2.20 0.099 4.52 2.38 1.88
C8:0 1.22 0.077 6.27 1.36 0.99
C10:0 2.63 0.235 8.95 3.07 2.03
C12:0 2.98 0.315 10.58 3.62 2.25
C14:0 10.51 0.761 7.23 11.73 8.66
C14:1 0.88 0.097 10.94 1.13 0.67
C15:0 ISOa 0.35 0.023 6.70 0.42 0.29
C15:0 AISO6 0.55 0.037 6.74 0.69 0.48
C15:0 1.34 0.065 4.82 1.52 1.18
C16:0 30.00 2.931 9.77 34.74 25.05
C16:1 1.54 0.085 5.56 1.77 1.27
C17:0 ISO 0.59 0.041 6.95 0.72 0.44
C17:0 AISO 0.50 0.039 7.74 0.84 0.43
017:0 0.81 0.108 13.29 1.04 0.05
C18:0 9.13 0.994 10.88 11.42 7.45
C18:1co9 19.60 1.724 8.80 23.62 16.79
C18:1w7c 2.75 1.195 43.45 5.85 1.21
C18:2 1.21 0.115 9.54 1.93 0.88
C18:3 0.84 0.186 22.17 1.32 0.31
C18:2 CONJ6 0.95 0.411 43.14 2.15 0.38

a Iso-branched FA. 
b Antiso-branched FA. 
c Mixture of cis and trans isomers. 
d 9 cis, 11 trans octadecadienoic acid.

methyl ester and C l8:3 was a relative standard deviation 
(RSD) >2% observed. (The first figure indicates the number of 
C atoms in the carbon chain of the fatty acid. The second figure 
indicates the number of double bonds in the molecule. The dis
tance of a double bond from the methyl end of the FA chain is 
given by the co-notation.) As standard deviation values for in
dividual FA were also known from the certification experi
ment, the obtained values were compared with the reference 
values by means of Student’s /-test. In all cases, no significant 
difference between the reference values and the experimentally 
obtained values was found (P >0.10, double-sided test).

Various FA ratios are recommended in the literature to 
authenticate MF (13, 14, 32-34). Some of these ratios and the 
respective values for Austrian MF are compiled in Table 3.

To test the effectiveness of absolute FA concentration values 
and FA ratios for identifying adulterated MF, mixtures of pure 
MF and foreign fats ( 6  different samples of coconut fat, palm 
oil, n=5; olive oil, n = 3; lard, n = 6 ; tallow, n = 10; and a total 
of 7 vegetable oils including sunflower, soy, com, safflower, 
grape kernel, and unlabeled salad oil) were produced by com
puter simulation. The FA spectra of vegetable oils were very 
similar. Therefore, they were combined in one group and aver
age composition values were calculated and used in the com
putations. To prepare samples with a 3% admixture of tallow 
to MF, e.g., each tallow sample was numerically blended with 
the 352 MF samples, giving a total of 3520 blends. Out of this, 
a random sample of 352 tallow/MF mixtures was taken for 
analysis. Blends with 1 to 5% and 10% foreign fat in MF were

Table 2. Comparison of certified and experimentally found FA concentration values (g Individual FA/100 g total FA) 
of reference material CRM 164
Fatty acid Certified value3 Found value6 Maximum Minimum

C4:0 (3.67)c 3.61 ± 0.086 3.83 3.46
C6:0 2.36 ±0.19 2.26 ± 0.032 2.33 2.17
C8:0 1.36 ±0.10 1.32 ±0.018 1.36 1.27
C10:0 2.89 ±0.12 2.84 ± 0.025 2.90 2.78
C12:0 4.03 ±0.10 3.98 ± 0.035 4.10 3.92
C14:0 10.79 ±0.35 10.66 ±0.091 10.96 10.48
C14:1 (1.07) 1.00 + 0.016 1.04 0.96
C15 ISO (0.32) 0.29 ± 0.004 0.30 0.29
C15AISO (0.51) 0.51 ± 0.009 0.53 0.50
C15:0 (1.04) 1.05 ± 0.009 1.08 1.03
C16:0 26.91 ±0.84 26.75 ±0.192 27.07 26.12
C16:1 (1.48) 1.35 ±0.015 1.39 1.32
C17 ISO (0.45) 0.56 ± 0.009 0.58 0.53
C17 AISO (0.42) 0.46 ± 0.007 0.47 0.44
C17:0 (0.51) 0.61 ±0.010 0.64 0.58
C18:0 10.51 ±0.40 10.32 ±0.087 10.69 10.20
C18:1 (total) 24.82 ± 0.61 24.98 ±0.177 25.58 24.51
C18:2 (total) 2.68 ± 0.40 2.53 ± 0.037 2.60 2.36
C18:2 CONJ (0.86) 0.87 ±0.010 0.90 0.85
C18:3 0.51 ± 0.04 0.52 ±0.011 0.56 0.51

3 Mean value ± uncertainty.
b Mean value ± standard deviation of 54 injections obtained during a 12-week analysis period. 
c Values in parentheses are indicative values.
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Table 3. FA ratios used for authentification purposes of genuine MF
Fatty acid ratio Mean Std Minimum Maximum

A C4:0/C6:0 1.688 0.083 1.428 1.923
B C6:0/C8:0 1.806 0.046 1.969 1.698
C C10:0/C8:0 2.148 0.071 2.325 1.985
D C12:0/C10:0 1.132 0.023 1.194 1.090
E C14:0/C12:0 3.542 0.142 3.900 3.181
F C14:0/C18:0 1.173 0.206 1.529 0.771
G 014:0/018:2 8.838 1.320 13.077 5.708
H C16:0/C12:0 10.086 0.494 11.393 8.641
1 016:0/014:0 2.849 0.102 3.060 2.573
J C18:0/C8:0 7.551 1.264 10.851 5.650
K 018:0/012:0 3.134 0.679 4.988 2.101
L 018:1/018:0 2.153 0.105 2.477 1.836
M C18:2/C8:0 0.994 0.143 1.458 0.705
N 04:0/(06:0+08:0) 1.086 0.063 1.265 0.841
O 012:0/(04:0+06:0) 0.504 0.048 0.608 0.395
P 018:0/(06:0+08:0) 2.687 0.416 3.715 2.054
Q (C18:1+C16:0)/C4:0 13.391 0.718 18.910 11.577
R (C6:0+C8:0+C10:0+C12:0)/C18:0 1.008 0.181 1.353 0.653
S (C18:0+C18:1 )/(C6:0+C8:0) 8.450 1.204 11.605 6.675

produced in this way to test the efficiency of FA data for 
authentification.

The validity of computer-simulated FA spectra of non- 
MF/MF mixtures was checked by analyzing gravimetrically 
prepared tallow/MF mixtures covering the range of 0.94 to 
25.97% tallow ( 8  blends in total). FA values obtained experi
mentally were compared with the FA values computed from the 
known FA spectra of the starting materials. In general, differ
ences were <0.1 g individual FA/100 g total FA, with one ex
ception. At an addition level of 16.95% tallow, the C 16:0 con
centration found was 0.25% (m/m) lower than the computed 
value.

The admixture of a certain amount of a foreign fat with a 
high concentration of a particular FA in its spectrum, i.e., C12:0 
in coconut fat (ca 45%), C l8:2 in vegetable oils (ca 55%), and 
C l8:1 in olive oil (ca 75%) should shift the FA concerned out 
of the range that is normally encountered with genuine MF. 
This assumption proved to be true for coconut fat and vegetable 
oils. Because of the high content of Cl2:0, the addition of 5% 
coconut fat to MF moved the minimum value of the blends 
(4.39% Cl2:0) well above the maximum value of genuine MF 
(3.62% Cl2:0). For vegetable oils, the minimum amount nec
essary to displace the Cl8 : 2  content to abnormal values was 
3% (minimum value of the blends 2.44% vs a maximum of 
1.93% in genuine MF). Despite the extremely high content of 
Cl8:1 in olive oil, additions of 10% olive oil to MF were not 
detectable with high certainty. This was attributed to the wide 
intrinsic variation range of C l8:1 in unadulterated MF. Palm 
oil and animal fats added at a 1 0 % level paralleled olive oil in 
that no discriminating effect was exhibited by at least one FA.

FA ratios (Table 3) were more effective in detecting adulter
ated MF compared to concentration ranges of certain FA. Ad

mixtures of coconut fat or vegetable oils were traceable down 
to 2% by ratios D and E (for coconut fat) or M (for vegetable 
oils). Ratios G, I, M and G, L, M proved useful to detect blends 
containing 10% palm oil or olive oil, respectively. Whereas at 
the 1 0 % level all adulterated samples were positively identified 
with the ratios mentioned, only 47.4, 68.2, and 51.7% of the 
MF samples mixed with palm oil at the 5% level and 42.3,73.0, 
and 42.9% of the samples containing 5% olive oil were cor
rectly classified. Ten percent lard in MF could be detected in 
all cases by means of ratios G and M, which were also effective 
in 61.6 and 71.9% at 5% commingling. As expected, the worst 
situation was observed with MF/tallow mixtures. Ratio I was 
most useful for detecting adulteration with tallow (63.4% of the 
samples with 10% tallow, 14.8% with 5% tallow).

Linear Discrim inant Analysis

As coconut fat and vegetable oils in mixtures with MF were 
unequivocally identifiable with excellent sensitivities using FA 
ratios, these non-MF types were excluded from LDA. A data 
set was prepared that was composed of genuine MF and com
puter-simulated mixtures of 3% of tallow, lard, palm oil, and 
olive oil in MF and was designated MIX3. Mean FA values of 
MIX3 are listed in Table 4. Although differences between the 
group means were small, analysis of variance indicated signifi
cant differences in most cases (P < 0.001). Insignificant (P > 
0.15) were the group differences of C18:l co7, C18:3, and 
C18:2 CONJ. Variables with high discriminating power were 
selected with procedure “Stepdisc” of the SAS/STAT software. 
Minimization of Wilks’ Lambda was the optimization criterion 
chosen in the stepwise variable selection procedure. All vari
ables contributed to the separation of the groups and were, 
therefore, included in the calculation of the discriminant func-
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Table 4. Group means of major FA of genuine and adulterated MF (adulteration level 3%)

Fatty acid Pure MF Tallow Lard Palm oil Olive oil

C4:0 3.71 3.60 3.58 3.61 3.60
C6:0 2.20 2.13 2.13 2.14 2.13
C8:0 1.22 1.18 1.18 1.18 1.18
C10:0 2.62 2.54 2.54 2.55 2.53
C12:0 2.98 2.88 2.88 2.89 2.87
C14:0 10.51 10.25 10.22 10.25 10.20
C14:1 0.88 0.86 0.85 0.85 0.85
C15:0 ISO 0.34 0.34 0.33 0.33 0.33
C15:0 AISO 0.55 0.54 0.53 0.53 0.53
C15:0 1.33 1.31 1.29 1.29 1.30
C16:0 29.99 29.79 29.77 30.47 29.37
C16:1 1.53 1.55 1.54 1.49 1.50
C17:0 ISO 0.58 0.58 0.57 0.56 0.57
C17:0 AISO 0.50 0.51 0.49 0.48 0.48
C17:0 0.82 0.84 0.81 0.79 0.80
C18:0 9.13 9.56 9.33 8.98 8.96
C18:19 19.59 19.91 20.22 20.07 21.21
C18:17 2.75 2.84 2.79 2.67 2.72
C18:2 1.20 1.25 1.48 1.44 1.43
C18:3 0.84 0.84 0.84 0.81 0.83
C18:2 CONJ 0.95 0.94 0.93 0.92 0.92

tions that were derived by SAS/STAT procedure “Discrim.” 
C18:2 followed by C18:0, C18:1 co9, C16:1, and C6:0 were the 
variables with the highest discriminating power.

To classify a test sample into one of the groups, the FA com
position had to be determined by GLC, and the concentration 
values obtained thereby were inserted in the discriminant func
tions (coefficients are given in Table 5). The sample was as
signed to the group for which the discriminant score gave a 
maximum.

The classification rule was checked in 2 ways. First, it was 
checked by cross validation, which meant that the LDA pro
gram computed the discriminant functions with n-1 observa
tions of the training set and then applied them to classify the 
one case left out. This operation was repeated for each case in 
the training set. The total error rate was 4.38% (Table 6 ). Nine 
samples from the tallow/MF as well as from the lard/MF blends 
were identified as genuine MF, and 24 pure MF were “false- 
positively” assigned as adulterated. None of the cases in the 
remaining vegetable oil/MF groups were incorrectly classified 
as genuine MF. Canonical discriminant analysis (SAS/STAT 
procedure “Candisc”) was used to visualize the classification 
of pure MF samples and non-MF/MF mixtures (Figure 1). The 
first 2  canonical functions that were also used as axes in the 
2-dimensional projection accounted for 96% of the total be- 
tween-groups’ variability. As can be seen from Figure 1, vege
table oil/MF blends were very well separated from pure MF 
and MF in mixtures with animal fats. Thus, we attempted to 
achieve a better distinction among the animal fat groups by 
excluding the palm oil and the olive oil group from LDA. Un

fortunately, the discrimination was not further improved (total 
error rate 5.11 vs 4.38% in the original model).

The cross-validated error rate improved when a data set 
(MDC4) containing 4% tallow in MF but otherwise identical to 
MIX3 was used for LDA. Only 4 tallow blends and 16 genuine 
MF samples were misclassified (5 as adulterated with tallow, 
8  with lard, and 2  with palm oil).

In the second check for the classification rule, the discrimi
nation model was tested with 206 gravimetrically prepared and 
chromatographically analyzed MF mixtures. Pure MF samples 
were randomly chosen from the original set and mixed with 
non-MF to give mixtures that contained between 1 and 30% 
foreign fat. In addition, 12 pure but otherwise unknown MF 
samples were also included in the trial. The test data set was 
classified by the discriminant model obtained with the MIX3 
data set. Two in 81 tallow/MF blends were incorrectly classi
fied as genuine MF (Table 7). However, these 2 samples con
tained only 1.41 and 1.15% tallow, respectively. Other blends 
misclassified as pure MF contained <3% foreign fat through
out. On the other hand, mixtures containing a very low amount 
of foreign fat, e.g., 2.02% lard in MF, were sometimes correctly 
classified. One of the pure test MF samples was false-posi- 
tively identified as adulterated with tallow.
D iscussion

To find out the origin of a certain object or to discern what 
class it belongs to is a common problem in food or agricultural 
chemistry. Provided a fundamental difference exists in compo
sition between the 2  assignments, the classification can be
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Table 5. Coefficients of linear discriminant functions to distinguish genuine MF and MF in mixtures with other fats
Fatty acid Pure MF Tallow Lard Palm oil Olive oil

Constant -17650.0 -17559.0 -17681.0 -17875.0 -17984.0
C4:0 122.0 126.5 121.2 122.8 109.0
C6:0 976.9 909.6 944.0 959.5 1064.0
08:0 383.2 341.8 342.5 277.6 235.0
C10:0 -2961.0 -2869.0 -2953.0 -2988.0 -3084.0
C12:0 3767.0 3709.0 3776.0 3886.0 3959.0
C14:0 284.6 269.2 279.0 241.8 263.9
C14:1 -1666.0 -1580.0 -1618.0 -1620.0 -1690.0
015:0 ISO 62.4 86.7 43.8 87.7 1.8
C15:0 AISO 1376.0 1361.0 1425.0 1499.0 1532.0
C15:0 895.4 847.4 868.0 874.6 912.8
C16:0 425.1 427.7 428.2 441.8 436.4
C16:1 -1320.0 -1284.0 -1341.0 -1535.0 -1563.0
017:0 ISO -1064.0 -1043.0 -1033.0 -1058.0 -1063.0
017:0 AISO -1073.0 -990.0 -1131.0 -1103.0 -1244.0
017:0 1350.0 1348.0 1339.0 1376.0 1400.0
018:0 188.7 206.6 191.1 170.6 153.5
018:19 523.2 514.4 524.2 541.4 551.7
018:17 137.6 136.7 137.7 139.2 140.6
018:2 260.9 262.5 299.0 290.7 291.6
018:3 765.3 760.8 777.4 766.1 782.5
018:2 CONJ 1359.0 1351.0 1353.0 1397.0 1389.0

based on the analysis of one or more critical component(s). The 
distinction between animal and vegetable fats according to 
the presence or absence of cholesterol and phytosterols in 
the unsaponifiable is an example for this deductive ap
proach. Unfortunately, in most practical situations, funda
mental differences are lacking. Therefore, a classification 
scheme relying on quantitative differences of properties 
common to both (all) groups has to be derived empirically. 
A prerequisite for this inductive approach is that the absolute 
amounts of the discriminating variables—FA in the present 
case—are determined with high reliability. Otherwise, con
centration ranges of certain criteria used to assess the genu
ineness of MF are needlessly broadened. To illustrate this

aspect, C4:0 concentration values in MF of U.S. origin as low 
as 1.61 % and as high as 5.5-6.0% may be found in the newer 
literature (1, 35). Validation of the complete technique ap
plied by means of a certified reference material as described 
in this study seems to be a necessity to ensure between-labo- 
ratory comparability of analytical results.

In concordance with other authors, FA data (absolute con
centration or FA ratio ranges) could only be used to advantage 
for the detection of MF adulterated with coconut fat or vegeta
ble oils. Ratio M permitted the detection of 2% vegetable oil in 
MF, whereas Fox et al. (36) reported 8.2% partially hydrogen
ated vegetable oil as the limit of detection. They used the ratio 
of C4:0/C 18:1 as a purity criterion.

Table 6. Cross-validated classification results of the data set MIX3 (group assignment based on the linear functions 
given in Table 5)

Samples classified in
Samples Pure MF Tallow Lard Palm oil Olive oil

Pure MF 328 15 7 2 0
(%) 93.18 4.26 0.99 0.57 0.00
Tallow 9 336 7 0 0
(%) 2.56 95.45 1.99 0.00 0.00
Lard 9 3 334 6 0
(%) 2.56 0.85 94.89 1.70 0.00
Palm oil 0 0 1 342 9
(%) 0.00 0.00 0.28 97.16 2.56
Olive oil 0 0 0 9 343
(%) 0.00 0.00 0.00 2.56 97.44
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1. Canonical variate

Figure 1. Canonical plot of pure MF (■) samples and MF blends containing 3% tallow (□ ) , lard (♦  ), palm oil 
( 0  ), or olive oil ( ▲ ).

Low amounts (<10%) of animal fats, palm oil, or olive oil 
in MF remained undetected by the FA concentration as well as 
by the FA ratio approach. In contrast to the findings of Precht
(1 2 ), additions of >1 0 % olive oil or palm oil were traceable in 
all cases. According to him, the most sensitive ratios for the 
detection of palm oil, olive oil, lard, and tallow admixture to 
MF, i.e., 06:0 /04:0 , 08:1 /08:0 , C18:2/C4:0, and 
C18:0/C4:0, resulted in detection limits ranging from 16.4% 
(lard) to 21.3% (palm oil).

Also proposed as means to improve the sensitivity of certain 
tests was taking into account the variation of MF FA profiles 
caused by feeding and/or lactation and, moreover, by the de
pendency of FA purity criteria on the production period (37). 
To stabilize the natural variability of the MF composition, a 
“weighted average” of 3 TGs that are typical for MF was intro
duced by Timms (15). The weights were chosen by multiple

regression analysis so as to give a mean value close to 1 0 0 . 
Therefore, the dependent variable is a constant rather than a 
continuous variable; one of the assumptions underlying para
metric regression models (normal distribution) is thereby vio
lated. LDA is a technique closely related to regression analysis 
except that a weighted combination of variables is used to pre
dict the discrete class to which an item belongs. FA data as 
variables in LDA allowed segregation of olive oils and fish oils 
according to their geographical origin (21, 22). In the same 
way, LDA in combination with MF FA analysis was effective 
to differentiate pure milk from different ruminant species (cow, 
sheep, and goat) and mixtures thereof (23). The variables 
00:0, 02:0, C4:0, C8:0, and 04:1  were most important to 
discriminate between cow and goat milk mixtures, whereas 
C4:0, 04:1 , 06:0, 04:0, and 0 0 :0  proved to be useful to 
separate sheep and goat milk mixtures (FA listed according to

Table 7. Classification results of gravimetrically prepared non-MF/MF mixtures used for validation of the 
discrimination model (group assignment based on the linear functions given in Table 5)

No. samples classified

Samples pure MF Tallow Lard Palm oil Olive oil

Pure MF 11 1 0 0 0
(%) 91.67 8.33 0.00 0.00 0.00
Tallow 2 79 0 0 0
(%) 2.47 97.53 0.00 0.00 0.00
Lard 4 5 56 0 0
(%) 6.15 7.69 86.15 0.00 0.00
Palm oil 2 0 2 25 1
(%) 6.67 0.00 6.67 83.33 3.33
Olive oil 1 0 1 3 25
(%) 3.33 0.00 3.33 10.00 83.33
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their separation power). In general, in >90% of the cases, a 
correct classification was possible of pure milk samples and 
mixtures composed of pure milks to which >/i0  by volume of 
milk from a different species was added. The same working 
group proposed a technique based on principal components 
analysis to classify depot fat from different animals and their 
mixtures (24). The approach is primarily aimed at presenting 
hull boundaries of different classes graphically. The results ob
tained showed that for the particular application tested the 
method was valid, though mixtures of 1 part beef and 2  parts 
horse fat were occasionally misclassified.

Saturated and unsaturated FAs with 18 C atoms, especially 
Cl8 :2 , exhibited the highest discrimination effect for segregat
ing groups of pure MF and non-MF/MF mixtures, respectively 
(Table 5). C1S acids as variables in LDA were also most effec
tive for classifying Spanish olive oil samples regarding their 
variety assignment (38). To obtain correct classifications of de
pot fat samples of beef cattle (Bos taurus) and Malagasy zebu 
(Bos indicus), minor FA (concentration <0.1 %) was considered 
(39). In the present study, those FAs did not contribute to any 
greater extent to the group separation of MF and MF mixtures.

With the discriminant coefficients given in Table 5, 95.6% 
of the 1760 cases contained in the training sample were cor
rectly classified. Although the proportion of the pure MF sam
ples identified “false positively” as adulterated was compara
tively high, the validation of the classification scheme with a 
separate set of test samples resulted in a very high degree of 
correct classification and excellent sensitivities toward foreign 
fats admixed to MF. Blends that contained >3% of either tal
low, lard, olive oil, or palm oil could be distinguished from pure 
MF by LDA. Compared with the TG formula method (12, 18), 
the limit of detection of the proposed approach is equivalent. 
Moreover, LDA offers the additional benefit that, besides pro
viding information about the genuineness of MF, the fat type 
added to MF can be inferred from the classification outcome.

With the MIX4 training set, the rate of misclassified pure 
MF samples dropped to 4.26%. Higher levels of non-MF in the 
mixtures led to a further reduction of false-positively grouped 
pure MF (data not shown). Unfortunately, this measure also 
increased the limit of detection for foreign fats in MF when 
checked by the gravimetrically prepared test data. By using the 
MIX3 data set for setting up the discriminant functions, a com
promise was reached that balanced demands on test sensitivity 
on one hand with misclassification rates on the other.

A further advantage of the outlined procedure is that rou
tines to perform LDA are implemented in most statistical com
putation packages (e.g., BMDP, SAS, SPSS) that are, in turn, 
in widespread use. This fact allows other workers to check 
whether the discriminant coefficients given in Table 5 apply to 
their own data without amendments or adaptions caused by 
regional individualities. Likewise, use of these programs en
ables a direct classification of unknown samples. The calibra
tion information obtained by the training set is saved and used 
to classify new observations. In addition to this, the probability 
that a sample belongs to a certain group is also provided by the 
computerized evaluation procedure. These group membership 
probabilities aid in interpreting the classification results. If sub

stantial uncertainty about the group membership exists, further
testing of the suspect sample is warranted.
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TECHNICAL COMMUNICATIONS

Identification of Synthetic Colors in Beverage Alcohol Products 
by Solid-Phase Extraction and Thin-Layer Chromatography
S u m e r  M. D u g a r ,  J e f f r e y  N. L e ib o w it z ,  and R a n d o l p h  H. D y e r
Department of the Treasury, Bureau of Alcohol, Tobacco, and Firearms, National Laboratory Center, 1401 Research Blvd, 
Rockville, MD 20850

A solid-phase extraction (SPE) sam ple cleanup and 
enrichment procedure coupled with thin-layer chro
matography (TLC) is  described for the enrichment 
of synthetic colors in all types of beverage alcohol 
products. S P E  followed by T L C  provides the identi
fication of synthetic colors at sub-part-per-million  
levels. Two complementary solvent system s afford 
detection of all the permitted (and som e prohibited) 
synthetic colors in beverage alcohol products. This  
method is simple, offers consistency, and has no 
artifacts in T L C .

S everal methods were reported for the detection and iden
tification of synthetic colors in foods and beverages ( 1 -
9). However, none of the reported methods is useful for 

all types of beverage alcohol products. Steele (8 ) described a 
thin-layer chromatographic (TLC) procedure for synthetic col
ors in alcoholic beverages that required an elaborate sample 
preparation and a large quantity of extraction solvent. Despite 
the labor-intensive extraction procedure, satisfactory results 
were often not obtained due to froth formation during extrac
tion, streaking on the plate, and overlapping of color bands. 
Young (9) described the use of a C18 cartridge for solid-phase 
extraction (SPE) of synthetic colors in foods and drugs. This 
SPE cleanup and extraction procedure is not suitable for the 
detection and identification of synthetic colors in alcoholic 
beverages due to the presence of ethanol in the product. Even 
after 1 0 - to 15-fold dilutions of the alcoholic beverage with 
water, the C1 8 cartridge failed to retain the synthetic colors. 
Neither of these methods specifies TLC conditions, such as the 
spotting specifications, the concentration of the standard, the 
amount of sample application required for appropriate visuali
zation, or the detection limits.

We report the use of an amino SPE cartridge for sample 
cleanup and enrichment, followed by TLC for the detection of 
1 1  synthetic colors encountered in beverage alcohol products 
(Tables 1 and 2). This quick and simple sample cleanup and 
enrichment procedure before TLC affords detection and iden
tification of synthetic colors at sub-part-per-million levels ( < 1  

ppm).
Received June 14. 1993. Accepted by JL November 23, 1993.

Experimental

Apparatus

(a) Centrifuge.—Sorvall Superspeed RC2-B, or equiva
lent.

(b) Heat lamp.—Fisher Inffa-Rediator Model 11-504- 
5V4, or equivalent.

(c) Micropipets.—5 and 10 (XL.
(d) Saturation pad.—Analtech SP-240, or equivalent.
(e) Screw-cap centrifuge tubes.—100 mL.
(f) SPE cartridge.—Fisher Scientific PrepSep-NH2  

(Amino), or equivalent.
(g) SPE vacuum manifold.—Supelco Visiprep, or equiva

lent.
(h) TLC developing chamber.—Analtech Cat. No. 75-11, 

or equivalent.
(i) TLC plates.—Whatman High Performance LHP-K, 10 

x 1 0  cm, 2 0 0  pm layer of silica gel or, equivalent.
(j) Volumetric flask.—25 mL.
(k) Weighing balance.—Sartorius Model A 200 S, or 

equivalent.
Reagents

(a) Acetonitrile.—LC grade.(b) Ammonium hydroxide.—Reagent grade.
(c) I-Butanol.—Certified ACS.
(d) 2-Butanol.—Certified ACS.
(e) Deionized (DI) water.—Type I reagent water.
(f) Ethanol.—USP dehydrated, 200 proof.
(g) Methylene chloride.—LC grade.
(h) Methyl ethyl ketone.—Certified ACS.
(i) Sodium chloride solution.—Prepare by dissolving 0.5 g 

sodium chloride (ACS grade) in 100 mL DI H2 0.
(j) Standard colors.—System A.—FD&C Blue No. 1, 

FD&C Blue No. 2, FD&C Green No. 3, FD&C Red No. 1, 
FD&C Red No. 2, FD&C Red No. 3, FD&C Red No. 4, 
FD&C Red No. 40, FD&C Yellow No. 5, and FD&C Yellow 
No. 6 ; U.S. Food and Drug Administration certified. System
B.—Patent Blue V, Sigma Chemical research grade.

(k) Stock standard solutions.—Weigh 5 mg of each color 
into separate 25 mL volumetric flasks, dissolve, and dilute to 
volume with ethanol-Dl water (1 + 1, v/v). Label each solution 
with appropriate name, concentration, and expiration date
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Table 1. Retention factors (Rf) of synthetic colors 
using solvent system A

Synthetic color Dye C.l. No. Dye EEC  No. flf

Red No. 3 (Erythrosine) 45430 E 127 0.83
Red No. 4 (Ponceau SX) 14700 — 0.70
Red No. 40 (Allura Red) 16035 E  129 0.67
Yellow No. 6 (Sunset 

Yellow FCF) 15985 E 110 0.65
Blue No. 2 (Indigo 
Carmine) 73015 E 132 0.64
Red No. 1 15850 — 0.60
Patent Blue V 42051 E 131 0.55
Green No. 3 (Fast Green 

FCF) 42053 __ 0.50
Blue No. 1 (Brilliant Blue 

FCF) 42090 E 133 0.48
Red No. 2 (Amaranth) 16185 E 123 0.25
Yellow No. 5 (Tartrazine) 19140 E 102 0.18

( 6  months from the date prepared except Blue No. 2, which 
must be prepared fresh, as needed). Keep refrigerated.

(l) Sulfuric acid.—IN, certified Fisher Scientific.
(m) Tetrahydrofuran.—Certified ACS.
(n) Working standard solutions.—Dilute stock standard so

lutions appropriately with ethanol-DIH20  (1 + 1) to prepare 
working standards at the concentrations shown below. Label 
each working standard appropriately with expiration of 1 

month from the date prepared, except Blue No. 2, which must 
be prepared fresh, as needed. Blue No. 1, Green No. 3, Patent 
Blue V, Red No. 2, and Red No. 4 were diluted to 25 ppm; Blue 
No. 2, Red No. 1, Red No. 3, Red No. 40, Yellow No. 5, and 
Yellow No. 6  were diluted to 50 ppm.

Sample Preparation

Listed below are the SPE sample cleanup and enrichment 
procedures for various types of beverage alcohol products. 
With the exception of the dairy and nondairy cream liqueurs
Table 2. Retention factor (R f) of synthetic colors using 
solvent system B

Synthetic color Rf

Red No. 3 0.54
Red No. 40 0.40
Yellow No. 6 0.35
Patent Blue V 0.35
Red No. 1 0.33
Red No. 4 0.30
Blue No. 1 0.28
Red No. 2 0.10
Green No. 3 0.10
Yellow No. 5 0.03
Blue No. 2a —

Blue No. 2 fades away on the plate during TLC  plate development.

(which are emulsions), no sample preparation is required prior 
to SPE.

Distilled spirits, coolers, malt beverages, and wines.—At
tach SPE-NH2  cartridge to vacuum manifold and apply a vac
uum of -2 in. Fig. This vacuum should be applied throughout 
the extraction. Deliver 50 mL sample onto SPE-NFL cartridge. 
Wash with 10 mL ethanol, then with 10 mL DI water, and fi
nally with 0.4 mL ethanol-lN sulfuric acid (1 + 1). Discard 
waste. Elute synthetic colors with 1 mL ethanol-lN sulfuric 
acid ( 1  + 1 ).

Dairy cream liqueurs.—Transfer 25 mL sample to a 
100 mL screw-cap centrifuge tube. Add 25 mL ethanol. Cap 
and vigorously shake for 2 min. Centrifuge at 2500 rpm for 
10 min. Attach SPE-NFI2 cartridge to the vacuum manifold and 
apply a vacuum of -5 in. Fig. This vacuum should be applied 
throughout the sample delivery and washing steps. Carefully 
deliver supernatant layer onto SPE-NH2  cartridge. Repeat the 
same operation with additional 25 mL sample (to make a total 
of 50 mL sample delivered onto the SPE-NH2 cartridge). Wash 
with 10 mL ethanol, then with 10 mL DI water, and finally with 
0.4 mL ethanol-lN sulfuric acid (1 + 1). Discard waste. Elute 
synthetic colors with 1 mL ethanol-IN sulfuric acid (1 + 1) at 
-2 in. Hg.

Nondairy cream liqueur.—Transfer 25 mL sample to a 
100 mL screw-cap centrifuge tube. Add 25 mL ethanol. Cap 
and shake for 1 min. Add 25 mL methylene chloride, cap, and 
vigorously shake for 2 min. Centrifuge at 2500 rpm for 10 min. 
Attach SPE-NFL cartridge to the vacuum manifold and apply 
a vacuum of -5 in. Hg. This vacuum should be applied 
throughout the sample delivery and washing steps. Carefully 
deliver the aqueous layer onto SPE-NH2 cartridge. Repeat the 
same operation with additional 25 mL sample (to make a total 
of 50 mL sample delivered onto the SPE-NH2 cartridge). Wash 
with 10 mL ethanol, then with 10 mL DI water, and finally with 
0.4 mL ethanol-lN sulfuric acid (1 + 1). Discard waste. Elute 
synthetic colors with 1 mL ethanol-IN sulfuric acid (1 + 1) at 
-2 in. Hg.

TLC Determination

Solvent system A.—l-Butanol-2-butanol-acetonitrile-tetra- 
hydrofuran-methyl ethyl ketone-0.5% aq. sodium chloride- 
ammonium hydroxide (10 + 10 + 25+ 15 + 20+ 18 + 2) (8 ).

Solvent system B.—1-Butanol-methyl ethyl ketone-ammo
nium hydroxide-water (5 + 3 + 1 + 1) (9).

Spotting and developing TLC plates.—Place a saturation 
pad in TLC developing chamber, and add 25 mL of the appro
priate solvent system. Let equilibrate for 0.5 h before use. Spot 
5 |+L working standard and 10 |_tL sample on TLC plate. Dry 
TLC plate under heat lamp for 5 min. Develop plate to 7 cm in 
developing chamber. Dry plate and observe the color bands.

Note: Common safety measures (i.e., use of a fume hood) 
should be taken to minimize exposure to vapors from solvent 
systems.
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Results and D iscussion

The synthetic dyes are retained because of ionic interactions 
between the dyes and the SPE cartridge. Natural colors and 
caramel are not retained. The ethanol-sulfuric acid solution 
eluted the retained dyes from the cartridge. Tables 1 and 2 list 
some of the common dyes encountered in beverage alcohol 
products. These colors are identified by this method using the 
SPE-NH2  cartridge and TLC solvent system. The retardation 
factor values for the described TLC solvent systems are given 
in the tables. In addition, the dyes are listed with the common 
name, the C.I. number, and the EEC number for complete ref
erence purposes. Table 3 represents some of the samples ana
lyzed. These samples were also analyzed for comparative pur
poses by the established Alcohol, Tobacco, and Firearms 
procedure (8 ). Both methods gave similar results, although the 
SPE-NH2  method was more sensitive and detected dyes that 
where missed by the established method.

As described above, FD&C and other synthetic colors are 
retained on the SPE-NH2  cartridge by ion exchange and are 
eluted only with a strongly acidic elution solvent. This affords 
an easy cleanup for most types of samples containing high 
sugar, tannins, and natural coloring materials, except dairy and 
nondairy cream liqueurs. Cream liqueurs are emulsions and the 
emulsion needs to be broken, as described in Sample Prepara
tion before sample application on to the SPE cartridge. Deliv
ery of 50 mL sample on the SPE cartridge and elution of syn
thetic colors in 1 mL ethanol-1 N sulfuric acid (1 + 1) affords a 
50-fold sample enrichment and results in 0.5 ppm or lower de
tection limits for these colors. The 2 TLC-developing solvent 
systems complement each other. Synthetic colors that are not 
well-resolved in solvent system A are well-resolved in solvent 
system B, and vice versa.

Blue No. 2 is susceptible to fading. Fading can occur in light 
if the plate is dried for longer than the recommended time. If 
Blue No. 2 is suspected in the product, the plate should be al
lowed to dry in the dark for approximately 30 min before de
veloping, without any use of the heat lamp. Also, in solvent 
system B, synthetic color Blue No. 2 fades away during the 
TLC plate development. Thus, solvent system B is not recom
mended for the detection of synthetic color Blue No. 2.
Conclusions

The optimized SPE cleanup and sample enrichment, prior 
to TLC, described in this work is applicable for all types of 
beverage alcohol products. The proposed method is simple and 
offers consistency in chromatography with no artifacts, such as

Table 3. Identification of synthetic colors in different 
types of beverage alcohol products

Product Visible color
Synthetic color 

detected

Lime specialty Green Yellow No. 5

Pepperment liqueur Green
Blue No. 2 

Yellow No. 6

Orange liqueur Orange
Blue No. 1 

Yellow No. 5
Orange sparkling 

cocktail Yellow None
Cranberry sparkling 

cocktail Red Red No. 40
Pineapple sparkling 

cocktail Yellow None
Daiquiri cocktail Yellow Yellow No. 6
Cream liqueur Cream None
Coco cream liqueur White None

streaking or overlapping of the color bands. A 10 p.L spotting 
of the prepared sample affords sensitivity to a 0.5 ppm detec
tion limit for these synthetic colors (detection limits were es
tablished by visual observation using known prepared standard 
solutions of the dyes). Table 3 represents the synthetic colors 
that were detected in a number of different types of beverage 
alcohol products analyzed by this method. This method is not 
a quantitative procedure but can be used for semiquantitative 
purposes.
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TECHNICAL COMMUNICATIONS

Hydrolysis of Peptide Binding by Phosphotungstic Acid
Anne Fialaire and E ric Postaire
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France

A new method for the precipitation of protein 
and oligopeptides is  described. In this method, 
the selectivity of precipitation is a function of 
the percentage of alcohol. With an 80:20 (v/v) 
mixture of ethanol and water at room tem pera
ture, the selectivity of oligopeptide precipitation  
w as a s  good as  that using phospho tungstic acid.

A  method commonly used for oligopeptide precipitation 
in bromatology is fractional precipitation by phospho
tungstic acid (PTA) at 5%. This method precipitates 

proteins and oligopeptides in the presence of sulfuric acid (1 -
3). It is a selective method because only small molecules (MW 
< 600) such as di- or tripeptides and amino acids remain in 
solution.

To quantitate the small peptides included in a commercial 
protein hydrolysate, we used a PTA precipitation-based proto
col (Figure 1). This protocol consisted of determining total ni
trogen of the initial mixture. We then precipitated proteins and 
oligopeptides using PTA and measured nitrogen of the soluble 
fraction. The difference between the 2 nitrogen determinations 
indicated the amount of proteins and oligopeptides. Finally, we 
separated di- and tripeptides from amino acids on the soluble 
fraction. Although this protocol gave us satisfactory results at 
a quantitative level, we found out that the liquid chroma-

Table 1. Nitrogen content determined by Kjeldahl 
method for bags of proteolysate

Precipitation Nitrogen, g

Soluble nitrogen after PTA
precipitation (n = 6) ± a 2.43 ± 0.05

Soluble nitrogen after ethanol
precipitation (n = 6) ± a 2.50 ±0.17

Total nitrogen calculated
(n = 6) ± a 3.37 ± 0.06

Total nitrogen manufactured 3

tographic (LC) separation profile for the di- and tripeptides was 
modified before and after PTA precipitation. This observation 
was explained by the hydrolysis of a few peptide bonds. In
deed, we identified the constituent amino acids of Gly- 
cylLeucine (Gly-Leu) after PTA precipitation (Figure 2) by 
the same LC method (4).

This finding led us to conclude that the PTA precipitation 
was not suitable to quantitatively determine peptides or amino 
acids. Indeed, for the amino acids, we obtained a positive error, 
and for the peptides, we obtained a negative error.

Therefore, we proposed a new precipitation method using 
ethanol, similar to the one used by Conn for protein precipita
tion (5). In this method, the selectivity of precipitation is a func-
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Figure 1. Protocol for the determination of small peptides in a proteolysate.
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Figure 2. Gly-Leu chromatogram before and after PTA precipitation.

tion of the percentage of alcohol. We have performed 3 succes
sive extractions using an 80:20 (v/v) mixture of ethanol and 
water at room temperature. The volume of the ethanol-water 
mixture corresponded to a total weight that was 40 times the

dry weight of the sample to be extracted. Each extraction was 
followed by a centrifugation at 4000 x g for 15 min to separate 
the soluble from the insoluble fraction. The selectivity of oli
gopeptide precipitation was as good as that using PTA (Ta-

Figure 3. Gly-Leu chromatogram before and after ethanol precipitation.
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ble 1). Moreover, by using LC, we showed that the ethanol pre
cipitation method did not damage the Gly-Leu peptide bond 
(Figure 3).
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