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NO MORE RIFFLING
WITH A
ROMER
MILL

FROM ONE POUND OF
GRAIN TO A
REPRESENTATIVE

ANALYTICAL SAMPLE IN
ONE MINUTE

 EFFICIENT: Simultaneously Grinds & EASY TO CLEAN: Can Be Thoroughly Cleane
Subsamples 1 Lb. Per Minute in One Minute

FLEXIBLE: Will Grind High Moisture Corn

DUST FREE: Little or No Dust Generated

* ACCURATE: Prepares 25 g. Representative
Analytical Sample From 5 Lb.

of Aflatoxin Contaminated Corn PORTABLE: 40 Lb. -26" x 20" x 10~
CAPACITY: 100 g to 15 Lb.
* VERSATILE: Can Be Used For Mycotoxins, .
Pesticides, Fumigants, ROMER LABS, |NC m
Antibiotics, Drugs, Vitamins, P.O. BOX 2095

Mineral & Proximate Analyses WASHINGTON, MO 63090 (314) 239-300
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PROCESSING EQUIPVENT

COMMERCIAL FOOD

Meat analytical and research facilities now have the
opportunity to select vertical cutter mixer equipment for
preparing meat samples for analysis. Recently certified
by USDA for use by their accredited laboratories, meat
samples used for analysis are consistently representative
of the whole production batch because of superior and
consistent processing uniformly provided by the vertical
cutter mixer.

Robot Coupe U.S.A., Inc. isa manufacturer and
supplier of a full line of vertical cutter mixers with bowl
capacities from 2 quarts up to 60 quarts all with the
“stock pot” design. Write or call for full information:

1-800-824-1646

Robot Coupe R4Y

is arugged, electric, n m
counter-top vertical

cutter mixer with

4-quart “stock-pot”

design bowl and

a stainless steel RObOt COUpe U.S.A., InC- d RO- BOX 1%25
cutting blade. Jackson, Mississippi 39236-6625 « (601) 956-1531
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FREE Sample Copies Available On Request

TALANTA

The International Journal of Pure and Applied
Analytical Chemistry

Editor-in-Chief: R A CHALMERS, Department of Chemistry’, University of
Aberdeen, Old Aberdeen, Scotland, UK

North American Editor: GD CHRISTIAN, Department ofChemistry BG-10,
University of Washington, Seattle, WA 98195, USA,

Aims and Scope

Talanta provides a forum for the rapid publication of original research papers,
preliminary communications, full reviews and mini-reviews. Other features are
annotations (critical commentaries), analytical data (stability constants etc.) and
letters to the editor.

In addition to publishing papers in the traditional fields of pure and applied analytical
chemistry, and in order to provide an interface between those doing research and
those applying the results ofresearch in analytical chemistry, the editors encourage
submission of reports on developments and new techniques in fields such as:

Toxic Impurities in Biological Systems . Food Additives . Pharmaceutical and Drug
Analysis . Pesticides and Fungicides . Clinical Chemistry . Materials, Science and
Engineering . Geochemistry. Environmental Analysis.

A Selection of Papers

JUNTCHITOEI (Japan), Potential of the flow-gradient function in FLAwith a
multifunction pump delivery system.

M PESAVENTO, APROFUMO &R BIESUZ (ltaly), Sorption of protons and metal
ions from aqueous solutions by a strong-base anion-exchange resin loaded witn
sulphonated azo-dyes.

D MIDGLEY (UK), Combination pH electrodes of special design: temperature
characteristics and performance in poorly-buffered waters.

R MORALES, C SBARTHOLDI &P T CUNNINGHAM (USA), HPLC separation of
heterocyclic beta-diketonates of actinide, lanthanide and transition metals.
APARCZEWSKI (Poland), Determination oftwo metals from a single potentiometric
titration curve. The application oftwo indicator electrodes.

ASoftware Survey section is included in this journal.

Indexed/Abstracted in: Current Contents, Chemical Abstracts, BIOSIS Database,
Aqualine Abstracts

Subscription Information

1989: Volume 36 (12 issues)

Annual subscription (1989) DM 1100.00
Two-year rate (1989/90) DM 2090.00
ISSN: 0039-9140

Advertising rale card available on iT<|iiost. Hack issues and current subscriptions arc also available in microform.

The German Mark (I)M ) prices shown include postage and insurance, and apply in Kuropc, Africa, Asia/Auslralasla (with the
exception ofJapan). For the rest ofthe world including Japan apply to the nearest IVrgnmon ofllcc. Prices are subject to change
without notice.

Pergamon Press pic @ Pergamon Press Inc
Headington Hill Hall Fairview Park, Elmsford
Oxford OX3 0BW UK New York, 10523 USA

AA/18/4187
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T he 15th Edition of
OFFICIAL METHODS OF
ANALYSIS OF THE AOAC

Will Be Available January 1990

O rder Your Copy Now

TO Ensure Prom ptD elivery!

Since 1884
New for This Edition

The 15th Edition of OFFICIAL METHODS OF

ANALYSIS OF THE AOAC, containing 143 new and 81
revised methods, will be published in a two-volume
set for ease of use. In addition, a free looseleaf Included in Purchase Price:
binder will be provided for convenient storage of the
annual supplements.

e Two-Volume Set
e Annual Supplements with Newly Adopted or

Prices for the 15th Edition Revised Methods

L . e Looseleaf Binder for Supplements
The nonmember price is $215.00 per set in the U.S,,

$220 outside the U.S., and the discounted AOAC
member price is $194.00 in the U.S., $199 outside the
U.S. All prices include handling and shipping costs.

To reserve your copy or copies of the 15th Edition of OFFICIAL
METHODS OF ANALYSIS, send your order with the following:
your name and address, a check or Mastercard or VISA credit
card information (name of card, card number, and expiration
date) and your signature to

AOAC, SUITE 400-J, 2200 WILSON BLVD,, ARLINGTON, VA 22201-3301 USA
(703) 522-3032, FAX (703) 522-5468

All orders must be accompanied by a check or credit card information. Please make checks payable to
AOAC, U.S. funds on U.S. banks only. Credit card orders may be placed by mail, telephone, or FAX.

EBooks will be shipped beginning in lanuary 1990 in the order in which orders are received. The binder for
your supplements will be shipped with the first annual supplement.
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M ark Your Calendar for the N ew

AOAC Analytical Technology W eek
April 2-6, 1990
V alley Forge Plaza

Valley Forge, Pennsylvania

Photo Courtesy of Valley Forge
Convention and Visitors Bureau

You can sign up for one or more of the following program items.

TOPICAL CONFERENCE ON FOOD IRRADIATION
April 2-4* - Chairman: Leon Lakritz, U.S. Department of Agriculture

» Basic Irradiation Chemistry

» The Effects of lonizing Radiation on Foods

* The Effects of Irradiation on the Microflora of Foods

* Analytical Methods Applicable to the Detection of Irradiated Foods
* Regulatory Roundtable

WORKSHOP ON IMMUNOASSAYS
April 4-5 - Chairman: Jim Pestka, Michigan State University

* Fundamentals of Immunoassay

* Immunoassay of Foodborne Pathogens
* Immunoassay of Residues in Foods

» Tutorials, Workshops

FOUR TWO-DAY SHORTCOURSES

April 2-3 - Quality Assurance for Analytical Laboratories — Updated

April 3-4 - Statistics for Methodology — New\

April 3-5* - Improving Sampling for Analysis of Foods, Drugs, and Agricultural Materials — Updated
April 5-6 - Quality Assurance for Microbiology Laboratories

Starts at 1:00 PM on beginning date and concludes at noon on ending date.

156A

To receive additional information on Analytical Technology Week as it becomes available, fill out and mail this coupon to
AOAC, Suite 400, 2200 W ilson Blvd., Arlington, VA 22201-3301 USA,; or FAX to (703) 522-5468.

Name:

Organization:

Address:

City: State: Postal Code:

Country: Daytime Telephone:

| am especially interested in:
O The Food Irradiation Conference
O The Immunoassays W orkshop

0O The Shortcourse(s) on O Statistics, O Sampling, O QA for Analytical Labs, O QA for Microbiological Labs.
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A Peer-Reviewed Journal Publishing
Basic and Applied Research in the

Analytical Sciences Related to Foods,

Drugs, Agriculture, and the
Environment

EDITORIAL BOARD

William Y. Cobb
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Chemical Contaminants Monitoring

873 Ethyl Carbamate Levels in Selected Fermented Foods and Beverages
Benjamin J. Canas, Donald C. Havery, Louis R. Robinson, Michael P. Sullivan,
Frank L. Joe, Jr, and Gregory W. Diachenko

Dairy Products

877 Spectrophotometric Method for Measurement of Lactose in Milk and Milk
Products by Using Dialysis
Vikram V. Mistry, Hassan N. Hassan, and Robert J. Baer

Detergents

881 Rapid Colorimetric Determination of Activity of Subtilisin Enzymes in Cleaning
Products
Allan E. Klein, John Freiberg, Steven Same, and Mary Anne Carroll

Drug Formulations

883 Liquid Chromatographic Determination of Penicillin \V Potassium in Tablets:
Collaborative Study
Barry Mopper

885 Spectrophotometric Determination of Some Benzene Sulfonamides with 7,7,8,8-
Tetracyanoquinodimethane
Abdel-Maboud I. Mohamed

Environmental Analysis

890 Liquid Chromatographic Method for Determination of Extractable Nitroaromatic
and Nitramine Residues in Soil
Thomas F. Jenkins, Marianne E. Walsh, Patricia W. Schumacher, Paul H.
Miyares, Christopher F. Bauer, and Clarence L. Grant

899 Formaldehyde Quantitation in Air Samples By Thiazolidine Derivatization: Factors
Affecting Anaylsis
Akio Yasuhara and Takayuki Shibamoto

Copyright, 1989, by Association of Official Analytical Chemists, Inc. All rights reserved. The Journan
of the Association of Official Analytical Chemists (ISSN 0004-5756) is published bimonthly by the
Association of Official Analytical Chemists, Suite 400, 2200 Wilson Blvd, Arlington, VA 22201-3301
USA. Subscriptions for Vol. 72 (1989) are: Members, $84.50 in U.S., $94.50 outside U.S.;
Nonmembers, $125.00 in U.S., $145.00 outside U.S. Second class postage paid at Arlington, VA,
and additional mailing offices. Abstracted or indexed in AGRICOLA, Analytical Abstracts, Biological
Abstracts, Cambridge Scientific Abstracts, Chemical Abstracts, Current Advances in Ecological
Sciences, Current Contents, and others. Printed in USA.

POSTMASTER: Send address changes to AOAC, Suite 400, 2200 Wilson Blvd, Arlington, VA
22201-3301 USA.
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Food Additives
9B  Liquid Chraratogrgohiic Determination of Sfite nGrgpes ad Selectad Grape
Pralcts

Gracia A. Perfetti, Frank L. Joe, Jr, and Gregory W. Diachenko

Food Adulteration
Q7  Horey Rroteinas Intardl Stacard Ta-Steble Carbon  ksotgee Ratdio Betectin of
AdueraticnofHoney

Jonathan W. White and Kenneth Winters

Food Composition

92  Preolum Faylisothicoaste Darinatization and Licuid Chrarettograahy of
Amino Acids inFod
Steven R. Hagen, Beverly Frost, and Jorg Augustin

97  Determiration of Allicn inGarlicand Comercial GaricProdctsby Gas
Chraratography with Flame Frotoretriic Detectin
Koichi Saito, Masakazu Horie, Youji Hoshino, Norihide Nose, Emiko
Mochizuki, Hiroyuki Nakazawa, and Masahiko Fujita

Meats and Meat Products
Pl Detectionofforkand Lard esAduterants inPracessed Meatt- Licpid
Chraratograahiic Aralysis of Derivatizad Trighycerides

Talat Saeed, Sadika G. Ali, Hani A. Abdul Rahman, and Wajih N. Sawaya

Metals
6  Liguid Chroratograchic-Atomic Asorption Seectrgdotoretric Method far
Determinatian ofViethyl Meroury inSaafood: Gollldorative Study

Walter Holak

Method Performance

@Rl RiEdilityofRgEstbility ad Ryrad cibillity Messures inGoletorative Trigks

K. F. Karpinski

Microbiological Methods

BB  HdrmgadobicGrdMembrane Filter/MG Vethod farTotal Glifomard
Escherichia coli Bumeration inFooos: Golldoorative Study
Phyllis Entis

B  TubidinetricMadiolayical Assay Rsutts Gllaullated by aBAS I C Computer
Program

Ellen M. Anderson

Microchemical Methods
B3  JectrgdotoretricMethod farMiaodetermination ofiNiitragen inKjellckhll Digest
Muljibhai B. Devani, Chamanlal J. Shishoo, Shailesh A. Shah, and Bhanubhai
N. Suhagia

Mycotoxins

B/  BHeyre-linked Inmunosorent Assay of Aflatodins B, B2,ad Gi inGom,
Cottorseed, Reeruts, Pearut Butter, and Roultry Fead: Gollidoorative Study
Mary W. Trucksess, Michael E. Stack, Stanley Nesheim, Douglas L. Park, and
Albert E. Pohland

%2  CGomparisnofTwo ELISA Soeming Testswith Licuid Chraretography far
Determination of Aflatodrs nRaw Rearuts
Joe W. Dorner and Richard J. Cole

9%  Determiration of Aflatodan Cooantratia s inRearut Butter by Bzyme-Linked
Immunosorbent Assay (BLISA) - Sty of Three Comrerciial ELISA Kits

Alan L. Patey, Matthew Sharman, Roger Wood, and John Gilbert
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Pesticides and Industrial Chemical Residues
90  Detemiration of Linuran inRotatoes Using Gpilllary Colum Gas
Chraratography/Mess Sectraretry
Gregory C. Mattern, George M. Singer, Judy Louis, Mark Robson, and Joseph
D. Rosen
Liquid Chroratogrgchic-Electrodrenical Determination ofEthyleethiorea n
Foods by Revassd Offaaal Method
Richard T. Krause
Cremical Derinatization Aralysis ofreols. RartVA. Determinataan of
Chlorineted rerollics inRulp ard Pepar BflEts
Hing-Biu Lee, R. L. Hong-You, and P. J. A. Fowlie
Deteymiretion ofDeminazide nAples by Gas Chravatography/Chemical
lonzataMass Jectroetry
Chao-Hong Liu, Gregory C. Mattern, George M. Singer, and Joseph D. Rosen
Cofimation offorate, Tertufcs, ad Treir LiHoackss ad uHoes nWater by
Gpillary Gas Chraratograay/Cremiicall lonizataonMess Seectroretry
Steven J. Stout, Adrian R. daCunha, John E. Boyd, and James M. Devine
Slggliedlédm:l]m and Cleanup farMularesid e Deteymination of Restaacss n
n

Henri Diserens

B 8§ &8 3 4

Pesticide Formulations
A Determiratian ofOrgenic Arsanicalls nResstiace Fomulatias by kan
Chraretograay

Connie C. Gehrig and Timothy M. Fitzpatrick

Sample Preparation

X7  BwmaticHdolysis of Biokascal ad BEviramattal Saples s Pretrestnait
forAelysis
D. S. Forsyth and J. R. lyengar

Tobacco
0  CGas Ghomatogrgohic Determination ofiNicotire nBviramental Taoeom
Soke: Mlldrative Study
Michael W. Ogden
Vitamins
1007 Liguid Ghroratograchiic Deteymiretion ofVitamin D in Infant Formula

Vipin K. Agarwal

Technical Communications
1010 Liguid Desorptaian of Orgeniic Sohvants fran rdlstrial Shuctes
Luciano Ceccon, Alessandro Turello, Graziella Mocellin, and Luigi Colugnati
1014  EffectofGelatin on Recovery ofHair Fragrents nAlthAelysis
Bernice B. Beavin
1005 GiffeireassMain InerfargCampound inRedioinmunoessay of Aflalodn Bl In
GffeeSaples

Pavel Rauch, Ivan Viden, Tomas Davidek, Jan Velisek, and Ladislav Fukal

Index@
108  Author Irokx
105  Sbject Irokx
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Quality Assurance Principles
for Analytical Laboratories
by Frederick M. Garfield

former Assistant Adm inistrator
U.S. Drug Enforcement Administration

This handbook provides esstaal informa-
‘BN needed 1o design, document, inpllemant,
or Improve a ldoratory g.ality assurance pro-
gram ...A progran ttet can eeble you ©
document the aediility of your laboratorys

ical e

The handbook also provides a ratiaal and
olidly based pstificataon for coomitment of
resources 1o Inproved laboratory goeratian.

Drawing fran published prirciples, prac-
ties, guicklires, and procedures, the book
brings together the experiences ofeqertswho
have developed and implemented successful
“QA” pragrans.

CONTENTS:

Chapters—

L Adninistrative Cosiceratios
. Pasorel nt

Managemel i
. Management of Equipment and Qplies
M.  Records Maintenance

V.  Sample Aalysis
V. Proficiexy Testirg
M. Audit Procedures

MIL. Design and Safety of Falities
X Laboratory Acoraditation Programs and
Good Laboratory Practices Regulatias

J. ASSOC. OFF. ANAL. CHEM (VOL. 72, NO. 6, 1989)

Appendices—

A

Qualrty Assurance Rblicatias
and Programns

B. Forms Used by US. Federal Agenciies

C.

D.

E
F

G.

Instrurent Performance Checks
Control darts

FDA Audirt Measure Prooedures
Sofety Rblicatios

Glossary

1984. 224 pp. Softbound. ISBN 0-935584-26-9.

Price—Members: $43.25 in U.S., $48.25 outside U.S.
Nonmembers: $47.50 in U.S., $52.50 outside U.S.
Prices include handling and shipping.

Since 1884

AQAC
30

To obtain this book, send
order and check or credit card
information (VISA or

QUALITY MasterCard number,

ASSURANCE expiration date, signature,
PRINCIPLES For date) with your name and
ANALYTICAL address to: AOAC, 2200

Wilson Blvd., Ste. 400-J,
Arlington, VA 22201-3301
USA. (703) 522-3032. FAX
(703) 522-5468. (U.S. funds

on U.S. banks only).
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NEW PRODUCTS

Chromatography Data System Using
HP Integrators
Chrom Rafact softnare tuns tte
HP 33%6 arHP 3338 integatars b
anplete PFC-ased dhwaratograpy
chta sstars. The oftnare aouires
chta sinultareausly fran up o two
ineyatasvhile Ieanrgthalrla;;a—
o firee Tor instrurent antroll ad
tte PC free Tor ruming other pro-
grams suchaslotis, Rese, ec. The
e at oer 1000 pints/s with
keeedires drawn and pedls EBelad.
Jstie Inpatas, o
GirdleNo. 372 on reecer savice &

Biocompatible LC Autosampler
The AlcottAMiarareritics biocon-
petibleL C autosarpler Bamadified
\arsin of tre former starchrd mod-
d. Desigatad as tre 7288, oo
‘tars bicoomatible naterials nkey
saple trasir aes. The regdle
blok B fashiced fron tatanium,
aorectirg twbing sof PEEK, ad
the Lser cen selectan injection\velhe
fran a number of differant biooom-
[atible naterials, such as titeniun,
PEEK, arHestelloy C. Alaott Chro-

GirdleNo. 373 on reader v G,

Ductless Fume Enclosure
The Mystaire Model FE-500 dct-
ks fure aclaure Basigad Tar
e in rdstrial, dinica, acedanic,
and bioedical oratories. The
FE-500 elimirates hezardous fures,
geses, and noxias acbrs by means of
tedolay. The nuka-
stege filtration system ramves aon-
tamirents by adsopian ato acti-
\ated carbon ar seeciallly manufac-
twred chemisorptive filtas.
Aplicatias incluke oganic sol-
vats, ecics, fomaldehyde, and
many otter commonlly used chemi-
k. Heat Systans.
CirdleNo. 374 on reeder ssviee@&Ed.

Calcium lon-Selective Electrode
The Callciun 1SE offars repid, lov-

&5/,
measurement of calcium invirtally
dll agueous saple tyes, irciudig
olared and turbid saples. The cal-
ciunelactrak fatussecllat In-
ety and a wide measurement

rare (0.0440,000 my/L). lem-
plosanextrarely lovsolbilitysol-

\vat far inproved electrace likad
perfomance. A calciun
menmbrane sssar module ad il
aole intamal fillligsoluamallovir
aonvenient, econanical goeratian.
Hach Company.

GircleNo. 375 on reecker ssvie&ad.

Scrubber Apparatus To Remove Fumes

During Digestions
The FumeScrubber safely ramves
acd fures during Kjelcshll nirggen
ad trace netal digsstios. The Fu-
meScrubber works N anjurttdn
with tte fure removal systam of
Laboonoos rpid digsstar. A two-
st presgaator rautralizss ad
aathsss w o 97% of tre vgoors
vhiletre ramaining fures aedramn
off by a catrifugal veder. To ac-
comodate irdivid al recuirerats,
the vacuum gplied o tte fure re-
moval system B apsteble. Lab-

conoo Corporataan.
CirdeNo. 376 on reecer ssviceGard.

Basic LS Systemic Simplifies

Decision-Making

The LS 6000SE Igad sontilletin
coutter Inorporates essy-to-Uuse,

hilentelpsaess, pestantdng
Iegio's, and quench ane sstup pa-
rareters trat help reduee the num-
ber of dscisias tobe made vhille us-
ingtrel S systemwithertteran nte-
gal liquid aystal display ar an
qocel, edaral cathoce ray twe.
The systam gaerally can be used Tar
redioimunoessay stuoies. Beckman
Instruratts, o

CirdleNo. 377 on reeder savicecard.

Combination Package Leak Detector
and Seal Strength Test System

The 1520 S padkage testsystemgnes

ae iyt
ad sl stragih. This Tully auto-
matic Bt systam htifies within
goraxinately 0 s tre stress aress
and weeknessss of tre pedee. A
pre-programed herdHeld calaula-
toraomputes ledae armaand theo-
retical hole siebesad onpressure €l
kedk. Mocon Moderm Gntrols, Irc.

CirdeNo. 378 reetr srvie@ad.

Quick IR Software Helps Provide Fast
Analysis of IR Data

A paerful program far tivesavirg
ashsis of infrared datla, Quick IR
ghes the infrared goectrosapist ar

J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 6, 1989)

Five times
fasterthan

Soxhlet.

We have improved upon
old extraction techni-
ques and made them
faster, safer, cheaper
and easier to run.

Extraction times are
reduced from days to
hours, or from hours to
minutes.

Plastics and rubber,
sediments and core
material, textiles, food,
feed, chemicals and
other samples are ex-
tracted without loss of
accuracy.

Please call or write.
Please call or write
for product details and
letour Soxtec Extrac-
tion System revolution-

ize your lab.

ElDatecator

WE MAKE ROUTINE ANALYSIS SIMPLE.

Theater Irc., P.O. Box 405, Herndon,
Virginia22070. Phone (703) 4353300. Telex 903034.
Inthe USA distributionexclusively
by Fisher ScientificCompany -

CIRCLE 80 ON READER SERVICE CARD
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miarceapist a aoplete sstof cata.  Affinichrom Immunoaffinity matdes, ar instuet dstotio,
menipullation and plottirg furtias  Chromatography Columns This partiaular goproach © OTDR

ircludirg qenttative adlysis, B A new lireof imuncaffinity dwo- offasedrafiedali trecs-
braryssadh, KramersKronigtras-  matography colums, callled Affin- dllesaecan be usd farotrer ligt
fomatian, and Faurier ssH-dsanvo- idwan, meximize antibody utiliza- pullse meesurements as vell. Hama-
utio. Now asilcbleare gecial op- o through prgeer adientadion an matsu Photonic Systars Corpora-
ticdl getrdl lhaies: “Polyers,” trecolum packirg. The colursare o

“Bwviromattal Toxins,”” and “For- ped<«ed with protein-aated, nonHo- GirdieNo. 332 on reechr ssvicecd.

asis.”” Joectra-Tech e ras ghass besds. Four types ofbeeds

CirdleNo. 3/ on reader saviceGard. are asildle; aadin-,

High-Productivity Manifold

With a pease, highly atrolled
flov rae, a sse-thraugh vacuum
menifold herdles sinultanenus ex-
traction of Lp 0 12 sl phese ex-
traction Gartridesvhile alsoaccom-
modating awide \ariety of cartrice
S&s and fran ay
merufecturer. A tojositian Iidde-
sign Inoeesss tre \vadtility of tre
nenifold. One positinallos fardis-
carding udssirad saple eluates
vhile tre sscod psition may ke
usd farcollectionofeluates. J & W
Saafic.

GircleNo. 330 0n rester savicea&ad.

proEinA-, and Con A-coated beecs.
Kontes Biotsdolayy.-
CirdleNo. 3L on reder service&ard.

High-Resolution Oscilloscope for
Millimeter OTDR Applications

The 00S-1 qotical ccillleege o
qtical tire domain reflecdtoretry
gplicatios B ussd I anbination
with the Hamamatsu 5PLP-O1 Iigt
puiser o dinva firer reolutics via
amore fledde system then alterre-
thenethods. The 00S-1 Bttealy
aaillage that aooits direct qoti-
al imut eeblirg weers to messure
pulsss without rroeg, Geble mis-

Ozone in Air Monitor

The TG-800-KA porteble hattery
panered azore cetector antinuously
nmonitors lkedsbelov 01 pom. Fea-
turirg an AC adgpotor and recorder
atput, it s posidle o monitor far
extadad periak with recordd re-
siits. On battery poner, thecetetar,
weiching kssttenapoud, cangoer—
ate far 0 h. Using a dedicated ellec-
trodenical sssx, uaffected by
rormel i gess, e s r
respots nssaaoswith dioital reed-
ait npom. Ithes adio and visdl
alams tretareusradjusteble. CEA
Instruets, o

GircleNo. 333 on rester saviceard

AVQAC S SIBBIEINC}
—— PUBILICATTION PROPOSALS]

* Doyouhavean ideaforapublication that
is needed in the areas oflaboratory
analysis, laboratory operation, or analyst

training?

Ifyou have answered "Yes' to any ofthe
qguestions we've posed, please call or write
our Scientific Publications Departmentat the

phone number or address given below.

« Doyouhave a manuscriptplanned or

prepared for which you are seeking a

publisher?

« Areyou preparingaworkshop,
symposium, or training course and want
to publish the proceedings orwork with
AOAC to develop the manual?

Proposals should include: preliminary

outline of contents; general format; author(s)
and briefbackground of qualifications;

intended audiences; explanation of need for
proposed publication; and estimated date that

manuscript would be available.

The Scientific Publications Department of

AOAC is seeking proposals from authors for
books to be published by AOAC. AOAC
publications reach an audience of analytical
chemists, microbiologists, and other

biologists and administrators in industry,
government, and academia worldwide.

The following specific Requests for
Publication Proposals are sought at this time:
e Immunoassay Manual for Chemists

- Update of Statistical Manual ofthe AOAC

AOAC, Suite 400, 2200 Wilson Boulevard, Arlington, VA 22201-3301 USA

(703) 522-3032, FAX (703) 522-5468
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Indispensable Statistical

R eference B ooks
for

Every Analytical

Scientist
STATISTICAL MANUAL OF THE AOAC

Do-it-yourself statistical techniquesfor interlaboratory collaborative tests
W.J. Youden ad E.H. Seerer

This manual is a composite, with revisions, of two publications — Statistical Techniquesfor Col-
laborative Tests, by the late W.J. Youden, and Planning and Analysis of Results of Collaborative
Tests, by E.H. Steiner — for use in statistical analysis regarding interlaboratory collaborative
tests. The manual also presents guidelines for planning collaborative tests.

Written as a “do-it-yourself” manual for those with little or no experience with formal
statistics, this publication presents simple and flexible statistical techniques, using examples
related to familiar questions concerning the significance of apparent differences among
results. It introduces the analysis of variance technique with examples of its use with inter-
laboratory tests.

CONTENTS

Introduction. Collaborative studies. Interpretation of collaborative test data. Measurement of preci-
sion and accuracy. Planning the collaborative test. Problems connected with collaborative tests. Ap-
plication of collaborative results. Appendixes.

1975. 5th printing, 1987. 96 pages. With illustrations. Softbound. ISBN 0-935584-15-3.
Price—Members: $22.55 in U.S., $27.55 outside U.S. Nonmembers: $24.50 in U.S., $29.50 outside U.S.
Prices include handling and shipping.

USE OF STATISTICS TO DEVELOP AND
EVALUATE ANALYTICAL METHODS

Winner of the American Statistical Association 1987 W.J. Youden Award in
Interlaboratory Testing.

Grart T. Werninont, Author

Willian Seadley, Editor

Use of Statistics is a natural extension of and a valuable addition to the classic Youden-Steiner,
Statistical Manual of the AOAC.

With a knowledge of simple statistical procedures, the analytical investigator can use the designs
and techniques described in this manual to determine and evaluate assignable causes of
variability.

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

The book features scores of specific statistical analyses of real-life data, useful statistical tables, and
very complete references.

CONTENTS

Introduction. The Measurement Process. Intralaboratory Development of an Analytical Process.
Interlaboratory Evaluation of an Analytical Process. Appendixes: Tables. Statistical Computations.
Glossary. Index.

1985. 2nd printing, 1987. xvi + 183 pages. 11 figures. 54 tables. Index. Glossary. Softbound. ISBN
0-935584-31-5.

Price—Members: $49.55 in U.S., $54.55 outside U.S. Nonmembers: $54.50 in U.S., $59.50 outside U.S.
Prices include handling and shipping.

To adr, gedfy ttelbod(s) mmprdesaardsa”deWded(a'oeit@rd infomatian (VISA arVesterCard
n,n%g cHe) ad your nare ad abless @
AOAC, 2200 Wllson Blvd., Ste. 400-J, Arlington, VA 22201-3301 USA
(703) 522-3032, FAX (703) 522-5468
(U.S.funds on U.S. banks only)
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BOOKS IN BRIEF

Principles and Practice of Chromatog-
raphy. By B. Ravirdramath. Pub-
lidedlby JomWiley & Sos, e, 1
Wiley Dr, Sorerset, NJ 08875~
2, 190, 52 p. Arice: $0.%.
1SBN 04/0-2138-0.

Thisbook iBan oervle/voﬁtevmle

methods and instruretatian, practice
and gplicatios, raging fron treold-
estknown method (peper chronetogra-
phy) totrenost modem @aaitcal
fludchroratography-mess spectrare-
ty). Erphesizing modem methods,
te book ers dil tte Hest deelgp-
ments, briiging together-dll te relaied
agects o faalitee an utkrstaing
of tre prirciples and mechenists of
syaatian. Uhlike many edstirg teds,
it placss mportanee an tre demical
prirciples goveming the sgaration
mechanism and tte doice of method.
A biblicgady of reaant ad thorough
reviens provicss sourass of acbiitaiael
rele.ant infomation.

Symmetry in Molecules and Crystals.
By M. F.C. Lacd. Riblidedby Jon
Wiley & Sos, o, 1 Wiley Dr,
Sorerset, NJ 0837/5-1272,1989.274
- Price: $61.%5. ISBN 0470
213/6-0.

This book Ba presatatianofimolec-
ularand aystal symretry, fronageo-
netrical pointofvien, beessd oncorses
n aysellggly, denical fysis,
ad damistry given oer tte st D
yaars. Gpiosly illstraad, with nu-
merous sterenviens of noleaules ad
Hities, itdoes ot reguire mathemat-
is much beyod Aleel (advancd
hich sdool) statlrd. This ted vl
diaify a abject with which stuonts
often fird some . The author
Less both the Hermann-Mauguin ad
tre Sdorflies rotatias N
his treatnent of aystal and nolecullar
symetry ad elerattary grop tre-
ay. He alo disasses gplicatias of

naests in aystallgahic, sectio-
sapic, and treoetical Sidies.

The Sprouse Collection of Infrared
Spectra, Book IV: Common Sol-
vents—Condensed Phase, Vapor
Phase, and Mass Spectra. Edited by
Diarma L Hasen. Rblished by Else-
viar cieneRblidas, PO Box 211,
1000 AE Arsterdam. The Nether-
s, 198, 7/6 p. A us.
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$240.00/Df1.
6041

The Sorouse Glllecian Ba inige
sxies of refarae aollectios
prodloed by Sorouse Soietafic Sys-
tens of Roli, PA. s B
provice rlible, high g.elity refarate
Seectra thet can be used far structurel

520.00. ISBN O-

ad softvare ad algoritim develagp-
ment. Each volure ntre sxieswill e
cevotsd toagmacial dessof

Book 1 Bdavoted topolyrers, Book Il
o hats by oAirdical intaral re-
flectae, ad Book 1 o sufae ac-

thegpits.

Agricultural Chemicals Book Series,
Agricultural Chemicals Book I—In-
secticides, Acaricides, and Ovicides;
Agricultural Chemicals Book 11—
Herbicides; Agricultural Chemicals
Book m —Fumigants, Growth Regu-
lators, Repellants, and Rodenticides.
By W. T. Thomson. Rblided by
Thomson Rblicatias, PO Box
BB, AHesp, CA BAl, 199, A);
280; 190 . A $16. 0 exch.
Newly reissd, these bodks derite

inctail each major category of pesti-

ads. The diffaatdenicals ae Ikl

Saately by track nares, denical

strudure, danical fomula, Oddty,

fomulatias aallde, ragisterad us-

mental neterials ae I o prolay
tre effectivaess of tree bods. Used
asmajor referance books by many peo-
ple far oer 20 yars, ayoe in tre

hsiress fran ressarder
o danical fieldren suld ot ke
without trese handy guicks. Written in
laymen tans, they are resdily acbpted
tofiEduse. Rsticds develgqped aut-
sick the Uniited States are inclucsd
r&lgsﬁ's%tmﬁﬂmamrldmiob

Nomenclature of Inorganic Chemistry.
Fdlited by G. . Leigh. Rublished by
Bladaell Scientific Rblicatios
Ltd, Osney Mead, Oxford OX2
OEL, UK., 199. 34 mp. P
?.M?O-(D- 1SBN 0-63-02319-
The Intarmaetaaal Union ofPure and

Aplied Chamistry hes tre reqoorsiiil-
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ity toprgooe rukess Tarnoreclature ©
te danistry comunity. In 1978, tte
1UPAC Comission far-Norenclature
in Inrgenic Chemisttry decided o re-
vice thoraughlly the 1970 editinofNo-—-
merclature n Inorgenic Chemistry
(‘The Red Book’”). Due tothe fact ttet
many oftre new fidds ndamistry are
\ery highly seecializd and need com-
plex types of renes, tiseditinwill ke
polised N o pats. This presait
bodk, rgayesntilg ggeral  Iogenic
denistry sPart 1, ad n itean ke
fourd rulles o name campounds rang-
irg fran the sinplest noleaulles O o«
cecicsand treir darnatines, coordirete
aopouds, ad sinple boron com-
pouds.

Chemical Structure Information Sys-
tems, Interfaces, Communication,
and Standards, ACS Symposium Se-
ries No. 400. Edited by Wendy A.
Warr. Rblised by tte Arerican
Cemical Sdiety, 115 16th X,
NW, Washington, DC 20035, 198.
146 mp. Price: US. & Canada
$34.95/Bport $1.95. 1SBN 0
S12-1654-9.

With tte advent of camputer graph-
s, tre polifaation of RCs, ad tre
cevelgrent of Lsr-friadly oftvare,
te aerage denist can now huild
cdramical catahesss, search sructures
and abstnuctures, and garerate dhemi-
cl Igots. Hever, these many S5-
tens and databesss canot e lied n
a “sanless” mamer. This book ad-
dressssthisaonocem N 12 dgpterswint-
ten by pegple from diverse back-
gauts, fron softvare deelgers
infomation gedEllds. Some of tre
fafledality nfield fomats toaeble
freeedhae ofdanical dila, tre -
tenelatad facss thet riestrictcopata-
hility, theattriotesofastacard ntar-
oz, danical strdure brossirg, te
ueofa st laguece interfae FC-to-
mainfrare camunication progrars,
and tre staoard moleaular dcata fa-

mat asan integation .

Enzyme Assays for Food Scientists. By
Clyace E. Sauffer. Rblided by
Van Nostrad Reintold/AVl, 115
5th Ae, New Yok, NY 10038,
198. 320 . Prie: $82.%. 1SBN O-
404

In this sirgle wolure, food soatists
will fird acorate, religlke enzyme as-



RESEARCH MRIODICRLS & BOOK'S RVG S, Ine.

Rack Volumes <« Microfilm e Subscriptions <« Books

JOURNAL AND SERIAL BACK SETS AVAILABLE

« Please inquire for our discounted prices on journals from any publisher or society. These vary from
title to title.

Recent years (1984-1988): 5 to 30% below publisher's price.

Complete sets (volume 1- 1988): 30 to 60% below publisher.

All subjects “from A to Z” covered.

The titles below are examples of periodical collections which we supply to researchers around the worldi

AMERICAN CHEMICAL SOCIETY JOURNAL CHEMICAL SOCIETY LONDON JOURNAL
vols. 40-111  1920-1988 1900-1988 with all six sections as published.
(Short run is also available.)
ANALYTICA CHEMICA ACTA
vols. 1-215 1967-1988 CLINICA CHEMICA ACTA
vols. 1-177 1956-1988
ANALYTICAL BIOCHEMISTRY
vols. 1-176 1968-1988 ELECTROCHIMICA ACTA
vols. 1-33 1959-1988
ANALYTICAL CHEMISTRY
vols. 1-60 1929-1988 ENVIRONMENTAL SCIENCE & TECHNOLOGY
vols. 1-22 1967-1988
BEILSTEIN: HANDBOOK OF ORGANIC CHEMISTRY

Basic Series: vols. 1-27 JOURNAL OF AGRICULTURAL & FOOD CHEMISTRY

Supp. Series 1 vols. 1-27 vols. 1-36 1953-1988

Supp. Series 2 vols. 1-27

Supp. Series 3 vols. 1-16  (in 55 parts) JOURNAL OF BIOLOGICAL CHEMISTRY

Supp. Series 4 vols. 1-16  (in 70 parts) vols. 63-263 1925-1988

Supp. Series  3/4 vols. 17-27 (in 77 parts)

Supp. Series 5 wvols. 17-20 (in 39 parts) JOURNAL OF CHROMATOGRAPHY

Cumulative Indexes: vols. 1-460 1958-1988

Subject Index: vols. 1-27

Formula Index: vols. 1-4; 7-27 JOURNAL OF ELECTROANALYTICAL CHEMISTRY &
ASpublished from 1918 through 1988 INTERFACIAL ELECTROCHEMISTRY

vols. 1-254 1959-1988
BIOCHEMICAL PHARMACOLOGY
vols. 1-37 1958-1988 JOURNAL OF MEDICINAL CHEMISTRY
vols. 10-31 1967-1988

BULLETIN OF ENVIRONMENTAL CONTAMINATION

& TOXICOLOGY TETRAHEDRON
vols. 1-41  1966-1988 vols. 1-44 1957-1988
CHEMICAL ABSTRACTS TETRAHEDRON LETTERS
vols. 1-109 1907-1988 1959-1988

with 1-11 Decennial & Collective Indexes, 1907-1986.

Ifyou need any otherrun, please inquire!

TOXICOLOGY & APPLIED PHARMACOLOGY
vols. 1-96 1959-1988

RCSCRRCH PCRICDICRL SRVIACS =  RESERRCH PCRICDICAL SUBSCRIPTION SRVIACS =  RCSCRRCH BOOK SCRVICGCS

P.O. Box 720728, Houston, TX 77272 USA « Tel: (713) 556-0061 + Toll Free (800) 521-0061 « FAX (713) 556-1406 + TWX 510-600-0921 (Periodical)
CIRCLE 93 ON READER SERVICE CARD
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BOOKS IN BRIEF

s far dl tre mgjor ctegxies of
foos ad fooHelated ssters. Inoor-

preparing sUstrates and assay re-
apts, aaitda disassinofgood as-
saydssign, asvelll as reedy-to-usecom-
puter progrars fartrePC.

Production Wine Analysis. By Bruoe
W. Zosddein. Rblided by Van
Nostrand Reintold/AvE, 115 Sth
Ae, New York, NY 10008, 1980.
550 [p. Arice: $4.5. 1SBN 0-442-
24535.

Here B a coaild, state-oFteat
guice o wire aslsis tedniqes &
they are perfomed nwire irdstry
prodlction EHooatores. Each dgpter
ek tre trexiss, tedniges, ad
precautias Tar eech 1S, with an
apresisantre rdetteyplay noaall
winery geratias. Remedial tedr
niqLEs to aorect prablens revealed by
aslsisarealopresated. Appadices
on chromatograohic tedmiges, re-
amtprgaatas, ad laoratory me-
diaand srarsare irclud.

Since 1884

AOAC

Surfactant-Based Separation Process-
es. Edited by Jomn F. Scamehom and
Fffiey H. Hamell. Rblised by
Marcel Deder, ., Z70 Madison
Ae, New York, NY 10016, 198.
360 . Price: US. & Canada
$115.00/Bqort $138.00. I1SBN O-
47-29-0.

The fast book dedicated solely 1O
SHaati proessss uliliag surfec-
tats, “QUrfactantBasad Sgaratin
Processes” foauses on oel tedmiiges
and also viens esteblided methods-
tyirg toetter the nurerous ways N
which surfadtants can be used toeffect
syaratiasaswell assshoving thecom-
nmoral ity ofttese tedrolagies. Presat-
irg a’giral research on many surfec-
tanttesad separation processes- a
nurber ofuhich have the potential far

twuming weste stream antainirg diluie

AW ARDS NOM

aatratias of valusble naterials
intb prodct strears, and eanines
such tradrtical surfactant-tesad
methods as froth flotlatios and foam

Analytical Artifacts. By B. S. Middle-
ditth. Rblished by Heevier Sciee
Rblidas, PO Box 211, 1000 AE
1028 mp. A U.S. $80.50/0A.
45.@. 1SBN 0-444-87158-6.

This book Ban essy~to-Use compen-
diunofproblersencounteredwhen us-
iy \erias common aralytical tech-
niges. Erphesis Bon npuriities, by-
prodcts, cormtaminants and other
atifds. A sgarate entry sprovicd
far each atifact. For gedific dhemi-
als, this etry provicss the conmon
name, mess soectrun, ges dwronato-
gghic cila, CAS name and reostry
nurber, synonyrs, and ararratiedis-
assia. More tren 1100 entriesare in-
cluid. Mass gectral data are indeed
naspEsk inex (rolecular o, kese
peek, seocod peek, third peek) ad
thaearealofonula, author, and sLb-
Jetinbes.

INATION

DEADLINES

Letters In Support ofAOAC Fellows Awards — The deadline is
February 15 of each year.

Harvey W. Wiley Scholarship Nominations —
A junior and senior year scholarship of $500 per year awarded annually to

sophomores majoring iIn scientific areas of iInterest to AOAC.

Each year,

May 1 isthe nomination deadline. The award winner isannounced about

sixweeks later.

Harvey W. Wiley Award for the Development of Analytical Methods —
A $2,500 annual award to an outstanding scientist or scientific team for

analytical contributions In an area of iInterest to AOAC.

Nominations will

be accepted year-round. Those received before December 1 of any year
will be eligible for the following four years’awards. Eligibilitymay be
extended an additional four years by written request of the nominator.

For more information contact: Administrative Manager, AOAC, Suite 400-J,
2200 Wilson BiWd., Arlington, Virginia 22201-3301 USA or phone (703) 522-3032.
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Participation in the Copyright Clearance Center (CCC)
assures you oflegalphotocopying atthe momentofneed.

Libraries everywhere have found the easy way to fill
photocopy requests legally and instantly, without the
need to seek permissions, from more than 3000 key
publications in business, science, humanities, and social
science. You can:

Fillrequests for multiple copies, interlibrary loan (beyond
the CONTU guidelines), and reserve desk without fear of
copyright infringement.

Supply copies from CCC-registered publications simply
and easily.

The Copyright Clearance Center is your one-stop place
for on-the-spot clearance to photocopy for Internal use.

Its flexible reporting system photocopying
reports and returns an itemized invoice. You send only
one convenient payment. CCC distributes it to the many
publishers whose works you need.

accepts

J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 6, 1989)

And, you need not keep any records, the CCC computer
will do it for you. Register now with the CCC and you will

never again have to decline a photocopy request or
wonder about compliance with the law forany publication
participating in the CCC.

To register or for more information, just contact:

Copyright Clearance Center

27 Congress Street
Salem, Massachusetts 01970
(617) 774-3350

a not-for-profit corporation

NAME TITLE
1 ORGANIZATION
. ADDRESS
I CITY STATE zZIP

1 COUNTRY TELEPHONE

167A

1



FOR YOUR

Meetings

February 4-6, 1990: Southwest
AOAC Regional Section Meeting.
Contact: William Y. Cobb, Texas A &
M University, Office of the Texas State
Chemist, PO Box 3160, College Sta-
tion, TX 77841-3160, telephone 409/
845-1121.

April 2-6, 1990: AOAC Analytical
Technology Week, Valley Forge, PA.
Contact: AOAC Meetings Depart-
ment, Suite 400,2200 Wilson Blvd, Ar-
lington, VA 22201-3301, telephone
703/522-3032.

May 1990: Northeast AOAC Re-
gional Section Meeting. Contact: Jon
Schermerhorn, New York State Dept
of Agriculture and Markets, 1220
Washington, Albany, NY 12235, tele-
phone 518/485-8098.

September 10-13, 1990: 104th
AOAC Annual International Meeting
and Exposition. The Clarion Hotel,
New Orleans, LA. Contact: AOAC
Meetings Department, Suite 400, 2200
Wilson Blvd, Arlington, VA 22201-
3301, telephone 703/522-3032.

Layjoffls Incoming AOAC President

Thomas P. Layloff was named 1989-
1990 President of AOAC at the 103rd
Annual International Meeting and Ex-
position held in St. Louis, MO, Septem-
ber 25-28.

Layloff has a long history of service
to AOAC. He has served on the Valida-
tion Council, Governance Council, and
Interlaboratory Studies Committee,
and as a member and Chairman of the
Committee on Drugs and Related Top-
ics (Committee B) for 7 years. As
Chairman of Committee B, he has also
been a member of the Official Methods
Board and has headed the OMB Sub-
committee on Candidate Methods. He
was elected to the Board of Directors in
1985 and became President-Elect in
1988.

A graduate of Washington Universi-
ty in St. Louis, MO, and the University
of Kansas, Layloff has been associated
with the U.S. Food and Drug Adminis-
tration since 1967 when he became a
consultant to the National Center for
Drug Analysis (currently the Division
of Drug Analysis) in St. Louis. He con-
tinued in this position until 1976 when
he joined this organization as director.
Responsibilities of the Division include
analyzing bulk drug materials submit-
ted for approval to the Agency and vali-
dating methods submitted by manufac-
turers for the control of their products.
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The Division also serves as the feder-
al government’s collaborating laborato-
ry on the acceptance of reference mate-
rials for the USP. The Division has
been specifically cited in the Preface of
the 1990 The United States Pharmaco-
peia and The National Formularly as
being “the primary governmental par-
ticipant in the ongoing evaluation of
established and proposed new USP
Reference Standards.”

Prior to assuming this position at
FDA in 1976, Layloff served as a pro-
fessor of analytical chemistry at St.
Louis University for 7 years. In addi-
tion to outside awards, Layloff has re-
ceived the FDA Commendable Service
Award (1980) and the Commissioner’s
Special Citation (1985).

1989-90 AOAC Board of Directors

The following individuals will serve
on the 1989-90 Board of Directors with
newly named AOAC President Thomas
P. Layloff: President-Elect H. Michael
Wehr, Secretary/Treasurer Edgar R.
Elkins, Directors Harry B. S. Con-
acher, Nicole Hardin, Arvid Munson,
Albert W. Tiedemann, Alex Williams,
and Past President Odette L. Shotwell.

1989 Fellows ofthe AOAC

In recognition of at least 10 years of
meritorious service, the following indi-
viduals received honors as 1989 Fellows
of the AOAC at the 103rd Annual In-
ternational Meeting and Exposition in
St. Louis, MO.

Aram Beloian, U.S. Environmental
Protection Agency. Associate Referee:
1963-1966, Disinfectants: Antimicro-
bial Agents Used on Fabrics and Mate-
rials and in Laundry Processes. General
Referee: 1970-1978 and 1983-present,
Disinfectants. Member, 1979-1982,
Methods Committee.

Raffaele Bernetti, CPC Internation-

(VOL. 72, NO. 6, 1989)

al, Inc. Associate Referee (4 methods
adopted): 1979-present, Corn Syrup
and Corn Sugars; 1983-1987, Water
Determination in Feeds; 1980-1984,
Karl Fischer Method in Fats and Oils.

Member, 1987-present, Validation
Council. Member, 1984-1986, and
Chairman, 1987-present, Editorial

Board. Member, 1988-present, Gover-
nance Council. Member, 1986-present,
Joint Mycotoxin Committee.

Thomas L. Jensen, Nebraska State
Dept, of Agriculture. Associate Refer-
ee: 1979-1983, Disulfoton. General
Referee (16 methods approved): 1980—
1986, Fungicides and Disinfectants;
1980-1986, Herbicides Il1l. Member,
1986-present, Official Methods Board.
Member, 1986, Methods Committee.
Member, 1979-1988, Committee on
State and Provincial Participation.
Member, 1987-present, Committee on
Meetings, Symposia, and Educational
Programs.

Peter F. Kane, Office of the Indiana
State Chemist. Associate Referee (4
methods adopted): 1979-present, K20
in Fertilizer (Potash); 1982-present,
Crude Protein in Animal Feeds. Mem-
ber, 1983-1987, Committee on Instru-
mental Methods and Data Handling.
Associate Referee of the Year, 1982.

Frederick J. King, National Marine
Fisheries Service. Associate Referee (2
methods adopted): 1977-1983, Drip
Fluid in Fish Fillets and Fish Fillet
Blocks; 1975-1978, Quantitation of
Seafood in Crabmeat, Shrimp, or Sea-
food Cocktail; 1980-1985, Drained
Weight of Block Frozen Raw, Peeled
Shrimp; 1985-present, Minced Fish in
Fillet Blocks. Co-Associate Referee:
1982-present, Determination of Fish
Content in Coated Products.

James B. Kotteman, retired, U.S.
Food and Drug Administration. Mem-
ber, 1981-present, Committee on the
Constitution. Member, 1980-1984,
Board of Directors. Member, 1977—
1983, Methods Committee. Member,
1978-1982, Committee on Collabora-
tive Studies.

Thomas L. Layloff, U.S. Food and
Drug Administration. Member, 1985-
present, Board of Directors. Member,
1988-present, Validation Council.
Member, 1982-1983, and Chairman,
1984-1986, Methods Committee.
Member, 1984-1986, Official Methods
Board. Member, 1987, and Chairman,
1988, Governance Council. Member,
1985-1987, Interlaboratory Studies
Committee.



BeaPartofAnalytical Excellence
Advertise Your Productin the

JOURNAL OF THE AOAC

o ver 25,000 professionals in the field of

analytical science read the JOURNAL
OF THE AOAC. JOURNAL readers are
key decision makers, buyers, and leading
influencers who purchase and use analyti-
cal laboratory equipment, supplies and ser-
vices. They use the JOURNAL as a unique
and invaluable source of information about
methods for analyzing foods, drugs, cos-
metics, additives, pesticides, fertilizers,
water, soil, sediments, and other materials.

T he JOURNAL OF THE AOAC is read

worldwide by regulatory agency, indus-
try, and academic researchers who MUST
keep informed of new technology and new
techniques. Subscribers rate the JOUR-
NAL highest in on-the-job usefulness of
all publications in the field.

J OURNAL readers include analytical

chemists, microbiologists, biochemists,
toxicologists, spectroscopists, chromato-
graphers, statisticians, and other scientists
in laboratory, administrative, and top man-
agement positions.

w hen surveyed, 73% ofthese scientists

said they purchase and recommend
the purchase of equipment and supplies
on the basis of their use in the methods
and advertisements published in the
JOURNAL—they trust the analytical ex-
cellence the JOURNAL has provided for
over 70 years.

D on’t miss out on your opportunity to
reach some of the world’s most impor-
tant leaders in analytical science today!

T akeamoment, NOW, to fill in the coupon below for your AOAC MEDIA Kit, or
call (703) 522-3032 in the US, +1(703) 522-3032 outside the US.

| Return to: Director, Marketing, AOAC, 2200 Wilson Blvd., Suite 400, Arlington, Virginia 22201-3301
| Q YES, I am interested in advertising in the JOURNAL OF THE AOAC. Please send me an AOAC MEDIA Kit.
O NO, lam not interested in advertising at this time, but please put me on a mailing list to receive future announcements.

I Name

Title o

fi Organization

Street Address _ _ _
I City
m Phone Number ( )

State

Zip
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Hussein S. Ragheb, Office of the In-
diana State Chemist. Associate Refer-
ee (1 method adopted): 1975-1981,
Chlortracycline (Feeds); 1974-1981,
Bacitracin in Feeds; 1986-present, Vir-
giniamycin by Turbidimetric Assay.
General Referee: 1987-present, Anti-
biotic Analysis in Feeds. Member,
1982-present, Interlaboratory Study
Committee.

Nominations for these awards were
made by AOAC members, were re-
viewed and recommended by the Com-
mittee on Fellows, and finally were ap-
proved by the Board of Directors.

General Referee Award to Lopez-Avila
and Scott

The 1989 General Referee Award,
granted by the Official Methods Board
in recognition of outstanding leadership
and substantial contribution to method
development, was shared this year by
Viorica Lopez-Avila, General Referee
for Organics in Surface and Waste Wa-
ter, and Peter M. Scott, General Refer-
ee for Mycotoxins. In these capacities,
Lopez-Avila and Scott oversee method
development in 12 and 14 topic areas,
respectively. Under their leadership, a
total of four methods have been adopt-
ed.

Lopez-Avila is employed at the
Acurex Corp., Mountain View, CA.
Her work has focused on the develop-
ment of sensitive analytical methods for
various environmental matrixes, char-
acterization of organic compounds in
effluents from chemical specialty
plants and hazardous waste samples
from disposal lagoons and other
sources, and study of chemical fate and
transport. She has been serving as As-
sociate Referee for Chlorinated pesti-
cides in Groundwater—GC/EC Meth-
od since 1988.

Scott who is also this year’s Harvey
W. Wiley Award winner works for the
Health Protection Branch, Health and
Welfare Canada, Ottawa. He has been
actively involved with AOAC for many
years, serving as Associate Referee for
Patulin from 1972 to 1982, as Associate
Referee for Mycotoxins in Cocoa and
Tea/Mycotoxins in Cocoa from 1968 to
1979, as a member and Chairman of
the Joint Mycotoxin Committee, as a
member of the Validation Council, and
as organizer of the mycotoxins session
at the 1981 AOAC Spring Workshop in
Ottawa. He was named a Fellow in
1983.

Methods Committee Associate Referee
Awards for 1989

Created in 1986, the Methods Com-
mittee Associate Referee Awards rec-
ognize the best Associate Referee in a
committee for a given year. Those
named for 1989 are: Eugene C. Cole,
Committee on Pesticide Formulations
and Disinfectants; Eileen Bargo, Com-
mittee on Drugs and Related Topics;
Jonathan DeVries, Committee on
Foods 11; Gayle A. Lancette, Commit-
tee on Microbiology and Extraneous
Materials; and Karen S. Harlin, Com-
mittee on Feeds, Fertilizers, and Relat-
ed Agricultural Products.

Collaborative Study of the Year
Award—1989

The Official Methods Board named
Rose A. Sweeney the winner of the Col-
laborative Study of the Year Award for
1989 for “Crude Protein Determina-
tion by a Combustion Method Based on
Current Leco Analyzers.” Sweeney
works for the Analytical Biochemistry
Laboratories, Inc., in Columbia, MO.

The award recognizes the collabora-
tive study judged to be best for the year
as determined by scientific innovation
and soundness of design, implementa-
tion, and reporting.

New Sustaining Members

AOAC welcomes the following new
private sustaining members: Advanced
Instruments, Inc., Needham Heights,
MA, and A.E. Staley Manufacturing
Co., Decatur, IL.

AOAC Announces Analytical
Technology Week for April 1990

AOAC will hold its first Analytical
Technology Week in Valley Forge, PA,
April 2-6, 1990.

Analytical Technology Week will
consist of a conference on food irradia-
tion, a workshop on immunoassay tech-
niques, and four short courses: Quality
Assurance for Analytical Laboratories;
Quality Assurance for Microbiology
Laboratories; Improving Sampling for
Analysis of Food, Drugs, and Agricul-
tural Materials; and Statistics for
Methodology.

The conference and workshop will
run consecutively. The short courses
will be staggered throughout the week.

The conference on food irradiation
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will be co-chaired by Leon Lakritz,
U.S. Dept of Agriculture, Philadelphia,
PA, and Roger Wood, Ministry of Ag-
riculture, Fisheries, and Food, London,
U.K. It will cover basic irradiation
chemistry, the effects of ionizing radia-
tion on foods, the effects of irradiation
on the microflora of foods, food irradia-
tion as viewed by the food industry and
by the food processors, and analytical
methods, applicable to the detection of
irradiated foods.

The conference will also feature a
regulatory roundtable of international
speakers who will discuss the current
rules, regulations, and policies on irra-
diation of foods in their respective
countries.

The workshop on immunoassay tech-
niques will cover fundamentals of vari-
ous immunoassays, including ELISA,
immunoaffinity chromatography, and
new technologies. It will also cover im-
munoassays of foodborne pathogens,
including Salmonella, Listeria, and
Escherichia coli, as well as immunoas-
says of contaminants and residues in
foods, such as mycotoxins, pesticides,
and drugs. Finally, statistical ap-
proaches, collaborative studies, and
regulatory concerns will be discussed,
and hands-on experience will be offered
with the immunoassays covered in the
discussion sessions.

Jeffery L. Cawley, Northwest Ana-
lytical, Inc., Portland, OR, will teach
AOAC’s first statistics short course,
Statistics for Methodology, during An-
alytical Technology Week.

His text will be Use of Statistics to
Develop and Evaluate Analytical
Methods by Grant T. Wernimont, pub-
lished by AOAC in 1985.

The course will address AOAC col-
laborative studies and method certifica-
tion; the process of developing an ana-
lytical method; and using statistics and
related quantitative methods to evalu-
ate methods.

The three other short courses offered
have been reviewed and significantly
updated and restructured to reflect ad-
vancing technology and expanding reg-
ulatory requirements. These are Quali-
ty Assurance for Analytical Laborato-
ries; Quality Assurance for Micro-
biology Laboratories; and Improving
Sampling for Analysis of Food, Drugs,
and Agricultural Materials.

Analytical Technology Week is be-
ing planned and organized by the Com-
mittee on Meetings, Symposia, and
Educational Programs.
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New Methods

The following methods have been ap-
proved interim official first action by
the appropriate General Referee and
Methods Committee, and by the Chair-
man of the Official Methods Board: by
the Methods Committee on Foods 11—
(1) Determination of Total Sulfite in
Shrimp, Potatoes, Dried Pineapple, and
White Wine by Flow Injection Analy-
sis, submitted by J. J. Sullivan, T. A.
Hollingworth, M. M. Wekell, V. A.
Meo, H. H. Saba, A. Etemad-Mogha-
dam, and C. Eklund (Food and Drug
Administration, Seafood Products Re-
search Center, Bothell, WA); J. G.
Phillips (U.S. Department of Agricul-
ture, Agricultural Research Service,
Philadelphia, PA); and B. H. Gump
(California State University, Depart-
ment of Chemistry, Fresno); (2) Deter-
mination of Free Sulfite in Wine by
Flow Injection Anaylsis, submitted by

J. J. Sullivan, T. A. Hollingworth, M.

M. Wekell, V. A. Meo, and A. Etemad-
Moghadam (Food and Drug Adminis-
tration, Seafood Products Research
Center, Bothell, WA); J. G. Phillips
(U.S. Department of Agriculture, Ag-
ricultural Research Service, Philadel-
phia, PA); and B. H. Gump (California
State University, Department of
Chemistry, Fresno); (3) Determination
of Total Sulfite in Foods and Beverages
by lon Exclusion Chromatography with
Electrochemical Detection, submitted
H-J. Kim (U.S. Army, Natick Re-
search, Development, and Engineering
Center, Natick, MA); by the Methods
Committee on Residues—Determina-
tion of Copper, Iron, and Nickel in Ed-
ible Oils and Copper and Iron in Edible
Fats by Direct Graphite Furnace
Atomic Absorption Spectrometry, 1U-

PAC-AOAC Method, submitted by S.
G. Capar (Food and Drug Administra-
tion, Division of Contaminants Chem-
istry, Washington, DC); by the Meth-
ods Committee on Microbiology and
Extraneous Materials— (/) Colorimet-
ric Deoxyribonucleic Acid Hybridiza-
tion Assay for Rapid Screening of Sal-
monella in Foods, submitted by M. S.
Curiale and M. J. Klatt (Silliker Lab-
oratories, Chicago Heights, IL) and M.
A. Mozola (Gene-Trak Systems, Fra-
mingham, MA); (2) Dry Rehydratable
Film Method for Enumeration of Total
Aerobic Bacteria in Foods, submitted
by M. S. Curiale and T. Sons (Silliker
Laboratories, Chicago Heights, IL)
and J. S. McAllister, B. Halsey, and T.
L. Fox (3M Center, St. Paul, MN); and
by the Methods Committee on Environ-
mental Quality— (J) Digestion and In-
ductively Coupled Plasma Atomic
Emission Spectroscopic Method for El-
emental Analysis of Solid Waste Mate-
rials, submitted by E. E. Hargesheimer
(City of Calgary, Glenmore Water-
works Laboratory, Calgary, Alberta,
Canada); (2) Gas Chromatographic-
Electron Capture Detection Method
for Determination of 29 Chlorinated
Pesticides in Finished Drinking Water,
submitted by V. Lopez-Avila (Acurex
Corp., Mountain View, CA), R. Wes-
selman (U.S. Environmental Protec-
tion Agency, Cincinnati, OH), and K.
Edgell (Bionetics Corp., Cincinnati,
OH).

The methods were adopted official
first action at the 103rd AOAC Annual
International Meeting, September 25-
28, 1989, at St. Louis, MO. Copies of
the methods are available from AOAC
Scientific Publications.

Official Methods to be Published in
Two Volumes

AOAC is taking a first step toward
creating a multivolume collection of of-
ficial methods by publishing the 15th
edition of Official Methods of Analysis
as a two-volume set. The two volumes
will only be sold as a set.

Due to be published in January 1990,
the book will be divided roughly be-
tween food composition analyses and
analyses dealing with agricultural
chemicals, contaminants, and drugs.

A 1986 user survey showed an over-
whelming preference for the bound
printed book, compared with loose-leaf
or electronic versions. However, users
also expressed a desire for more easily
handled units that were targeted to spe-
cific types of analyses.

The Editorial Board, considering
these preferences, recommended a divi-
sion of chapters somewhat along
AOAC Methods Committee group-
ings, but strongly supported ensuring
the integrity of the publication as a
whole.

The Board feels that presentation of
AOAC official methods in two volumes
enhances the book’s usefulness to re-
search and quality control laboratories
and institutions involved in a wide
range of analyses.

Another step taken by the Board in
response to the survey is that, beginning
with methods adopted at the 1989 an-
nual international meeting and pub-
lished in the first supplement to the
15th edition, methods will no longer be
written in condensed form.

Standard abbreviations for units of
measure will be the only abbreviations
used.

COMING IN THE NEXT ISSUE

75 YEARS OF REPORTING ANALYTICAL SCIENCE 1915-1990

and

TRANSACTIONS OF THE

103RD AOAC ANNUAL INTERNATIONAL MEETING AND EXPOSITION
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How can we keep defective cans off
the market?

Botulism and other forms of food
poisoning can sometimes be traced to
defective cans that have leaked and
thereby allowed micro-organisms to
enter food. Recognizing a can defect,
doing something to correct the cause,
and removing the defective cans from
commerce will help prevent food
poisoning outbreaks. The first step is
to ensure that responsible personnel
know how to identify defective cans.

I enclose $
for the following quantity
of Can Defects charts:

(US Funds drawn on
US Banks only)

0O Check enclosed.

Card Number

Name
Company
Address

City, State, Zip

Expires

The Association of Official Analytical
Chemists, in cooperation with the
Food and Drug Administration, has
published a pamphlet that unfolds to a
24" x 36" chart, suitable for wall
display, to help food industry person-
nel learn to identify can defects quick-
ly. The chart uses a combination of
photographs, easy-to-follow explana-
tions, and color coding to illustrate
can defects, classify them according
to their degree of potential hazard,
and show what to look for in routine
inspection of the finished product.

The chart is a valuable reference
resource for food processors, salvage
operators, retail food personnel,
wholesalers and state and local gov-
ernment sanitarians.

For copies, send order form and
check to:

Association of Official Analytical
Chemists

Suite 400-J, 2200 Wilson Blvd.
Arlington, VA 22201-3301 USA
Telephone: (703) 522-3032

FAX: (703) 522-5468

One package of 10 charts @ $45.00 in U.S., $50.00 outside $
u.s

Additional packages of 10 charts @ $35.00 in U.S., $40.00

outside U.S.

Single chart @ $15.00 in U.S., $20.00 outside U.S.

Prices include handling and shipping.

O Charge my O VISA O MasterCard

Signature
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TOTAL

Date
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Chemical Journals Online

is pleased to announce
the addition of the

Journal of the Association of

Official Analytical Chemists
to its family of full-text files.

Teaming with
Chemical Joumals of the American Chemical Society
Chemical Joumals of the Royd Society of Chemistry
and the
Primary Potymer Journals of John Wiley and Sons

to provide chemmists, researchers, and inforretion specialists with
enhanced online capability to search and display
* vital experimental data
* experimental procedures
* new preparation techniques
* newchemical jargon, ad
* literature citations

x*

INTERNATIONAL
These ™ V &Tecmer]
tommeiKjn Netio™

Chemical Journals Online is available only on STH International.

For more information, phone
(614) 421-3600
(800) 848-6538 Toll Free

CHEMICAL JOURNALS
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INFORMATION FOR SUBSCRIBERS, CONTRIBUTORS,

AND ADVERTISERS

THE ASSOCIATION

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

AOAC Official Methods are methods that
have been validated by an AOAC-approved
collaborative study, recommended by the
appropriate AOAC General Referee, Meth-
ods Committee, and the Official Methods
Board, and adopted and published according
to the Bylaws of the Association. Published
papers that include such methods are distin-
guished by the words Collaborative Study in
the title and by footnotes that indicate As-
sociation actions.

Membership in AOAC is open to all in-
terested persons worldwide. Sustaining
memberships are available to any govern-
ment agency, private company, or associa-
tion interested in supporting an independent
methods validation program.

European Representatives For informa-
tion about AOAC and its publications, per-
sons outside the U.S. may also contact the
following: Margreet Lauwaars, PO Box 153,
6720 AD Bennekom, The Netherlands, tele-
phone 31-8389-18725; Derek C. Abbott,
33 Agates Lane, Ashtead, Surrey,
KT21 2ND, UK, telephone 44-3722-74856;
Lars Appelqvist, Swedish University of Ag-
ricultural Sciences, Dept of Food Hygiene,
S 750 07 Uppsala, Sweden, telephone 46-
18-17239%8.

THE JOURNAL

The Journal of the Association of Official
Analytical Chemists (ISSN 0004-5756) is
published bimonthly by AOAC, Suite 400,
2200 Wilson Blvd, Arlington, VA 22201-
3301 USA. Each volume (one calendar year)
will contain about 1200 pages. The scope of
the Journal encompasses the development
and validation of analytical procedures per-
taining to the physical and biological sci-
ences related to foods, drugs, agriculture, and
the environment. Emphasis Is on research
and development of precise, accurate, and
sensitive methods for the analysis of foods,
food additives and supplements, contami-

nants, cosmetics, drugs, toxins, hazardous
substances, pesticides, feeds, fertilizers, and
the environment.

Methods The scientific validity of pub-
lished methods is, of course, evaluated as
part of the peer-review process. However,
unless otherwise stated, methods published
in contributed papers in the Journal have
not been adopted by AOAC and are not
AOAC Official Methods.

Manuscripts Prepare manuscripts double-
spaced throughout and carefully revise be-
fore submission; 4 copies should be submit-
ted to Managing Editor, AOAC, Suite 430,
2200 Wilson Blvd, Arlington, VA 22201-
3301 USA. AOAC reserves the right to re-
fuse manuscripts produced on dot matrix
printers of less than letter quality. “Instruc-
tions to Authors” is published in the January
issue ofthe Journal (may also appear in other
issues) and is available on request from
AOAC.

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

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

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

SUBSCRIPTIONS

Journal subscriptions are sold by the vol-
ume (one calendar year). Rates for 1989 are
as follows: Members: $84.50in U.S,; $125.00
outside U.S. Nonmembers: $94.50 in U.S,;
$145.00 outside U.S. Two year subscriptions
are also available. Airmail $56.00 additional
per year. Claim for copies lost in the mail
will not be allowed unless received within
30 days of the date of issue for U.S. sub-
scribers or 90 days for all others. Claimants
must state that the publication was not re-
ceived at their recorded address. Address re-
quests for replacement copies to AOAC, Suite
400, 2200 Wilson Blvd, Arlington, VA
22201-3301 USA. For subscribers outside
the U.S., copies ofthe Journal lost in transit
cannot be replaced without charge because
of uncertain mailing conditions.

Change ofAddress Notification should in-
clude both old and new addresses, with mail
code, and be accompanied by a mailing label
fromarecent issue. Allow4 weeks for change
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to become effective. Subscribers outside the
U.S. should use airmail for notification.
Microfilm Volumes on microfilm are
available from Princeton Microfilm Corp.,
PO Box 2073, Princeton, NJ 08540.
Single Issues Information on single issues
is available from AOAC.

COPYING

Copyright All articles published in the
Journal are protected by copyright. Persons
requiring copies of Journal articles beyond
the number allowed by the fair use provi-
sions of the 1978 U.S. copyright law may
request permission to copy directly from
AOAC or may make the required copies and
pay $1.00 per copy through the Copyright
Clearance Center, Inc., 21 Congress St, Sa-
lem, MA 01970. Articles which are copied
and royalties paid through the Copyright
Clearance Center must be identified by the
following code: 0004-5756/87%$1.00, indi-
cating the International Standard Serial
Number assigned to J. Assoc. Off. Anal.
Chem., the year, and the copying fee per copy.
Information on the use of the Copyright
Clearance Center is available from the Cen-
ter.

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

ADVERTISING

Placement All space reservations and all
advertising copy are due 1'h months in ad-
vance of publication at AOAC, Suite 400,
2200 Wilson Blvd, Arlington, VA 22201-
3301 USA. Advertising inserted 3, 6, or 12
times within 1 year of first insertion earns
frequency discount rates. Contact Marilyn
Taub, AOAC, for size requirements and
schedule of rates.

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

New Products Notices of new products are
prepared from literature received from man-
ufacturers and other companies and are pub-
lished only as a service to readers. Publica-
tion of notices of new products is not intended
asan AOAC endorsement or approval ofany
service, product, or claim made by the man-
ufacturers.
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INSTRUCTIONS TO

Scope of Articles and Review Process

The Journal ofthe AOAC publishes articles
that present, within the fields of interest of
the Association: unpublished original re-
search; new methods; further studies of pre-
viously published methods; background work
leading to development of methods; com -
pilations of authentic data of composition;
monitoring data on pesticide, metal, and in-
dustrial chemical contaminants in food, tis-
sues, and the environment; technical com -
munications, cautionary notes, and
comments on techniques, apparatus, and re-
agents; invited reviews and features. Em-
phasis is on research and development of
precise,accurate, sensitive methods foranal-
ysis of foods, food additives, supplements
and contaminants, cosmetics, drugs, toxins,
hazardous substances, pesticides, feeds, fer-
tilizers, and the environment. The usual re-
view process is as follows: (1) AOAC edi-
torial office transmits each subm itted paper
to appropriate subject mattereditor, who so-
licits peer reviews; (2) editor returns paper
to author for revision in response to review -
ers’comments; editor accepts or rejects re-
vision and returns paper to AOAC editorial
office; (3) AOAC editorial staffedits accept-
ed papers, returns them to authors for ap-
proval,and transmits approved manuscripts
to typesetter; (4)typesettersends page proofs
to author for final approval.

General Information

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

Follow these instructions closely; doing so
will save time and revision. For all questions
of format and style not addressed in these
instructions, consult recent issue of Journal
orcurrent edition of Council ofBioIogy Ed-
itors Style Manual.

1. Write in clear, grammatical English.

2. To Managing Editor, AOAC, Suite 400.
2200 Wilson Blvd, Arlington, VA 22201 -
3301 USA, submit typewritten original
plus 3 photocopies (1 side only, white
bond, 8/2 x 11 in. [21'h x 28 cm]) of
complete manuscript in order as fol-
lows— 1. Title page; 2. Abstract; 3. Text
(introduction, method or experimental,
results and/or discussion, acknowledg-
ments, references); 4. Figure captions; 5.
Footnotes; 6. Tables with captions, one
per page; 7. Figures.

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

4. DOUBLE SPACE all typed material.
M anuscripts not double spaced will be
returned for retyping. Do notrightjustify
or use proportional spacing; avoid hy-
phenation.

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

pared on dot matrix printers ofless than let-
ter quality may be refused.

Format and Style

1. Title Page (separate sheet, doublespaoed):
Title of article, authors’ names (full first,
middle initial if any, full last), authors”
addresses including mail codes.

2. AbStl’aCt(separate sheet, double SpaCEd):
<200 words. Provide specific informa-
tion, not generalized statements.

3. TEXt(consecutive sheets, doublespaced):

Introduction. include information on
why work was done, previous work done,
use of compound or process being stud-
ied.

Method or Experimental. consult re-
cent issue of Journal for proper format.
Separate special reagents/apparatus from
details of procedure and list in sections
with appropriate headings; list in generic
and performance terms, avoid use of
brand names. (Common reagents/appa-
ratus or those which require no special
treatment need not be listed separately.)
Place detailed operations in separate sec-
tions with appropriate headings (e.g.,
Preparation of Sample, Extraction and
Cleanup). Include necessary calculations;
number ofsignificant figures must reflect
accuracy ofmethod. Use metric units for
measurements of quantities wherever
possible. W rite Method (recommenda-
tion for use of specific method) in im-
perative voice (“Add 10 mL ... Heat to
boiling . .. Wash flasks”); write Experi-
mental (description of laboratory exper-
iment) in passive or active voice (“Ten
mL was added ... We heated to boiling

. Flasks were washed”). Note hazard-
ous and/or carcinogenic chemicals.

Results/Discussion. cite tables and fig-
ures consecutively in textwith Arabic nu-
merals. DO NOtintersperse tables and fig-
ures in text.

Acknowledgments. Give brief thanks
(no social oracademic titles) oracknowl-
edge financial aid in this section.

References. submitted papers or un-
published oral presentations may not be
listed as references; cite them in text as
unpublished data or personal communi-
cations. Cite all references to previously
published papers or papers in press in
numerical order in text with number in
parentheses on line (nOtsuperscript). List
referencesnumerically in “References” in
exactly (arrangement, punctuation, cap-
italization, use ofampersand, etc.) styles
of examples shown below or see recent
issue of Journal for less often used types
ofentries. Follow Chemical Abstracts for
abbreviations ofjournal titles.

Journal Article Reference

(1) Engstrom, G. W., Richard, J. L., &
Cysewski, . J. (1977) J. Agric. Food
Chem. 25, 833-836

Book.Chapter Reference

(2) Hum, B. A. L., & Chantler, S. M.
(1980) in Methods in Enzymology,
Vol. 70, H. VanVunakis & J. J. Lan-
gone (Eds), Academic Press, New
York, NY, pp. 104-142

72, NO. 6, 1989)

Book Reference

(3) siegel, S. (1956) Nonparametric Sta-
tistics for the Behavioral Sciences,
McGraw-Hill Book Co., New York,
NY

O fficial M ethods Reference

(4) Official Methods of Analysis (1984)
14th Ed.,, AOAC, Arlington, VA, secs
29.070-29.072

4. Figure CaptiOﬂS(separate sheet(s), double
g .

Designate all illustrations, in-
cluding schemes, as figures and include
ca_ption forevery one. Identify curves (See
Flgures) and include all supplementary
information in caption rather than on face
of figure. Spell out word Figure.

5. Footnotes (separate sheet, double spaced):

Avoid use of footnotes to text. Include
“Received ... Accepted . ..”
tion/date of presentation, if appropriate;
present address(es) of author(s); identifi-
cation ofcorresponding author, ifnot se-
nior author; proprietary disclaimers; in-
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determination of available phosphorus. W ith the extraction
cell, the possibility of automation becomes apparent. Results
compare favorably with those for the AOAC method. By
using the extraction cell, precision should be improved and
analysis time should be reduced.
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CHEMICAL CONTAMINANTS MONITORING

Ethyl Carbamate Levels in Selected Fermented Foods and Beverages

BENJAMIN J. CANAS, DONALD C. HAVERY, LOUIS R. ROBINSON, MICHAEL P. SULLIVAN,
FRANK L. JOE, Jr, and GREGORY W. DIACHENKO
Food and Drug Administration, Division of Food Chemistry and Technology, Washington, DC 20204

Ethyl carbamate (EC), also known as urethane, is an animal carcino-
gen and a by-product of fermentation. Because EC has been found in
distilled spirits and wines, a variety of fermented foods and beverages
were analyzed to assess its occurrence in other products. Previously
described methods using a gas chromatograph-thermal energy ana-
lyzer with a nitrogen converter were modified for each matrix and
gave recoveries of >80%, with a limit of detection in the 1-2 Mg/kg
(ppb) range. A total of 152 test samples were analyzed; EC levels
:ranged from none found to 3 ppb in 15 cheeses, 6 teas, 12 yogurts, and
8 ciders; from none found to 13 ppb in 30 breads and 69 malt
beverages; and from none found to 84 ppb in 12 soy sauces. Gas
chromatography/mass spectrometry/mass spectrometry was used to
confirm EC identity and to quantitate EC in selected food extracts.

Ethyl carbamate (EC), also known as urethane, has exhibit-
ed carcinogenic activity in laboratory animals (1, 2). The
presence of EC in alcoholic beverages first received attention
in 1971 when Gejvall and Lofroth (3) reported that diethyl
pyrocarbonate (DEPC), an antimicrobial food additive, re-
acted with ammonia at neutral or alkaline pH to produce EC
in wines. Consequently, in 1972, under the Federal Food,
Drug, and Cosmetic Act of 1958, the regulation permitting
the use of DEPC in the United States was rescinded (4). In
1976, Ough (5, 6) questioned the amounts of EC that could
actually result from added DEPC and reported that a nomi-
nal amount of EC (<5 /zg/kg (ppb)) occurred naturally in
fermented foods and beverages. The reaction of naturally
occurring carbamyl phosphate with ethanol was suggested as
the source of EC.

In late 1985, the Health Protection Branch of Health and
W elfare Canada reported the presence of EC in distilled
spirits and wines and established regulatory limits on the
content of EC in these products (7). The Bureau of Alcohol,
Tobacco, and Firearms and the U.S. Food and Drug Admin-
istration (FDA) also conducted surveys to assess the frequen-
cy and levels of EC in alcoholic beverages (8). The EC
content in alcoholic beverages was found to be highly vari-
able, ranging from <5 ppb to ppm levels in some cases. In
1986, Ough (9) reported that naturally produced urea, from
yeast metabolism of the amino acid arginine, and the amino
acid citrulline were also possible sources of EC. Ethanol
solutions of urea or citrulline produced EC when heated.
Ingledew et al. (10) conducted experiments indicating that
yeast fermentation itself did not produce detectable EC (20
ppb EC, detection limit), but when heat was subsequently
applied to fermented beverages in which urea was present,
EC was formed in significant quantities.

In the present study, the EC levels found in fermented food
products such as malt beverages, bread, soy sauce, yogurt,
cheese, and cider are reported. These products were chosen
because of their high consumption volume and were pur-
chased from the Washington, DC, retail market. Results
from this study will permit an estimate of the contribution of
these fermented foods and beverages to the total average
daily intake of EC in the American diet. The basic method-

Received March 13, 1989. Accepted June 17, 1989.

ology used in this study was described previously (11). A
technique using a gas chromatograph-thermal energy ana-
lyzer with nitrogen converter (GC-N/TEA) was used for
detection and quantitation of EC. In the case of cheese, a
vacuum distillation procedure for nitrosamines (12) was ap-
plied to overcome the high fat content in this matrix. In some
instances, chromatographic interferences were overcome
with modifications to the temperature program of the GC
oven and/or the use of disposable chromatography columns
of silica gel and Florisil. Confirmation and quantitation by
gas chromatography/mass spectrometry/mass spectrometry
(GC/MS/MS) were obtained for selected extracts by using
a previously described technique (13).

METHOD

Apparatus and Reagents

Apparatus and reagents were previously described (11,
12). In addition, the following are required.

(@) Omni-Mixer.—Ilvan Sorvall Inc., Norwalk, CT.

(b) Silica gel disposable column.—J.T. Baker Chemical
Co., Phillipsburg, NJ 08865.

(c) Sep-Pak Florisil cartridge.— Waters Associates, M il-
ford, M A 01757.

(d) Gas chromatograph-thermal energy analyzer with ni-
trogen converter.— Hewlett-Packard Model 5710A gas chro-
matograph interfaced to thermal energy analyzer Model
502L (Thermedics Inc., Woburn, M A 01888) with nitrogen
converter Model 61 OR. Operating conditions: DB-wax fused
silica capillary column, 30 m X 0.53 mm id, with 1 pm film
coating (J & W Scientific, Inc., Folsom, CA 95630); helium
carrier gas at 8 mL/min; injector 200°C; GC interface
225°C, pyrolyzer furnace 825°C, oven (isothermal) at
110°C, or program as follows: hold at 90°C for 8 min, from
90 to 110°C at 2°C/min, hold at 110°C for 2 min; TEA
operating pressure 0.3-0.4 torr.

Extraction

Basic procedure for all matrixes except cheese is similar to
that for alcoholic beverages described by Canas et al. (11).
Briefdescription of basic procedure follows: Thoroughly mix
15 g test portion with 15 g Celite and pack in chromatograph-
ic column containing 10 g deactivated alumina capped with
40 g layer of sodium sulfate. Add 100 mL methylene chloride
and collect eluate in 300 mL conical flask. Evaporate eluate
to 1-2 mL, using rotary evaporator with 30°C water bath.
Transfer concentrate to graduated 4 mL concentrator tube.
Rinse flask with 1 mL methylene chloride and add rinsings to
tube. Concentrate to 1 mL final volume under gentle stream
of nitrogen. For increased sensitivity in malt beverage analy-
ses, use 25 g test portion and 25 g Celite; elute with 150 mL
methylene chloride.

For bread analyses, tear bread slice or test sample into very
small pieces (5 sg mm) and weigh 10.0 g into Sorvall cup.
Add 15 mL distilled water. Homogenize 10 s at medium
speed. Add 25 g Celite and homogenize 10 s again. Complete
mixing with spatula until mixture is homogeneous. Pack in
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column, following procedure described above; elute with 150
mL methylene chloride. Concentrate eluate to 1-2 mL.

To confirm identity of EC (from bread analysis) by GC/
MS/MS, remove fat by performing Sep-Pak Florisil car-
tridge cleanup described by Dennis et al. (14). Brief descrip-
tion of Sep-Pak cartridge cleanup follows: Wash Florisil
cartridge with 10 mL methylene chloride and add 1-2 mL
concentrate to cartridge. Rinse flask with 5 mL methylene
chloride and add rinsings to cartridge. Collect methylene
chloride washings and discard. Elute EC from cartridge with
5 mL 7% methanol in methylene chloride into concentrator
tube. Concentrate under nitrogen to 1 mL final volume.

Prepare tea test samples by following label instructions, or
place 1 tea bag in 250 mL hot water for 5 min, mix, and let
cool to room temperature. Analyze 15 g test portion by
procedure described above.

Analyze cheese by mineral oil vacuum distillation tech-
nique described by Havery et al. (12). Brief description of
technique follows: Homogenize 25 g test portion with water
and distill under reduced pressure with mineral oil. Extract
distillate with three 50 mL portions of methylene chloride,
and concentrate to 1-2 mL by using rotary evaporator. Clean
extract by using silica gel disposable column as follows:
Wash column with 2 mL acetone followed by 2 mL methyl-
ene chloride. Load extract into column and drain. Rinse flask
with 2 mL methylene chloride, add wash to column, and
drain. Elute EC with 2 mL acetone, and evaporate under
nitrogen to 1 mL final volume. Mix concentrate and save for
GC-N/TEA analysis.

GC-N/TEA Analysis

Inject 2 pL concentrated extract into gas chromatograph-
thermal energy analyzer. Use isothermal oven conditions at
110°C for cheese, yogurt, apple cider, and tea extracts. Re-
tention time of EC at 110°C is about 8.5 min. For malt
beverage, bread, and soy sauce extracts, use temperature
program specified in Apparatus and Reagents, (d). EC re-
tention time obtained by using this program is about 17 min.
Injection of 0.2 ng EC at attenuation 16 gave 25% full scale
deflection. Quantitate EC by comparing peak height at EC
retention time to that from 2 gL injection of EC working
standard prepared as previously described (11). Upon com-
pletion of each GC analysis, heat oven 15 min to 200°C to
eliminate interferences that might appear in next chromato-
gram.

GC/M S/M S Analysis

This technique was previously described by Brumley et al.
(13). Brief description of technique follows: Quantitate EC

and confirm identity by GC/MS/MS by adding known
amount of 13C, 15N-labeled ethyl carbamate (LEC) to final
extract or to test portion before extraction. Amount of LEC
added should be similar to EC level expected or to that
previously found by GC-N/TEA. Using isobutane chemical
ionization to produce (M+H)+ ion for EC and for LEC
internal standard, monitor collision-activated decomposition
ofm/z 90 and 92 by multiple ion detection 0fm /290,62, and
44 for EC and m/z 92,64, and 46 for LEC. Quantitate EC by
using ratio of daughter ions m/z 62 for EC and 64 for LEC.
Quantitate without confirming identity when intensity of
daughter ion m/z 62 for EC is large enough to permit quanti-
tation, but intensity of m/z 44 is not measurable (i.e., EC
identity is not considered confirmed unless all 3 ions are
present and in correct ratio).

Results and Discussion

Detection and quantitation limits of the GC-N/TEA
methods, based on a 15 g test portion and 1 mL final volume
of extract, were 1.5 and 3.0 ppb, respectively. These values
were calculated by following the guidelines for data acquisi-
tion by the American Chemical Society Committee on Envi-
ronmental Improvement (15). Test portions of 25 g were used
for malt beverage and cheese analyses to lower the detection
and quantitation limits to 1 and 2 ppb, respectively. In the
analyses of bread, in which a 10 g test portion was mixed with
15 g water, the detection limit was approximately 2 ppb.
Typical chromatograms of soy sauce, bread, and malt bever-
age extracts containing 11,8.0, and 4.5 ppb EC, respectively,
are shown in Figure 1. Typical chromatograms of soy sauce,
bread, and malt beverage extracts containing nondetectable
levels of EC are shown in Figure 2.

Recovery studies were conducted with each food type. The
results are shown in Table 1. Foods previously found to
contain no detectable levels of EC were fortified at levels
ranging from 4 to 24 ppb EC. Mean recoveries from each
matrix ranged from 89.6 to 100%, with an overall average of
94.0 *+ 4.1%. GC-N/TEA data reported in this study were
not corrected for recovery.

Table 2 shows results from analyses of 33 domestic (Unit-
ed States) and 36 imported malt beverages, representing 29
domestic and 22 imported brands; analyses of cheese, yogurt,
apple cider, and tea; and 30 analyses of bread, representing
21 brands. For malt beverages, 7 of the 29 domestic brands
contained detectable levels of EC that were below the quanti-
tation limit; 4 of these were domestic ales. No domestic brand
contained quantifiable levels of EC. The mean EC level in all
domestic malt beverages analyzed was 0.24 ppb. Most im-
ported malt beverages contained <5 ppb EC; 2 test samples

EC
EC ‘
L | 1 | | 1 1 J { | | J
0 5 10 15 20 0 5 15 20 0 5 10 15 20
TIME (min) TIME (min) TIME (min)

Figure 1. GC-N/TEA chromatograms containing detectable levels of EC: A, soy sauce extract (11 ppb EC); B, bread extract (8.0 ppb EC);
and C, lager beer extract (4.5 ppb EC).
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Figure 2. GC-N/TEA chromatograms containing nondetectable levels of EC: A, soy sauce extract; B, bread extract; and C, lager beer
extract.

contained 13 ppb. The mean EC level in all imported malt
beverages analyzed was 2.8 ppb. For a limited number of
malt beverages, different test samples of the same brand were
analyzed to obtain some measure of lot variability. Although
lot numbers could not be readily identified for some brands,
purchases of the same brand were made at least several weeks
apart to increase the likelihood of obtaining different lots.
The results from this limited number of analyses showed
little or no variability. GC/M S/M S was used to quantitate
EC in 18 selected extracts in which EC had been found by
GC-N/TEA. The results obtained by the 2 techniques usual-
ly differed by < 1 ppb.

In the cheese analyses, no quantifiable levels of EC were
found in 16 test samples of 5 different cheese types. In analy-
ses of yogurt, EC was found in only 2 of 12 test samples, at
levels between the detection and quantitation limits. No EC
was found in analyses of 3 non-alcoholic apple ciders; howev-
er, 3 ppb EC was found in 1of 5alcoholic ciders analyzed. No
EC was found in 6 tea test samples.

In the bread analyses, 8 of 21 initial test samples contained
EC levels above the 2 ppb limit of detection. A subsequent
purchase of these brands was made 4 weeks later, and addi-
tional test samples were analyzed to obtain variability data.
Results of the initial and additional analyses differed by only
1-2 ppb. Quantitative results obtained by GC/MS/M S for
selected bread extracts were in agreement with GC-N/TEA
results. The mean EC levels in all white and wheat breads
analyzed were 3.0 and 1.2 ppb, respectively. Other breads
analyzed included bagel, pita, Italian, French, rye, pumper-
nickel, English muffin, and sour dough. The mean EC level
found in these products was 0.9 ppb.

Because of reports that linked heating to increased levels of
EC in alcoholic beverages (9,10), the effect of toasting on the
EC levels in bread was also studied. In Table 3, EC levels are
reported in ng/slice instead of ng/g (ppb) to avoid confusion
due to the loss of weight associated with toasting. Two bread

Table 1. Recovery of EC from selected fermented foods

Test portion, EC Mean ree.
Food type n g added, ng + SD, %
Malt beverage 10 25 100 94.3 + 4.0
Bread 5 10 200 89.6 +3.5
Cheese 6 25 600 89.7 £11.0
Yogurt 3 15 200 97.6 £2.2
Apple cider 1 15 100 100
Tea 3 15 200 91.0 £ 4.4
Soy sauce 1 15 100 96

slices of similar weight were chosen for analysis. The weight
of the whole slice to be analyzed fresh was recorded. The
other slice was toasted to a light brown color in a common
toaster and allowed to cool to room temperature, and its
weight was recorded. Test portions of 10 g from each slice
were analyzed, and the results in ng/g were multiplied by the
weight of the respective slice. The EC levels in ppb in fresh
bread are shown in Table 2. The results in Table 3 from the
analysis of 9 test samples show the effect of toasting on the
EC levels in sliced bread. EC levels in toasted bread were as
much as 6 times the levels in their fresh counterparts. Toast-
ing increased the mean level of EC by a factor of 2.6 from 45
to 117 ng/slice.

Table 2. EC found In selected fermented foods and beverages
No. of test samples

No. of containing EC, ppb EC
Food type samples brands ND8 1-4 5-8 9-13 ppb6
Malt beverage
Domestic
Non-alcoholic 2 2 2 -
Malt liquor 4 4 3 1 0.3
Lager beer 16 3 14 2 0.1
Low calorie 3 3 3 -
Ale 6 6 1 5 0.8
Dark beer 2 1 2 -
Imported
Lager beer 18 14 5 7 4 2 35
Ale 5 2 1 4 2.4
Dark beer 13 6 2 1 21
Cheese
Cheddar 4 3 4 -
Cottage 3 3 3 -
Cream 2 2 2 -
Blue 2 2 2 -
Processed 5 5 5 -
Yogurt 12 2 10 2 0.4
Apple cider
Non-alcoholic 3 3 3 -
Alcoholic 5 5 4 1 0.6
Tea 6 6 6 -
Bread
White 10 6 3 5 2 3.0
Wheat 6 5 4 2 12
Other 14 10 10 4 0.9

8ND = none detected.

6 Incalculating the mean, a value of zero was used for a test sample thatcontained
nodetectable EC; an estimated value was used fora test sample thatcontained an
EC level between the detection and quantitation limits.
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Table 3. EC found In fresh and toasted bread

EC, ng/slicea
Test

sample Bread type Fresh Toasted
1 white 42 90
2 white 33 57
3 white 62 63
4 white 42 97
5 wheat 52 312
6 wheat 82 226
7 pumpernickel 18 81
8 rye 54 85
9 English muffin 19 45

Mean 45 117

aAverage weight of 1slice (fresh) = 27.1 g; average weight of 1slice (toasted) =
22.5¢.

Table 4 shows results for 12 soy sauce test samples ana-
lyzed by the previously described GC-N/TEA (11) and GC/
M S/M S (13) procedures. EC levels in soy sauce showed wide
variability and ranged from none detected to 84 ppb found by
GC-N/TEA and from 0.3 to 76 ppb found by GC/MS/MS.
Although the 2 sets of values are in good agreement, the
slightly higher GC-N/TEA values for some extracts could
indicate the presence of a small amount of co-eluting inter-
ference. The mean and median levels of EC in soy sauce were
18 and 7 ppb, respectively.

Conclusions

By making a few modifications to the basic Celite extrac-
tion procedure, selected fermented foods and beverages were
analyzed for EC. With the exception of some soy sauce test
samples, most foods analyzed contained EC levels of <5 ppb,
as previously reported by Ough (5, 6). GC/M S/M S quanti-
tation and confirmation of identity of EC in selected food
extracts demonstrated the accuracy of the GC-N/TEA re-
sults. Analyses of other types of fermented foods are under
way.
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DAIRY PRODUCTS

Spectrophotometric Method for Measurement of Lactose in Milk and Milk Products by

Using Dialysis

VIKRAM V. MISTRY, HASSAN N. HASSAN, and ROBERT J.BAER

South Dakota State University, Dairy Science Department, Brookings, SD 57007

A simple method for measuring lactose in milk and milk products by
using dialysis is described. A sample of milk, diluted milk powder,
cultured buttermilk, or Cheddar cheese whey is dialyzed against
water in a test tube at 45°C for 1.5 h. Lactose from the product is
extracted into the water and Teles reagent is added. Absorbance was
converted to percent lactose using a standard curve. Lactose obtained
by the dialysis method was comparable to results obtained by the
ultraviolet enzymatic and infrared methods. The method was not
suitable for yogurt, which contains galactose that reacts with the
Telesreagent. The new method for lactose measurement is simple and
does not require precipitation of proteins, filtration, or centrifuga-
tion.

Lactose Ban inportant aastituent of millk and millk prod-
udts, and many methods are pressntdy aaikble Tar itsquan-
o (1-19). Most of these methods require many Stgs
irciudingedractinof ledcee fran ttesanple priiartoquan-
et Lactose sgaaally edracted by precipitation of
proters, folloed by filtrationand/or antrifigption. Excep-
1i0s are tre ayosapic (1), ligad daratogrgchic (D),

and infrared soectrasagpic (17) methods, which reguire ex-
perene, Secializad instrurentataon.

A sinple tedmiq.e far messuring leotose makes use of
Teles reegmt (06). Lactose isexdtracted franmi Ik by precipi-
tation of proterrs, filration, and entrifigatian; tre filaie
antainig ke B then reected with Teles reggpt, N
which piaricacid Btte primary reediant. Glor g sty B
thenmeasured ina pectrgdotoreter and aonverted toper—
at ldoe franastadard ane.

The extractian of ledioee may be axsicerably siplified
by gplyingdalyais. Beloffand Arfinsen @), Harmsen ad
KOHT 1), and Hestrin et dl. (2) used dishysis to sgarate
and measure sollble end prodcts ofmiardbial and enzymat-
icadiMity. The same rirciple hes allso been used toda el
saEithe methods far meesuring alkalire progtatase ad
tyrsire nmilk (3, 29). The dojectinve of e presmt study
wes toceelgpasinplemethod farmeasuring lectoe nmillk
and milk prodlcts by using dialysis 1o edract lectose fram
tre prodct and adding Teles reegent far colar develgoant.

Berinental
Apparatus and Reagents

@ pialysis tubes.— Soectra/For 4 diahais tubing ofmo-
lealarveigit axoffof 12 000-14 000 Daltors (Rdersai-
emﬁc,errEm)Ils MN) wes used. Agpraximetely 15 cm

of dialysis tubes were aut and weshed thoraughly
wﬂh ceionized distillled vater. Enough sectias were pre-
pared for Lee oer 2 diys. Didhysis tue doaurss (Sectra
doures) were used tosal tobes duning ination.

© Test tubes.— Zmm (@) X 200mm @00 mL vater
geaity to rim) (Coming Pradcts, Gomirg, NY) .

© Teles reagent.— 1%[1”8"0', 5%NaCH, 1%picrica:id,

Published with the approval of the Director of the South Dakota Agricul-
tural Experiment Station as Publication No. 2402 of the Journal Series.
Received April 10, 1989. Accepted June 28, 1989.

and 1% sodium b ifiite, praparad freshdailly as cdesaribed by
Telesetd. (16). (Caution PIaicacid isahezardous dhemi-
@l ad must be hardled with Gare.. it s1o4ac; hence gloes
sould ke ussd when rerdlig. Piaricacid cen alsobe explo-
sheuter dry atitias; terefare, tshould rotbe allonad
tdryar)

@ Milk and milk products.— Cammercial filuid 2% lov
t, ad homogenized wholle millk saples were dotaired
fran loal stassand were analyzed Tar ledcee on e same
day by dlnethods. Comercial Grade A nonfat dry millk
(NFDM) was dataired fram tre SDSU cairy plat. Fresh
Cheddar dreesewhey wes dotained froma loal deeseplat;;
comercial altured buttermilk and plain yogurt sanples
were dotainsd fram kol Stoes.

(e) Lactose/galactose UV Kkit.— (hlal No. 176'113
Boehringer-Mannheim Biodamicals, Irdlaqnlls
429).

@® Lactose stock solution.— 10 g ledtose monohydrate
(Sigra Camicals, X Lauis, MO) wes diluted 1o 100 mL
withdeionizd distillledvater. This stockolutiowes ussd
prepare lectose stadards ofvarias aontratia s.

@Spectrophotom eter.— Beckman DU50 (Irwe, CA).

©® water bath.— Themostatically antrolled at 45°C.

Procedure

@ standard curve.— Lactose stok solution wes diluted
withvwater toaentratians ranging from 1% (Lmg/mL) ©
7% (/mg/mL) lectceemonchydrate (Teble 0). ThreemL of
esch aentratianwes pietted nd plicate noprekotied,
washed didhsis tUes. Care waes tdken ot o stretch te
dishasthing. The geen end oftte tubeves then saaledwirth
adaue, keairgno airgeece orairbudles ntretue. The
sllad dialyass tue wes placed na test tube antaining 0
mL ceicnized dstillavater, kingcare ttat ttedcaureves
directly bereath trevater led ntre et tibe and et dl
dishsis tues vere at tte same depth. To prevant e e
fransinkiirgduring inkation, treportin oftre tubedooe
e daaureves foldd oer tre rim of tte testtuie and Feld
witha rudoer bard.

The test tue antainirg dishysis tuee wes imediately
placed nawater bath maintained at45°C. After 15h, tre
t=ttbeves removed fran trevater bath and the didhais
tue was discardd. The antants of tre st tue vere then
mped, and 1mL wes pipetted intba 20 mL Ggecity Bt
e, Fresh Teles reegant (25 mL) wes added and tremix-
turewes placsd nakoilirgvater bath fareectly 6 min far
olardevelgent ad then nacoldvater bath far2min o
stop clar develgarent. Nine mL deionizd dstilled vater
wes then added ad, using olar develgped with veter as a
blark, aosorbaencewas measured aE520 rm.

In the amsace of kEdoe, piaric acid produced a desr
yellov k. In tre presace of bdoee, tte colarwes red-
broan. Htte blark shoned any traces oforonn collaatian, a
fiesh batch of Teles reegat wes praared. The stadard
aneweas replicated 3 tmes, hence 6 dosorbencevalluesvere
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Table 1. Lactose standards for preparing standard curve for the
dialysis test
Lactose Lactose Lactose
stock Distd monohydrate anhydrous
solna water, % In mixt., % Inmixt., %
1 9 1 0.95
2 8 2 1.90
3 7 3 2.85
4 6 4 3.80
5 5 5 4.75
6 4 6 5.70
7 3 7 6.65

“ Lactose stock solution = 100 g lactose monohydrate/mL.

was dotained by Tirear regression wsirg Satistical Aalysis
Ystars (S, Cary, \C). ]

@ Lactose in milk — ThreemL ofeach milk sarple de-
sibdabovevas pipettad ina prakottad, washed dishysis
e, Inouation and lar develorent: vere as desoribed

© Lactose in NFDM = Ten gNFDM wes dilluted with
OmML ceicnized distillhveter and mixed vell, givirga 10X
dillution fadtor. Lactose vaes meesured intre dilluted saplle
s Tar fludmilk, eaat that tre dilluion factorwes ussd O
dotain peroantanhydrous kedtiose inthe poncer.

@ Lactose in whey.— Cheddar dessewhey Q’E‘Hf]‘(ﬁ
15 hat< 4°C) wes pesteurizad navater bath at gyoroxi-
metely 72°C far 15-17 stokill dil lboticecd edteria. lwes
then aolad 0 20°C, ad ledtoe wes determined by tte
dislyassmethod as far fludmilk.

(e) Lactose in cultured buttermilk.— TO p'amtgroNlh
of botic acid becteria and subsaquent bedtose metaolisn,

0.9l

0.8L

0.7L

0.6

0.5L

0.4

ABSORBANCE - 520 nm

0.20

1 2 3 4 5 6

% LACTOSE ANHYDROUS

Standard curve for determining anhydrous lactose by
dialysis method.

Figure 1.

buttermilkves pesteurnizdat 72°C far 15-17 sand coled o
2°C. Psstaurization of a aultured millk proolct nomally
leechs o sgaratian of millk protein and whey due totte lov
pH. Trerefore, tte huttemilk wes reutralized with IN
NaOH 1o pH 7.0 prior o psterization. Four mL IN
NaOH wes required par S0 g buttermilk reving apH of 4.6.
After pesteurizatian, lectoewes measured as infludmilkc
Dilutian due 1o the ecbirtian of NaOH wes aooounted far
when asorencevwas anverted toperoant bdose.

® Lactose in yogurt — Yogurtwes also reutralized and
pesteurizd. Due tottehighvisaosityofyagurt, iaksohed ©
ke diluted with vatter to inprove herdlirg. Afty g pllain
yoourtwith apH ca 4.3wes diluted with 44 mL ckianizd
dstillivaterand 6mL INNaOH, givirga 2-folddillution
The diluted], reutrallized yogurtwes pesteurized ak 72°C far
1517 sand cooled 0 20°C. Lectose wes deteymined as far
fludmilk.

@ Ultraviolet and infrared methods for lactose — FOr
aparisn, ko ndl oftte prodcts vas determined by
tre ladios/plectoe UV erymatiic method acoording
AOAC (&) Lactose nmilkand Cheddar dessewhey wes
alodstermined at 2 loal deese plantswitha Multagoec M
(MiHagec, e, Neahall, CA) infradmilkarelyzr. This
irstrurat at both the deese plantswes clibrated T lec-
toeby sanples provided by the Dairy Qual ity Gnroll Irsti-
e, StPaull, MN.

Lactose measurament far each saple wes replicated 5
tes, and olar develgarent with the dialysis method wes
performed nd.plicate fareech replicate, gvirgatotlal of 10
measurerents fareech saiple.

Reuits

The lIreer stathrd ane (r= 0.9%) fararhydras kc-
toecmEtratias, raging fran 0.% 16.@8)%, Bshown n
Figure L The ygper and loner 95% aotfidance Inmits irdicate
tat trearchlity between rdlicatesves srall fardll con-
antratios. This stardard ane was ussd toanvert aosor-
bancevalues Tarsaplles toparaantanhydrous bdae. Teble
2 shons paraant ledtoe N5 camercial fludmilk saaples
by trenew diaysismethod and the 2 referaenetiods. The
ocrall means ofthe 3methods were camparable. The oadll
mean [H’CH]I: ldoee by the dialysismethod wes rot sagifi-
ady diffaet fran tre mean by tte infrared method
(P < 0.®). The stadard ceviatin fa-tremilk sarplles was
<0.10% by tre dilysisetiod, indicatirggood reestzbili-
ty. Means with tre infrared method hed the lonest starcard

Determiration of lectcee nothermillk proolcts sshon n
Table 3 Of ttee aly Cheddar dessewhey was
analyzed with dll 3 nethods. Results wirth the dialysis ad
enzyme methods were aoparable. The aonrellation aeffi-

Table 2. Determination of lactose3in commercial fluid milk
samples by dialysis, ultraviolet, and Infrared methods
Dialysis w R
Sample Trials  Mean SO Mean SD  Mean SD
A 2% fat 5 489 0.10 469 009 477 o0.01
B, 2% fat 5 498 009 457 014 483 0.02
C, Whole 5 474 008 471 0.02 482 0.01
D, Whole 5 464 008 474 0.04 483 0.01
E 2% fat 5 468 010 482 003 482 o001
Overall mean6 4.79a 4.71b 4.8la

3 For all methods lactose is expressed as percent anhydrous lactose.
bMeans with same letter are not significantly different from each other at P < 0.05.
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Table 3. Determination of lactose3 In milk products by dialysis,
ultraviolet, and/or Infrared methods
Dialysis w IR
Product Trials Mean3 SD Mean3 SD Mean3' D
Nonfat dry milk 5 4850a 136 48.7a 0.90
Cheddar cheese
whey 5 471a 014 4.75a 007 4.62a O

Cultured buttermilk 5 3.20a 0.13 3.68b 0.08

‘ Lactose is expressed as % anhydrous lactose.

3 Means with same letter for a product are not significantly different from each other
at P< 0.05.

‘Infrared analysis was not conducted for nonfat dry milk and buttermilk. Mean for
whey with Infrared method represents 2 trials.

aatfadl prodcts @ilk, NFDM, whey, and huttermilk)
betvean the dishaismethod and e UV method wes 0.90.

The new method wes also usd to determire tre koo
antent of comercial plain yogurt (Table 4). Unllike otter
prodcts e, tre dislyaismethod arsistentdly gave sigifi-
antly higer raits tten tre UV method (¢ < 0.(5). The
stadard ceviation with mthrretmobwas lov, Irdicatiy
goad rgeetanility. “Lactoss” nthispradctves alomea-
audd by diffaate, ie, by sbtracting &, potein, and ash
fron totd k. These resiits ircluck bdoe, otter carto-
hydrates, ssvell as dticecid (1%)- The UV nethod, which
messures trie ldose, produced tre loest res s faryogurt
(Tabled).

Discussion

When millk and millk prodLcts are dialyzd ecpirst vater,
vater-solble coporents, including bdose, mirerals, ad
vitanirs, will permeate tre dishyais tlbirg ad mix with
vater n tre et e, The reultirg mixture can then ke
reected with a alarirg eagent gedific far o, sxhes
mlca]i'l'hemla'rtersnvallbeci

tregentaty of kedoe intte mixdture, which ntum, vulllce
directly prgoortiaell 1o tteamount of ledtioe inttre arigirel
saple tret vwes placed in tre disdyais e, This prirciple
proviced a sinple method far edracting ectoee fran milk
and milk products for g entatataan, and did ot recpire pre-
aprtataon, filration, and entrifugataan, which isrecuirad by
most of tre other methoos.

The quentaty ofvater autsice tredialyais ke, inuation
tire and teperature, and saple sievere inportant fac-
taswhich determinsd tre ity of lectoe . Pre-
limirery eqeerinents shoned tretwith anly 1h ofdislysisat
45°C, tre\ardility of tre resilts vere high. \acbility
redloed aosicerebly when tre Ination tire wes -
aessd 1 15 h, hence 1.5 h was dhosen s e inabataan
e

Hurd milk sarples auld e tested with relatne exse.
Sarples requirad o pretreatnant or diltiol Fermented
products such as deese whey and aubtured buttemillk were
[esteLrizd riar 1o dishyass 1o prevant ledioee metabolisn
durirng ination by ledticacid kedtieria. For tte sae rea-
08, raw milk must also be pesteurized riar o delhas
Presenatives (SLch as hydrogen parodace, potassiundidro-
mate, fanalin, ad otters) are ot recommended because
ﬁwaeslm*goddiﬁrgagarlsardvull nafaewth tre

resction. Antabiotacs are also ot recommended s
rrostcommon antibiotics are vater—solLble ad dialyze ait
during i ation. They would trerefare rot ke aailkble to
qress becterial gronth. i

When aitturad products auch as adttured buttermilk are
pesteLrizd, protein precipitataon may aour. Thus, swould

Table 4. Determination of lactose3in commercial plain yogurt by
dialysis and ultraviolet methods, and calculated by difference
Lactose, %
Method Trials Mean D
Dialysis 5 5.85 0.08
uv 5 4.23 0.02
Diff.3 2 6.7 0.001

3Lactose is expressed as percent anhydrous lactose.
bLactose by difference is calculated by subtracting percent protein, fat, and ash
from total solids.

be difficit t© dotain a rresatative saple for ledoe
adlyas. Neutralization of tre acidity n aubtured prod.cts
priar o pesteurization prevented protein precipitation. Neu-
traliaton wes ot recsssary far whey, as no reciortatian
ooourred duriing pesteurization.

Measuremernt of lactcee nyogurt does ot gpear fessiole
with tte new metihod.. Yogurt sprapared with tremgchilic
ledtiac acid bedteria, whidh are ureblle o aopletely ualie
pladtee (©)- Thus, yogurt momally antairs 1.2-1.4%
cpladioe (18). Galectoee, belrgarmlurgagar asoreeds
with praricacid and hence overestinates ledioe conontra-
o The UV method distirguides lediceeand galectoseand
meesures iy o, Work saumanty uderway toadgot
tredElyasmethod farmeasuring ledicee nyaurt

Grchsias

A sinple method farmeasurement of ledoe nmilkad
same mit Ik praclcts hes been cevelgead. Lactose sexdracted
fran Iigud milk by dialyais and without any pretrestment.
develgorent Absorbance Beasured na spectrgotone-
t\and then anverted 1o ledtiose by usimg astardard ane.

This method does ot regpiire eqasie, gecialia] rstru-
mnts, ad itwould terefore ke suiteble far any g.ality

antrol Eoratory.

AddoMedyrents
The auttorstherkteMN/ SD Dairy Research Garter far
Spoorting this poject i art, \alley Queen Gheese Fac-
tay, Milerk, D, faraslyzing milk saiples with Mukai-
gec, and Land O 1akes deee , \olgg, D, farpro-
vidirg dee= whey and lectose arelysis ofwhey by Mula-
1208
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DETERGENTS

Rapid Colorimetric Determination of Activity of Subtilisin Enzymes in Cleaning Products

ALLAN E. KLEIN, JOHN FREIBERG, STEVEN SAME, and MARY ANNE CARROLL

Bausch & Lomb Inc.,

A new colorimetric method is described for the determination of
enzymatic activity of subtilisin in cleaning products. The procedure is
more rapid and precise than the casein digestion methods commonly
used to assay protease activity. The principle of the colorimetric
method depends on the determination rate of p-nitrophenol released
on hydrolysis of A-CBZ-L-leucine-p-nitrophenyl ester at pH 8.0 by
subtilisin, with correction for any nonenzymatic (spontaneous) hy-
drolysis of the substrate. Because of the broad range of hydrolytic
activity of this enzyme, and the difficulties in predicting its proteolyt-
ic activity, this hydrolytic rate was chosen as a general indicator of
subtilisin enzyme behavior. The slope for 7 replicate standard curves
generated over a 6 week period exhibited a relative standard deviation
of 7.5%, and 8.0% for 20 replicates with an enzyme cleaning product.
Papain does not interfere with this assay.

Shtiliain, a mixed alkalire proteese derivad fram bedteria
D, hes been gplied s.oessfully as cleening and food pro-
sy apts. They are typically used in detergants ad
antect las demirg t2olets but may alo be used in tre
aomercial preparatian of starch srys, ke, and otter
faﬁpﬂdsemlwurgpdanhﬂolﬁales@ Shtilisin
shons a broed rage of hydrolytic adtiMity, including both
proteese and esterase adiMitiss. [ftre typeofsitilisin (e,
tre stran ofBacillus fram which #thes been dotaired) B
uknoan, a ceterminetdan of te relate firstady rae
arsats, wsing 2 diffaat estarsbstrates, hesbean recom-
mended tog.elify tre s btilisin @). The protesse activity of
shtilian s influaced by the amino acid resides on eftter
siceofthe peptiick bond intre sbstrate protein beirg hydro-

hal. Cosuently, the gedfidity and proteotic activity
of tre enzyme Begcially deperdent on tte stucture of tte
particular protein astrate @).

Rblisedassays fars balisin inrdiuce determiretion of e
ctalytic rate of hydrolysis by Lsing eltter estar ar peptice
albstrates. Casein as a peptice abstrate hes been desribd
®), wsirga tubidity method sinillar to those gecified intre
USP farotter proteeses ). Noetreless, the utility of ca-
sihsadlstrate farstilisin Bdgpadent an s
reity and nolecular aosistacy fron It o ktde o te
seafiatyofs bl forparaadaramino acid resides. In
rae. A4-Toluenesulphonyl-L-arginine metiyl ester
(TAME) hes been arplwed & a dlstrate wsing [H-stat
procecure faradtivity, and A-baoyityrosire et esterbes
bsemsedwrﬂwaqascqud*otmeh*ucpnxaire(?) Inac-
10, a gectgdotoetric adtiesite traio Lsirg N
(rancimemoylimicezole hes been employed far kiretic
stidies @). These methods are limited by a lagthy aslysis
tne, raaillitytogentafy tteenzyme at lovatentratios,
artre rlatively poor precisinof tre res s,

The purpose of tte present study wes o develgp a sinplle
ad rapid aelytical procedure tret woulld provice a rgro-
d.cible irdication of tre hydrolytic actiMity of s tillisnwith
good predision

Received December 8, 1988. Accepted July 5, 1989.

Personal Products Division, PC) Box 450, Rochester, NY 14692

METHOD

Apparatus and Reagents

(a) Spectrophotometer.— Shimadzu Model UV-160 dou-
blebeam (Ghimedzu Sdentific Instrurats, e, Colurbia,
MD 21046) epuipped with miargorocessor-criven infarrel
tiver far rgetitihve scamiing and themostated cll Follcr.
Gl sttenstaticallycantrollad 1025 + 0.5°C usirgdiras-
ltigvater. Disossble 1cm plesticaaets (Baxter Health-
care@ip., McGaw Park, IL 60085) were usd.

() Hand-held mixer.— Bio\orteer (ColePamer In-
strurent @., thicago, 1L 63648).

(C) Buffer solution.— DiSSOhe l4.2gsod|un
diesic, 2 Agpotassiundillarick, ad 0.086gEDTA disdi-
um <t @I ACS regget grack, JT. Baker e, Fhills-
burg, NJ 083%, 1900 mL vater, adjust topH 8.0 with
hydrohloricaad, and diluie o 11

@ substrate solution.— Dissohve0.5g A-cartdoamoxy-
L-Hacirepnrtrgde estar (SigraGemical @, St Lou-
5 MO 63178) NS5 mL dinethylsufoade (ACS reegait
grack, ARder Soantafic, Pitisurdh, PA 15219).

© subtilisin standard.— Standard wes esteblided fram
aomercial bt of shtilisin (Enzyme Davelogprent Gap.,
New York, NY 1012T) by comparing. |lsattM1yLs|rgpm—

posed method 1o indsperdntly estebllished adtivity of refar—
inger Mannheim Biodenicals, Irtia-

rgolis, IN 469)). Sample (L mg) of starcerdnaterial hed
enzyme adtiMity ecpinvalat © 5 (pg) (80 of refarate
sﬂlllsn (O besis of 5 replicate cetemiretias) -

Preparation of Standard Curve

Diluteveighed sarple ofs tilisinstarcardwithvater
prepare 2.5 mg/mL stodk solution. Prepare working stan-
cards 0f 05, 0.90,0.75, and 1.0mg/mL sbtalisnstarcard
nvater by sa dilutio of stock solutio. Prepare stok
starcard i inand diluieworking stadard olutia s fresh
chilly. Assay working starchrd as desoriibed kellow. Plotcor—
rected absorbanoe differaess agaiinst coaentration o ab-
tain lirer stadard ane with no sigificat y-interopt
\alle.

Preparation ofSample
Dilute weiighed sarplle antaiining ecuinallent of gyoroxi-
mately 25 mg shtilisnnmaterial with S0 mL vater-.

Assay

Pipet2.8mL buffer solution nbeach oF2 awets, ae far
blark measurement and otter far test messurenenit. Add
0.10mL sstrate solutian toeach anetand mix toroughly
wsirg the hardHeld mber. Adjust eosorbance reedig of
Sectrgdotoreter 1o zerowith arets indl holdas. Pipet
0.10mL wvater inoblarkanetand 0.10mL aligotofertter
working stardard ar sarplle o estanet. Mix troraughly.
Two and 3min aftaradditian ofworking starckerd arsanple,
measure absorbence ofp-niirgde ol inestolubian at400
nm against blark. Calaullate corvected absorbenoe diffarae
by sbtracting aosorbance at 2 min from thet at 3 min.
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Table 1. Comparative assay results for activity units of different
subtilisin materials by proposed method and by USP casein
digestion method

Proposed method, Casein digestion,
Subtilisin sample AU/mg USP units/mg
Crystalline8 22 16900
A 10 920
B 11 1390
C 38 5450
D 5.0 5070

aSuhtilisin from Boehringer Mannheim Biochemicals, with no inert additives. Cther
samples were white or tan powders.

Determine enzyme cacatration by intapolation fransten-
dard are. Enzyme crontraticnmay be eqaressed inactiv-
ityLnits (AU): 1mg shtilisinstarcard = 1AU.

Results and Discussion

The gplicaticnofp-nitrgdeanyl amino acidestasas sUb-
straes far hydrolytac enzymes hes been rgorted, ad tre
relatie rate of nronegynatic is ofvarias amino
aoid sustrate arallags hes been calaulated Q). The CBZ-L-
lecire analay wes dosn as tre abstrate far the proposed
method besed on s rgortedly low rate of norergyratic
hydrolysis. Other amino acid analags were evaluated but
eftter gave sigwhicantabsortenoe a400 nm due toauiohysis
o hed limited solLhillity in tre buffer system. These com-
pounds inciucd A-(B7- dhenyllalenire-pnittraenilice and
Ala/2ratranilick.

The rateof fomataon far/tnitrgdeol fran teslstrate
catalyzdby tresbtilisnstachrdves lireerwith regect o
te enzyme cootratian up © 1mg/mL oer the resctian
periad fram 1 o4 min follovrg aistrate actiition. The most
arsisiat resits were dotained far aosortance meesure-
ments tden atthe 2 and 3min inenals follovirg adstrate
aortaon.

A aoparisnofreslisdotaired fara\erietyofs btilisirs
usirg tre proposed method &s velll &s a Gasein

method far 6) soneninTeble LFortte
5 shtilisn naterials, aeffiiaat 5095,
enostratirg a in re=ulits betveen tte 2

a&s. This resitauld rdicaie thet te rate limitarg resc-
tinsshilarforstilenwsig te2dffaatalstraes. In
antragt, tre pnitrgdaol method gives no meesurable re-
siitwhen gylied toa pgpain referae stachrd with known
proteoiytic adtiMity. The qedifiaity of the prgposad method
tonard other proteeses hes ot been determined.

The presae of hiffas, slits, ar enzyme adtihvalars ar
iribitas na tilisnfonulatics canaffiect treslqeoftte

are fotre prgosd essy. fedpiet antat skonn,
itseffect can be carpensated farby preparing the stardards

Table 2. Standard curves of subtilisin generated using proposed
method

Curve No. Slope Intercept

1 0.262 -0.001

2 0.247 0.002

3 0.251 0.004

4 0.288 0.003

5 0.246 0.013

6 0.224 0.013

7 0.246 0.006

Mean 0.252a 0.006
RSD, % 7.54

 The slope (0.25) represents the ratio of 1absorbance unitto 100 sulbtilisin/ml.

intre presae of ttese actittioall componants ratter tten n
vater. This esssy Bratrely ntepresae of
borate, fogiate, carboate, dilarice, and EDTA.

Stahrd arnesvere garerated overa 6week pericd usirg
te prgposed method o denostrate rrad cility. The
resiltsTar 7 stadard anes are given inTable 2. The praci-
sin of tre method wes determined by the arelysis of 20
realicaies of a cleening Eblet. Resulits ranged from 175 ©
2.3 Al/sample (reen, 19.9; RSD, 8.0f). The cata ird-
caetattemsthod i read.cible, and
‘theoftte o hydrolyticadtivityofs htilisin ntte dlemnirg
fonulatias.

AdoMedgrent

The authors thark F. C. Wedler of Farsyhvania State
Uhiversity far hissgpestics duriing tre early preses of ttis
work.
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DRUG FORMULATIONS

Liquid Chromatographic Determination of Penicillin V Potassium in Tablets:

Collaborative Study

BARRY MOPPER

Food and Drug Administration, New York Regional Laboratory, 850 Third Ave, Brooklyn, NY 11232-1593
Mlldorators: M. Y. Alpart; G. T. Brig.glio; C. C. Cgee; J. Jes; F. P. Mahn; . N. Mollica; R. D. Thompson

A liquid chromatographic method for the determination of penicillin
V potassium in tablets was collaborativeiy studied by 7 laboratories.
The method uses an octadecyl silane reverse-phase column, a mobile
phase of acetonitrile-methanol-O.OIM potassium phosphate mono-
basic (21 + 4 + 75 v/v/v), photometric detection at 225 nm, and
sulfadimethoxine as an internal standard. Each collaborator received
6 samples: powdered composites of 2 commercial tablet preparations
and 1 synthetic tablet powder mixture, each with blind duplicates.
The mean repeatability and reproducibility relative standard devi-
ations for commercial samples were, respectively, 1.10 and 1.46%
(250 mg dosage), and 0.84 and 2.82% (500 mg dosage). The average
standard recovery from the synthetic formulation was 99.1%, with
repeatability and reproducibility relative standard deviations of 1.30
and 3.66%, respectively. The method has been adopted official first
action.

A sinpleand sslatine ligad chraratogrgohic
(LC) methad fartre determination ofpnicillla

in tEilets ves previasly desarited by this ldooratory (D).

The LC method rearesents a sigiificat inproverent oer

e time-cosuming miadbiolagical and roselective iab-
netric titrationmethods farpialliny naal dosegefans,
which aregecified Nttecode o f Federal Regulations @)-
Theu.s. pharmacopeia (USP) hes asmilarLC
assy procacdure farpridliny, whichusssambilepreseof
vater, astoitrile, and gleaial asstic ecid (620 + 30 +

57/5), apdlinG resolution compound, and detection at
2 nm @. The gt dsriles a olldoatine
study oftre LC method.

Collaborative Study

Seven colldoratars raeived a total of 6 sarplles as blird
dplicates of 2 composited comercial teolet fomulatia s,
adl ic teblet mixture. The colldorators were also
proviced with viels of tre starchrd drug substance and de-
il rstnotios. Each clldooratorwes reguested to suo-
mit dl releant cata, dhraratogrars, summary of resiis,
and coments o tte Associiate Referee.

Penicillin V Potassium in Tablets
Liquid Chromatographic Method

First Action
Method Rerformance:
20 my/tablet
= 117;s = 1.5, RSDr= 1.106; rsD r = 1.460
50 ny/tablet

= 090; sr = 3A; RSDr= 0.840; Rsp r = 2.8%

Received for publication April 28, 1989.

This report was presented at the 101st AOAC Annual International M eet-
ing, September 14-17, 1987, at San Francisco, CA.

The recommendation has been approved interim official first action by the
General Referee, the Committee on Drugs and Related Topics, and the
Chairman of the Official Methods Board. The method was adopted official
first action at the 103rd AOAC Annual International Meeting, September
25-28, 1989, at St. Louis, MO. Association actions will be published in
“Changes in Official Methods of Analysis” (1990) J. Assoc. Off. Anal.
Chem. 73,January/February issue.

Recovery
= 1B, R= 363, RSDr= 1.30%; RSDr = 3.65%

A. Principle

RnidllinV potassiun s determined by isooatic ligad
chraratograghy an Cjsoolum, wsirg nbille
preseof CHICN-CHIOH-0.0IM KH2P04 (AL + 4+ 7B/
\A), protoretricdetectinat 225 nm, and sulfedimetioxire
& nardl stathrd.

B. Apparatus

@ Liquid chromatograph.— Model 510 sohat pump,
Model 481 ericblevaelength cetector, Model UsK mgec-
tonale, and Model 730 integratig recorcr (Maters Chro-
metography Div.), arecuinalat LC sstem.

©® column— Samnless ged, VD cm X 39mm dpre-
padked with 10*m /;Baogpek Cig (Maters Chromatogra-
phy Div.) prececsd by 40mm LC guard colum, 30-50pm,
Q:Rell ODS (Whatman k), ar eunalet colum tet
meets systam suthility recuireratt, E.

C. Reagents

@ solvents.— LC grade astonitrilead nethaerol .

(b) Potassium dihydrogen phosphate solution. — 0.01M
KH2P04,1.351 g/ Pess solutian through suiteble faliaof
05gm or frerpocsity.

© Mobile pAave.-CHICN-CHOH-0.0IM KH2PO4
@A + 4 + 75 VvAN). Deserate by suiteble means @9,
vacuum, snicaiian).

© Penicillin Vpotassium standard solution.— Aoourate-
lyveich a 12 mg USP RnidllinV Potassiun Reference
Stacard o 100 mL \oluretric fliesk. Add 15.0mL ntar-
ral starcard solution, dillute tovollure with vater, and mix
vell.

© Internal standard solution.— Dissohve USP Subedi-
methaxiine Reference Standard N50% CH3CN-H2D todb-
tanameratan@a04mg/l .

D. Sample Preparation

Weigh and poader >20 tets. Trarsfer portian of pow—
cerovoluretric fiakofsizsurteble todotain frdl conoen-
tration of a 0.6 mg pridllinV potassiunviL. Dilute
volurewithvater, mixvell, and fillea~ Pipst 0.0mL filtate
o 100 mL voluretric fiak, add 15.0mL of ntaral stan-
card solution, dilluie ovolure withvater, and mix vell.

E. Suitability Test and Determination
Equilibrate colum with mobi le prese flovirg at05mL/
min far>4 h priarto ingection. Inject20ph eech ofstarclrd
olutian and sanple solutian o laguad chraretograph by
means of auiteble sarpling velhve ar miasyrirge. Pump
ncbile prese at 1.0-L.5 mL/min and noniitor aosarptian et
225rm Adjust ssitiMity D thet peek regose farpridlin
V Bbetween 40 and 75% Tl saEke deflectaon. In suiteble
systan, aefficdet ohariation of pegk resoee rais of 5
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Table 1. Collaborative results for determination of penicillin V

potassium in commercial and synthetic tablets
Found, % of declared

Coll. 250 mg/tab. 500 my/tab. Ree., %a
1 105.8 105.8 100.6
106.5 106.5 99.9
2 107.3 105.0 99.2
106.4 106.0 98.2
3 109.1 106.1 100.4
108.3 104.2 100.3
4 107.1 106.2 102.0
102.9 105.3 101.3
5 106.4 112.4 92.9
106.6 112.2 92.2
6b 98.8 100.5 80.6
103.0 89.5 98.8
7 107.6 105.1 101.0
107.4 104.9 101.0
Mean 106.8 106.6 99.1
SD 1.52 2.72 3.21
g 1.17 0.90 1.29
Sr 1.55 3.01 3.63
RSD, % 1.43 2.55 3.24
RSDr, % 1.10 0.84 1.30
RSDr, % 1.46 2.82 3.66

- Recovery from synthetic tablet formulation prepared to contain 54.3 mg penicillin
V potassium per 100 g formulation.
6 Outlier by Cochran test. Not Induded In statistical evaluation.

replicaie njeotio s of stachrd preparatian B<L.5; resolu-
tionfor, R, B>3; ad tailrg o, 1, forpralinV

peek B<L2.
Galaulate resolution fedtor, R, as olllors:
R = [At2- t)1/(w2+ w,)
wheret2 adt, = retentin timves of the 2 , ad
w2 ad w, = conresaading widths of beses of peds, do-

&;@We@mﬂaﬁrg relainely straight sicks of peeks
e
Glallate alrg e, 7, ssllos:
T= Wom/2f

where Jogs= distae from leedimedte totrainirgedge of
peek; and/ = distance fram pesk maximum 1o leedirng edoe
of pesk, both measured at point 5% of pesk height fram
=lire.

F. Calculations

Glladlate g.entaty of picilllinV nporticn of aonposinte
tdenasTdlos:

RFnidllinV, my/tab = (r/r') XCXDx [/w) X QF)

wherer adr' = aerae reqoee s (pek ammar

Feight) relaie to naral starchrd farsarple and starcd

oS, regedinaly; C = aaoatration of starchrd solu-

o, U/mL; o = sanplediluionfadr; 7 = aerae teilet

welgt,gw sample aoposite denfarasehss, g adr
= egunalaxy fectorofpeaaliny, 1600 U/ng.

Raf.- JAOAC 72, November/Decerber iss.e (1989).

CAS-132-89 (@udllnV potassiun)

CAS-87-08-1 (@allnV)

Results and Discussion

The analytical results obtained by the 7 collaborators are
summarized in Table 1. Statistical evaluation of the method

wes performed with data from 6 colldorators (36 determi-
retias). The cata from Gollaborator 6 were elimirated as
atlias becase dplicate reults ke Cochrans et o
haomogeneous \alLes; the wice \variation in resUlts between
dplicatesapleswes attributed o failueoprgerty aili-
brate ttechraratographic system. The resultsfromCollao-
ratorSvere ot rejectedeven though trey failledDixon s,
because trese resuilts irdicated good rrad cibility and tre
source of random arars auld rot ke esteblided. For the 6
stsofdata ealuated, rgesatshility and rqaad cibility rela-
tiestathrd cavatias (RSDrand RSDr) far comercial
tletsaplesvare, regectinely, 1.10ad 1.4640 fartre 250
mg potecyand 0.84and 2.82% farthe 500mg otay. The
remvery of known spikes of drnug sUbstanoe fran gnttetac
‘Eblet mixtures shoned RSDrand RSDrvalles of 1.0 ad

3.60%, regectinely.

Collaborators’ Comments

The 6 dlldratorswhose datavere incluced intre stetis-
tical eallation rortednongjor prablemswith thenetiod.
Honever, Gollisborators 3 and 4 doserved minor chramato-
gahicfrantirgand sralll pesks assciated with tre pricll-
Iinpsk. Thisanomallous beaviar, graredy caused by the
aoteric reture of pridliin ad by interactiaon of tre
hatwith thecolum, was resohvad by Inressig tre time
ofcolum eguilibraticnwirth trenobil leprese arby derging
oolums tomeet systam suthillity recuireats.

Of tre 7 clldorators, four used Waters Cis
oolums, Collaborator 2 ussd an EM Science Hibar LiChro-
b RP-18 colum, and Gollldborator 6 usad a Varian Mi-
agek C gIP4colum.

Recommendation

The LC method Bauteble fartredeterminatian
ofpprdlinV ntabletsand rpesmtsasigifiatinprove-
ment over tte CFR miadoiolapical method @). Advantages
oftte LC method incluck greater precision and ssectimity,
aoparable sasEitiMity, and the daillity todetect degrachtian
praicts ©- - _

It srecomended thettre ligud dhvoratographic meth-
od far cetermiretdon of prialllinV potassiun nteoletsbe
adopted offsaal fastaction.
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Spectrophotometric Determination of Some Benzene Sulfonamides with

7,7,8,8-Tetracyanoquinodimethane

ABDEL-MABOUD LMOHAMED

Assiut University, Faculty ofPharmacy, Department of Pharmaceutical Chemistry, Assiut, Egypt

A new spectrophotometric method for the determination of some
unsubstituted benzene sulfonamides is presented. The method is
based on the interaction of these derivatives with 7,7,8,8-tetracyano-
quinodimethane at pH 9.0-9.5 to produce intense blue products. The
quantitation of the products was carried out at 578 nm. Beer’s law
was obeyed over a wide range of concentrations for all sulfonamide
compounds studied. Optimum analytical conditions were determined,
and the color produced was stable for at least 90 min at 25°C.
Analytical data for determination of sulfonamide compounds in pure
form are presented together with application of the proposed method
for analysis of some commercially available pharmaceutical prepara-
tions. The results are in good agreement with those obtained by
official procedures.

Saveral aompadial and noncorperdiial methods have been
reorted far the guentitative determiretian of the studied
suforemices i pure form, in comercial pramecautical
preaatias, and inbiolagical fluics. Thesemethods incluce
ttretric (-5), mrmam:amlc 614, dasitoétrie
1), utraadket ad visile ic@ 2 15
22), ard fluororetric () procadures.

7,7,8,8-T indimettere (TCNQ) lsaslmg
electranaocgator and hes been used Tar tre
nurerous electrordoas suh ssvitamin A @), allehds
D), procaireand related koAl asstretacs (&), sone nitro-
genbesss (), same drugs aontainirg imickzolire rirg (D),
antihistanires (), patazocaire @), and some sifadrus

@}I)CNQ, N tte presaee of sodium aetate, wes used suc-
asfully nttepresmt sty farcetermiretion of 8 uneulsti-

tuted sulforemices inpure formand inconmexrciial pharma—

catical pgaatios. The reection crditias vwere stan-
cadizd. The prgoosed method B sinple, ssdithe, ad
aurate.

METHOD

Apparatus and Reagents

@Spectrophotometer = ZeissModel No. PM2DL (@1
Zerss\lest Germany, Goerlkoden, GFR) -

(b) chemicals — Phameceutical grace dilorttelidn
SmvissHama), clgamide (Ga), frusamice (Hedst),
nefrsice Gayer), quirettezre (edarle), sulfanilamice
Memphis), sulthiare Bayer), and A-oluiee sulcramide
were dotairned ss giftsand usad asworking starcardswirthout
Tutter treatment. Use aslivtical grace ohats.

© TCcNQ solution.— 015w/ TCNQ n astonitrile.
Prepare fresh dhily.

© sodium acetate solution.— 0.5M sodium acetate n
vater.

© Dosage forms — Variaus comercial pregaratias
purdresed fran koAl s,

@ Thin-layer plates — Preccated (0.5 mm) alluminum
gl deets, 20 X 20cm (Fluoreset rdicair, E Merdk,
Damstadt, GR) .

Preparation ofStandards

Acauratelyweich 40 mg each sulfaremiice compound and
disohe &s free ee N 100 mL asstowtrile. Dillute 5 mL

Received September 6, 1988. Accepted June 5, 1989.

aliq.otto 100mL with same sohent todatainworking stan-
dard soluianof 0p g/ m L Tareach dn.

Preparation ofSamples

Tablets — Weigh and ponder 20 tHids. Acrately
weigh portaan of ponder, ecunalent 1© 40 mg eech subfon-
amide compound, and trasfar 1o 100 mL voluretric flsk
Add 70 mL astontrike ad shake 10 min; then dilutie ©
volure with acstonitrile. Alar-and discard farst portaan of
filtrate. Use diear olutin s stock solution. Dillute 5 mL
alig.ot o 100mL with acetonitrille to dotain 20 /tg/hl for
eachdr. Use treee solutio s as frd ssnple dilutios.

Injections — MiXwell antents of 10 arpoules. Accurate-
lymeasure volure of Ijectios, efpinalait o0 mg fruse-
mide and dilute with acetonitrille todotain 20
pg TrusamideML. This sfral saple diluion

Recovery study — Aocurately weigh qentaty of declared
drug fareach preparation and trarsfar o 100mL voluetric
Tlesk antaining acaurately weighed portaan of poadered
‘Bolets ar acurately measured volure of ngedtios. Bitter
disohe antants of flek in astoitrile and trest as de-
st fateoletsordilute P 1) ithastitrike o
dotain recuired cooentration as desoribed far npetios.

Determination

Pipet 5mL stachrd or sanplle suHcramice solutian o
S0mL voluretric ik Add 5mL TCNQ solutian folloned
by 5mL sodiunacstate slutian, then letstand aoout Smin.
Dilute towolure with acstonitrile ad Etstad 25 min &
25°C. Measure dsorbences of soluios at 5/8 nm n1cm
s gpirst reegatt blak. Prapare reegatt blark as de-
Sribd doe, eogptuse 1ML acstonntrile irsteed of stan-
dard ar saple sulfaremice solution.

Thin-Layer Chromatography Study

Apply about 2091 each of astonitrile solutaan of stan-
dard A-tolee suHaamice, A-toluae sulfonamide-TCONQ
reectionmixture, resgantblak, TCNQ, and TCNQ redical
anian dotained by iadice red.ction method (B) on sare
TLC piate. Place prepared plate nsaturated tark antainirg
ceelqirg (@loroformettarol, 80+ 20w/
\). After develgoment to 14-15 am, air-dry platesand exam-
ire ndadightand uter UV lap.

Results and Discussion

The proposed method ves Suoessfullly used far tre analy-
ssof sore ualstituted sulforamices in pure form and N
aomercial gamecautical prgaatias. The method -
\olves intaractinofsuiarenideswith TCNQ atpH 9.095
toproduce iInte=eblue pradlcts. Figure 1dhons tredsop-
tion gectra of tre colorad products from A-toluere SuHon-
anide and clgpamice as ryestative eaples of tte sl
foremides stuoied. Absorbences were measured &t 578 ,
which Bttenost intersepesk. Inactirtian, the reegantbllark
hes regligible absorbance reediings intte rage ofF 40-620
nm gairst pure shat. Terefare, te vary lov reegait
bedground doviasly recammends this method far rautire
aslsis with inoreesed seEitMity and minimum interfar—
aus.
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Figure 1. Absorption spectra of colored products of p-toluene sulfonamide (........... ) and clopamlde (-------- ), as well as reagent blank
O ) measured against pure solvent.

Beer's law was deyed far dl suHoemide
stuthied nthegareral coentrataan range of0.5-8.0pg/nl.
Table 1shons il Iresr regressicn anellatio s fareach
drug stdied. Gefficentsohariatiowvere <2% farsgarate
cetemiretios at diffaret cooetration leds far eech
anp.

Effect of TCNQ Concentration

Figre2dons tteefleto FTCNQ aoatraticnon aolar
inlesity of reection praolcts of p-toluere sulforemice ad
clgemice. Highest clar inlesity and nost rprad.cible
restsvere dotairsed by using TCNQ aooentratias fram
0.12 t© 0.2/ Therefore, 0.13%6 TCNQ solutian B recon-
mended.

Table 1. Linear regression correlations for sulfonamide drugs In study
SO,NH,
Ry
Ra
Ro
Drug Ri r2 R3 tmax. at 578 nm  Slope“ (b) Intercept8 (a) Corr. coeff.
p-Toluene sulfonamide H ch3 H 2.36 X 104 0.135 0.0160 1.0000
Sulfanilamide H nh2 H 2.40 X 104 0.137 0.0170 0.9999
OH
Chlorthalidone a H H 4.23 X 104 0.124 0.0037 0.9998
o]
CHs
Clopamide a H —CONH—N 5.09 X 104 0.146 0.0070 0.9999
CH;
Frusemide c —NHO2 J —OO0H 4.56 X 104 0.134 0.0193 0.9998
0
a3
) —SoZn.chZ—D
Mefruside c H "3 4.75 X 104 0.134 0.0144 0.9998
Cli
Sulthiam H \ H 5.26 X 104 0.180 0.0077 0.9999
-0
H  CH
/N\/ 2015
Quinethazone a 4,5 [ TNH 5.93 X 104 0.202 0.0136 0.9999

Inall cases, n= 12
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Figure 2.  Effect of TCNQ concentration on absorption Intensity of colored products of 5 «g p-toluene sulfonamlde/mL (— ¢ — ), and5pg
clopamide/mL (—e —).

Table 2. Effect of pH on absorbance (at 578 nm) of reaction Effect ofpH
product of clopamlde (5 Fs)(%ﬁ?é% \(Tt? 'I;)():NQ In water-acetonitrile Stdies on the effect of pH shoned that tre resction i
stragly _ No blue prodLcts were produosd at
Buffers pH <7. Highest collar intersitywes dotained intrepH rarge
oH A B c D 9.09.5 (fable?). Significntdiflfaates intte e sityad
stahility of alas were dosened when tre acostituents of
7.0 — — 0.000 — uffars were diffaet. Maximum olar sty wes oo
75 — - 0.040 - tained by using sodium acetate solutian (0.2-2.0M).
7.8 0.080 — 0.070 —
79 — — 0.080 0.050 (0.001) Effect of Dilution by Different Solvents
8.0 0.102 — 0.090 -

Actonitrile, dinethylformemice, dnethylsulfodace, =0-

8.4 0.437 — 0.420 0.514(0.01) . -
8.8 0.612 — 0.600 - ugAnethyl letoe, nethylerednlarice, 1,2-dicdnlacetae,
8.9 — — 0.610 0.745 (0.1) chlorofom, dioare, metrerol, and etrerol vere examined
9.0 0.660 — 0.623 0.753 (0.2) & Dhats. Maximum colar stehility and e sity were
91 — — 0.628 0.755 (0.3) achievedwhen astitrileves ussdssadibat. Inadtitan,
9.2 0.662 0.653 0.622 0.751 (0.45) tresohatponer ofacstonitrile far TCNQ (W 1©0-30) ad
9.3 — — 0.624 0.756 (0.7) fardl drugs stiudied isgoaod. No other sohat studiedves as
94 0.664 0.655 0.620 0.752(1.1) stiskotay.
95 — — 0.622 0.750(1.7)
9.6 0.648 0.640 0.600 — Effect of Temperature and Time
g'; oglo 0&9 8'238 . The aolarwes produced at room tenperature; o heatirng
9.9 '_ - 0.554 _ wes reguired. Optimum reection tine wes determined by
100 0.570 0.582 0533 - ﬂlcmrgﬂ‘emlcrob\elqm_a”rtatzgfc nattencstatcl-
A = Clark and Lubs buffer, pH 7.8-10.0 (32). #Sﬁdw m!l(‘; Flgle 3 Illm-aSﬁE riﬂ.;lfsﬂog
B = Kolthoff and Vleeschhouwer buffer, pH 9.2-11.0 (32). Sll_q_/ Cl anl &a mmem e -
C = Theorell and Stenhagen buffer, pH 2.0-12.0 (32). S:l“b"ﬂnl(B Q_L,Ch_j_ Tl"e m (bqu quplemly n Z)
D = Sodium acetate solution (molarity). min after diluonwirth the sohat and remairns steble for at
1.0

o
[ ]
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Figure 3. Effect of temperature and reaction time on absorption Intensity of colored products of 5 pg clopamlde/mL; (—e —) 25°C,
60°C.
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Table 3. Analysis of some unsubstituted sulfonamides Incommercial pharmaceutical preparations by proposed and official methods*

Proposed method BP method (1980)

Product Source Content Label claim, mg Found, % Added Recovery, % Found, %
Hygroton tablets Swiss-Pharma chlorthalidone 50/tab. 96.45 + 0.84 50 99.74 £ 0.70 96.28 + 0.78
t = 0.333
F= 116
Brinaldix tablets Sandoz clopamide 20/tab. 97.35 + 0.98 20 99.83 + 0.59 —°
Lasix tablets Hoechst frusemide 40/tab. 98.21 + 0.89 40 99.76 £ 0.65 98.14 +0.63
« = 0.143
F= 199
Lasix ampoules Hoechst frusemide 10/mL 96.58 + 0.59 10 99.97 + 0.50 96.28 + 0.65
« = 0.764
F=0.82
Baycaron tablets Bayer mefruside 50/tab. 98.21 =+ 0.79 50 99.05 + 0.50 —°
Aquamox tablets Lederle quinethazone 50/tab. 96.49 + 0.71 50 99.04 + 0.69 96.10 £0.80°
« = 0.815
F= 0.790
Ospolot tablets Bayer sulthiame 50/tab. 96.99 + 0.80 50 100.07 = 0.52 97.82 + 0.84
« = 1.60
F= 0091

aAverage of 5 determinations + SD.
bNot an official preparation.

¢ Analyzed according to USP 1980. Theoretical values at 95% confidence limit, t —2.78 and F — 6.39.

least 90 min. From the other point of view, heating increases
the reaction rate but decreases the color stability. A marked
loss of color results at temperatures above 50°C.

Specificity of Reaction

To assess the specificity of the method for analysis of
unsubstituted sulfonamides, several drugs and related com-
pounds were tested under the recommended reaction condi-
tions. Substituted sulfonamides (R-Ar-SChNHR"), sulfona-
cetamides (R-Ar-SONHCOCH3, and sulfonylureas (R-
Ar-SOJNHCONH-R") exhibited zero absorbance at 578
nm. Primary aromatic amines produced yellow-to-orange
products with absorption maxima at 330 and 475 nm. They
exhibited negligible absorbance at 578 nm. The reaction
products formed with different unsubstituted sulfonamides
possess similar spectral characteristics. Thus, the method is
not suitable for analysis of their mixtures without prior sepa-
ration. However, most drugs studied are commercially avail-
able in plain dosage forms, and the problem of interference
does not arise.

Absorbance

Analysis ofDosage Forms

The proposed method was applied for the determination of
chlorthalidone, clopamide, frusemide, mefruside, quinetha-
zone, and sulthiam as the drug entities in various pharmaceu-
tical formulations. The results were compared statistically
with those obtained by applying the official methods (1,2).
In the t- and F-tests, no significant differences were found
between the calculated and theoretical values (95% confi-
dence) of the proposed and official methods (Table 3). This
indicates similar precision and accuracy. In addition, recov-
ery experiments were carried out for each drug in its respec-
tive pharmaceutical formulations. As shown in Table 3, the
recoveries (99.04-100.07%) indicate the absence of interfer-
ence from frequently encountered excipients, additives, or
coloring matter.

The molar ratio determined according to Job’s method of
continuous variation (33) indicated a ratio of 1:1 for sulfon-
amides and TCNQ in the presence of 0.5M sodium acetate
(Figure 4).

The possible mechanism of the reaction of TCNQ with

00 01 02 03 04

T T T T T v

05 06 07 08 09 1.0

CG1]/[ci]+Ctcnq]

Figure 4.

Continuous variation plot of clopamide-TCNQ inthe presence of 0.5M sodium acetate with acetonitrile as dilution solvent.
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Spot colors (TLC), R, values, and wavelength maxima of eluted spots of p-toluene sulfonamide-TCNQ reaction mixture, reagent

blank, TCNQ, and TCNQ radical anion

Table 4.
Wavelength
Color R, maxima
Yellow 0.96 (395)c, 840
Yellowish green 0.85 420, 680, 745, (845)
Orange 0.65 (325)
Violet3 0.58 (578), 603
Colorless6 0.25 —

« Changed to blue on 5 min exposure to air or UV radiation.
b Changed to faint yellow on exposure to air.
cNumbers in parentheses represent peaks of the highest absorption intensity.

unsubstituted sulfonamides is not a simple one. First, the
products absorbed appreciably at 325,420,680,735, 805 and
845 nm, in addition to the major peak at 578 nm. Second, the
multiplicity of spots on the TLC plates (Table 4) indicates
that the reaction is more than the formation of TCNQ-
radical anion. Third, TCNQ is a reactive compound of a
multifunctional nature. Polycyano-l,4-benzoquinone meth-
ide is a strong electron acceptor and has enhanced reactivity
toward the neucleophilic addition of nitrogenous compounds
(34-36). In the end, the major violet product could be isolat-
ed by several techniques, including column chromatography
and extraction procedures using different solvents with dif-
ferent polarities. Unfortunately the isolated products could
not be successfully characterized because they were unstable.
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Liquid Chromatographic Method for Determination of Extractable Nitroaromatic and

Nitramine Residues in Soil
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An analytical method was developed to determine the concentration
of nitroaromatic and nitramine residues in soil. Air-dried soil samples
are ground with a mortar and pestle and extracted with acetonitrile in
an ultrasonic bath. A portion of extract is diluted with aqueous CaCl2
to flocculate suspended particles, filtered, and analyzed by liquid
chromatography. The method provides linear calibration curves over
a wide range of concentration. Detection limits ranged from 0.03 to
1.27 #tg/g. Recovery of spiked analyte was better than 80% for ail
analytes tested. Each step in the analytical procedure was optimized
using spiked and field-contaminated soils. This optimization included
tests to (J) assess the effectiveness and kinetics associated with
various extraction methods, solvents, and soil-to-solvent ratios; (2)
compare separations achievable using various combinations of re-
verse-phase columns and eluants; (3) assess analyte recovery and ease
of use for various procedures to remove particles from extracts; and
(4) document stability of soil extracts and analytical stock and
working standards. A ruggedness test and a preliminary assessment
at 2 other laboratories indicated that the method was sufficiently
rugged to justify a full-scale collaborative test. A comparison of
extraction kinetics for spiked soil vs field-contaminated soil revealed
very different kinetic behavior, indicating it is unwise to develop
extraction procedures based solely on spiked soils.

A common eviratental prablem atmany U.S. Army in-
sAlktios B te presace of saill cottaminated with muni-
tiosresides (). This antamiretian hes cocoured over tre
st 50 years due oveste disdargss franmunrtdas manu-
facturirgand the destruction of ast-of~cate ar ofFseafice-
taonaterial . The mostcommon residlesaatain 24,6-0m-
tooliee (INT), hedaydol,35tinitol 3 5traze
(RDX) , and asscciatad nitroaroratic and nirtramire inpuri-
‘tissand degradation prodLcts (FHigure 1). Uhlikemany otter
atenicaxtzmirents, TNT addRDX have littleaffinity far
surfacesaland can repidiymigrate toproduoe groundhaeter
poliuaan @, 2)- To lacate cottaminatiion sourass, amethod
wes nesced toaeble tre rapid, predise, and sasithvedster-
minatdion of trese aalytes nawide rage of sl ad sadi-
ment natrbes.

Because a nunber of futticelly similar aslMEs ae
often prest corcidntally, tre method of doiice must -
cluck a sgaration S, Bastirg methods farae armore of
tteeaaivtes neviramatal matrves and faasicaaly-
sshave usd thinHayar chrometography (35); ges chirama-
togrgohy with averiety of cetectors ircliuding tte electrot-
Gpture cetedtor (6-13), themal eneryy aelyzer (TEA)

B (LO) wsirg uttrandlet (V) detec-
o (3, I7, 2-27), TEA (B-J), electrodemical cetec-
o @L-3), dectran pture @D, ad LC/MS (B-H).-
None oftresenethods, honeverr, hes been goimized fatis
geaficsuteofcotaminants nasal matrix. Because sare
of these eplcsives are both high relting and themally un-

Received April 10, 1989. Accepted June 6, 1989.

steble (1), LC wes selected s the most promising ted-

nigLE.

Al of tre aalytes of Niaest are polar (acctaolAater
partition cefficats raging from 1.3 10 263) and alar
edractant wes foud o ke nost effiaat. To allov direct
aslsis of tis plar etrat, rmaredexe LC (RPLO)
methods were nvesticated. Use of romaldhese LC would
racuire a ohat exdange st o trasfar aalyies noa
rapolar shat. A netmdfrsaaal ofteeaaltss n
watter, bessd on RPLC, hes been previasly develqoed and
saessfuliyalicatisd na fullsaEke ol looative et ().

Sine fewv comercial loyatories are equipeed © ue
eftter treelectrodenical cetectorar TEA with LC, and tre
et stodeelgpamethod fargareral use, we cocantrated
on UV detection. A wavelagth of 254 nm wes dosen be-
caee a\engty of merufecturers offer a
cetector bessd on tre meraury larmp at 24 nm and dll tre
aalytesof naestasorb stragly at thisvaelagth, vhile
potential interfaatss auch as dilariirated argenic com-
pounds do rot.

An iitel study indicated thet ubtresmic edractin wes

auitzble far tree aalvtes nsall &) The db-
Jetneoftre study rgorted herewes toarelully ceelgp a
stephystep methad besed on ulrasmic edractian ad
RPLC determiraticnwhich coulld suossquentdy be vallicated
viaa fullsakeolldoratine &t

Beernmantal

stadarts farthe fol lovirgvwere dotaiined fram
te U.S. Army Taxic and Hazardous Materials Agaoy,
Averdeen Proving Groud, MD - actehydro-l, 3.5, 7-tetrans-
o 35, ~tetramdire (HVX), heahydo-l,3,5-trinitio-
135triawe (M\B), 13ck-

2 4-dinftrooluae  (2,4-DND), 2 6-dinrtrotoluare (2,6—
DNT) . Starcardnaterial fa- 2-amino-4,6-dinrtrotoluae @
AMDNT) and 4-anirn-2,6-dinftrotoluae (4-AmDNT) was
dotaired fran David Kapllan, Natick Laboratoriies, Nataidk,
MA . IrdividLal stodkstarcardsvere prepared nacstonitrile
(ChromAR HPLC gracke, Mallindaadt). Methanol ussd n
tre pregarataon of e eluent wes Baker Amallyzed

Grace. Water used ntteeluantwas dotained franaMillli-Q
reggentvater system Mllipore Gap.).

RHeld-antaminated siiks used far method devellgorent
were dotaired fram a \ariety of military Stes n 5 Sies.
Uncormtaminatted sailsussd inoiking eqeerinants were ao-
taired laAllly. All sabvwere air-dried oarstantweigit and
groundwithanortar and pestletopessa D mesh siee ().

LC sgaratias were datained on a modullar systam com-
msedcfa&neclrthysicsSFB&O Isaticpup, abyna-

tech Precision Sapling LC-241 autosarpller equigoed with
a Rheadyne Model 7010A sanplle lop injedar, a Sectra
Fhysics SPa490 varicdlevaelagth UV detector sstat 254



JENKINS ET AL.

™ DB

ﬁ%( ON NO, NO,
e ST O

NO. No, NO,

o @2

L noZ
Structures of primary analytes.

i

N

ON-N N—NO,

NI
Flgure 1

m, and a HavlettPadkard HP3393A digital nieyaior.
Sawplesmere intracbod by oarfilliga 100 ¢ kap. Re-
sdtsvere grarallydotained inthe peek heighitnode, which
wes fourd toginemuch better o aibillity far lovaonoen-
trainsarples then autorated pesk area measuramants.

Siksvere edractedwith acstonitrile nan ultrasmichath
(Gole Parmer 83535-10 Uhtragmiic Clearer). Bdracts vere
filtged through Milllex SR 0.5 ¢gnmerbrane fillas (Alli-
pore Gap.)- The gotimization of tte \arias g5 N s
method Btte sbject of this nesticption.

Results and Discussion

Analytical Separations

Sweral oolums @ el) vere tested in-
clulirglLC-1, LG8, LC-18, LC-CN, LC-DP, LC-NH2,ad
LC-diol uder iayaticaroitias wsirg a\ariety of birery
ad tartiaryellents carposed ofvater, nethaerol, and acsto-
ritrike. The il dggective ves 1 fird a columveluant
aorbinataon tretauld iceleseliresgaratianofHMX,
RDX, TNB, DNB, &, TNT, and 2,4-DNT uder iIsxya-
tic ayoiias within 5 min. A 5 cm X 46 mm LC-18
colum Gpm) eluted with metherol-vater L + 1,VA) &t

ble 1 Sgaraticnanas cm X 4.6mm LC-CN colum G
Jn), usirg tre same eluent and flov rate, wes dosn far
asalyte cnfimation because tte arceyr of elutian (Tablle 1)
wes \ery diffaet. Details on sgaratias achieveble Lsirg
otter columveluant aorbiratias are presated elsenhere

D).

We hae usd trese 2 colums o aallyz edradts fram
o 100 sal samples fram 14 Saes. Inno Gsevere mjor
interfara s dsenadvwhich preclucd tre use of tte LC-18
oolum far gentitataan. When high cocentratias of tre
asliytesvere faud, honever, inidentafied douldars on tte
major peaks were deened (Figare J). Use of tte LC-CN
oolum far aalyte confimatian proved 1o ke very sl
The aralytes most oftendosenad infiddaotaminated sals
were TNT, RDX, TNB, 2,4-DNT, HMX, 4-Am-DNT, ad
2-Am-DNT . Nrtraoerzare and the isovers of nitroioluae
have neer been dosenad nany of ar aelyses. Saeral
eaples of LC-18 chranatogrars far edvadts fran fidd-
aontaminated salkare shon nAgre 3

Linearity Testing

To determine whether cetector resoee (integrator pesk
Feigt) ves a lirear fuction of arelyte coontratian, 2. s8s
of alilxatin starchrds antaining 7 aelyteswere indgpen-
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Flgure 2. Chromatogram of standards for 7 primary analytes on
LC-18 column eluted with 1.5 mL/min of methanol-water (1 + 1).

oty prepared and aallyzd 0 random ader. A lrer
mocel wes fittoeach setofabsorbance \vs cooentration cata
wsing stathrd regressin adlyais. The residal suns of
g aeswere testedfarsigi wsirga bdcoHfitietat
te 95% axthicene bd. Grerally, tte Aratics irthcated
et the data were aden ately desarited by a lirer nocel.
Next, a lireermodel with 220 & wes fittled toeach
chata st The residals fartte 2 modells vere aorpared. The
Fatacs at tte 95% aothicene led ithicaied tet a Iresr
model through the aigin adeqately desribed tte diias
Thus, Tardailyaliyation, arellicaied sirgleoint starchrd
Bsaffidet. The ssetMitiess ad daostrated rages of
Irer reqoseaegnen nTable 2

Soil Extraction

The follamirg 4 edraction methods were compared by
wsing field-ontamirated ik far both tota aalyte reoery
and prooess kiretics usirg methanol and acstonitriles Sodh-
K, wist-action ddlar, ultrasmic kath, and horogenizer—
smicator &7, 3). Actmitrileves aperiartomethanol far
edractikan of RDX and HMX, inpart due 1o teir much
grester lhillity in acstonitrile OC. Legett, US. Army
Cold Regians Ressarch and Bgineering Laboratory), ad
epinalent onethaol faredrection of e nitrearoratics.
Sohletand ultraamicbath methods were etter trenmeth-
s wsig tre wistection Seker ar harogizer-sonicator
Table 1. Retention times and capacity factors for major analytes

and potential interferences on LC-18 and LC-CN columns9

Capacity factor, k

Retention time, min

Substance LC-18 LCCN LC-18 LCCN
HMX 244 8.35 0.49 252
RDX 3.73 6.15 1.27 159
TNBA 4.60 5.01 1.80 112
TNB 511 4.05 212 0.71
DNB 6.16 4.18 2.76 0.76
Tetryl 6.93 7.36 3.23 211
Nitrobenzene 7.23 3.81 341 0.61
TNT 8.42 5.00 413 111
4-Am-DNT 8.88 5.10 441 115
2-Am-DNT 9.12 5.65 4.56 1.38
2,6-DNT 9.82 461 4.99 0.95
2,4-DNT 10.05 4.87 5.13 105
Benzene 11.22 3.48 5.84 0.47
o-Nitrotoluene 12.26 4.37 6.48 0.84
p-Nitrotoluene 13.26 441 7.09 0.86
m-Nitrotoluere 14.23 4.45 7.68 0.88
Toluene 23.0 3.93 13.0 0.66

aEluants were water-methanol (1 + 1) for both LC-18 and LG-CN columns. Flow
rate was 1.5 mL/nin for both columns. Void volumes were obtained using nitrate
ion.
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Figure 3. Chromatograms of typical soil extracts from field-contaminated soils on LC-18.

both i total amountt recovered and kiretacs. The smicbath
method Bprefarad for ad reesos. The edractad resi-
dee nte Sohlet method Bheld at tte boilirg point of tre
exdractin ohat Tar lay periads of tive and can prodlce
degradation of ttremally Eaille conpounds. In adbiian, a
lage nurber of sanrplles can be processad sinultansasly n
anulraamichathvhilean irdividal Sohlet devicemust be
usd fareech satple.

Additiaal kiretic stidies were performed 1o determiire
optimum edraction tire o the ultrasnic bath nethod. A
\eriety of field-artamireted sails from a number of diffa—
ait staes vere testal These saibls antaired HMX, RDX,
TNB, TNT, 2-An-DNT, ad 2,4-DNT a& covatratios
raging fran <1 © 1500ng/g. Bxtraction rates far iked
sabvere alsostuoial.

Table 2. Detector sensitivities and proven range of linear
response

Sensitivity,3 Proven linear
Analyte absorbance/"g range, /xg/L
HMX 2.96 X 10“2 10-10072
RDX 3.55 X 102 10-10037
TNB 6.67 X 1(T2 10-20052
DNB 8.77 X 1(T2 10-10013
Tetryl 490 X 10-2 10-20130
TNT 5.22 X 10“2 10-10132
2,4-DNT 6.24 X 10~2 10-5007

aUsing 100 fiL loop injected with standard-water (1 4- 1); UV detector 254 nm.

The exdtractaan kiretacs fTar field-antamirated sl veried
with aralyte ad il In greral, edyaction periiaks of ks
then4 hoftenremvarad lessthen 80% oftte totlal exdracteble
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Figure 4. Top: Kinetics of extraction of TNT from 2 field contami-

nated soils; bottom: kinetics of extraction of TNT from 2 spiked
soils.
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Table 3.  Summary of results for soll-to-solvent ratio test
% Diff."
Mean concn, /¢g/gs highest-lonest ,, ..,
Analyte 2g/50 mL 29/25 mL 2g/10 mL lowest
lowa soil
HMX 1990 (a) 2000 @ 1970 @ 1.6 NS
RDX 13600 (b) 13300 (b) 12700 (©) 7.1 **
TNB 484  (d) 479  (d) 474 @ 21NS
DNB 38.4 (e) 38.3 (¢) 39.6 (e) 3.4 NS
Tetryl 390 () 420 () 398 ® 7.7 NS
TNT 14900 (9) 14800 (g, ) 14500 (h) 3.0 **
Louisiana soil

HMX 224 (i) 228 (i) 264 0 17.8 **
RDX 878 (k) 871 (k1) 828 [0) 6.0 **
TNB 1.8 (m) 1.7 (m) 17 (m) 59 NS
DNB <d <d 0.15 —
TNT 12.2 (n) 12.0 (n) 116 (n) 5.2 NS

aNumbers identified with the same letter are not significantly different at the 95% confidence level by ANOVAand least significant difference test.
D% Difference = [(highest-lowest)/lowest] X 100. NS indicates that difference among 3 treatments was not significant at the 95% confidence level using ANOVA

** Differences were significant at the 95% confidence level using ANOVA

aalyte. An edractin of 18 h, on tre otter herd, remvered
gregter then 90% of dll treedractzblearalytes navarietyofr
field-antaninated sk (Figure 4). An 18 hr periad Balo
anaiiat sine tte edraction can ke started n tte He
afterrom and the edracts processed the folllovirg moming-

The rate of arallyte exdractaion from spiked sailswas quite
differettren fran field-antanirated ks, Depite e fact
tret tre soiked sl vere aged far 2 days o allov sohatt
egoratian ad aslyte interection with tre sals, anlly 15
min was required far greater then 90% aralyte remery
(Fgue 4. Cexdy it B uTalistic 1o deelg edraction
methodology besed olely on spiked naterial.

Soil-to-Solvent Ratio

nitelly, tre method utilizad 2 g saill and 50 mL acetoni-
ik To determire ifthis ratio culd be inoreessd without
affectirg method performance, we selledted 2 field-aontami-
reted saksfran lonva and Louisianavhich hedvery diffaat
aoaratias of A stof 18 e 2.00g sub-
sarples ofeach sl wes randamlly divided into 3grayos of 6
Usaples. One graup of6 subsanples Tareech sl typewes
exdracted with S0 mL et The otter 2 graups were ex—
tractedwith 25 and 10mL ohat, nely. Rultsare
sumrarized inTable 3 An aalysis ohariane of aelyte
arontratias shoned sigificat differeass anong tte 3
treatrents n 4 of tre 10 Gs=s where 105 Were
pesiole: RDX far both sailks, HM X far tre Lauisiaa sl
ad TNT fatte lona sal. Inte lona s, the coontra-
tosofFTNT and RDX both excested 1% of tre dry weiight
ofsdl, and poorer remveryves foudwhen the2 g subsam-
pleves edractedwith anly 10mL astonitrile. These diffa-
aus, hovever, anounted oaly 7.1% farRDX and anly
3.OWTarTNT onajiggless.

For tte Louisiaa sal, a smilar resdit wes dosened far
RDX where tre reslitwas 6.0% loer farthe 10mL edradts
then for tte S0 ML edradts. For HMX , aelyte cooatra-
tiosvere 17. 2 higer ntte 10mL edracts tren ntte S0
mL edradtsona jtygless. Thisanomalous resdtfarH M X
wes due tosare interfarate fronuretained saltsand polar
campounds which elute pst befare HMX . In the 10 mL
edrads, tte coatration of trese campounds can ke &
much as 5tines higer then ntte DML edradtsand may

osericd tre colum, therdby casig greater interfarace
with treearly eluirgHMX .

The higer soluin cooaratia s achiead 1o tre ex-
tracswith2g n 10mL didpermitgquentatatsaan of DNB far
tre Lauisiana silwhen itves ot possible todo ofartte 5
mL and 50mL edradts. Thiswas expected sine tte conoen-
tratin In tte edract was goproeching tre loner limit of
cetection.

Owrall, tremethod sourte rugged wirth reseect tosalHo-
Dhat o, A 2g40-10mL ratioves ssledted sine ittpe
trelsst lov lbd detection Ggbility. Higher solHosohat
raticsvere ot testad because we nesded s ffiiaetbvolure of
pmedmmalmmmprmaryarabasardsecrm—

ary aalyte anfimation

Particulate Removal

Priortoaslysisby LC, tesil edracts hed ole fillaed
o polect eqasive rearsefdese olurs. Because of tte
lag periad of snication recpired farmaximum areliyte re-
oay, tresil aggraptesvere digoersd inovery frearti-
deswith log sstidrgtes. These frertidesmade filia-
tnoftreedradtsexuarelydifficit, eanafta tteedrads
were cantrifuged at 5000 rpm far extaosd periacs of tne.
Rupturing oftremerbranes sovetines ccoured de o tte
eqssihepressLre reiral.

IntrodLctian of agueous CaCll2 proouoed flaoulation of
te fretides ad rgoid ssttlirg. Aftera 15 min settliry
e, tredarifid Oluiosvere redily filtaad throgh 05
Jmfilas. Since diluinwith vater wes recpiired o maitch
the sohat stragth of tre sarplle o tret of tre ebat, we
cbciced todetermine tte codirtias under whiich floooulaiion
with aqueaus CaCl2wes effective and whether tte flooulla-
o prosss nodiffied aalyte cocatratios. Conoentra-
tosgeater then 60 g/L reaulied nsaltirgaut of e aceto-
nitrileand fomation of 2 las at room tarperature. St
ing-aut alsocoounrad at cnomtratia s greater then 10970
iftre les were refrigeratal Aqueous aombratias
raging fran01 o 10g/1 wereeffedtine ncausing flooula-
o, althouoh tre ratearied. We dose 59/, which hes
worked vell farmost silkswe have studied.

To testwhether flaaulation affected aslyte concentra-
105, asasnigeerinatves codlctedwithasariesof8
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Table 4. Means and standard deviations for aliquots from centrifugation (c) and flocculation (F) procedures with determinations
conducted in quadruplicate
Concentration, juyg

HVIX RDX TNB Tetryl TNT

Statistic F C F C F C F C F C F C
Tennessee soil No. 1
X 71.2 71.1 439 436 19 21 0.86 0.77 34.7 34.2 28.0 279
S 0.98 0.70 6.3 0.96 0.32 0.26 0.23 0.15 0.96 0.36 0.97 0.59
3 0.17 0.79 1.09 0.65 0.97 0.26
» Diff.b 0.1 0.7 105 11.7 14 0.3
Tennessee soil No. 2
X 24.2 23.1 171 173 4.7 4.7 15 12 10.3 10.6
S 2.7 0.51 0.96 0.58 0.54 0.91 0.17 0.17 — — 0.29 0.69
¢ 0.81 3.13c 0.05 2.48c 0.80
% Diff.b 4.8 11 0.0 25.0 2.9
lowa soil

X 116 118 80.6 79.7 66.7 82.7 754 757
S 0.96 1.26 2.0 0.99 121 1.63 —_ — 41 1.0
¢ 2.53c 0.88 15.8C 1.19
% Diff.b 17 11 24.0 04

aCritical value for foss (df = ¢ ) = 2.447, where df is degrees of freedom.
b % Difference = [(highest-lowest)/lowest] X 100.
cSignificant difference detected at 95% confidence level.

Tfield-antanineted saks fram lorg, Loussiams, and Temes-
s A 2.00g portaan of each sl wes exdtracted ntre smic
bathwith S0.0mL astonitrile. From eechedrad, ae 100
mL aligquotwes mixedwith 10.0mL waterand T a
2000 rpm far 15 min. Another 10.0mL aliquotwes mixed
withagueous CaCT and alloned tostard D min. Then tee
solutiosvere fillaedand arelyzd.

The mean cooaratian ratacs between ad
flaulatedaligoisfarHMX , RDX, TNB, adTNT ragd
fran 0.8 o 1@, irdicatiy \ary littk diffarate betvween
te2 proessing tedmiges @). Intredsae '
redlication, itves inpossible todetermire iftre sralll diffa-
aes foud far irdividal sanplles vere Siatistically Slgifi-
at. Cosuently, 3sikfranTamesseeand long, includ-
ing 2 et shoned tre lagest diffarace betneen the 2 types
of processig intte soreming eqerinatt, were furtrerana-
7. Each sl wes edracted and processed s dove. Cen-
trifigation wes coducted at 5000 rpm far 20 min. The
sjnmsreajtrgﬁmﬂezmﬁesdﬂglmae

TNBA Bmore sble, perbgs due 1o sare aopleation
fran tte high caontratian of CaC™. Honever, ifsanples
are alloid © stad at roon teperature oanigt, te
TNBA slodyanertstoTNB.

Oerall, tre floouiliation step Bangjor Inprovement n
ema:tpu:essrgaﬂobesrttalle’aalylecumm

Power Dissipation in Sonic Bath

Praessig a lage nunber of saples sinultareasly
migt lessn tte effidiaty of smic digarsion @. Takins,
Oak Ridge Naval Letoratory). To inesticete s, 4 reli-
Gte 2.00g portaas of lona sl were edracted for 8h as
waal with no ottertues intte bath, and aotter 4 portios
were processd nan icntical manner alag with 2 addi-
ticd saples n te ath. lona sdll wes dosan sine i
antairs neesureble lkedsof 5 of tte 7 aalytes of iniaet.
No sigficant diffaraes were fourd between the 2 trest-
ments at tte 95% arficae lked far ay of te aalytes

@).

a’ep'EEH‘IH:I inTable4 Photodegradation Study

Of tte 15 aalyte/Soil aonparisons trat aould be mecke, TNT Bknown todsgrace inagueous solutias eqoosed
besd on e presat in tee field-antemirated  snligt. Honever, the s sxptidility o pdrotodegrecktion of
sik, oly ae (TNB far tre lona sl wes of | TNT and otter munitians whi le associated with <l Bun-

sigifiae, 3otrers vere Satstically si
asvell (Table4). The mean\alless Tr TNB intte lona il
were 6.7 ad 8.7 jigy for flooullated and cantrifuged
dqus, reqectively, adifferate of 24%. Aalytical regli-
atinves ecl et nloth asss, D tredifferae gpars
both reel and inportent. Chiramattograms o these edradts
indicated tret a srall, broed pesk eluted just aheed of te
TNB pesk ntte flooulated subsaplle (Figure 3). Addi-
‘tiodl research indicated thet this pesk ves due o tre pres-
eeof2,4,6-tinn (MBA) ntte lonasal.
Like TNB, TNBA Ba rtion proclct oF TNT
@) TNBA Banverted ©TNB by decarboylation (41)
inte saples, tis reection hes
anpleion ©tte TNB deened sasum of te TNB am
TNBA mitelly pesat. In te flooulated saples, te

knoan. The method we davellgeed reguiires aiir-aryirg of silks
forat lest 24 h priar toedradtion. Thus itwes recsssary ©
cetermirevwhetrer secel are reguired tomini-
mize equoaure of tre sk toanligtdurirg dyirg.

Two saksfran Lavisiaaand lonavere selected farstuoy
o treesisof treir preva cetermined coontratias of
TNT. A hulk sarplle of each wes ar-dned, graud, ad
sieed uder lov ligtarditios, homogenized, and divicd
iND 2 portias. One portian ofeach sdill was soreed inathin
laar naluninum pars and eqposed on tre il of a south-
Tacing window, esuring maximum equosure o watever
sﬂlgt\/\esaalléoleﬁmobys(zm)smereswaﬁﬂe

mesmrobytorefreslmesxlarfajeeqoosedtolgtﬂe



JENKINS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 6, 1989)

Table 5.

HMX
Dark  Light

RDX

Statistic Dark Light

Dark

895

Results of photodegradatlon experiment

Concentration, ¢tg/g

TNB
Light

DNB
Dark  Light

TNT

Dark Light

Louisiana soil

161
2.1
3.236

169
5.4

X 54.8
S 3.7
f 0.04

54.7
7.4

2.4
0.14
0.48

2.4
0.21 - -

11.6 10.6
0.59 0.28
3.366

lowa soil

87.3
21.1

X 67.8
S 22.3
t 0.15

66.1
18.5

73.6
8.9
0.77

" Table value for i0s5(10 df) = 2.23.
bSignificant difference detected at 95% confidence level.

seaod portian of eech saill wes also soreed evenly nalumi-
num pers, which vere kept intte cark ntre same room s
the eqoosed saples. Residlal noisture antents of the siils
maintained nthe dark and those exoosed toroom ligtwere
fourdtobe ey

After 10 days of equoare, six2.00 g subsarplles of each
sl treatrentwere edracted and analyzed (Teble 5. Satis-
‘tcly sigifiat diffeess naslyte coontratios for
tre 2 treainents at tre 95% aonfidece led vere dened
farRDX and TNT ntreLouisiaasal and for TNB ad
TNT nte lonasil. Lossesof8.6ad 10 .86 far TNT were
doened far tte ligteqoesd suosanples of te Louisiama
ad lonasdlks, regedinely. A coircicent inoreeseof 6. 9% far
TNB i lona sal anfiims ttet i Ba prodct of TNT
protocsgracation @D). A 5.0% inoresse NRDX cooatra-
tiowes alsodenad ntre lid e aisaples fatte
Louisiaa sal, te reesn B udler. Thus sal
saples duld beair-criedaut ofdirect anlight tominimize
aootration drenges due topghotodegracation.

Ruggedness Testing

To anplete tre rugpsdess testag of this netiod, we
nEmﬁ&jMéctcrsﬂBthIdpmuallyaﬁ&tperfomeme
and might be veried by irciviclel These fedos
were\eried ly by way ofa il fedorial eqeri-
ment o assess the saEitMity of the method 1o eech varieblle
a teir ineradtios @). A 1l fedoiEl eeringit ves
preferred toel imirete confourding ofmaiin effeds fram high
athr nieectos. A Tl 24fsdoral eqerimant nd.plicaie
ragpires 22 ek, whiich Babout the maxiamum number of
anlys=sttatcanbe aopleted nae 8hday. Caducting el

inae day elimiretes\arichillity resultrg from dif-
faatss ndilyalibaiin anes.
One Inportant fectonvwes aggrecpte ke The ritElmeth-
od geafedgrindirg ttesal opessa D mesh See. Further
gy opess a0 mesh sleemigtala-aslyte ranay.

The ssood fadtar vies vortex mixing © nitElly diqearse
il ntre edracting ohat. Some aslysts might doose o
elimirate tis step n faar of manual 4dag. The leds
testedviere ttrerormal Iminvortexmixing\s 15 sofmarnual
deag.

The third fador ves the caontratian of the agueos
CaCh olution added o tte astoitrike edrads. We dose
Dad4g/L sstre2 ledstoletestel The high led Brear
tremaximum caroaratian of CaCll2 thet can be ussd with-
ait casig te astmitrile o “‘slitaut” at room tenpera-
e, ad tre lov led Bdigtly belov axr recommended
led but il o ate farefficet floodation

65.2

69.7
3.1 3.3
2.46”

0.60 0.56
0.20 0.12
0.43

734 655
16.6 7.5
10.7b

The firdl fedorves dietine, tre sattirg tire alloned far
floulation aftaraqueous CaCl2 sadtd. The 2 ledlsdo-
snwvere 15min, the minimum tine necessary o allov e
fietosatle, and 4 h, both at room tevperature.

Two sgarate fadorial eerinants were aadcted: ae
usd field-antanirated sal fran lona and tre otter usd
Tield-atamirated <l fran Ndrada. These 2 sl rgore-
santed edrares naalyte caontratios, therdy atress-
Iy cootratian &s a possiole determinirg infliae n
whether ttese fadtors sigificantly affected oaall method
performance.

Beerimentally, ﬁeomblrancrssmﬁejwmdsm
matrix were dotaired es follos: Soil groud ©
pessa D mesh sieeves mixed thoroughly and sdiitinio two
40 g prtios. One porticnvies furtter groud O pess a @)
mesh siee. Sixtean 2.00 g suosanples of esch poraan vere
then weigned o irdividal 25 X 200 mm st tbes
equipped with TefloHired screvags.

A 50mL alig.ot of acstonitrilleves adoed o each k.
Halfoftre tubesverevortex-mbed far Iminand placsd o
e smickath. The ssood helifof tte twes were menual ly
seken Tar 15 sand added 1o e smic bath alag with te
\orteqmped thes.

After 18h ntresmickath, thetueswerealloved toanl,
ad 50 mL portaas of each vere removed with a gless
voluretric pret ad placed in gless sontiliation visks oon-
tainig 5.0 mL alig.ots of ae of te 2 agueous CaCh

olutios. The visksvere seken triefly.
Half of the vislswere al loned tostard far 15min, tre rest
fardh drimgwhich tte flooulatedad

st Approximately 6 ML portias of tte dieer
tnt ligd vere filtaed 05 am Millex SR diqus-
eble fillas o deen sorallbonvieks. The fest3mL por—
tion of each fillrate wes discarod, and tre ssaod 3 mL
portionves retaiined faradysis. Detailsoftreeqerinantal
cesighand rdmMid Al res s are presanited elsanbere (4)).-
An galysis ohariane (ANOVA) wes performed sga-
raely on eech aslyte B disoa wether any of tre 4
Tedors hed sigifict effedts on aalyte crcentration. Ta-
ble 6 sumarizes tte main effedts eqressad a5 the paroat-
agedace e totregrad aerae. An effectiscchred
sttereqoeea () stirgminus reqosea ) sty
Particle size — Sraller paridesizerhanced reapary far
HMX andDNB i lona sal butrot nNebraska sal, where
trecmatratiasvere much ke When cocantration B
highHMX may ke heteyrogereasly distributed, pertgs as
loalizd dgosits or disaete aydals, which may ke ks
effiaatlysolhilizd trenamore eanly distriuiedaralyvie.
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Table 6. Ruggedness test main effects* for lowa and Nebraska

soils expressed as percent of grand average

lowa soil
Variable HMX RDX TNB DNB TNT
Size 15.3* 114 0.8 23.4* 05
Agitation -4.8 10 -0.6 -15.5 -0.4
CaClI2 -23.5* 8.0 -0.9 9.3 0.3
Idle time 7.0 -4.2 28 -5.8 -0.1
Nebraska soil
Variable HMX RDX TNB TNT DNT
Size -4.0 -7.7 -0.9 -1.6 -13.8*
Agitation 3.7 -11.0*  -1.2 -7.7 7.0
CaCl2 -1.3 -14.0* -3.8 -1.2 -3.7
Idle time -3.1 -0.5 4.2 43 6.8

aNegative effect favors 30 mesh, vortex mixing, 20 g/L CaCl2, or 15 min idle time.
* Effects are significant at 95% probability level.

Folloving tte arigirel aontamination eat, vater may have
egorated, leddirng topreapitaticnofHM X irsteed of ad-
saptian because of s irrerentdy low water sollhillity and
hichaoentration ntissal. This i B ot
ed by an el study of edraction nethods (&), nwhich
inessirg \ariane with dearessiig saple siewes faurd
farHMX andRDX nlonasil. This trad Barsistantwith
heterogeenus areliyte distriiution. An additaaal confime-
tinofaralytereteraareitywes foud ntre rupadess et
where trevariae of realitsof 0 mesh prtidieswas SIgifi-
cantdly gregter then trat far 60 mesh rtidies. Although tis
differae antraaes an assunption NANOVA ofhomo-
genens \ariane, ad taths o cesasEitie te sigu

=5, tre effetsvere dill sigaficent far HVIX

The reesrs Tar lorer reoery of DNT inNebraska sall
ad higer reery of DNB in lona sall at sraller partidle
sizare utertain, ut trere Bro evicace tret heterogae-
o distriution sregosible.

Agitation method — FOr themost art, manual mixing B
Justas good asvartex midaing, ut tte e gave samenhatt
etter reovery fTarRDX . nNebraska sl alttouch ttesie
oftte effectwas sialll. Since aoitatian ssirotlyamedhani-
@l phenamenon, Esrotdearwhy tremain effectwould ke
significat farare but rot dll arelptes.

Although manuall sheking Brearly equinalent tovortex
mixing and recuiires no SaEciall equiprent, Ksrotgaaally
recomended becausemanual seking ylessare lidyole
\ary diffaret anong Hoatories. Unirform use of avartex
mider at a given goeed and duration would elimirete this
potential sourceof _ Havortexmber
were uaaileole, honever, manual shsklrgvxmldbeamot
dle.

Concentration of CaCf usedforflocculation = HMX I
lona sl and RDX N Nebraska sall were renered ks
effectivelyat tre4 g/L lbd of CaCl2(Teble 6). Thisbehav~
ines rotdsened fatteearalytes nttectter sal. While
treefletfarHM X nlona sl (3.96) stte lagestmain
effectdsened, we areureble toagest a reesareble ysi-
&l eplastion sine the additian ofF CaCl2aoours aftarex-
traction saoplete. taouldbe due toaccidntal irdiusianof
susaples fram a “tot got” within tre oA sal saple.
Recall ttet HM X \arigaility n lona sal wes grester then
tet for tre otrer aelMes. Ingeection of tre interaction
between method and CaCl2 aoentration shoas
et tre coontration effect Tr RDX nNebraska sl B
dominated by the antributaan frommanuall egatataan. Thus
vortexmixing woulld minimize tiseflect.

Idle time =— The of TNB n lona sal was im-
proved at laer idietine (Teble 6). Thiseffect Barsistat
with tret disossd el farthissalwhere TNBA ssloly
anerted TNB when diluededractsareal loed tostad
a room teparature. This effect wes ot sigafiat o
Nebraska saill and hes ot been found intrengjority ofotter
sabkbsusgedy tetal

Summary ofRuggedness Test Results

The method Baourte ngged ogdll. A few effedts vere
fourd tobe significantat the 95% prdzbility lbd, but nore
was dominant fardl arelytes and sall types (@) The recom-
mended parareter lbdks fartremethod are griirding of sal
topessaDmesh sieeriatoedraction, Vortexmixirg, and
15min of dietime after acbirtian of 5g/1L of CaCl 2

Stability of Stock Standards

A mgjor g.estion Tar dll aslytical proocadres ragpinirg
aliyation show oftenstokstarcards nust ke replaced. To
amser thisg.estion, we todkadvantage ofttre aakility of
stok statards of eplesives prapared oer a periad of 19
nmonths. In dll s these stodk startards were prepared by
velghing aut SARM-grade naterial, trasfaring ittovolu-
metric flds, and dilutirg icovolure with eftrter metharol
araetotrile. The stokstardardswere storad na refrige=—
atrat4°C ntredark, and the stgpearsvere wrapped with
Parafiimto retard sohante.gooration.

Three satsof irdiMidLal stok starchrds were et The
fatstwes nmethaenol inAugust 195; the 1986
HMX andRDX stodksomtairned40% actonitriletoessistin
nitiEl disolutio. The ssood and third sets of starclards
used anlly acstonitrille and were prapared nJdune 1956 and
March 1987.

In Jly 1987, three replicaie aoposite stadlrds vere
prepared from each setofstodkstartards. Detailed resultsof
treaalsisoftre diluted conbined starcards are presanted
elsatere (@). None of tre aalytes shoned a arsistat
trad tonard cearessing cacantratiaswith inressig Star-
ae tine, ad trevariation nstartards prepared and stored
oer 23 months sminimal (@rerally < 36). We aacluke
that stodkstarchrts of ttese eplosives stored Inglessat4°C
nttedark, with precautias taken tominimize ohatevep-
aaim, can be safelyused farpericswp o 1year.

Stability of Dilute Working Standard

Another gestionwe inestigated wes how often diluted
working starcards nesd tobe replacad. To testttestEalityof
trediiutevworking stathrds, dplicatecorbined stokstan-
cards and dplicate dilutievorking starcards were
aboutevery 5 days overa 28-cay parial. These diluievork-
ingstathrdsvere storad o tispericdatb4°C ntrecark
wirth stogpered jontswrapped with Parafi Imtoretard evepo-
raion. Acther st of d plicates wes prepared on the fast
day of tte eqerinant, but they were warmed to room tem-
perature and a srall portian wes removed every 5 days ©
simulateavorking stadard tretwes beingusedover tis28-
day pariadl. The 16 irdvad Al working starchrds were ana-
Nzadasagroyp nmrandomoarceron ttecay followg tre st
resoorsss of the most recantworking starchrd. Detailed re-
sitsare presated elsahere @)).

An aslysis ofvariane was aadlcted fareach of tte 7
aslMes. For dl the adliytes eagpt @l \ariatios were
rot satsticaly sigifict at tre 95% anfidae ld. This
B N Soite of el lat agreament between dplicates, with
reltestatard ceviatios raging fran 0.2 10 1.194. For
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Table 7.

897

Results of method testing In 2 collaborating laboratories using field-contaminated soils

Laboratory 1 Laboratory 2

Soil 1 concn, jtg/g Soil 2 concn, jig/g Soil 3 conen, fig/g Soil 4 concn, fig/g
Analyte Known Detd Known Detd Knowr Detd Known Detd
HMX 4.2 2.1 124 117 79 98 30 25
RDX <da <d 1162 1120 68 93 135 149
TNB 2.0 2.6 159 170 75 62 5 5
DNB <d <d <d 0.5 <d 1.3 <d 16
Tetryl <d <d <d <d <d <d <d <d
TNT <d 1.0 380 375 740 718 5 8
2,4-DNT <d <d 4.2 3.3 <d <d <d <d

““Concentrations less than CRL values given in Table 8.

1el1yl a statsticaly siificent difference vies dosened. A
=differae coputation idicaied thet tre
slanbrdsluajﬁ%obysmessngﬂicaﬂycifhetfmn
trenost recnt statard, bhut those storad 28 days were rot
sigificndy diffaet. This Incosistany sugests tet tre
2-dy st wes anamelos. We arcluke tat working
stachrds can ke preparad and used over a 28-day periad if
they are refrigarated and ket inthe darkwhen rot inuse.

Stability ofSoil Extracts

Another uresohad gestion s tre daaillity of sal ex:
trads. To nfst@teﬁsqm]maylesofSﬁeld-mm
reted silsvere edracted and processd. The edradtsvere
alloned tostard at room tenperature far 24 h and were tten

imediately. The edradtswerealo aftr
keigstoredat4°C ntredark far 3,6, 18, 27, ad 71 chs.
The reaits are presated elsaihere @))- HVMX, RDX,
DNB, and TNT were foud tobe stehleoer tteatare 71-
cay periad ntteeedrads.

Itgyears tat tte aatralian of TNB intte edradts
frantte lona and Nebraska sl No. 2sloMy inoreessdoer
te tine tte edracts were held. The Inoresse amounted ©
about 18% fartre lona sl (BH6 P 6rigrg) and 32% Tar
Nebraska sallNo. 2 (30 14/5fig/g). The inresse NTNB
wes notacoampaniied by ameasureble change ntreconoen-
trabion of otter but te sall dyamatogrgahic
peak attriuted © TNBA,  disassd e, dclired oer
stoge. Thus the imreese NTNB cooratianves praoa-
blya resitofFTNBA decomposingand forming TNB duriirg
tre exterdad oold storege pariad. Ingraal, edradtscan ke
Feld farup 2 months wittout: ke advere effe

Initial Method Testing in Other Laboratories

Al resitsdisassd thus farvere dotained nour ldora-

tay. To as=ss tre utility of the method far more gaeral
gplicata, tre method and saaal et sarples were -
plied 10 2 otteyr Horatories et hed no previas eqeriae
with the determination ofeplicsive residLes nsal butvere
aquainted with tte use of LC. Four diffarat previasly
daracterizd field-antaniretsd saks were proadd, 2 ©
each Horatary.
The realtsoftteseaalys=s arepresated nTeble 7alay
withvalleswe dotaired farthesame il (knonvalles). For
both Eoratories, tre resilits with tose
dotaired &t CRREL, particularly aosicerirg tret tte kb
ammaralyzajciﬂémtskmrplesofﬁeld-mHIrat
ed sal et hed soe irerant Feteraareity.

Estimation of Detection Capability and Overall Analyte
Recovery

Estarates of datection (gebility of the method were de-
laad il tves tested notter Hoaoes. The reslits
Jtified eqerinats o estinate method detection Iniits

(MDLs) @) ad axtafied rgportirg limiits (CRLs) (44,5)-

The test coentratios used naoducting teMDL study
were dotaired by estimatirg tte epectedvaluss fromres s
ofasmilarmethod davelgeed fararelysis ofvater for trese
analytes (). Ten replicate 2g subsanples ofunootaminat-
ad sakwere guiked at tregyrgoriate lkbdsad tteaalytes
were exdracted and aralyzd. MDLs were dotained by calar-
g tte stachrd deviation far the sstof 10 replicaies far
eachaslteatte05¢fig/g led and nultaplying tte resit
by tre iale setiEic a tre 99% anficae kbd
(45) MDLs raged fran0.Bpg/g Tar2,4-DNT ©© 1 X tig/
gfarHMX (Teble ).

CRL estimates were dotaiined from exqeeriments aodlct-
edondsgaratedys. Dplicate piked sarplesat0.5,1,2,5,
ad 10tinestre bdsusd fartteMD L testwere
neach day (%)- The mean and\ariane far tte 8valless at
each led were alaulated and Bartiett S testussd to ity
tre range ofhomogeneous varianee far eech arelpe. Lesst-

ares aalysisvwes used o dotain the st liresr relation-
stmbeﬁmfwdardspllejmmummoa’ﬁerags
of hamogeneous vaeriane. Confidance intenals aoout tis
Irevere esteblided at the 90% led (B eech sxb). The
CRL Bd=hird as tte point on e “target cooatratay”
adaswhich arresos o tre point oan tre loer anfidaee
bandwhere ttevalleon treyper anficaceband intarssdts

CRL resitsareshomn nTable 8 Bogpt far TNB, MDL
\alLes are loner then (RLs. This sprircifelly due o tte
irclusion of day-to-cay cAlilration \arihillity in tte CRL
estinatesvhilleMD L \alues are dotaiined fran cata aollect-
adonasrgedy. Thea- ad Bidsareaowerydiffaat
(%) -Using ertter cetectin gebillity estinate, the method
providessameasurement Gebilityof kessthen 1rigig ecqx
fa HVX . Oerall method Balo
Table 8 These vales were d]alrajﬁmﬁeslqceofﬁe

Table 8. Detection capability estimates and overall analyte
recovery

MDL (43), CRL (45), Ree.,

Analyte MQ/g Mo/g (%)
HMX 1.27 2.15 80
RDX 0.74 1.03 84
TNB 0.29 0.24 119
DNB 0.11 0.12 105
Tetryl 0.12 0.65 83
NB 0.08 0.11 100
TNT 0.08 0.24 102
2-Am-DNT 0.03 0.11 91
2,6-DNT 0.07 0.16 107
2,4-DNT 0.03 0.07 102
o-NT 0.07 0.24 92
p-NT 0.07 0.22 103
m-NT 0.07 0.25 101
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Z0 interapt lirer regression eguatias far ikad varss
foud caoentratias fran e CRL s, Measured percait
recoenies of inividLal anallytes averaged aoout B, rang-
ing fran80% farHM X 10 119% farTNB.

Overview of Method

The results of this study have been ussd o esteblish tre
method cesaribed kellow. This method hes been

ewaluated by means of a fulls=ke olldoraie &, te
resdits ofwhich are presanted intie rgort of tte ool ldbora-
testy@).
Sl saples arevis Ally ingected oasure o durks of
sldeplsiearepresantand air-criedaut ofdiractanligt
o astat veighit. Sl B ten groud with a nortar and
pestietoafireporder (@yraximately 30 mesh) and homog-
enizd by placing n a dicsed antairer and dediing tor-
aghly A 2.00g sussaple sten plaod na 6 dram gless

ipped with a TeflaHlined Gp.

A 100mL aligotofacstoitrile Baddd, ad tesil B
cdigeersd by vortex mixing far 1 min and edracted nan
ulraamic bath far 18 h. The bath Bmaintained atarbient
teperature during edraction 1 minimize ks of &l
which stremal ly degrackblle @)

Vials are reamoved fram tre bath and alloned tosettle far
D min. A 5O mL aligot s reoed, placed na diess
sontillationvial and carbined with 5.00mL agueous CaCllz
G- Theviksare deken ad alloned tostad far 15min
 pemit fire prtades © floolaie. A 5mL aligot B
flaadthrogha05,mMillexSR filla-ioaclensatil-
o vEl. BEdracts are stored at 4°C in tte dark util

aalyal.
On the day of aelsis, tte visks are warmed O room
addden ly nes=hich salitoonoen-
tratios have causd the acstonitrile o sltaut during sto-
ap a4°C. Each edract i by RPLC cnanLC-18
oolum @Quelo) elutedwith 1L.5mL/min ofweter-methe-
ol @ + D). Hpss with retention tires conregpading
analytes of inerest are deenved, a anfimation deteymina-
‘i Bmade acnanLC-CN colum @elao) usimgan icna-
cl eluentand flov rete.

Because aelyteaantratiasmay vary fran<l jJuygo
10% of tre saplle ness, precautias must ke tden pre-
\ant atss antamination of saples. For eaple, ttemor—
tarand pestienust ke troroughly cleared between sarplles
by washing inhot soepy vater and rirsigwith acstonitrile.
We do rot recommend sievirg tre sall priar to subsanpling
because the adegate cleenirg of Slees B immvaniatad
tire-coauming. Wni levarbilitywll ke inoeesd tosome
exentby m:lwlurg lager agpregates typically lov narelyte
atmtratian, tre potental far atss aotamiretian Ban

axEm. Digosable glassare Busd wherever
mssi:)ler% 1 edractin, ﬂanﬂatm,ardsmageofﬂ—
traes), and digiosble sringssand fillaunitsare uissd anly
ate. These sigswill inprove tre qality of tre data by
preatg ke paEithe rsits, ad te ast e B
minor campared o tre oaall asiviical ast.

Conclusions
The method desoribad inthis peper Busad o determine
nitreararatics and nitranires Nl Cooenratias as lov
01 /i/fgmay bemeasured itatnely. The method hes
been used aoEssiully o aalyze siks from saal presat
and former Army Sites, and hes been s.bjected toa full-s=le
olloratne et @).
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Formaldehyde Quantitation in Air Samples by Thiazolidine Derivatization:

Factors Affecting Analysis

AKIO YASUHARA1and TAKAYUKI SHIBAMOTO

University of California, Department ofEnvironmental Toxicology, Davis, CA 95616

Anew method for the determination of trace levels of formaldehyde in
air was developed and validated. The method is based on the reaction
of formaldehyde with cysteamine to form thiazolidine. Air samples
containing trace levels of formaldehyde were prepared from paraform-
aldehyde. The percent yield of formaldehyde from paraformaldehyde
was 85.1 + 1.14% Air samples were bubbled into an aqueous cyste-
amine trap. Thiazolidine formed from formaldehyde and cysteamine
in the trap was determined by gas chromatography with a fused silica
capillary column and a nitrogen-phosphorus detector (NPD). The
lowest detection level for thiazolidine was 17.2 pg, equivalent to 5.80
pg formaldehyde. The recovery efficiency of trace gas phase formal-
dehyde in air was greater than 90% Formaldehyde levels in ambient
laboratory air were 48.9-56.2 ppb (V/V).

The dsterminatian of formaldehyce nair Bofgreat: impor—
taebease tsamjor mllutant havariety of i strial
and dorestic eviraments (). The most common method
farmeesuring fomaldehydte Btopessan airsarple through
a trgping olubian artaining acarmatizirg reegeitsuch as
paarcsnilire @), 3nethyl-2awothiamolae hydrazoe
hyarodhlorice @), o 2, 4-dintbgdeyindrazire @-).
Formaldehyde carnatines may be determined by collorime-
ry, ggs chramatograpty (), or lmd chrometograpy
LO)- A mgjor dranback ofttesemetihods treaalysis
reuires adverse reection @titio’s, suh as I0N|:H, which
may alta-the agral sple.

Reartdly, we develqoed a sinple and aoourate arelytical
method fardetermining trace ledlsof formalldenyce infoos
and beverages @). Formaldehyde Breectedwith oystesmine
atroom ad rautral pH 1o form thiadlidire,

which Btten determined by ges chraratography usirg a
Oe-

Tusd sliaapillary colum and a nitrogpHhosdons
tedtor (\PD) . Cysteamine reectedwath all alddhydes eapt
a/Busaluratsd aldghykes, ut a high reoluban fusd

Received February 10, 1989. Accepted June 12, 1989.
1Present address: National Institute for Environmental Studies, Yatabe-
Machi, Tsukuba, Ibaraki, 305 Japan.

gl cpillary colum wes aole 1o sgarate dll reauitiy
-y

In tre presmt study, the gollication of te gsteanine
method o the cetermination of fomaldehyde In air wes
inesticpied.

METHOD

Apparatus

@ cccolumn— 30mM X 0.5mm DB-WAX @& W
Saentific, Folsan, CA 95630) fused dilimaoolum.

© Gas chromatograph (6 c).— H-P (HaMettFadard,
Aahle, PA 19311) Model 5890 equigped with nitraa-
phosphorus cetectar. Quarating aodiitios: nitEl colum
tamerature 100°C, program at4°/min t 190°C; mjedtar
290°C; cbtector 300°C; helium arier ges flov 3L8 aw/s;
inecdtor diitratio 130,

© integrator.— SoactraFysicsModel 4290.

@Gas chromatograph/mass spectrometer (GC/M S).—
H-P Model 5320 GC interfaced ©VG TRio I mess gec-
toeterwithVG 11-250 corputer data system. Queratiing
arditios: inzation\oltege 70 eV; i source teperature
150°C.

Reagents

(B)Cysteamine hydrochloride.— Aldrich Chamical CD.,
Milweukee, WI.
© Formaldenyde.— 37% N vater (Aldridh Chamical

®)

© Paraformaldehyde.— Mp, 163-165°C (Aldrich
Chemical 3.)

@Anhydrous sodium sulfate.— ﬁsl*er&:isﬁﬁc, Pitts-
burch, PA.

© Hydrochloric acid.— AIder Saatific.
® Internal standard for GC analysis.— Add ]Opg N -
methylacetamice to 1mL chloroformand stareat 5°C.
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Table 1. Effect of pH on percent yield of thiazolldIne from
reaction of cysteamine and formaldehyde from sodium bisulfite
adduct or from aqueous solution

Source of pH
formaldehyde 5 6 7 8 9 10

Sodium bisulfite

adduct 31 286 552 591 778 —*2
Aqueous formaldehyde

solution a 37.4 952 936 99.9 99.2
aNot tested.

@©) Extraction solvent— Chloroform . T. Baker I,
Frillicstug, ND.).

(h) Aqueous standard stock solution offormaldehyde —
Add 2.7 mL 37% formaldehyde solutian ©© 05 L deianizd
water and adjust volure of solution © 1 L with ceianizd
vater. Determine eciial formalddhyde cocantratin n
stok solutian by usirg proosdure of Natioal irstatute far
Cooupatiaal Sfety and Health ©).

Quantitative Analysis of Formaldehyde by GC

Prepare cliiyation ane o thisolidirewith A4rethyl-
acetamicke as intardl stadard. Add 50 mL stok intarel
stadard solution © 10 mL saple. It 1 4L sample
oluin on GC goparatus equigped with NP cetectar. Ob-—-
tain thiaolidire ccaentration fron calioation ane by
Wi GC pesk area ratioof thiaolidire, derived from form-

Experimental

Transfer Efficiency of Formaldehyde from Its Sodium Bisulfite
Adduct to Thiazolidine

Add 1mL formaldehyde solutian (100 qg s formalde-
hyade) ©40 mL 1% sodium bsulfite solution, st solution,
and then add 05 g oysteamire hydrachlorice. Relesse form-
aldahycke fram is bifite addct with 5 mL 2.4\ HCL.
Adjust tre olutian o pH 8 with 2N NaOH  solutian ard
lae far 2 h BEdract with chloroform and dry over anhy-
drous sadium slie. Adjust volume of solutian 1 50 mL
with chlorofom. Add S0qL of GC intardl staclard ©© 10
mL sarple solutaanand determine formaloehyde ss thiaoli-
direby GC aalysiswithNP cetedtor.

EffectofpH on Derivatization of Formaldehyde to Thiazolidine

Use sodiunm b ifiteaddct ar Tformaldehyde o-
luton (3A6) assourceofformalldehyce totesteffectofpH an
thizzolidire fomatian. Add 159 oystesmine hydrodllorice
20mL ceinizadvater. Adjust pH of oysteamine solutian
with2N NaOH andadd eftter ImL ofadduct solution (4.47
mg/mL vater), eqal o 1mg formaldghyoe, ar ImL agque-
as fomaldehyoe solutian, eqal 1 100 g fomalddhyce.
Sarvel, ad ten leae reection olubion far 4 h at room
taperature. Bxtract with ttyee 10 ML portias of chlaro-
form and dry carbined edracts over anhyorous sodium sl-
e, Alaroffsodiun suifaieand edjustvolure ofedract ©©
OmL withchloroform. Add 10qL  intamal staaclrd tb5mL
of ttisedract and measure thisolidireby GC adlyais.

Table 2.

Parameter 1 2 3 4
Adduct, mg 0.89 1.79 2.68 3.58
Cysteamine, g 0.5 0.5 0.5 0.5
Recovery, % 85 80 80 77

Flow
Controller

To impingers
Formaldehyde

Water

Cylind
'ylinder Pressure Vent

Figure 1. Apparatus used for producing air samples with trace

formaldehyde levels.

Effect of Sodium Bisulfite Adduct Concentration on
Thiazolidine Formation

Dissohe 0.5 g oysteamine hydrochlorice n40 mL sodium
bicarborete solutian. Add adtiuct (0.894.47 mg) and ke
far4 h atroom tevperature. Bxract and determine formal-
dehycke as thiaolidire s desribed dove.

Effect of Cysteamine Concentration on Derivatization of
Formaldehyde to Thiazolidine

Dissohe oysteamire hydrodhlorice (0.1-1.5¢g) n40 mL
sodiium bicarborate solution (pH = 7.0-7.1). Add 1. mL
adct solutian (@47 mg/mL) ad keae far 4 h a room
teerature. Bdractwith chloroformand determine formal-
dehyde a5 thiaolidire ss cesrited doe.

Effect of Reaction Time on Thiazolidine Formation from
Cysteamine and Formaldehyde

Add 059 oystesmire 140 mL sodiun bicarborate solu-
tion Add 1mL stoksolutianof formalldehyde (1CD¢,tg/hL)
1 gsteamire oluion and keae far 14 h Bdtract with
diloroform and determine formaldehyce as thiaolidire as
cesoribd doe.

Determination of Trace Formaldehyde in Air

Cotain vepor-{rese formaldehyde according oo Andranes
(10). Figure 15ons diagram of gyoaratus used far produc-
irg air saplles with traee fomalddyde bds. All 2 im-
pirgers corected nsrieswith 40 mL sodium bicartorete
soluion artainirg eftrer 0.5 g oysteamire hydrochlorice ar
05 g sodiun b ifie. Budble air saples o npirgears
with air flav rate of 50 mL/min far 24 h and then edract
resuttry theaolidirewith chlorofam. Determiine fomalde-
hyde as cesoribed doe.

Percent Yield of Formaldehyde from Paraformaldehyde

Add 11 .3mg paraformaldahyde toSmL sodium bicarton-
alesolution. Add 1drgpof2N NaOH and edjustvolure ©
10 mL with desonizd vater. Heait solutian and determire
formaldehyok es thialidire as cesribd doe.

Effect of cysteamine and sodium bisulfite adduct quantities on thiazolidine formation

5 6 7 8 9 10
4.47 4.47 4.47 4.47 4.47 4.47
0.5 0.1 0.2 0.3 0.4 1.0

75 74 76 7 76 7
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Table 3. Recovery of trace formaldehyde In air

Amount of
Amount of formaldehyde
paraformaldehyde recovered from Recovery,
sublimed, mg impingers, pg %

Number of
replications

3.21 294 9.0
0.76 348 45.8
1.24 736 59.4
1.13 715 63.1

AW N R

Comparison Between Cysteamine and Sodium Bisulfite
Methods

To et remary efficiaaies of oysteamine and sodium
b=ifie tgs, fill 2 npiges, amected N sies, with
eftter40mL sodium bicarborate soluion G9g/L) artain-
ig0.5g oysteamire ar 40 mL 1% sodium bssufrte solution.
For sodium bifite trgp, remvar formaldehyde es thiadli-
direasd=tribed doe.

Yield of Adduct from Formaldehyde and Sodium Bisulfite

Add 1mL agueaus formaldehyde solutian (@ontainirg 100
pg Tormaldehyde) 1©40mL 1% sodium bilfrtesolutaon. Sar
olutian and add 05 g oysteamine hydrodllariice. Remove
formaldehyce fran s addlct by edding 5 mL 2N HC1
ol dropriseand then adjust soluiantopH 8.0witheN
NaOH solution. BExtractwirth chloroformand measure form-
aldehycke as thisrollidireby GC aalysis as desribed doe.

Determination of Trace Formaldehyde in AmbientAir

Al 2 npirgers, aorected nsaes, with 40 mL sodiunm
bicarhoate soluian 6.9 o/L) antainirg 1 g oysteamine
hydrohlorice. Purge arbient lsboratory air through 1im-
pirgers extter by vacuum suction far s h at flov rate of 12
mL/min ar by pargtaitic pump for 72 h at flov rate of 15
mL/min.

Results and Discussion

To trgp trae fomalddyde N arr, an agueous sodium
brrte oluian (1%) wes usad alag with oysteamine solu-
tntoealste te N 10SH aalytical method ©). Formal -
dehyde wes rellessed fram issodiun bisdfite adduct eftter
with acid ar bese ad then determined by GC aalysis es
thiadlidire, irsteed of by clarimetry as desribed ntre
NIOSH nmethod. The resilits are shon in Table 1 The
renery 190y Inreessd as pH imessl. Honever, a
blarkvalue becare sig highwhen trepH exosedd
8. Trerefare, apH belovs Brecomended fa-thismetihod.

It i quite t=lios © ajust te pH of many trgpig
lutos farrutreashsis. To elimirate thisresd, furtter
eqerimatts were coucted usirg 40 mL sodium bicarbon-
ate olutian GO gL, which gave asolutinof pH 7.0-7.1
wnless geEdific pH adjustment wes reguired. Relative pesk
area raio of thiaolidire (10 ) and THTethylacstamice
@& ves 157+ 0B (D), besed on 6 replicatios. The
lonest cetectzble kA o thiaolidire wes 172 [y, equne-
let 5.8 pg formaldehyde.

Formaldehyde wes recovered more efficiatly from an
agueous oluti then fram a sodium biulfite adduct olu-
‘tan (Table D). This may be due toa lov trasfar efficaty
faformaldehnyoke fram itssodiun bisfiteadduct o thiaol-
dire. The reecticnmechaniiars of formaldehycewith sodium
= ifiteand gsteamireareshown nFigure 2. The realtsof
eqerimats o exanine effedt of gysteamine and sodiun
s ifite adduct 1tes on thiolidire fomatdan are
shown nTablle 2. This reaitalo irdicates that the conoen-

Cystepiine
NaHS03 SH NH2
O|Na+ q H NH
H- C- OSOH Se=o _A__ )
- co / 1
11 g H s
H 0o
NaHS03
Formaldehyde Thiazolidine

Sodium bisulfite Sodium bisulfite
adduct

Reaction mechanisms of formaldehyde with sodium

Figure 2.
bisulfite and cysteamine.

tratiin of oysteamiine diid rot influee tre trarsfar efficen-
aes of formaldehyce fram sodiun bisifite o theaoliore.
Use of0.5g oysteamine iBrecamended asmost ecoomical -
A lrer igehipbetween adduct cocantrationand thia-
lidireyicldvwes dataired, even thouch renaryefficeaes
\eried fram 74 o 8.

When agueous formaldehydewes reectedwith oystesmine
farpriasofl2, 3 ardh, tre paraat vields of thiaolidire
were 0.5, A5, P 5, and A2, regeainely. These res s
irdicate tret tre reection proosecs quiddy and tteta 1 h
reection tinre Bs3fiida

Determination of Trace Gas-Phase Formaldehyde in Air

It Bextrarely difficilt to dotain acorate caentratias
oftrace ledisofformaldenyce naw. Paraformaldehydeves
rgortedly used to dotain known ar gedific formaldehyoe
aoatratias nair (0). The peroantyieldof formalloehyde
from paraformalddyde wes 8.1 + 1.4 far 3 rilicatios.
The remary of ges{ese fomaldehyoe was axrsicerebly
lov ntte fasteqeriment (Teble J); thismay be due toglesss
surfaeadtmMtyoftregaratus (Figure D). After tresurface
renaryofges{ese formaldehydewes gooroxinately 604.

The renary effidadesof trace ges{ese formaldehyoe
inairvere gporaxinately 90% with a oysteamine trgp ad
95% with 1% sodiun bifite tgp, clailated wsirg te
Taotor 0.8 faranarsian fran dehyde toformal-
dehyde and 0 60 far renvery efficety fador of ges{ese
formaldehyce. The sodium bisulfite method goears togine
letter resiits, but itracpires an ectiittiaal step of trasfar-
rirg fomaldehyde from addlct to thiaolidire.  If eqeni-
mertal enas are arsicdard, the 2 methods sould rot sig-
nrficntlydifier nefliaaoy.

The reaitsoftre aalysisof formaldehyde ntrearbient
air of aur loratory were 489 pob (AY) when a vacuum
pump wes s, and 5652 ppb (WAY) when a paristaliticpump
wes s

Conclusions

The working rage ofF tte N 10SH method far formalde-
hyde nair 520 1400 gb. The gysteamine method can e
usd ntte rageof 1jppb 1© 10000 pam.. Some aorntaminents
suchaspgedls, etaol, ad higerM W aladols inafae
ntreNI10SH nethad. Inttepresentnetihod, such cortami-
rents do ot nterfae with tre 1S because a high-
resolution, fusd sl apillary colum and a highly selec-
anire reects with dll alddhydess eapt a,/3usituated
alcehyass, it spssible o perform anultiple detemination
ofaldehydess nasaple.
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FOOD ADDITIVES

Liquid Chromatographic Determination of Sulfite in Grapes and Selected Grape Products

GRACIA A. PERFETTI, FRANK L. JOE, Jr, and GREGORY W. DIACHENKO
Food and Drug Administration, Division ofFood Chemistry and Technology, Washington, DC 20204

A liquid chromatographic (LC) method is described for the determi-
nation of sulfite in grapes and certain grape products. Sulfite is
extracted from grapes with aqueous formaldehyde solution buffered
at pH 5; free sulfite is converted to hydroxymethylsulfonate (HMS),
which is extremely stable at pH 3-7. Subsequent heating to 80°C for
30 min converts reversibly bound forms of sulfite to HMS. The
extract is then analyzed by reverse-phase ion-pairing liquid chroma-
tography, using a Cig column and a mobile phase of aqueous 0.005M
tetrabutylammonium ion in 0.05M acetate, pH 4.7, and a flow rate of
1 mL/min. Aqueous KOH is added to the eluate to convert HMS to
free sulfite, which is then treated with 5,5'-dithiobis[2-mtrobenzoic
acid]. This reaction produces the 3-carboxy-4-nitrothiophenolate an-
ion, which is determined by measurement of electronic absorption at
450 nm. For grapes spiked with HMS at 5-20 ppm (as SO2), recover-
ies ranged from 92 to 11294 with a coefficient of variation of 4.6%
The method was also used to determine sulfite in various grape
products. Results were comparable to those obtained by the ACAC
official Monier-Williams method.

Many analytical procedures have recently been developed to
enable the rapid and specific determination of sulfites in
foods. Several ion chromatographic methods have been pro-
posed (1-4). Recently Warner et al. (5) published a reverse-
phase ion-pairing liquid chromatographic (LC) method for
determining total sulfite in food. Sulfite is stabilized by ad-
dition of formaldehyde, which causes the formation of hy-
droxymethylsulfonate (HMS). This species is extremely sta-
ble in the pH range 3-7 (6). HMS is determined by reverse-
phase ion-pairing liquid chromatography and a 2-step post-
column reaction. In the first step, KOH solution is added to
convert HMS to free sulfite; in the second step, the free
sulfite is combined with 5,5'-dithiobis[2-nitrobenzoic acid]
to produce the 3-carboxy-4-nitrothiophenolate anion, which
is then determined by measurement of electronic absorption
at 450 nm. The present study describes modification of the
Warner method (5) to improve chromatography and permit
more accurate and precise determination of reversibly bound
sulfite in grapes and grape products.

Experimental

Apparatus

(@ Liquid chromatograph.—Model 8700 solvent delivery
system (Spectra-Physics, Piscataway, NJ 08854), equipped
with Model 7125 injection valve with 100 ph loop (Rheo-
dyne, Inc., Berkeley, CA 94710), and 4.6 X 250 mm stainless
steel column packed with Zorbax ODS (E. I. du Pont de
Nemours & Co., Wilmington, DE 19898). Spectroflow 773
absorption monitor (Kratos, Westwood, NJ 07675) fitted
with tungsten lamp set at 450 nm was used for detection.
Chromatograms were recorded and peaks were integrated
with Spectra-Physics Model 4270 integrator.

() Auxitiary pumps.—Two Spectra-Physics Model
3500B pumps were used to deliver post-column reagents.
Eluate from column was mixed with reagent A in stainless
steel tee. This mixture was then passed through short length

Received February 22, 1989. Accepted June 7, 1989.

oftLbing intosecod tee, where itwas mixed wirth reegent B.
The seood mixture wes then pessed through Kratos 1mL
resction tube imersed in50°C vater keth, and firdlly o
chtector.

© Heating module.— Pierte Reacti-Therm st at 80°C
(PiarceChemical @., Rodkford, 1L 611C6).

Reagents and Experimental Materials

(@ water.— Cotained fran Milli-Q vater purification
system (Villipore Gap. , Badford, MA 01730).

(b) Bufferedformaldehyde solutions.— Prepare 2% <olu-
tinhuffared topH 5by dissoiMirg 1.2 g potassiun hydro-
gen httelate and 0.1 g KOH nvater, adding 54 mL 37%
Tormaldehyde solutian, and dilutarg o 1 L with vater. Pre-
pare 0.5% formaldenyde solutian by dillutirg this solution
withvater L+ J.

© 5.5 -Dithiobis[2-nitrobenzoic acid] @ TNB )— (East-
man Kodak @., Rodester, NY 14680).

((D Tetrabutylammonium hydroxide (TBA+OH~).—
40% aqueous solutian Aldrich Chemiical @, e, Milwau-
kee, W1 5323).

© Membrane filters.— Nylon-66, 0.6 pm pore S
Gainin Insruret ., e, Wobum, MA Q1801). Use 47
mm diareter fille fa mobile prese and post-colum re-
aFts.

@Solid phase extraction @PE) columns.— Baker=10
ateood, 3mL colurs. Godraon with 2 mL metharol
Tolloved by 2mL 0.5% formaldehyde solution . T. Baker
Chemical @., Fhillidurg, NJ (B3%).

© Mobile phase.— 0.05M TBA+ n0.5M ace-
taehiffer, pH 4.7, by dissoivirg 17 mL gisasal assticad,
272 gsodiunastate, and .5mL TBA+OH~ solutian n
vater, and diluiigto 1. Alathrough0.46pm membrane
filla. Remove traccagmicsby pessimg olutianthroughany
higraaecity rearedese oolum. (We usad an old re-
varseedresecolum thetno laer edibited peak efficiaoy.
This cleenup colum shaulld be pre-cleenadwirth acstonitrile
kefore ) Diluteeliatewithveter (L + 9) todotain frd,
purifiedmobile grese: 0.006M TBA+ n0.05M axtate, pH
47.

d’]) Post-column reagent A.— 0.064N aqueausKOH olu-
0. Alathragh Nylones fillar-

@Post-column reagent B.— DISSONe 27 2g KH2P04 N
vater. Dissohe 300 mg DTNB n5mL etterol, add ko
KH2P04 solutaan, mix vell, and diluie © 1 L with vater-.
AlathraughNylones fillar-

() standard sulfite solutions.— Prepare 1mg/mL <olu-
tnofNa2So3 (egunalettoca05mg/mL asS02) Nn2%
huffered formaldehyoe solution. Dilutiewathvater L+ )
dotain 250 ug/mL solution (eunalet toa 15pg/mL &8
S02). Dilute furtterwith 0.5% buffered formaldehyde solu-
‘ton toprasare working starchrds of desired coentratia s,
tpically n0.2-10Mg/nmL rae (eunalenttoca0.1-5p g/
mL asS02).

Preparation

Aourately weigh aa 200 g grgees o bladey e, add



904

PERFETTI ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 6, 1989)

2 2

-

0 4 8 12 0 4 8 12 0 4 8 12
Time (min)

Figure 1.

Chromatograms of a grape extract. Left, injected immediately after preparation; center, injected 3 days after preparation; right,

subjected to heat treatment, cooled, and injected. Peaks 1 and 4, unknowns; peak 2, HVIS; peak 3, HES. Conditions given In Experimental section.

known weight (@25 mL) ofvwater, and bled 1min. Accu-
ratelyvweighca 12ghomogenate noS0mL aantrifioetike.
Galaulate ectLal veight of grgoes naantrifue tue, wa, s
fllos:

Wa= Ws X Wg/(Wg + Wh)

where ws Bweight of hamogerate n e, wgb
weight ofgrgoes placad nblatar, and Wh Breigitofwater
atkd. Bdract with three 25 mL portias of
0.5% buffered formaldehyoe solutian, and aantrafuge Smin
at 2000 rpm aftar eech edractian. Canbine edracts n 100
mL stogeered graduated odircerand diluie to 10 mL with
0.5 bufferaed formalldeyde sllulio. Pass a4 mL of tis
olutian through precardirtiaed Cjg SPE colum, and dis-
card fast2ml. Gollect revainder n2mL sarev-cap Vv,
and heat 10 80°C far 0 min.. Let aml 1o roam tarperature

Chromatographic Conditions
Ingect 100 pU_ aliq.ots of grape edract and 3 stadarts
(EEregat(j)), wsing flavrateof LmL/min farmain pump
and bothaxaliarypunps. Setdetector to450 rm. Determine
pesk reignts of grape edract and starchrds. Perform lirear
asalysis on stahrd data to determire skqe ()
ad inaragt @)- Gladlate SO2 antent of grape edract

fran follovirg eqpation:

S0Zppm = [(H - b)/m] X (100Ae)
whereH Bpesk heightofgraee edrac

Results and Discussion

Anianic sustanees such as HMS are romally ot re-
taind ona rmeare{tese colum, butmay often be retained
by adding an IoHaIng reegat o ttentbile dese. Intte
presant study, the nobi le phese antaiirns tetraoutylanmon-
iun in (TBA+) as tre iaH@Ing resgat, alagwith ace-
tate buffer tomaintain suitsble pH. Retention s influecd

prinarily by the caontration of TBA+ ad by tte toid
aoatration of acetate. The retleian of HMS  mreesss
with inoressirg [ TBA+], utot toagreatedat. A 10-4old
inoeese N [ TBA+ Jwes fourd tocasealya20% imreese n
retenon tne. Total acstate cooaratan, honeer, hes a
vary pronounced effect on retention; adalbling of tre oA
aetate coantration causss a 50% daareese ntte retenbian
te. Ths, acstate aaatratian may ke menipulated ©
ajust tre retenicn time of HMS  asrecsssary. A pH of 4.7
was dosen because itisdce to tte pKaofaetate ad, ths,
results nahighufferimgeaty, adbecaseHMS Bvary
stebleat thispH.

The proceclredevelgoaed fartrecetermiretaonofs ifiten

ggs sstraigtfavard, arsistirg ofmulaple edractio s,
oamﬁghm SPE colum cleanp, ad heatirg. Bqoeri-
ments with fartified grapes shoned tretnuliple edrectios
of tte grgpe sdlics vielded higer renaies. The SPE aol-
umn cleanyp Bused mainly toprolagocolum s ttegrae
pigrents are ineasioly retaired on edarp.
Thus, tte pigrants are stragly retaired on tte Cj« SPE
oolum whileHM S pesses through uretainad.

Early in tre stidy, peeks due 1o compounds otter then
HMS were dsened in tte chrorattograns of some grae
edrads. These pesks were foud 10 deareese with e,
el ly disgeanirg aopletely far edradts injedted 24 h
aftar prgaratin. At ttesame tine, ttreHM' S pesk became
sistantally g Foreaple, Figure 1shons chramato-
grars Tarasiglegrge edrat. Inttechroratogranat tte
Hit, treedractves injedted imediately aftar precaration.
Four pesksaredsanad. Peak 2 BHMS , and pesk 3hesbeen
ichntifiedas the s ifiteadolct of , hydrayeth-
visloete (HSS). Peds 1and4ra.emt3,etbsen -
i, but they are presuned 1o be sfite adducts of other
cartoyl conpounds. The aantrall chromattogram rgaresants
the same grape edract Injedtad 3 days aftr prgaratian.
Conversicn of HMS  sallmost aonplete; a sralll amount of
the pesk 4 compound dill pasets. Inthe chromatogram &t
the g, a portion of the exdract hes been heated (inmedi-
alely after preparatian) ©80°C far 30 min, aooled o roam
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Table 1. Recoveries and coefficients of variation of HMS from
grapes
Level, ppm (as S02) Av. ree., %a o/, %
5 104 6.2
10 103 2.1
20 100 3.7

aAverage of 20 replicate analyses.

taperature, ad npeded. Conversion oHMS saplete.
For this reesm, a heating Stepwes addled totte procedlre ©
geed up anversian of dll s ifiteaddLcts oHMS. .

A renay study of sifie n gges wes aried ok
Grgpes carot be spiked with sifite itslif becase same
portion of te sifie reects inBasibly with the matric
Irsteaed, tre grapes were spiked with aifite in the form of
HMS , asfalkos: The grgpes were blended with vater, ad
portias of the hamogenate were weighed o irdivid el
antrifue tes. The guargariate anount ofHM S starclrd
lutimvas then added toeach tue. Soiking ledlsof 5,10,
and 20 ppm @S02)were us; 20 rplicateswere aallyzed
ateach A, and both red and whirte ssadless grgoes were
. The chtla are summarized n Teble 1 Recovery of
sifitevwes esmtiallyg ntitative atdll 3pikirg lbds, ad
rno differaess in revery were dosened far red and whirte
gges. For dil gges, remeries ranged from 2 1o 112%,
with an aerage ravery of 103% and a aefficatoferia-
o of4.64. These resilts are simillar o those dotained by
Warmer etd. 6), who added free s ifite to foos previasly
bleded with the formaldehyde edradtant.

Because tte Monier-Williars method () B tte nost
wicely used of tre AOAC dfficel methods far sifie in
faxks, we were intarested inoconparing aur method with ic
Grapes purdesad at loal supemarkets were analyzed by
tre LC method and by a nodification of the Monier-Will-
liars method @), reoently adopted as dffical fast aotion,
which permits SO2 determinatian at tre 10 ppm kAl The
ggxs were hamogenized with vater and portias were
weighed imediately farboth aalyss. As shown nTable 2,
nurbers 58, tregrgees antaind vary lov lbdsofsifile.
Honever, evenat low ladks, agrearent between tre 2 meth-
ok sgaeEally good. For nurber 5, tre LC aslsiswes
amadait imediately aftar blatirg, werees ttarewes a
celay of saaal hours before tre modirfied Monier-Willliars
method was run. The cellay praebly caused tre laner\ale
dotained by treMonier-Will liarsmethod. Number 6 wes tte
sare bunch ofgrgess aralyzad 4 cays Has ntisae, tte2
methods agree vell. The lanervalle Basistatwith tre
ggeral deenatin ttet sifite s kst fronggees on Stad-

Table 2. Comparison of LC and Monier-Williams methods for
determining sulfite In grapes8
Sulfite, ppm (as S02)
Extract LC Monier-Williams
1 71.8 70.0
2 66.2 68.5
3 58.4 59.3
4 31.3 34.2
5 5.7 2.4
6 1.6 1.6
7 0.8 0.8
8 0.7 0.8

aGrapes containing >30 ppm S02 were prepared by fumigation with S02 in the
laboratory. All other grapes were purchased at local supermarkets.

Table 3. Comparison of LC and Monier-Williams methods for
determining sulfite in grape products
Sulfite, ppm (as S02
Product LC Monier-Wlliarms

White wine

A 125 122

B 100 103

C 101 105
Red wine

A 85 100

B 58 72

C 84 122
White grape juice 79 85
Red wine vinegar 79 101
Red grape juice

A 16 20

B 0.3 58

C 0.4 10

g Nurbers 14 vere graoes fumigated iHose. (Grgoes
vere fumigated by filliga tube with SO2 gss, aolirg tre
tube with liqud nitra, plecig tre tuce n a dssicator
antainirg tte gg=s, and allovig tre ggss o St far
veral hours.) Agreament between the 2 methods far num-
bars 14 Bvery good. Unforturately, we were rot suaeessiul
in prepaning ggees aotaining lov lkbds of SO2 @g., 10
pam).-

Some grgee pradlcts, indiudirg graee puikee, wire, and red
wireviregar, were aloaralyzed by the 2methods (Teble J).
For tree liqudpraolcts, LC praaration aosisted of dillue
mﬂesarple @ + 49) with 0.3% buffered formaldehyce
slutin, filtlaary through an SPE collum, and heatling ©©
80°C far D min. Agreemant between the 2 methods isgood
farvhite grape juice and vhite wire. Hoever, far e red
WIres, red grape puilass, and redwine viregar, resltsby tre
nodirfied Monier-Willliars method are arsidarably higer
then those by tre LC method. The fact et the acidHese
titratiin ntreMonier-Willliars method srogeecificauld
beare reesn fattee reailts; any \otilkeacid inttesaple
may produce a positive Inlerfarate. The high result far
wregarWltel\/mler—WilllaanEﬁnd which hesalsobemn
deervadby Kim etd. (@), culdbe attriuted tottepresae
of acstic aod. To cetermire ifthisves Itbad tte s, a
seo0d grgee edract wes aralyzed by a variation of tre
Monier-Willliams netihod, nwhich SO2 intte dtilieves
anerted oHMS by trgpping nformaldehyde soluianad
determined by LC aalysis. The resllt, 86 ppm a8 S02, B
cdetottevalleof A ppm determined by LC alae, irdicat-
irg ttet tte higer SO2 led measured by the Monier-Wil-
liarsmethod may be due tovolatileacids such ss acstacacid
rather then SO2 fran s ifites. Thissame argument camotbe
used toeplain tre differa s dsenved fartre redwires ad
red grape uicess. The resultsdotained by tremodirfied Moni -
er-Williars method were inagreement wirth the resllts do-
taired by the method desaribed above far virggar, whilch
axtfins thet the method wes measuriing anly SO2, rather
then narfanig\diatileaccs. Some otter fedtor gears ©
be atwork here. This phenamenon saurantdy beling nests-

cpted.

Insumary, asinple, rapid LC method hes been davel-
oped far cetermining oA sifie nggess. The methad B
sedific and pamits gentatatian at lov syl
bds. Roweries a5, 10, ad 20 ppm were qentitaiine.
The resultsoftremethod were carpareblle tothose dotaiined
by tre modirfied Monier-Willliars method. Results of tre 2
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FOOD ADULTERATION

Honey Protein as Internal Standard for Stable Carbon Isotope Ratio Detection of

Adulteration of Honey

JONATHAN W. WHITE
Honeydata Corp., Navasota TX 77868
KENNETH WINTERS

Coastal Science Laboratories, Inc., Austin TX 78735

Using the difference in stable carbon isotope ratio between a honey
and its protein fraction permits objective evaluation of possible adul-
teration of honey with small amounts (7-20%) as well as larger
amounts of corn or cane sugar. The present uncertainty Ininterpreta-
tion of results from pure honeys with 513C values outside the generally
accepted limits for pure honey of —21.5% t0 —23.5%o is eliminated;
likewise TLC testing to resolve questionable samples with 5,3C values
between -23.5 and —21.5%o is not needed. Fifty certified samples of
pure honey were used to establish criteria for purity, and 38 other
samples with 53C values in the “questionable” or “adulterated”
range for the AOAC official method were tested. A difference of
10% or more between honey and protein fractions is proposed to
indicate adulteration.

A steblecarbo i ratioproosdurevwes ,\Ali-
chted, and adopted N 1977 (D) asan AOAC dffice method
far detectirg com ar care supar adllteration ofharey. The
wice rage ohvaluss fourd far pure honey (mean -25.4%0
rae — 2.5 -2/ 40), pralioes a arsicarable area of
uceErtainty within whiich no positine judgrentt can be made
te 5K Iimit for vecuinvocal adlteration ves st at 4
beyod tremean, ar -21.5/0. A TLC &t (24) wes dael-
gped forthis* ‘gray aren,” tre rae between Zad 4. Ithes
been weeful even though itdoes ot respod o care sLoars
and hes other dortaomings: iErapires sLbjectine judgrent
of frequentdy fait tracss on tte TLC plate ad may ke
wilrereble 1o te more highly purified highfructose com

syrys (HFCS) wath much reduced ol antent.
After\alldsumoﬁreamla]oﬂ, iwes establided
tret \alless Tar atrss horey are ks recptine

then oters, rapuirirg gecil Iimits far tis flodl tye G-
Futremore, it B lidy tat te isolge ratio valuss far
catclaw (Acacia §p.) hoey are een kesrgptine. Ithes
been senulated tret honey fran so-called CAM  plats
sould be sigiifiantly ks recatinve NSIE 6), sSine ol
\allss for ad sach redars ae ntte rage — 131 ©
—14.5>.

The nesd far inproved testirg became gyarantdurirg tte
U.S. (U.S. Department of Agriaukture, Agriaul-
twral Sebilization and Gorsenation Svie) horey leen
program. To aoid acouining aduterated harey, tte goverm-
ment hes requiired Isotge ratio testirg of honey sunintted
for prticyation. With hundreds of millias of pounds of
honey intre program, probllens invitebly acee; TLC 5t
irg wes gplied during are year 10 a Iimited number of
saples with 51T valuss ks rigptie then — 2390, &
requiradby ACAC , hut itsonbecareevidatttatttetets
too time-cosuming and oo bjective I inapetation; K6
used anly snirgly ntteUSDA program.

Further, thesalways beenguarent tret trewide rangeof
\elles foud far auttentic honeys aould be eplorted by
addingasmuch as 12% comsyrup toahoneywith S aout
-25.Mo, whichwould dhange trevalle toabout —23.1%,
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dill within tre “romal” rae. It Brot known ifthis B
actually practicd, but it shoas tret besing decisias an
aserae \aluess farauthentic honey may inateadliterataon.
The AOAC dfical method hes beenaitiaizd (7) Tarsettirg
tre Iimit for veuinocally edubterated honey at —21.8/0,
whichwas done toawoid unjust disorimiretion, eventhouch
asmuch as 25% of com ar care sLpars aould be presat A
means torarrow this range sugady resded

To elimirate tree difficlitiss, we Mtaprcmixew
which each saple acould provice itsoawn ratural intarel
stachrd. Aftereanining sewaral pesialites, we cevelapd
aprocaclre using the isolge ratioalle of tre protein frac-
tionof a horey as tre intaral stathrd; the puity stten
Juded by the differate between that\valle ad tret of tte
wholle horey. Thils prirciplewves praposed by Parker @)usig
trepulp fracaanoforage juice ss tre intaral stacard and
wes furtter examined by Bricout and Kaziet (©) with
saples oforance uie. Mean value farpulpves -25.80 G
= 0.8); mean \alLe Tar Dhbleswas — 5.2%0 G= 09).

A cadichte component far tis goorcach dould be a
rnormal arstittent, presat nsffiaetg ety ad esily
olal The nost aoundant aostattant nhorey after tre
soars and oligsaadenicss sgluomic aod. Furthemore,
gluomic acad sknown 1o arigirate from gluoose duning np-
aning fronrectar nttehine (10); trarefae, ishould rjre-
sot tre isolgoaic aorposirtian of tre anigirel a.gars. We ex-
amined an icn~edae proosdure far is st

The corstittent rext n doundance Btte poten, which
aerags 10 mg/100 gand rages fran B o 786 mg/100g
QD). tongiratss laely franttrehogylee. We examined 3
procecres far isoltion and purificabion ofthe protein com-
weshing of tre precipitale to remove LS.

After an enocouraging preliminery stuoy usirg 19 saples
ofunknonn purity, we anallyzed 50 sanples ofknown prove-
rnencead ~certahied esteoliheriebillityof
tre diffarass in steble carbon Isolge ratio betneen tre
anigrel honeys and trelr protein fraction. Frellly, we ana-
Iz 31 saples ofunknown ariginand purity (SUomintted by
ASCS farpurity ceterminatian) and 7 sanples offered com-
nercially for inport oderorstrate the utility of the proce-
dre.

Preliminary Studies

lon-exchange — A proosdure previasly used (12) o -
kegluomic acid fran honey ves ealated

Dialysis — A in fraction wes isolated fram 2 com-
nercial honey saples by 24-h didhsis of 5 g portias
apirst tgp vater folloved by evgooration on a hot plate to
aoout2mL.

Alumina cream precipitation — WE[]I]EianHHiaIV\ES
dotainad fran tre same sanplles by precipitaticnwithalumi-
ra.cream, commonly usad far darifyirg olutio s farpola—
etry. Aluminum hydraxice (Which nterfares with reo-
eryofCO2duing aontustian) was removed by addingaan-
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Table 1. Isotope ratio values (%0) of honey fractions
Precipitate
Sample Honey Dialyzate Alumina cream Tungstic acid
A -24.6 -25.2 -25.5 -25.2
B -25.9 -25.7 -25.6 -25.4

antratea HCI, heatirg oloilirg, and weshing withveter 4
Urreswmatmm
Tungstic acid precipitation.— The ﬁellyused

wes fram Bianchi's (18) nadirficatian far haney of
the FolinWu bllood proteiin procedre.

METHOD
Reagents

(@) Tungstic acid, sodium salt.— 10% agueous solutian
(Sigra Chemical G., X Lauis, MO, Gat. T269).

() sulfuric acid.— 2/3N. Add 1.88mL H 2504 tovwater
addiluteto 100nm..

Equipment
(@ centrifuge.— Acogpting S0 mL twbes and cgeble of
RCF = 150X g (IECHN S-11 BauthE).

(b) 1sotope ratio mass spectrometer.

Procedure

(8) Honey.— Determine 51X ofhoney sanplle as directed
Nofficial Methods of Analysis, 31158 (14).

() Protein.— IF amounts of Dlid mratter ae
presat, stranhorey thraugh 100-150mesh (nylon stodkirg
naterial secllat) becase any irsdllblenaterial heavier
then water will aontaminate the protein precipitate. Add 4
mL weter o 10-12 g honey ndear 50 mL ifloe tue
and mix vell. To srall et tke, add 2.0mL 10% sodium

soluionand 2.0mL 2/3N H2S04,mix, inmedi-
aely add to horey saple, and mix vell. Svir tue na
80°C vater bath until visidle flee foms, with dear sUper—
rete. Hnovisiefle fons, or ifspemate revains turbid,
ad dilue acid n2mL inorevets ad repeat heatdirg be-
tween atiitios.

Al tuewithvater, mix, and antrifige Smin at 1500 X
g, decat and wesh ket 5 tireswithca S0 mL
portias of vater, thorochly diseersirg et eech tine.
Trarsfer washed et with minimum of water
piet) tosall vEl, &p, ad place nmoilirgvater far2 min
1 hold far isotgee ratio aelysis, nless this B1o ke dore
imediately.

Place 15-25 mg (hetveidt) protein inaeramic conbus-
tion boat simillar o thet used Tarhoney saaplles. Dry protein
nowenatca 75°C > 3h Conbust protein sanples by same
method ussd far honey () ad determine SIT with te
sane instrurent used farhoey.

Caladlate gparat comvcare supr antantss follos:

Aduberation, % = 100X [G0@rotein) - 5:0¢toey)V
eG(rotein) - (9.7]
Report recativeallues Tar% aclilteyatian as 0.

Results and Discussion

lon-edhae ol of gluomiic acid yielded a prodct
with 5, of —20.6%0 fram a honey with 81X of —26.1%.
This ratter late diffarate ad the curbersone ol
and purification proosdure disoouraged iisuse.

Reaulits of tre preliminary isokatios of tre protein frec-
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tias are shomn inTable 1 No sigificat diffarass ae
goarantamong the 3procaores, othesinplestwas dem,
cesoribed doe. lewes gplied 1o 19 sarples of honey of
unknoan purity ad  edlae itgraally.
Reultsareshonn inTable 2. Saples 6-19 intte teblevere
letad franASCS sampleswith knovn £ \alues includ-
irg ttose common 1o pure honey and allso same degree of
possible acliteration. The atrerswere comercial saples.
Three of the sarples (\cs. 6, 15, 17) seamed 3
diffaret fran tre otters 10 be aosicerad adliterated and
were ecludad fran tte claulation of means and starclrd
chviatias. The diose agreamant oftte means farhoney ad
protein sgatafyag; te differae Bvithin tteenrar of tre
isotge raio measurementt (0-20). Furtremore, the stan-
card chviation far tre proteinvalle Bgrecicbly ks tren
tet fa-trewhole oeys.

Sarple 13 in Table 2 wes sanple 14 with 20% HFCS
adtked. The value of 2166 com syrp irticates sstasfectary

with treamount actd. The lirear relatiaehipof

61T values of mixtures of com syryp and honey wess esteb-
Iidedexdia (D). Whether tte eleated com/care
antetsofsapless , 15, ad 17 are rstsof iscHlibarate
abirtian by the producers after hervest ar of eqaosing cony’
care syrnyp ntregoiary during trenormal honey flav Brot
atbressed hare. ItBrot iy tret icresulted fran fedirg
sopr nthe dosace ofarsctar flow.

These cita encouraged Us 10 exanire a rrestative
group of saplles ofknown purity and proanance. Farty~six
ofttesesarplesvere taenfrantte 1974-75 agsaigiral-
Iyl lected fathe researchvhiich led totte establidment of
by treir prodLcers as pure and had been stored atar below
10°F s, Most of them hed allso been used na study of
treir boud antat nan effart o detect adod
bestapar (15)-1The otter far (\os. 57, &4, 6, 66), fran
the 1988 am, were aloartified pure by teir praloas.

During the aalysis of ttee saples, 6 plicies of a

Table 2. Feasibility study of use of honey protein as internal
standard in isotope ratio testing of honey
Stable carbon isotope ratio (51), %o Apparent
corn/cane
Number Honey Protein Diti.” content, %
1 -24.6 -25.2 -0.6 3.9
2 -25.9 -25.4 0.5
3 -25.9 -25.4 0.5
4 -23.6 -23.7 -0.1 0.7
5 -22.2 -22.6 -0.4 3.1
6 -21.7 -24.1 -2.4 16.7b
7 -25.4 -24.8 0.6
8 -26.0 -25.5 0.5
9 -26.6 -25.6 1.0
10 -27.0 -26.0 1.0
11 -24.5 -24.4 0.1
12 -24.0 -24.0 0.0
13 -21.7 -25.0 -3.3 21.69.0
14 -25.0 -25.1 -0.1 0.6
15 -20.4 -23.3 -2.9 21.36
16 -22.5 -21.8 0.7
17 -21.1 -26.1 -5.0 35.59
18 -23.2 -23.8 -0.6 4.2
19 -19.7 -20.4 -0.7 6.5
Mean -24.40 -24.24
S 1.94 1.58

aProtein value minus honey value.
bExcluded from calculation of mean (see text).
c Sample 14 with 20% added HFCS. Also excluded from mean.
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Reproducibility of procedure (%o €3C) comercial atrshoeyvwere aalyzd, 2oneechof 3das,
Honey Protein Diffa toeslate rgral cibilityof theentireprocecLrre. Resultsof
tre rplication are shoan N Teblle 3 The lager staciard
-22.9 -23.6 -0.7 chviation of tre protein \alless (0.31% \s 0.(Bio far tre
-22.8 -23.0 '8-§ horey) must be due o tre procecure of iolatg tre proteirs
g;; ggg o and possibly o e much sraller saiple asilsble o tre
928 234 06 aorbustion and mess gectroetry .
-22.8 -22.8 0.0
-22.8 -23.28 -0.48 1The bound galactose content of these honeys averaged only one-tenth that
0.06 0.31 0.31 of the average ofa variety of beet sugar products, but values for about 10% of

the honeys fell within and beyond the beet sugar range, so that additional

Table 4. Stable carbon Isotope ratios of certified honeys and their protein fractions
Stable carbon Isotope ratio (5130, %0

State of

Horal type origin Honey Protein Diff.a
Pepper tree A -24.6 -24.3 0.3
Alfalfa SD -24.5 -24.8 -0.3
Basswood W -25.5 -25.0 0.5
Goldenrod MN -25.4 -25.3 01
Clover NE -24.1 -23.5 0.6
Alfalfa-sunflower ID -24.0 -23.8 0.2
Citrus FL -23.0 -23.6 -0.6
Tupelo A -25.3 -24.8 0.5
Palmetto A -23.4 -23.7 -0.3
Clover AR -25.1 -25.2 -0.1
Locust ™ -23.4 -23.9 -0.5
Ti-ti GA -23.1 -23.7 -0.6
Clover M -25.2 -24.4 0.8
Clover OH -24.0 -24.4 -0.4
Huajlllo > -23.6 -23.8 -0.2
Clover-alfalfa MT -23.1 -23.8 -0.7
Chinese tallow X -25.2 -25.8 -0.6
Clover SD -24.9 -24.3 0.6
Clover W -24.8 -24.4 0.4
Spearmint WA -24.2 -23.7 0.5
Wild buckwheat CA -23.4 -23.2 0.2
Mesquite X -25.8 -25.5 0.3
Safflower CA -24.4 -24.8 -0.4
Trefoil 1A -24.9 -25.2 -0.3
Alfalfa AZ -25.3 -24.0 0.3
Soybean MN -24.8 -24.7 01
Blackberry-thistle WA -25.5 -24.7 0.8
Clover IL -25.1 -24.7 0.4
Clover IN -24.4 -24.3 01
Clover NY -24.0 -24.3 -0.3
Tulip poplar NC -24.4 -24.3 01
Alfalfa NE -24.6 -23.1 15
Cotton oK -23.7 -21.8 19
Sunflower ND -24.5 -24.6 -0.1
Season blend M -25.1 -24.9 0.2
Alfalfa blend 1A -25.2 -24.0 12
Season blend MN -23.8 -24.4 -0.6
Citrus L -23.1 -23.2 -0.1
Alfalfa blend ur -23.6 -23.6 0.0
Thistle-vetch OoR -25.2 -24.5 0.7
Alfalfa-sweetclover WY -24.5 -23.4 11
Season blend LA -26.7 -25.4 13
Lima bean CA -23.7 -20.6 31
Aster OH -24.9 -24.6 0.3
Catsclaw AZ -22.3 -22.8 -0.5
Catsclaw AZ -22.9 -22.9 0.0
Catsclaw AZ -22.4 -22.0 0.4
Citrus FL -22.8 -23.2 -0.4
Sweetclover ND -25.7 -25.1 0.6
Catsclaw AZ -22.0 -21.9 0.1

-24.30 -24.04
1.02 1.03

Protein value minus honey value.

testing is required to demonstrate significant beet sugar addition.

Apparent
corn/cane
content, %

2.0

4.3
21
0.6
35
4.3
41

5.0
3.7

2.6
19

2.0

0.7

41
0.7

38

3.0
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Figure 1. Stable carbon Isotope ratios of 50 pure honeys and their

protein fractions. Line indicates equivalence.

Raultsof treaalysis of tte auttentic saplles are shon
nTable 4. Figare 1ghons tre\alles fareach saple. The
51T \ales previasly pblised far 46 of tee saples
when amalyzed eardi (1) by aotrer laooratory averaged
—520. For trese sare saples aftar 14 years of frazn
storage (Which sould have no effect on isolgee rats), \al-
Les inttiswork aeraged —24.40. Thisdiffagte,

atory
alltoative study (16). Thisdiffereeenpresizes tte im-
portance ofmeasuring the isotgee ratiovaluss ofoth honey
and proteinon ttesare irstrurant, ssgecified ntteneth-
al

The relatiaehip betveen tte 5 \alles far protein ad
honey Beqressd by tre kst gares lrey = —567 +
0.7%6 r= 0./5. The differaebetween ttemean S5I for
honeys and fartre protein istes Tartteartifidsaples in
Teble 4 50.28/0 ad tre stadard chatios, 1.3 ad
l.CH/D, a'ESiTib’. T|’E r_-H\Ni-tht = 1.%(.0 0os — 2.®
anfims tet tre diffare®e Brot sdesan
aalysis ochariae (Table 5. We arsid tisachsive
evicknee tret tre priraiple exanined Brvalidand tet, aftar

Initsare inposad, the coourrance and exdent of

honey adliterationby comar cane syryss canbe esteblid e,

When the edant of atdiition of ttese syrys Bestinatad,
aly tre diffaraces between proteinand horeyvallles ntte

Table 5. Analysis of variance of data in Table 4
Variance assoc, with DF SS VS F
Materials 1 174 1.74 1.66 (ns)a
Error 98 102.89 1.05
Total 99 104.63
»(FOB = cad.04).

Table 6. Rejection criteria for internal standard isotope ratio

testing of honey for adulteration

Probability of error Limit Diff.,a%o Corn/cane, %
1lin6 Mean6+ s -0.35 2.4
lin44 Mean + 2s -0.57 4.0
1in 770 Mean + 3s -0.79 55
1in 25000 Mean + 4s -1.01 71

8Protein value minus honey value.
6Mean negative difference (Table 4).

ks regative direction are of significae. Using tre protein
\alLe a5 refarate fara saple, te amount of adulteration
can ke calaulated fTareach sarplle with far greater acauracy
then tre goorodamatios used intre difiaal method (), n
which tre aerae \valle Tor hoey 5. 40) ad tet of
HFCS 9.70) arudasalssistatteedatofaditera-
o

Since tre differaes when positive may be taen o -
Gate the absenoe of adilteratian, we have aorsicered themes
z=r0 Tar tre purpose of caladation. Thus Teble 4 shons 18
artifid horeys with srall regatie diffare s, 2 eadtly
egpal, and dwith psithvediffaatss. Grsicering tte e
a0, tremean repptivediffarae 5-0.13/0, s= 0 22%0.
Table 6 provices guicelires far estivating com ar care sr—
usabharias kdsofppdebilityofenar. Itk Lig:
argptive differeeof 1.00, (doout 7% comar care eddli-
) beadpted as tre limitfararsicerilgasanple adbter—
aal. This corregads 1o the mean recative differate for

attentichoeys plis 4.
To testfurttertte performaence of tisprocedre, 31 sam-
ples of honey were selledted from trose far ASCS.

Al hed 5 ks recative then — 23 .50, tte\alle aoe
which honey hes been rejectad by ASCS as adliterated un-
Esproen ottermise by a TLC et Reults ae shon n
Table 7. OF ttexe, 23 ae ntte —2B5 -2 70 ratg,
which requiresaTLC testuder edstilgAOAC proolres.
Using tte new procedure, 11 ofttesevere found aocgpteble,
ad 12 were aliterated. The otter 8 saples would e
rejected uder tre presait AOAC procedres wirthout: fur-
tea testiy, sine teir \ales vere ks e then
—21.%o. Our testirgfoud 2 (\os. 0, 75) lepuae, ade
‘e adulteyated, raging fram 8.2t 73)%.

Table 8 shons 7 comercial sarples ofhoney offered Tar
nport. Two (\os. 101, 1) represanted so-callled“ Vexiican

mesouite’” harey, whikch hes been rejeted over
te yars o tre lEis of iS5 \valle. TLC tetson this

honey type have been regatine; treevere ot otestel It
goarant et tte sonewhat kssrecativealles are darac-
taicof thishoney and do rot rgrest adlleration. The
reean far this diffaree fran U.S. nesouiite honey Brot
der. The remaining 5 sarples in Teblle 8 vere offared a5
“Rissian” hoey. All areheavilly adlilterated.

The Tager digersion of tre differates (Teble 4) when
conpared with the resuitsoftte replication (Teble 3) mplies
tatother fadosantrilute totre gareed ohalLes. itsvel
esteblidad (17-19) et e 51 \alues of aninals and treir
prodLcts are depandent on et of treir dist, akthough some
srall diffaress ae ssn nvarias ategries of prad.ct
Although a sl part of tre diffareos n tre regptae
directicn ssmn here may ke due © isolge effiedts n te
snttesisof tte proteinnaterial fran dietary aorstitLents n
trehogybee, tre ratterwice rage npliesotier nflates.

Honey as marketed by the prodlcer Ba bled fran a
number of oloies, fronae arnore loatios, ad sBfie-
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Table 7. Internal standard Isotope ratio testing of selected
honeys9 offered for loan program
Stable carbon isotope ratio
(510), »
Corn/cane
Number Honey Protein Diff. content, %
70 -21.6 -21.8 -0.2 16
71 -22.6 -23.7 -1.1 7.8
72 -21.3 -22.4 -1.1 8.7
73 -22.3 -23.5 -1.2 8.7
74 -22.0 -23.0 -1.0 75
75 -21.1 -21.8 -0.7 5.8
76 -21.9 -22.3 -0.4 31
77 -22.2 -23.8 -1.6 113
78 -22.8 -23.6 -0.8 57
79 -22.1 -23.3 -1.2 8.8
80 -22.9 -23.3 -0.4 2.9
81 -22.4 -23.2 -0.8 5.9
82 -22.5 -24.6 -2.1 13.9
83 -21.5 -22.9 -1.4 10.6
84 -21.4 -23.5 -2.1 15.0
85 -22.4 -23.2 -0.8 5.9
86 -22.5 -23.3 -0.8 5.9
87 -22.8 -22.9 -0.1 0.7
88 -21.1 -23.3 -2.2 16.2
89 -22.2 -23.1 -0.9 6.7
90 -19.2 -23.9 -4.7 33.0
91 -22.2 -23.4 -1.2 8.7
92 -22.8 -23.0 -0.2 15
93 -12.3 -20.1 -7.8 75
94 -22.6 -24.3 -1.7 11.6
95 -22.3 -23.1 -0.8 6.0
96 -22.3 -23.6 -1.3 9.4
97 -22.2 -23.2 -1.0 74
98 -22.2 -24.1 -1.9 13.2
99 -22.6 -22.7 -0.1 0.8
100 -22.0 -22.7 -0.7 54

*Selected for €G3C between —23 and -21%c, except Nos. 90, 93.

gty ollectedoer aarsidarable nunber ofweds by tte
bess; eech acolaymay heve aforagig rage of 70-80 soLare
miles. This dll providss an extrenely larte quoortuninty far
diasity. During ahoney flav, hoeybees have a lifeganof
aoout 3-4 wesks; the pouulation sarstantly renened ad
the new poulatian s Ted with honey aolllected by the same
oolay pevasly. Bsforeahorey floy, priclarly nearly
grig, itiscommon practice o hultup cllay strapth by
Teedimgaugar srnyo; HFCS asvell ssaacear inatsuar
B, The protein (@rymes) added by the bess to Staes
during this periiad would reflect the isoigoic aonposition of
that feal When suffiaat nectar beoores asikble, tte
fegding Bdisontirnuad and the st lifegen of tte bess
aaues ttat e antriuin of onmvcare o tte 51X oftte
prdanmrm‘entoﬂreema:tajmrw Bropdly diluel

Another otential case Tar trewider rage nttemore
recativedirectionaould be diffarass inpollenantent firan
\arias SurGss. Rilllen, heavier trenvater, willl be presat n
tre protein sEe. tcan ke caladlated ttet as much as 1.3
mg pollen could be irclucd nthe e, Up O 10% of tte
oAl Since ollen Bolledted curendy with rectar, s
presace N retually varyirg anounts will ot vitiete tre
procedre. Nectar souress vary N the abundance of ollien
asildble o); a good nectar source may be a poor polllen
e O et tre relative prgoortias of pollen and rectar
from diffaat plats may antribute 1o tre width of tre

rate.

Table 8. Internal standard isotope ratio testing of selected
honeys offered for Import
Stable carbon isotope ratio
(510), %o
Corn/cane
Number Honey Protein Diff. content, %
101 -22.0 -21.9 0.1 0.0
102 -21.9 -21.8 0.1 0.0
103 -13.3 -18.3 -5.0 58
104 -15.0 -18.7 -3.7 41
105 -15.3 -21.0 -5.7 50
106 -16.5 -20.4 -3.9 36
107 -14.9 -20.0 =t 49

In addrtaan 1o resoiviry uErtainties Tar sarplles within
te“grayas,” this sttlsauttenticity g estics
farhoeys Elllrgautsice e so-calladnomal rate, achas
atis, catdlay, and others rot yet ntifiel Honey fram
CAM plats, armixtures antaining gaarecicble amounts of
such hoey, canbealsobe judoed farpunty.

Acknowledgments

This work was udertaken with a grant fram tte Honey
Defense Fund of the Averrican Begkesping Fecbration, far
whichwe aregaieful. One ofus (AWW) akmzvlectgswrm
tharks tte edasion of laboratory fallities by Vaughn M.
Bryenit, ., Department of Anthrgolagy, Texas A &M Uni-
\asity. The aaikhility of ssaples fran USDA-ASCS B
alsoadaovedged with trerks.

References
(1) White, J. W., Jr, & Doner, L. W. (1978) J. Assoc. Off. Anal.
Chem. 61, 746-750
(2) Kushnir, 1. (1979) J. Assoc. Off. Anal. Chem. 62, 917-920
(3) White, J. W., Jr, Kushnir, I., & Doner, L. W. (1979) J. Assoc.
Off. Anal. Chem. 62, 921-927
(4) White, J. W., Jr (1980) J. Assoc. Off. Anal. Chem. 63, 1168
(5) White, J. W., Jr, & Robinson, F. A. (1983) J. Assoc. Off.
Anal. Chem. 66,1-3
(6) Ziegler, H., Littge, U., & Sticher, W. (1979) Naturwissen-
schaften 66, 580-581
(7) Krueger, H. W., & Reesman, R. H. (1982) Mass spectrom.
Rev. 1, 205-236
(8) Parker, P. L. (1981) Proc. Symposium on Technol. Problems
ofFruitJuice Cone., Tech. Pub. 6234, Oregon Agr. Expt. Sta.,
pp. 50-55
(9) Bricout, J., & Koziet, J. (1987) 3. Agric. Food Chem. 35,758-
760
(10) White, 3. W,, Jr, Subers, M. H,, & Schepartz, A. I. (1963)
Biochim. Biophys. Acta 73, 57-70
(11) White, J. W,, Jr, & Rudyj, O. (1978) J. Apic. Res. 17, 234-
238
(12) White, J. W,, Jr, Petty, J., & Hager, R. B. (1958) J. Assoc.
Off. Anal. Chem. 41, 194-197
(13) Bianchi, E. M. (1976) symposium on Apitherapy, Apimon-
dia, Bucharest
(14) official Methods of Analysis (1984) 14th Ed., AOAC, Ar-
lington, VA, secs 31.158-31.161
(15) White, J. W., Meloy, R. W., Probst, J. L., & Huser, W. F.
(1986) J. Assoc. Off. Anal. Chem. 69, 652-654
(16) Morsell:, M. F., & Baggett, K. L. (1984) J. Assoc. Off. Anal.
Chem. 67, 22-24
(17) De Niro, M. J., & Epstein, S. (1978) Geochim. Cosmochim.
Acta 42,495-506
(18) Minson, D. J., Ludlow, M. N., & Troughton, J. H. (1975)
Nature 256, 602
(19) Winkler, F. J., & Schmidt, H. L. (1980) Z. Lebensm. Unter-
such. Forsch. 171, 85-94
(20) Todd, F. E., & Vansell, G. H. (1942) J. Econ. Entomol. 35,
728-731



912 HAGEN ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 6, 1989)

FOOD COMPOSITION

Precolumn Phenylisothiocyanate Derivatization and Liquid Chromatography of Amino

Acids in Food
STEVEN R. HAGEN

University ofldaho, Department of Bacteriology and Biochemistry, Food Research Center, Moscow, ID 83843

BEVERLY FROST

W aters Chromatography Division of Millipore Corp., 34 Maple St, Milford, MA 01757

JORG AUGUSTIN

University of ldaho, Department of Bacteriology and Biochemistry, Food Research Center, Moscow, ID 83843

A precolumn phenylisothiocyanate derivatization method is de-
scribed for the determination of amino acids in protein hydrolysates
from a wide variety of complex food matrixes, with and without
performic acid oxidation pretreatment. Analysis of samples that were
not pretreated with performic acid was necessary since this pretreat-
ment destroyed an average of 25% of the histidine and 87% of the
tyrosine present in the food samples. This method is rapid and repro-
ducible; coefficients of variation between duplicate analyses of the
same food item were less than 5% for a majority of the amino acids.
Occasionally, variation between duplicate analyses for histidine and
tyrosine was greater than 10%. Recoveries of amino acids added to
samples were in the 100% range.

The useoffaryliscthicoyerate (PITC, arEdman Sreegat)
far anino acid aslysis was frst desaribad by Helinridam
and Meredith () and develgoed comercially by Waters
(Milad, MA) astre Pico-Teg method @, J). Intte Piao-
Tag method, PITC isusad far precolum darivatization of
h)ﬂﬁprlrrarya‘dsantbryanlmacldsa’ler hydrol-
vas. Reverserese gradient eluaan Tiouad chrarettography
(LC) Blsed tosgaate te phanykthiccartanyl (PTC) de-

maies (Gpically n s then 20 min), which are then
cetectedby teirUV dsorbenceatasirglevaelagth. This
tedmig e hes been used edarsively fTarthearalysisofamino
acics N pure proters and pepadss becase it EseEIthe,
rgaad.cible, and raoud, egeciallywhen carpared totrads-
‘todl anino ecidaalysis tedmiges @).

Wirth some minor nradificatias insaple preparatianand
dhoatogrady, the Pico-Teg method hes been gplied 10
the determination ofamino acics nfoodmatrves G-9). To
cHie, honever, anly relatinely sinple foodmatrves have bean
anslyzd

The presant pgper atires the determinatian of anino
aads, inciuding tresulfur-aontainirg amiino cics inoopllex
recipergoarad ook, using a nodification of the anigirel
Water SPico-Teg nethod.

Experimental
The Pico-Tegmethod farsanple prearatianand i
wes used (Liquid chraretographic aelysisofamino acics in
feaksand fooss usinganadificatian oftre Pico-Tegmethod,

revision 1987, Milllipore Gap.), with same nodifficatios es
cesorioed belon.

Reagents and Apparatus

Reagents — Reagent grade aocentrated hydrochloric
aod, formicaod, hydrogen bramice, hydrogen parodace, ad
LC grade diaaal axtic aod, atotrike, netrerol, and
sodium aetate trihydrate were dotained fran J. T. Baker
Fhillisug, NJ).. PierceH amino ecid stardard and e
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viisathicgarate (PI1TC) were dotained fram Pierae Chemi -
al G. (Rockiord, 1. Triethylanine (TEA) wes dotaired
fran Aldrich Chemical Go. (Milveukee, WI). Alpe-
anim-+Hutyricacid (AABA) , ostescacid (CYA) , methio-
niresulfae (MET-02) gstire (CYS), nethianire (VET) ,
and 1-octaol were dotained from Sigma Chemical Go. (&
Lauis, MO).
Apparatus = High purityvaterwes sypliedby aMillli-Q
systam (Vlllipore, Bedford, MA) . Hydrolysis
&SX 50mm) ad deriatization (6 X 50mm) twheswere
Pyrex brad (Coming Glass (., Gomirg, NY) . Vacuum
vigks and ressalaole ecloarres were dotainsd fram Waters
(Milad, MA) . HV-type membrane fillas (0456 ¢t pore
sz, Millipore) were usad Tar saple and sohat filtration
Sampleswere heated farhydrolysis nan dledtricoan. Sam-
pleswere carivatizedand driied nalaters Pico-Tagvacuum
station. Sanples abjectad to perfamiic acid odadatianvere
dried with an Bvapo-Mix @Budhler Instruants, Fort Lee,
NJ).

Sample Handling Prior to Hydrolysis or Oxidation

Food saples wirth highveter antent and com-
plete recipeforgared Toos) were hamogenized na fod
groud 1o pess a 20 ar 40 mesh see. Dry food saples
(Wheat, legumes) were ground directly 1o pess a 40 mesh
sBe. Proteinsaples (G, U.S. Bicdamical) were ana-
Iyzed cirectly. i i i

Al glessnare used nsanple praparation and arelysisves
washedwitheN HC1, riresdwirth Milli-Quater, and dried.
The protein antant of eech saple wes determined by tre
micro-Kjeldehl method (L0).
Acid Hydrolysis

Enough sarple toantain40mg protein (ketweidghtkesss,
WB) wasveighed nbahydrolysistue, and 15mL 6N HC1
wes adbd. The twbevas then flughed far 0 swith nilrog
gesand imediately sseledwitha TeflaHlind ap. The tuke
wes placed nan eledricoen far 24 h at 110°C farsarple

The tuewes then axolled 1o room

ad 10mL intaral starcard olution (AABA, 10/mol/h1_)
wes added. The antants of tre tuee were gantatatively
trasfanad to a 50 mL voluretric fleskwith washiings of
Milli-Quater. After thoroughmidng, ca 1mL dillulesanple
wes filtlaad, ad 10 p L filraenes placed inadarivatization
e, @fdamatizato caot imediately follov hydroly-
g5 thefiltralecan be storadat -20°C farat lesst 3maonths.)

Performic Acid Oxidation for Cystine and Methionine

A sarpletoantain40mg protein (WB) wasweighed o
ahydrolysis tue ad dilled nan iebath far 0 min. Ten
mL ofamixture of 30% hydrogen peraxide-gs% formiceacad
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Table 1. Amino acid content of casein, beef pepper steak, and potatoes, and published data for casein and potatoes9

Beef Potatoes PV potatoesO
9/100 WB (CV) 9/100 DB (CV) 0/100 DB
0.173(7.27) 0.113(0.42) 0.106
0.813(3.65) 2.241 (0.92) 1.963
1.735 (0.94) 1.630 (0.65) 1.290
0.354 (7.92) 0.282 (8.82) 0.271
0.356 (2.73) 0.211 (4.79) 0.220
0.364 (9.21) 0.160 (4.79) 0.150
0.572(1.56) 0.357(1.12) 0.411
0.367 (8.09) 0.249 (2.18) 0.255
0.501 (1.07) 0.320 (0.52) 0.216
0.403(1.25) 0.254(1.57) 0.190
0.231 (1.51) 0.100 (4.08) 0.143
0.301 (9.27) 0.183 (9.40) 0.326
0.459 (3.98) 0.498 (0.43) 0.450
0.412(4.88) 0.305 (0.46) 0.298
0.724(1.46) 0.428 (0.22) 0.417
0.391 (8.74) 0.334 (2.32) 0.317
0.697(6.71) 0.479 (7.30) 0.389

9.31 1.95

Casein PV casein*3
Amino acid 0/100 DB(CV) g/100 DB

CYA 0.566 (0.21) 0.632
ASP 6.889 (0.03) 7.301
GLU 23.271 (1.26) 22.728
SER 5.171 (3.49) 5.777
GLY 1.821 (0.87) 1.894
HIS 2.641 (5.60) 2.813
ARG 4.002(1.10) 3.513
THR 3.874 (0.29) 4.394
ALA 3.124 (0.49) 3.125
PRO 10.556 (0.99) 11.100
met-o2 2.982 (2.27) 2.355
TYR 5.949(1.94) 5.720
VAL 6.979(1.18) 6.487
ILE 5.402 (2.18) 5.076
LEU 9.250 (0.16) 9.622
PHE 4.952(1.58) 5.180
LYS 7.453 (0.10) 7.993
Protein WB, % 92.98 94.70
(N'X 6.25)

* Abbreviations: PV = published value; DB = dry basis; CV = percent coefficient of variation: WB = wet basis.

6Ref. 11.

cRef. 12.

(1+9, v/v) (which had been mixed gently at room tempera-
ture for 1h and chilled in an ice bath for 30 min) was added to
the hydrolysis tube. The tube contents were swirled gently
and the tube was sealed with a Teflon-lined cap. The tube
was stored in an ice bath at 5°C in a refrigerator for 16 h.
With the tube still in an ice bath and under a fume hood, 3
drops of 1-octanol were added, and 3 mL chilled 48% hydro-
gen bromide was added, slowly, while tube contents were
swirled. The tube was kept in an ice bath for an additional 30
min. The tube contents were then dried in an evaporator-
mixer. At this point, sample preparation was continued with
the addition of ¢ N HC1, as described in the acid hydrolysis
section.

Deriratization of Amino Acids with PITC

A derivatization tube containing 10 ph filtrate from the
acid hydrolysis procedure was placed in a vacuum vial and
sealed with a Teflon-lined closure. The tube contents were
dried under vacuum (to less than 75 millitorr pressure) in the
Pico-Tag vacuum station and 30 pL of a redry solution was
added (mixture of LC grade methanol-0.2N LC grade sodi-
um acetate trihydrate in Milli-Q water-TEA (2 + 2 + 1)).
After contents were again dried to less than 75 millitorr
pressure, 30 pL derivatization reagent was added (mixture of
LC grade methanol-Milli-Q water-TEA-PITC (7+1 + 1
+ 1)) and the tube was held at room temperature and atmo-
spheric pressure for 20 min. The tube was dried under vacu-
um for 15 min; then 30 pL LC grade methanol was added.
Drying was continued to a pressure of less than 75 millitorr.

After derivatization, the sample was either stored dry at
—20°C (samples are stable under these conditions for at least
3 weeks) or 100 juL diluent was added (5mM sodium phos-
phate monobasic, titrated to pEl 7.5 with LC grade glacial
acetic acid, and 5% (v/v) LC grade acetonitrile). The sample
was then transferred to a limited volume (300 pL) insert
contained in a Waters Intelligent Sample Processor (WISP,
Waters) injection vial. This vial was sealed with a Teflon-
lined closure and contents were analyzed within 12 h. For
chromatographic analysis, a 20 pL aliquot of sample (con-
taining 1nmol ofthe internal standard, AABA) was injected.

Standard Preparation

The working standard consisted of a 1:1 (v/v) mixture of
Pierce H amino acid standard (which contains 2.5 /¢ mol/mL
of each amino acid, except for 1.25 ;¢ mol/mL of cystine), and
a solution containing 2.5 jumol/mL of AABA, CYA, MET-
0O:. Ten pL working standard was placed in a derivatization
tube and carried through the same derivatization procedure
as the samples, except that 250 pL diluent was added to the
tube. For chromatographic standardization, a 20 pL aliquot
(containing 1 nmol of each amino acid, except for 0.5 nmol
cystine) was injected.

Chromatography and Quantification

Chromatography.—A Model ALC 204 liquid chromato-
graph (Waters) which consisted of 2 M6000A solvent deliv-
ery systems (Waters) controlled by an M660 gradient pro-
grammer and one M440 fixed-wavelength spectrophotome-
ter (254 nm/0.2 AUFS) was used. Samples were injected
using an M712 WISP automatic injector (Waters).

The column was an application-specific Pico-Tag analysis
column (Waters) (3.9 X 150 mm, stainless steel). The tem-
perature was controlled at 40°C with a column heater (Wa-
ters). The solvent system consisted of 2 eluants: (7) 940 mL
of an aqueous buffer of 0.14M LC grade sodium acetate
trinydrate containing 0.75 mL/L of TEA titrated to pH 6.2
with LC grade glacial acetic acid, and 60 mL LC grade
acetonitrile, and (2) 60% LC grade acetonitrile and 40%
Milli-Q water. Eluant A was pumped isocratically at 1.0
mL/min for 3min; then a gradient was run from 0% Bt0 s s %
Bin 17 min using a linear curve at 1.0 mL/min. An addition-
al step to 100% B for 1 min was used to flush highly retained
components from the column. The program was then re-
turned to 100% A at 1.5 mL/min for s min to regenerate the
column, at which time the flow rate was reduced to 1.0 mL/
min. The total time between injections was 29 min. These
gradient conditions were optimized for use with a manual
pump control system. If an automated pump controller is
available, total run time (including column regeneration) can
be reduced to 20 min (s).

Quantification.—Two instruments were used for quantifi-
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Table 2. Amino acid content of spring and winter wheat varieties, and published data for soft red winter wheat variety3
Soft red
Daws spring, Daws winter, Tres winter, winter,"
Amino acid 9/100 WB (CV) g/100 WB (CV) g/100 WB (CV) g/100 WB
CYA 0.496 (1.60) 0.462 (1.38) 0.457 (1.90) 0.423
ASP 0.607 (1.07) 0.569 (1.41) 0.577 (0.55) 0.557
GLU 3.561 (0.38) 3.370 (2.21) 3.529 (1.15) 3.663
SER 0.518 (1.94) 0.484 (6.01) 0.500 (0.58) 0.540
GLY 0.492 (0.81) 0.460 (4.19) 0.431 (2.42) 0.455
HIS 0.255(10.04) 0.233(11.11) 0.237(11.34) 0.256
ARG 0.559 (6.97) 0.545 (3.46) 0.525 (4.26) 0.522
THR 0.303 (2.47) 0.289 (6.01) 0.281 (3.22) 0.342
ALA 0.596 (1.43) 0.556 (2.30) 0.583 (1.07) 0.412
PRO 1.280 (0.01) 1.179 (2.79) 1.237 (0.74) 1.166
met-02 0.293 (0.79) 0.287 (5.54) 0.274 (0.22) 0.211
TYR 0.220(14.50) 0.226(14.31) 0.193(14.42) 0.327
VAL 0.551 (2.97) 0.507 (1.55) 0.500 (1.66) 0.498
ILE 0.423 (1.86) 0.386 (1.14) 0.393 (1.99) 0.396
LEU 0.841 (0.44) 0.780 (2.97) 0.766 (1.02) 0.763
PHE 0.541 (1.09) 0.505 (0.42) 0.536 (6.75) 0.508
LYS 0.331 (1.93) 0.384 (8.58) 0.326 (4.62) 0.315
Protein WB, % 11.31 9.71 10.33 10.35

aAbbreviations: see Table 1
6Ref. 13.

cation. One was an M730 data module (Waters) operated in
the internal standard mode. In addition, data were collected
and processed with Maxima 820 software (Dynamic Solu-
tions, Ventura, CA) via a System Interface Module (SIM)
(Waters) between the detector and an IBM (Armonk, NY)
PC/XT computer. Both instruments gave comparable re-
sults.

Standard Addition and Standard Recovery Studies

To test for loss of amino acids during sample preparation
and hydrolysis, 1 mL Pierce H standard was added to dupli-
cate samples of a freeze-dried food recipe (LaChoy beef
pepper steak oriental), and 1 mL Milli-Q water was added to
» additional duplicate samples of this same food recipe.
These 4 samples were hydrolyzed, derivatized, and analyzed
as described above. Two “samples” containing 2 mL Pierce
H standard were “hydrolyzed,” derivatized, and analyzed.

To test for loss of amino acids during performic acid oxida-
tion and subsequent hydrolysis, » standard addition recovery
studies were performed. In one case, 1 mg additions of CYA
and MET-O: (in aqueous solutions) were added to duplicate
samples of the food recipe, while equivalent volumes of Milli-
Q water were added to 2 additional samples. Oxidation,
hydrolysis, derivatization, and analysis followed. In another
experiment, 1 mg additions of histidine, tyrosine, and phenyl-
alanine (in aqueous solutions) were added to replicate sam-
ples of the food recipe, while the equivalent quantity of water
was added to 2 additional samples. These samples were then
oxidized, hydrolyzed, derivatized, and analyzed.

To test for conversion of CYS and MET to CYA and
MET-O-, respectively, during performic acid oxidation, an
additional test was conducted. One mg spikes of CYS and
MET were added as aqueous solutions to 2 samples of the
food recipe, while an equal volume of Milli-Q water was
added to additional replicate samples. Oxidation, hydrolysis,
derivatization, and analysis of these samples followed.

Results and Discussion

A total of 41 recipe-prepared foods were analyzed with this
method. This was a wide variety of food matrixes, with pro-
tein, carbohydrate, and fat contents ranging from (on a wet

weight basis) 0.83 to 19.4%, from 2.63 to 35.48%, and from
1.93 to 27.0%, respectively. The recipes included salads,
sauces, casseroles, and desserts. These foods were analyzed
for the USDA Human Nutrition Information Service as a
part of Contract No. 53-3198-6-51. We chose a mixed beef
dish (LaChoy canned beef pepper steak oriental) as a repre-
sentative recipe-prepared food because the amino acid profile
and analytical variability experienced with this sample was
typical of the other recipes analyzed.

Some individual food items were also analyzed to allow for
comparison of this procedure with published methods. These
included 3varieties of wheat, 2 varieties of dry peas, a legume
sample, Russett Burbank potato, and casein.

Duplicate samples of each food item were analyzed. The
coefficients of variation (CV) between duplicate analyses
were less than 5% for a majority of the amino acids and were
never greater than 15%. CV between duplicate injections
were always less than 5%. The amino acid contents of the
representative recipe and the individual food items, along
with the CV between duplicates, are shown in Tables 1-3.
The amino acids are listed in their elution order (the internal
standard AABA elutes just prior to tyrosine). Chromato-
grams of the representative recipe and the working standard
are shown in Figure 1 The internal standard (AABA) peak
in both chromatograms, and the peaks for the amino acids in
the working standard, represent 1 nmol injected.

Variability was highest for histidine (HIS) and tyrosine
(TYR). HIS peak shape was irregular in some cases due to
degradation of eluant A. This problem was overcome by
using freshly prepared eluant A and/or a slightly elevated
TEA content in eluant A. HIS peak shape can also be im-
proved by adding (Na)2EDTA at 200 ppb to eluants 1and 2.
TYR may have been oxidized in some duplicates during
sample preparation, leading to low recoveries (15). Occasion-
ally, the so-called small reagent peak co-elutes with phenylal-
anine (PHE). Adequate drying after derivatization (to less
than 75 millitorr pressure) reduces the size of this reagent
peak, and a slight increase in the pH of eluant A (to 6.3) can
be used to completely resolve this peak from PHE. In some
cases, there was relatively high variability for PHE and lysine
(although never greater than 10% CV). These are the last
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Table 3.  Amino acid content of peas and lentils, and published data for split peas-’

Alaska peas, Melrose peas, Brewer lentils, Split peas,6
Amino acid g/100 WB(CV) g/100 WB (CV) g/100 WB (CV) g/100 WB
CYA 0.455 (3.17) 0.527 (4.59) 0.479 (6.13) 0.526
ASP 2.589(1.72) 2.237 (0.22) 2.588 (0.24) 2.896
GLU 4.225(1.04) 3.416 (0.33) 3.864 (0.36) 4.196
SER 1.117(0.76) 1.032 (0.28) 1.154(1.91) 1.080
GLY 0.987 (0.81) 0.880(1.20) 1.059 (0.38) 1.092
HIS 0.535 (5.59) 0.494(1.14) 0.515(0.12) 0.597
ARG 2.146 (0.47) 1.795 (2.06) 1.896 (0.84) 2.188
THR 0.716(0.16) 0.592 (0.08) 0.711 (2.67) 0.872
ALA 0.952(1.20) 0.812(1.39) 0.930 (0.18) 1.080
PRO 0.942(1.59) 0.849 (0.09) 0.957(0.71) 1.014
MET-O: 0.383 (4.62) 0.353 (4.95) 0.348 (2.05) 0.305
TYR 0.724 (0.57) 0.613 (6.65) 0.707 (5.51) 0.711
VAL 1.071 (0.17) 0.854 (3.09) 1.122(1.93) 1.159
ILE 0.942 (2.43) 0.742 (5.91) 0.939 (6.40) 1.014
LEU 1.682 (2.10) 1.382 (3.96) 1.686(1.51) 1.760
PHE 1.043 (2.20) 0.825 (8.43) 1.236 (5.84) 1.132
LYS 1.465(1.20) 1.251 (0.90) 1.436 (3.51) 1.772
Protein WB, % 22.48 19.10 23.62 24.55
(N X 6.25)
8Abbreviations: see Table 1

" Ref. 14.

amino acids to elute from the column; variation in response
for these peaks can be reduced by strict timing of the gradient
conditions.

While all of the recipes were analyzed after freeze-drying
(which was done to ensure adequate homogenization and
preservation), » recipes (chocolate pudding and sweet and
sour pork) were also analyzed before freeze-drying. There
were no significant differences in amino acid content between
the wet and dry samples.

The amino acid contents as determined by the Pico-Tag
method agree well with published values when normalized
for differences in protein content (see Tables 1-3).

Recovery ofamino acids from the Pierce H standard added
to a recipe that was subjected to acid hydrolysis (no perfor-
mic acid oxidation) averaged 106% (excluding cystine); no
cystine was recovered. When the Pierce H standard was
“hydrolyzed” and analyzed, recovery averaged 96% (exclud-
ing CYS); once again, no CYS was recovered. Recovery of
MET-O:2 and CY A added to samples that were oxidized with
performic acid, hydrolyzed, and analyzed averaged 105%.
Recovery of MET and CYS added to samples that were
oxidized, hydrolyzed, and analyzed averaged 96 and 108%,
respectively. The results of the standard addition and stan-
dard recovery studies are summarized in Table 4.
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Figure 1. Chromatograms of working standard (A), and representative recipe, canned beef (B), which was subjected to performic acid
oxidation.
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Table 4. Standard addition and standard recovery data

Canned Beef, Pierce Hstd,
Amino acid Av. % ree. (CV) % found (CV)
ASP 102.9(1.32) 91.1 (1.53)
GLU 104.9 (0.12) 100.6(3.85)
SER 103.1 (5.49) 91.1 (2.17)
GLY 105.5(1.49) 94.4 (3.53)
HIS 106.1 (3.42) 93.7(1.72)
ARG 106.8 (2.60) 91.5(1.57)
THR 104.8 (4.04) 85.1 (2.47)
ALA 104.8(2.41) 107.1 (2.62)
PRO 105.2(4.23) 95.4 (2.28)
TYR 105.7 (7.20) 99.4(1.83)
VAL 108.9(1.47) 101.6(0.48)
MET 109.6 (5.87) 96.4 (5.42)
CYS 0.0 (0.00) 0.0 (0.00)
ILE 106.9 (4.28) 98.1 (2.33)
LEU 108.0(1.21) 95.2(1.74)
PHE 108.6(4.13) 93.4(1.10)
LYS 107.3 (4.60) 97.7 (9.67)
Performic acid-oxidized samples:
CYA 106.4(1.73)
met-o2 104.6(0.03)
CYS 108.3(0.92)
MET 95.6(1.03)

It is possible to quantify most of the amino acids besides
CYS and MET after performic acid oxidation, except for
HIS, TYR, and PHE. In a further standard addition recov-
ery study, we found a 25% loss of HIS, an 87% loss of TYR,
and a 33% increase in PHE (possibly due to the presence of
co-eluting compounds) in samples that were analyzed after
performic acid oxidation. Similar results were obtained by
Elkin and Griffith (16). While CYS was totally destroyed in
samples that were not oxidized, recovery of MET was often
complete. Thus, we found that it was possible to quantify all
of the nutritionally important amino acids except for CYS
and tryptophan without performic acid oxidation.

Conclusion

The results demonstrate that it is possible to use PTC-

based amino acid analysis with a variety of complex food
matrixes. By analyzing samples with and without performic
acid oxidation, we were able to quantify all of the nutritional-
ly important amino acids except tryptophan. The method
described is rapid and generates reproducible results which
correlate well with conventional amino acid analysis.
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Determination of Allicin in Garlic and Commercial Garlic Products by Gas
Chromatography with Flame Photometric Detection
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A simple and rapid method has been developed for the determination
of allicinin garlic and commercial garlic products by gas chromatog-
raphy (GC) with flame photometric detection. Samples containing
allicin are homogenized with distilled water and centrifuged. An
aliquot of the supernate is cleaned up on an Extrelut column using
diethyl ether as an eluant. The GC separation is carried out on a 1%
OV-1 or 2% Advance DS+ HsPO. column. The calibration curve was
rectilinear in the range from 0.2 to 2.0 pg/m L. The overall recovery
of allicin added to garlic and garlic products at 0.4 mg/g was more
than 84% with a detection limit of 0.02 mg/g. Allicin was found in
spices; whereas, no allicin was found in garlic products marketed as
health foods.

Garlic (Allium sativum L.) has been used as a folk medicine
since ancient times. Consisting of various physiologically
active components, garlic shows antibacterial activity (1)
and a platelet aggregation (2, 3). Recently, garlic products
have been marketed as health foods with purported physio-
logical effects to humans. The quality of these garlic products
is questionable. Therefore, the development of a method for
controlling the quality and evaluating the safety of commer-
cial garlic products is required.

Because allicin (diallyl thiosulfinate; CsH 100S:) is a main
component of garlic flavor, the determination of allicin is
expected to be essential for evaluating the quality of garlic
products. Paper chromatography (4) and gas chromatogra-
phy (GC) (5,6) have been reported for qualitative analysis of
allicin while colorimetry (7) and oxygen flask combustion
(8), which measure total sulfur, have been reported for quan-
titative assay. These methods have been used mostly for the
detection of allicin in fresh garlic bulbs. Miething (9), on the
other hand, used a liquid chromatographic (LC) method to
detect allicin in garlic products.

Gas chromatography with flame photometric detection
(FPD) is preferable to other methods on the basis of sensitiv-
ity and specificity. Allicin is a volatile organic compound
containing sulfur. During gas chromatography (5), allicin
undergoes dehydration and forms 2 isomeric disulfides (3-
vinyl-1,2-dithi-5-ene, 3-vinyl-1,2-dithi-4-ene, C6H852). The
formation of these disulfides is proportional to the allicin
content. Therefore, allicin can be determined using disulfide
as an indicator.

The present study describes the development of a GC
method for the determination of allicin in garlic products.
Alliin (S-allyl-L-cysteine sulfoxide, C8HiiNO0 35), a precur-
sor of allicin, is also determined by the method of Mochizuki
et al. (10) for evaluating the quality of garlic products.

METHOD

Materials and Reagents

(@) samples.—Locally purchased garlic bulbs and garlic
products (health food and spice).

(D) Allicin and aliin.—Supplied by Wakunaga Pharma-
ceutical Co.

Received September 6, 1988. Accepted May 2, 1989.

(c) Allicin standard solutions.—Prepare 10 mg/mL di-
ethyl ether solution. Dilute with diethyl ether to appropriate
concentrations. Store these standard solutions in freezer
(—20°C) until use.

(d) Alliin standard solutions.—Prepare 10 mg/mL aque-
ous solution. Dilute with water to appropriate concentra-
tions.

(e) Allinase solution.—Prepare 10 mL crude enzyme so-
lution from 10 g garlic bulbs according to procedure of Mo-
chizuki et al. (10).

(H Extraction and cleanup.—Plug syringe (5 cm X 1.2
cm id) with cotton. Place 1g anhydrous sodium sulfate and
0.5 g Extrelut (E. Merck) successively into syringe and fit
needle (32 mm X 0.7 mm id) as shown in Figure 1.

(g) Solvents.—Analytical grade diethyl ether (Wako Pure
Chemical Industries Ltd); water, distilled and deionized.

Apparatus

(a) Gaschromatograph.—Shimadzu GC-7A system (Shi-
madzu Corp.) with flame photometric detector. Electric sig-
nal of flame photometric detector was proportional to square
of allicin concentration. Record and calculate output data on
Shimadzu C-R3A data processor. Operating conditions:
glass column 2.1 m X 3.2 mm id coated with 1% OV -I on 80-
100 mesh Chromosorb W AW-DMCS and 1.5m X 3 mm id
coated with 2% Advance DS (identical to DEGS) + 0.5%
H3:PO4 on 80-100 mesh Chromosorb W AW-DMCS; col-
umn temperature 100°C, injection port temperature 140°C,
nitrogen carrier gas 40 mL/min, injection volume 5L .

(b) Gas chromatograph-mass spectrometer (GC-MS).—
Shimadzu QP-1000A. Operating conditions: glass column
21 m X 3.2 mm id coated with 1% OV-1 on 80-100 mesh
Chromosorb W AW-DMCS, helium carrier gas 40 mL/min,
column temperature 100°C, injection port temperature
140°C, ion source and separator temperature 250°C, ioniza-
tion energy 70 eV (EI), 200 eV (Cl), reaction gas isobutane.

(c) High speed homogenizer.—Hiscotolon (Nichion Irika
Kikai).

Extraction and Cleanup

Weigh 0.5-1 g sample into 10 mL test tube and add s mL
water. Homogenize 1 min and dilute to 10 mL with water.
Centrifuge 5 min at 3000 rpm. Filtrate upper layer through
paper (Toyo Roshi No. 5A). Place 1 mL filtrate on Extrelut
column and let soak 10 min. Elute allicin from column with e
mL diethyl ether. Collect first 5 mL portion of eluate for
analysis.

Preparation of Standard Curse

Inject 5pn allicin solution (0.2-2.0 pg/m L) into FPD-GC
system. Prepare analytical calibration curve by plotting dif-
ferent concentrations of allicin against observed peak height
on logarithmic (log-log) graph paper. Inject 5 pL sample
solution into FPD-GC system and calculate allicin content in
sample from calibration curve.
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---- syringe
(1.2 cm I.D. x 6 cm)

'
1
'

Extrelut 0.5 g

---- sodium sulfate anhydrous 1g

@ ------- glass wool

(0.7 mmI.D. x 32 mm)

Figure 1. Schematic illustration of column for extraction and

cleanup.

Enzymatic Treatment of Alliin

Mix 1 mL alliin solution (100 /¢g/mL) with 1 mL allinase
solution and incubate mixture 15 min at 37°C. Load mixture
on Extrelut column and follow the procedure previously de-
scribed. Use 1 mL water as control instead of allinase solu-
tion.

Results and Discussion

Extraction ofAllicin

Garlic products contain several vitamins, sugar, organic
acid, and vegetable oil. Allicin is first extracted with water,
and then re-extracted with diethyl ether, according to the
procedure of Nakata et al. (7) who used repeated partitions
with diethyl ether from water extract of garlic. This step
resulted in the formation of emulsions especially during the
analysis of garlic products. Therefore, a liquid-liquid parti-
tioning step with an Extrelut column was investigated instead
of diethyl ether extraction.

The elution pattern with diethyl ether was studied on the
Extrelut column with aqueous allicin solution (20 /;g/mL).
All allicin was found in the 4 mL eluate, and, thus, 5 mL
diethyl ether was chosen as the eluant.

(a)

Retention time
Typical gas chromatograms of allicin standard (a) and allicin extracted from garlic bulb

Figure 2.
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Figure 3. GC-MS spectra for 2 eluting components (A and B)

measured by El and Cl methods. Peaks Aand B: isomeric disulfides
derived from allicin.

Separation of Allicin

Brodnitz et al. (5) used a PEG-20M packed column and a
Goley column to separate several volatile compounds includ-
ing allicin from garlic oil, with different coating. The separa-
tion of allicin was also examined on GC columns. They
included: OV-1, SE-30, and DC-200 as nonpolar coatings;
OV-17, XE-60, and QF-1as slightly polar coatings; SP-1000
and OV-330 as moderately polar coatings; and Advance
DS+H3:PO.,PEG-20M, Thermon 1000, Thermon 3000, and

(b)

(' min)

(b). Peaks Aand B: isomeric disulfides derived from allicin.
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Figure 4. Gas chromatograms of alliln with treatment (—) or
without treatment (—) of allinase. Peaks A and B: Isomeric disul-
fides derived from alllcln.

1,2,3-TCEP as polar coatings. The maximum sensitivity and
reproducibility of the columns was assessed. Similar peak
patterns of allicin were obtained by using columns with either
nonpolar or slightly polar coatings. The separation of allicin
was sufficient only on OV-330 and Advance DS+H3:PO.
coated columns among those columns with moderately polar
and polar coatings. The columns coated with OV-1 and Ad-
vance D S+H:PO. showed excellent resolution of allicin from
other volatile sulfur compounds, as well as excellent sensitiv-
ity and peak shape. The OV-1 coated column gave the best
sensitivity. Based on the present study, the OV-1 coated
column was chosen for a quantitative determination, and the
Advance DS+H3sPOa coated column was chosen for cross-
checking. A typical GC chromatogram for allicin is shown in
Figure 2.

Mass Spectroscopy of Allicin

Gas chromatography-mass spectrometry was carried out
to identify allicin peaks (A) and (B) (Figure 2). The molecu-
lar weight of allicin is m/z 162. Figure 3 shows that each
peak had a molecular ion of m/z 144 (M+) by El mode and a
protonated molecular ion of m/z 145 (MH+) by CI mode.
The splitting patterns of fragment ions by EI mode between
both peaks were almost the same while the intensity of each
fragment ion was different. Based on the results of these
experiments, peaks (A) and (B) indicate the dehydration of
allicin molecules and subsequent formation of » isomeric
disulfides at the GC injection port. This observation was
similar to that reported by Brodnitz et al. (5).

The intensity of peak (B) shown in Figure 2 is about 1/20
that of peak (A). The logarithmic plot of allicin concentra-
tions against the height of peak (A) is linear from 0.2 to 2.0

Table 1. Recoveries of allicin from commercial garlic products

Samples* Added, mg/g Recovery, %b CV, %c
Garlic bulbs 0.4 84.0 7.4
Powder formu ation 0.4 86.2 4.5
Tablet formulation 0.4 84.8 4.9
Liquid formulation 0.4 98.0 2.9

3No allicin-containing products were used. Garlic bulbs were used after inactivation
of allicin and allinase by heating.

bAverage of 5 determination.

cCoefficient of variation.

/ig/mL. Thus, the height of peak (A) was adopted as an
indicator for the quantitative determination of allicin.

Enzymatic Treatment of Aliiin

Alliin, a precursor of allicin, undergoes an enzymatic reac-
tion by allinase to produce allicin (11,12). To confirm allicin,
which is detected by gas chromatography with flame photo-
metric detection, the enzymatic treatment of alliin with allin-
ase was studied. The treatment resulted in the appearance of
the peak established as allicin on a GC chromatogram (Fig-
ure 4). The peaks provided the proof that the peaks were
derived from allicin.

Recovery Study and Analysis of Commerciai Samples

Fresh garlic bulbs and garlic products such as powders,
tablets, capsules, and liquid formulas were fortified with 0.4
mg/g allicin for the recovery study. Recoveries were greater
than 84%, and coefficients of variation were satisfactory
(Table 1).

The GC method was applied to the analysis of commercial
garlic products. Determination of alliin, the precursor of
allicin, was also carried out by the LC method of Mochizuki
et al. (10) to assess the quality of garlic products. Table 2
shows the content of allicin and alliin in garlic products. The
spice samples contain allicin and not alliin; whereas, health
foods contain alliin and not allicin. Commercial health foods
are often advertised as odorless products. Allicin and other
flavor components may be purposely eliminated from the
products, but flavor components such as allicin, which are

Table 2. Contents of alllcln and alliln In commercial garlic

products

Sample

(formu jation) Allicin, mg/g Alliln, mg/g

Spice A (powder) 4.3 —
B (powder) 3.5 —
C (powder) 1.9 —
D (powder) 2.7 —
E (granule) 3.1 —
F (grated) 0.7 -
G(grated) <0.02 —
Health food H (powder) — 8.5
1(powder) — 5.8
J (powder) — —
K (tablet) — 2.7
L (tablet) — 0.2
M (tablet) — —
N (tablet) — —
O (capsule) — 4.1
P (capsule) — -
Q (capsule) — —
R (capsule) — —
S (paste) — —

3Not detected.
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essential to spices, are unavailable in odorless form. Samples
J, M, N, P, Q, R, S, and G that contain neither allicin nor
alliin are less qualified to be considered garlic products.

From these results, the quantitative analyses of allicin by a
GC method and alliin by a LC method can be evaluated in
terms of quality assessment of garlic products.
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MEATS AND MEAT PRODUCTS

Detection of Pork and Lard as Adulterants in Processed Meat: Liquid Chromatographic

Analysis of Derivatized Triglycerides

TALAT SAEED, SADIKA G. ALI, HANI A. ABDUL RAHMAN, and WAJIH N. SAWAYA
Kuwait Institutefor Scientific Research, PO Box 24885, Safat-13109, Kuwait

A new method is described for detection of pork and lard as adulter-
ants in processed beef and mutton mixtures. The unsaturated triglyc-
erides in the fat are ozonized and then derivatized. The mixture of
derivatized and saturated triglycerides is analyzed by liquid chroma-
tography using a reverse-phase column and a UV detector. Pork fat
has larger amounts of triglyceride containing saturated fatty acid at
the C-2 position than does the fat of other meat. The ratio of triglyc-
eride containing saturated fatty acid vs triglyceride containing unsat-
urated fatty acid at the same (C-2) position (SSU/SUS) ina sample
is compared with those of pure meats. The presence of pork in the
sample causes the ratio to increase compared with ratios for pure beef
or mutton. The increase in the SSU/SUS ratio is significant for the
addition of 1% pork in beef. In the case of mutton, the addition of 3%
pork causes a noticeable change. The method is reliable and is also
applicable to samples containing only fat. Processing (heating or
cooking) does not affect the ratios.

Detection of pork and lard (pig fat) as adulterants in many
food and consumable products is of considerable importance
and interest in many parts of the world. The Islamic religion
prohibits the consumption of these products in any form.
Many Muslim countries have banned the import or produc-
tion of pork- and lard-containing products. In the absence of
a reliable and dependable detection procedure, the law that
bans these products is difficult to implement. The detection
of pork as an adulterant has, therefore, been the subject of
many studies (1-7). The analysis of fat has formed the basis
of many of the studies because of the unique composition of
pork fat and the stability of the fat during processing. Saeed
et al. reported that 11,14-eicosadienoic acid (C20:2) is
present in pork fat and absent in other commonly used meats
and fats (6). Therefore, the presence of C20:2 was suggested
as an indicator for the presence of pork or lard in the sample.
C20:2 acid was, however, claimed to be present in some beef
and mutton samples (8).

The unique composition of pork triglycerides has also been
used for detection purposes. In contrast with other animal
fats, pork triglycerides are mostly esterified by saturated
fatty acid (especially palmitic acid) at the C-2 position (9).
In the case of pork, a high proportion (80%) of the total
palmitic acid content is esterified at the C-2 position (10). In
triglycerides of other animals, such as beef, lamb, rabbit, and
deer, only 15-27% of the total palmitic acid content is esteri-
fied at the C-2 position (10). Chacko and Perkins (11) re-
ported that pork fat contains 38% of SSU (S = saturated
fatty acid, U = unsaturated fatty acid), 41% of USU, and
very low percentages of SUS (1%) and UUS (7%). In other
animal fats, the triglyceride composition is distinctly differ-
ent (SSU, 9-14%; USU, 7-14%; SUS, 13-38%; and UUS,
26-38%) (9). This characteristic composition of pork triglyc-
erides has been used in many studies for the detection of pork
and lard as adulterants in other meats and fats. El Sayed and
El Dashlauty (1) used pancreatic lipase hydrolysis to prepare
2-monoglycerides. The ratio of unsaturated acid in mono-
glyceride and triglyceride has been used for the detection of
pork. Rugraff and Karleskind (5) separated saturated tri-

Received October 12, 1988. Accepted June 8, 1989.

glycerides and obtained 2-monoglycerides by pancreatic li-
pase. Gas chromatographic analysis was used to determine
the amount of palmitic acid in monoglycerides as well as
triglycerides, the ratio of which was used to detect pork in the
sample. The activity of the pancreatic lipase enzyme has been
problematic: different batches have shown different activi-
ties (12). The range of these differences has been quite large;
some show no activity at all (probably because of improper
shipping or storage). To avoid the use of pancreatic lipase, a
liquid chromatographic (LC) method was developed for the
separation of triglyceride isomers after derivatization. The
method was designed to give the ratio of SSU/SUS. The
present paper describes the results obtained by using this
method for the detection of pork in processed meat.

METHODS

Apparatus

(@) pasteur pipets.—Disposable.

(o) Homogenizer.—High speed with rheostat, Ultra-Tur-
rax Model No. T-25 (Janke & Kunkel GmbH & Co. KG
Staufen, West Germany), or equivalent.

(c) Rotary evaporator.—With 40°C water bath.

(d) Micro-ozonizer.—Supelco Model No. 6-0615 (Su-
pelco, Bellefcnte, PA), or equivalent.

(e) Boilingflask.—100 mL, short-neck.

(f) conicalflask.—25 mL, short-neck.

(@) Autoclave.—Hirayama Model No. HL42AE (Hir-
ayama Mfg. Corp., Tokyo, Japan), or equivalent.

(h) chromatographic column.—Glass, 1.5 X 20 cm, with
Teflon stop cock.

(i) vials.—40 mL, with Teflon-faced screw caps.

(i) Thermometer.—Range —20 to 50°C.

® M agnetic stirrer with hotplate.

() Food chopper.—With glass jar, stainless steel blades,
and multispeed settings, Osterizer (Oster Corp., Milwaukee,
WI1), or equivalent.

(M) Liquid chromatograph.—Shimadzu Model No. LC-
4A with universal injector (Model No. SIL-1A), or equiva-
lent.

(n) spectrophotometric detector.—Shimadzu Model No.
SPD-2AS, variable UV, or equivalent.

(0) Recorder/integrator.—Shimadzu
Model No. C-R3A, or equivalent.

(P) column.—5 "m; reverse-phase (octadecyl); 25 cm X
0.5 cm (Alltech Associates, Deerfield, IL).

Chromatopac

Reagents

(@) solvents.—Methanol, chloroform, diethyl ether,
hexane, acetone; all analytical grade (BDH Ltd, Poole, En-
gland).

(b) Lc solvents.—Acetonitrile, methylene chloride; LC
grade (E. Merck, Darmstadt, West Germany).

() water.—Distilled and deionized.

@ Chemicals.—Sulfuric acid, hydrochloric acid, potassi-
um iodide, starch, pyridine; all analytical grade (BDH Ltd).
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(e) Lindlar catalyst.—Cat. No. 62145 (Fluka AG Chem-
ische Fabrik, Buchs, West Germany).

(f) 0-(4-Nitrobenzyl)hydroxylamine hydrochloride
(PNBA).—Cat. No. 73200 (Fluka AG Chemische Fabrik).

(9) Florisil.—60-100 mesh (J. T. Baker Inc., Phillips-
burg, NJ).

(h) Triglyceride standards.—Trilinolein (Cat. No. 4-
4303); 1,3-palmitate-2-oleate (SUS, CE-41, Cat. No. 4-
4312); 2,3-palmitate-l-oleate (SSU, CE-41, Cat. No. 4-
4353); l-palmitate-2-stearate-3-oleate (SSU, CE-43, Cat.
No. 4-4381); I-palmitate-2-oleate-3-stearate (SUS, CE-43,
Cat. No. 4-4382); |,3-stearate-2-oleate (SUS, CE-45, Cat.
No. 4-4327); |,3-oleate-2-palmitate (USU, Cat. No. 4-
4360); I-palmitate-2,3-oleate (SUU, Cat. No. 4-4384) (Su-
pelco).

Preparation of Florisil

Mix 300 g Florisil with 900 mL concentrated hydrochloric
acid and heat 3 L on steam bath. Decant hot supernatant
liquid and wash adsorbent with small amount of acid and
heat overnight with further 900 mL acid. Filter and wash
with water until neutral. Wash neutral residue with ca 400
mL each of methanol, chloroform-methanol (1 + 1 v/v),
chloroform, and diethyl ether. Air-dry and then activate
product by heating overnight at 110-120°C. Deactivate with
7% water. (Caution: Hydrochloric acid, methanol, chloro-
form, and diethyl ether are hazardous chemicals and should
be used only under hood or in well-ventilated area.)

Samples

Authentic samples (40) of pork from animals grown under
controlled conditions were obtained from the Danish Meat
Research Institute (Roskilde, Denmark). Samples (15 each)
of beef and mutton from various countries were obtained
from the local market. For pure meats, samples were taken
that had some visible fat. Mixtures were made with either
pure fat or lean meat (without any visible fat). Samples of
pure meats were minced, weighed, and mixed thoroughly
before processing. Meat processing was simulated by auto-
claving sample 30 min at 120°C.

Sample Preparation

To extract fat, add 15 mL chloroform-methanol (2 + 1),
to 1-2 g sample, homogenize 2 min, and then Filter. Repeat
extraction with fresh 15 mL solvent. Combine filtrates and
evaporate solvent until dry. Store extracted fat in chloro-
form. (Caution: Chloroform is suspected carcinogen. Use
under hood.)

Separation of Triglycerides

Pure triglycerides are separated from fat by column chro-
matography on acid-treated Florisil (13).

Fill chromatographic column (1.5 X 20 cm) with 30 g
acid-treated Florisil as slurry in hexane. Let Florisil settle
with gentle tapping. Adjust flow to 1 mL/min. Introduce
sample (100 mg) as hexane solution at top of column. Elute
column with 20 mL hexane followed by 20 mL 5% diethyl
ether in hexane. Discard both fractions. Elute column with
20 mL 15% ether in hexane. Collect this fraction, which
contains triglycerides.

Ozonolysis of Triglycerides

Disperse 10 mg triglycerides in 5 mL hexane in centrifuge
tube. Cool tube in mixture of dry ice and acetone (-18°C).
Let ozone from micro-ozonizer flow through solution for
about 15 min at 200 mL/min (until iodine/starch indicator

solution changes color). Rush tube with nitrogen to purge
unreacted ozone.

Hydrogenation of Ozonide

Transfer contents of tube to 50 mL conical flask. Cleave
formed ozonide to aldehyde by adding 2-3 mg Lindlar cata-
lyst and by stirring solution about 30 min under hydrogen.

Derhatiye Formation

Transfer aldehyde solution to reaction vial. Evaporate sol-
vent under gentle stream of nitrogen and add 10 mg 0-(4-
nitrobenzyl)hydroxylamine hydrochloride (PNBA) and 100
pL pyridine. Cap vial and heat 1h at 50°C. After completion
of reaction, evaporate pyridine under stream of nitrogen and
dissolve residue in methylene chloride. Wash residue twice
with 3 mL portions of water.

Liquid Chromatography of Deriyatized Triglycerides

Liquid chromatographic analysis of derivatized triglycer-
ides was set up to optimize resolution for isomers and for
homologs. Different samples of pork were analyzed under
isocratic conditions. Acetonitrile-methylene chloride (90 +
10) was used as mobile phase at flow rate of 1.5 mL/min. All
other samples were run using following gradient program: 5%
methylene chloride in acetonitrile for first 10 min, pro-
grammed to 25% methylene chloride in 5min, and held for 25
min. Flow rate was adjusted to 1.5mL/min. UV detector was
operated at 254 nm. 25 pL sample, in mobile phase, was
injected.

Identification of Triglycerides

Triglycerides in samples were identified by comparison of
their retention times with those of standard triglycerides
treated and analyzed in same manner. Additional confirma-
tion was obtained by comparing results with those reported
by Tinsley et al. (12).

Results and Discussions

Liquid chromatographic analysis of (intact) underivatized
triglycerides requires the use of a refractive index (R1) detec-
tor. Because of low sensitivity of the RI detector, relatively
large amounts of sample need to be injected, which adversely
affects column performance. In recent years, some studies
have reported (14, 15) the UV detection of underivatized
triglycerides at wavelengths shorter than 230 nm. Such an
approach had limited use; the available LC-grade solvents
were not pure enough at wavelengths significantly shorter
than 254 nm. Derivatization of triglycerides provided a solu-
tion to these problems.

Liquid chromatographic analysis of the triglycerides ob-
tained from meat samples (containing saturated and deriva-
tized triglycerides) on a reverse-phase silica column showed
that the retention time of the S2U fraction was higher than
that of the SU. fraction. The triglycerides in different sam-
ples were identified by analyzing standard derivatized tri-
glyceride samples and also by comparing the results to those
reported by Tinsley et al. (12).

Liquid chromatographic analysis of derivatized triglycer-
ides in processed pure mcats.showed that the pork triglycer-
ide profile was distinctly different from that of beef or mut-
ton. Such a difference was not unexpected and was in agree-
ment with reported observations (11). The chromatographic
profile also indicated the presence of S2U and SU: triglycer-
ides in pure meat samples as confirmed by analyzing stan-
dard derivatized triglyceride samples. For the resolution of
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Figure 1. LC chromatograms of derivatized triglycerides of (A) mutton, (B) beef, and (C) pork.

isomers in both fractions, different analytical conditions were
tried, including such parameters as mobile phase composi-
tion, isocratic as well as gradient elution, columns, —NH2,
—CN, and silica. Nevertheless, the SU. isomers (SUU and
USU) could not be separated under these conditions. Howev-
er, isomers for the S2U fraction (SUS and SSU) were well
separated. Figure 1shows LC chromatograms of the 3 pure
meats. The S2U isomer profile for pork is clearly different
from that of beef and mutton. The major difference is the
absence of SUS isomers of the 3 homologs of triglycerides.
Only SSU isomers were detected. This is in agreement with
the literature (11) where only 1%SUS levels were reported in
pork fat.

Triglycerides of beef and mutton, on the other hand,
showed the presence of both SUS and SSU isomers for all
homologs. The amount of SUS was higher than SSU. The
addition of pork to beef or mutton should, therefore, increase
the percentage of the SSU isomers in the sample in prefer-
ence to SUS, which will, thus, be reflected in a higher ratio of
SSU to SUS than that of pure beef. The change in the SSU/
SUS ratio for different triglyceride homologs, however, will
not be the same because the amounts of SSU of these homo-
logs in pork are not present in the same proportion. The
SSU/SUS ratio for CE-43 (carbon equivalent (CE) is the
total number of carbon atoms in the fatty acid chains of
derivatized triglycerides) will, thus, change more significant-

ly than that for CE-41. On the other hand, the ratio for CE-
45 will not change much because the percentage of SSU of
this carbon is present in pork in very small amounts.

Pork-Beef Mixtures

To study the effect on SSU/SUS ratios of adding pork to
beef, mixtures of beef and pork ranging from 0 to 50% pork
were prepared and processed, and their triglyceride composi-
tion was determined. Results obtained (Table 1) showed that
the ratio for CE-41, CE-43, and the sum of CE-41 and CE-43
increased with increasing amounts of pork in the mixture.

Table 1. Derivatized triglyceride SSU/SUS ratios9 of beef-pork
mixtures (processed)

Pork concn,
% CE-41 CE-43 Totalé
0 0.68 + 0.02 0.38 + 0.023 0.43 + 0.02
1 0.70 £ 0.015 0.41 + 0.015 0.47 + 0.015
3 0.74 £ 0.02 0.44 + 0.015 0.51 £+ 0.016
5 0.78 £ 0.012 0.47 £ 0.015 0.56 £ 0.014
10 0.90 £ 0.01 0.64 £ 0.01 0.72 £ 0.01
30 1.27 £ 0.013 1.12 + 0.007 1.14+ 0.01
50 1.86 £ 0.008 1.87 £ 0.01 1.85+ 0.01

“ Average of 5 replicate analyses + standard deviation.
0SSU (CE-41 + CE-43)/SUS (CE-41 + CE-43).
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Figure 2a.  Plot of pork concentrations (0-50%) In beef vs derlva-
tized SSU/SUS ratios: o CE-41; A CE-43; O Total.

The addition of a small amount of pork (3%) caused a signifi-
cant increase in CE-41 and CE-43 as well as in the sum of
both. The increase of the SSU/SUS ratio with the increasing
amounts of pork appears to be linear as illustrated in Figure
2a, but the value for 30% pork was slightly out of trend
probably because of experimental error. No significant dif-
ferences in the ratios of SSU to SUS were observed between
fresh and processed beef, mutton, or pork.

When the ratios are plotted against low percentages of
pork in beef, the linearity of these curves can be seen more
clearly (Figure 2b). In this graph, the curve for CE-41 was
very linear and showed a steady increase in the SSU/SUS
ratio. The curve for CE-43 was not as linear, and the value for
5% pork was slightly out of trend. The curve for the sum of
CE-41 and CE-43 followed the same pattern as CE-43.
These figures show that the addition of pork to beef affected
the ratios and, hence, the ratios can be used for detection
purposes. The reproducibility of these ratios at low percent-
ages was not very high, and correct integration of the peak
area in the chromatogram becomes critical. Even under the
best conditions, some variations were observed. In the case of
beef, these variations were not very high, and the values
remained close for the same sample run many times. Analysis
of duplicate sample preparations also gave quite close results.

SSU/SUS RATIOD

5 6
< PORK IN BEEF

Figure 2b. Plot of pork concentrations (0-10%) In beef vs derlva-
tized SSU/SUS ratios: O CE-41; A CE-43; O Total.

Table 2. Derlvatlzed triglyceride SSU/SUS ratios™ of mutton-
pork mixtures (processed)

Pork concn,
% CE-41 CE-43 Total”
0 0.85 + 0.018 0.65 = 0.022 0.70 =+ 0.02
1 0.87 = 0.016 0.70 + 0.015 0.74 + 0.015
3 0.91 £ 0.02 0.88 £ 0.015 0.85 £ 0.017
5 0.95+ 0.014 0.96 £ 0.013 0.95+ 0.013
10 1.12 + 0.015 130+ 0.01 1.20+ 0.012
30 1.40+ 0.011 2.40 = 0.013 2.10 £ 0.012
50 1.70 £ 0.01 3.10 £ 0.01 2,55+ 0.01

* Average of 5 replicate analyses + standard deviation.
6SSU (CE-41 + CE-43)/SUS (CE-41 + CE-43).

Pork-Mutton Mixtures

Different mixtures of mutton and pork (from 0 to 50%
pork) were prepared (as was done for beef). Table 2 lists the
results obtained for these mixtures. Mutton fat did not con-
tain any appreciable amount of CE-45. As with beef, the
increasing amount of pork in mutton is reflected in the SSU/
SUS ratios for CE-41 and CE-43. As the concentration of
pork increased in the mixture, the SSU/SUS ratio also in-
creased. The relationship of the pork concentration in mutton
mixtures with the SSU/SUS ratio is shown graphically in
Figure 3a. The effect of pork concentration on the SSU/SUS
ratio for CE-41 TG was quite linear except at high pork
concentrations where it seemed to level off. This is apparently
because of the value obtained for the sample containing 30%
pork that was slightly less than expected. The same observa-
tion was made for CE-43 and the sum of CE-41 and CE-43.
The graph, however, is reasonably linear below the 30% level.
Figure 3b shows the graph for the SSU/SUS ratio plotted
against the lower concentrations of pork in mutton. The CE-
41 plot, as for beef, is reasonably linear, whereas for CE-43 it
is slightly off. The plot for the total, however, is acceptably
linear.

The reproducibility of the values for 5% or less pork was
not as good as that for beef, but the difference in values for
pure mutton and mutton containing 1% pork are substantial.
The presence of 3% pork caused such a marked difference
that the variation in the SSU/SUS ratio because of experi-
mental or other errors is easily offset.

A preliminary study of the triglyceride composition vari-
ability of pork showed that sex, breed, diet, and muscle type

0 5 10 15 20 25 30 3% 40 45 50
X PORK IN MUTTON

Figure 3a. Plot of pork concentrations (0-50%) In mutton vs
derlvatlzed SSU/SUS ratios: O CE-41; A CE-43; O Total.
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Figure 3b. Plot of pork concentrations (0-10%) In mutton vs
derivatized SSU/SUS ratios: O CE-41; A CE-43; O Total.

did not affect the triglyceride profile significantly. The rela-
tive amounts of different triglyceride homologs (CE-39, CE-
41, and CE-43) were quite consistent.

Based on these results, liquid chromatographic analysis
can detect pork or lard as adulterants in processed meats. The
detection limit of pork or lard was 1% in beef and 3% in
mutton. The method can be applied to samples that do not
contain meat, but contain fat (e.g., biscuits and other bakery
products). Unlike protein, fat is not affected greatly by heat-
ing or cooking. This method can, therefore, be applied to both
fresh and processed products.
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Liquid Chromatographic-Atomic Absorption Spectrophotometric Method for
Determination of Methyl Mercury in Seafood: Collaborative Study

WALTER HOLAK

Food and Drug Administration, New York Regional Laboratory, 850 Third Ave, Brooklyn, NY 11232

Collaborators: G. H. Alvarez; W. Bargo; T. W. Bruggemeyer; D. Edge; C. Gaston; R. W. Marts; B. Patel

Apreviously developed method that uses a simplified sample prepara-
tion procedure and atomic absorption detection of liquid chromato-
graphic eluates for the determination of methyl mercury in seafood
has been collaboratively studied. The unique feature of the method
involves the use of a specially designed interface for the generation of
mercury vapor. Methyl mercury is isolated from the blended sample
by chloroform elution from a diatomaceous earth-hydrochloric acid
column. The organomercury compound is then extracted into a small
volume of 0.01M sodium thiosulfate solution. An aliquot of this
solution is injected onto a Zorbax ODS column and eluted with
methanol-ammonium acetate solution (3 + 2), pH 5.7, containing
0.01% mercaptoethanol. Mercury is detected by flameless atomic
absorption spectrophotometry using the interface. The samples ana-
lyzed in the study were unspiked swordfish, unspiked and spiked
lobster, and unspiked and spiked tuna. The spiked samples contained
methyl mercury both above and below the U.S. Food and Drug
Administration guideline level of 1 pg Hg/g. Reproducibility relative
standard deviations ranged from 10.5%at 1y Hg/g to 18.2% at
about 0.1 riy Hg/g. Accuracy, measured by comparison to reference
values obtained by the Associate Referee, ranged from 94.4 to 99.6%.
The method has been adopted official first action.

Two AOAC official methods are currently used for the deter-
mination of mercury in foods: the flameless atomic absorp-
tion spectrophotometric (AAS) method for total mercury (1)
and » variations of a gas chromatographic method for methyl
mercury (2, 3). Since the U.S. Food and Drug Administra-
tion (FDA) guideline for mercury in seafood is 1 ppm derived
from methyl mercury, the method capable of speciation is the
method of choice. Several years ago, a liquid chromatograph-
ic (LC) method using flameless AAS for detection was pub-
lished (4). This potentially attractive approach combined 2
popular techniques: LC for separating mercury compounds,
and flameless AAS for sensitive and specific detection. An
interface for generation of mercury vapor was constructed
(5), which is suitable for routine use. The method has been
used in this laboratory for approximately : year to screen
seafood samples for methyl mercury. In addition, an interla-
boratory trial of the method was successfully conducted. As a
result, a number of improvements were incorporated, and the
method was subjected to a collaborative study. The present
paper describes the results of the study.

Collaborative Study

Two samples of swordfish, one tuna and one tuna spike,
and one lobster and one lobster spike were used in the study.
The edible portion of each sample was blended in a food
processor to obtain a homogeneous mass. Ten g (10.00 g)

Received for publication March 31, 1989.

This report was presented at the 102nd AOAC Annual International
Meeting, August 29-September 1, 1988, at Palm Beach, FL.

The recommendation has been approved interim official first action by the
General Referee, the Committee on Residues, and the Chairman of the
Official Methods Board. The method will be submitted for adoption at the
103rd AOAC Annual International Meeting, September 25-28, 1989, at St.
Louis, MO. Association actions will be published in “Changes in Official
Methods of Analysis” (1990) J. Assoc. Off. Anal. Chem. 73, January/
February issue.

portions of each blended sample were weighed into 4 0z wide-
mouth polyethylene bottles. One-half of the bottles contain-
ing 10 g portions of lobster and tuna samples were spiked
with aliquots of aqueous solutions of methyl mercuric chlo-
ride standard measured by micropipet. Lobster and tuna
were spiked at 0.40 and 2.30 1i,,. respectively. The sword-
fish samples already contained the desired levels of methyl
mercury, so they were used unspiked.

Before the interlaboratory study was initiated, the samples
were repetitively analyzed in this laboratory to obtain a refer-
ence value, as well as to check for homogeneity and stability.
Only the tuna spike exhibited some loss of mercury during
storage. Initial recoveries were quantitative, but after ap-
proximately 2 weeks the value stabilized at 1.87 , .., . corre-
sponding to a recovery of 74.8%. To confirm the above result,
this sample was analyzed by the AOAC flameless AAS
method (1). A value of 1.86 jtg/g was obtained, confirming
the accuracy of the earlier findings. The following summa-
rizes the Associate Referee’s data, mean, + standard devi-
ation (n = s), »ss. and range, respectively: swordfish (1),
1.08 + 0.080 (0.99-1.119); swordfish (2), 1.68 + 0.0109
(1.57-1.87); tuna, 0.15 +0.015 (0.14-0.18); tuna spike, 1.87
+ 0.092 (1.74-2.00); lobster spike, 0.42 + 0.021 (0.39-0.44).

Duplicate portions of each sample were sent to each collab-
orator. The samples were randomly numbered so that the
presence of duplicates was not identified. The samples were
stored in a freezer and shipped frozen under dry ice. They
were allowed to thaw to room temperature prior to analysis.
Each collaborator also received an LC/AAS interface, a
copy of the method, instructions, a practice sample, and a
practice sample spiked with 1fig Hg/g in the same manner as
the unknowns. The collaborators were instructed to analyze
the practice sample and the spike and then to proceed with
the unknowns if recoveries were 100 £ 10%.

The collaborators were instructed to add 15.00 g of 1.8N
HC1 to each sample in the bottle and to mix the contents with
a Polytron homogenizer. Ten-g (10.00 £ 0.30 g) portions of
the fine suspension thus obtained were to be weighed for
analysis.

Mercury (Methyl) in Seafood

Liquid Chromatographic-Atomic Absorption
Spectrophotometric Method

First Action
Method Performance:
sr=0.02-0.12; sR= 0.03-0.25; RSDr = 4.5-18.2%;
RSDr = 10.5-18.2%

A Principle

LC effluent is heated to produce Hg vapor from organo-
mercury compounds. Hg vapor, together with vaporized mo-
bile phase, is directed into water-cooled condenser where
mobile phase is liquefied. Hg vapor is swept with nitrogen
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Fig. A—LC/AAS Interface. Assemble as described in D. (1) Disk

heater; (2) flow meter; (3) pyrometer; (4) short condenser; (5)

rubber stopper; (6) stainless steel tubing; (7) trap; (8) boiling flask;

(9) stainless steel tubing; (10) and (11) plastic tubing; (12) electri-
cal connection to variable voltage transformer.

into absorption cell in light path of atomic absorption spec-
trophotometer.

B. Apparatus

Wash all glassware with detergent (Micro Laboratory
Cleaner, International Products, Trenton, NJ 08601; or
equivalent) and rinse thoroughly with hot tap water followed
by distilled or deionized water. Rinse with acetone and let
dry.

(@ LC/AAS interface—See Fig. A. Assemble as de-

scribed in D. (1) Heater (HSP disk heater, 120 V, 200 W,
3.25 in. od X 11/32 in. thick, Leo C. Pilkus, 170 Worcester
St, Wellesley, MA 02181) with magnesia and alumina insu-
lation, 1in. thick. (2) Flow meter (No. 7908, Alltech Asso-
ciates, Inc., 2051 Waukegan Rd, Deerfield, IL 60015). (3)
Temperature-indicating device (pyrometer, series 7000, 0-
1370°C, 3.5 in. case, part No. 7035K2500; thermocouple, TJ
18-CAIN-116G-6-LUG, Omega Engineering, One Omega
Dr, Stamford, CT 06907). (4) Short condenser, 175 mm
jacket length, T 24/40 (Aldrich No. Z11,545-4). (5) Rubber
stopper, No. 5, solid neoprene (No. 14-141F, Fisher Scientif-
ic Co.). (6) Stainless steel tubing, 1/16 in. od, 0.04 in. id (No.
38.3067, Rainin Instrument Co., Mack Rd, Woburn, MA
01801). (7) Trap, test tube, 125 X 15 mm. (8) Boiling flask,
2-neck, 500 mL (Kontes No. K605000). (9) Stainless steel
tubing, two 6 in. lengths (see item 6). (10) Plastic tubing,
spaghetti type, 0.057-0.067 in. id (No. 13-9045-12, Ace
Scientific Supply Co., Inc., 40-A Cutter Ln, East Brunswick,

NJ 08816). (11) Plastic tubing, spaghetti type, as connector
to AAS system (see item 10). (12) Electrical connection,
standard 120 V plug, to variable voltage transformer.

(b) LC pump—Tracor 950, or equivalent, with 100 pL
fixed loop injector (Rheodyne, Berkeley, CA).

(c) LC column.—Zorbax ODS, 5/im, 4.6 mm X 25 cm
(DuPont).

(d) Guard column.—7 cm X 2.1 mm id, packed with 25-
37 ¢im CO:Pell ODS (Whatman, Inc., Clifton, NJ; or equiva-
lent).

(e) Atomic absorption spectrophotometer.—Equipped
with Hg hollow cathode lamp, deuterium background correc-
tor, and gas flow-thru cell with open ends or quartz closed
ends (10-25 mm id X 100-115 mm). Follow manufacturer’s
operating instructions for Hg determination using wave-
length of 253.7 nm and deuterium background correction.
Typical response for injection of 0.100 pg Hg/100 pL stan-
dard is ca 0.20 A, using cell 25 mm id X 115 mm. Use
recording device set to obtain ca 30-50% full scale for injec-
tion of 0.100 pg Hg/100 pL standard. Working range is
between ca 0.C1 and 0.25 pg Hg/100 pL injected.

() Glass chromatographic columns.—25 mm od, 22 mm
id, X 250 mm.

(g9) Homogenizer.—Polytron with PT-10-ST head (Brink-
mann Instruments, Westbury, NY), or equivalent.

(h) Variable transformer.—0-140 V.

C. Reagents

(Use water double-distilled in glass.)

(@) Sodium thiosulfate solution.—0.01N. Dissolve 2.5 g
Na:S203<H20 and dilute to 1L with water.

(o) Hydrochloric acid solution.—1.8M. Dilute 148 mL
concentrated HC1 to 1L.

(c) Celite 545.—Acid-washed (Johns-Manville Products
Corp., Denver, CO).

(@ Methyl mercuric chloride stock standard solution.—
100 pg Hg/mL. Weigh 0.125 g CH3HgCI (Alfa Inorganics,
Inc., Danvers, MA) into 1 L volumetric flask. Add 20 mL
methanol, shake to dissolve CHsHQgCI, dilute solution to
volume with water, and mix. (Caution: See 51.079.)

(€) Ammonium acetate solution.—0.05M. Dissolve 3.9 g
ammonium acetate and dilute to 1L with water.

(f) Mobile phase.—Methanol-0.05M ammonium acetate
(3 + 2). Mix 3 volumes of methanol with 2 volumes of
ammonium acetate solution and adjust pH to 5.7 + 0.2 with
glacial acetic acid. Degas with He. Add 0.1 mL 2-mercap-
toethanol/L immediately before use. Shake very gently to
thoroughly mix, taking care to incorporate as little air as
possible into solution.

D. Instrument Set-Up

Fig. A is a diagram of the LC/AAS interface. Compo-
nents are placed inside shop-made box of dimensions shown.
Box has Plexiglas door at front, and back and top are remov-
able. Items 1, 2, and 3 are bolted to sides of box.

Set up remaining items as follows: Bend 30 in. stainless
steel tubing (item &) as shown to provide additional heating
surface. Place bent portion, together with thermocouple ele-
ment, between 2 disks of heater, which are held tightly to-
gether by screw at center of upper disk. Enclose heater as-
sembly in 1 in. thick magnesia-alumina insulation, and se-
cure to aluminum plate support by means of aluminum cover
and screws.

Push stainless steel tubing from heater outlet through cen-
ter of rubber stopper (item 5) so that end of tubing is near
constricted portion of condenser when stopper is inserted
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tightly into top of condenser. Push 2 additional s in. lengths
of stainless steel tubing through rubber stopper to serve as
nitrogen inlet and Hg vapor outlet, respectively. Connect
these lengths of tubing to flow meter and to test tube trap,
respectively, by means of spaghetti-type tubing. Connect
nitrogen tank to flow meter by means of spaghetti-type tub-
ing and standard Swagelok fittings and unions.

Connect outlet from LC column to 0.01 in. id stainless
steel tube, which is connected to inlet of heating tube by
standard 1/16 in. Swagelok fittings and zero dead volume
union.

Connect outlet of test-tube trap (spaghetti tubing, item
11) to AAS cell by small rubber stopper inserted into side
arm of cell.

E Operating Conditions for LC/AAS Interface

(@ To turn system ON.—(7) Adjust mobile phase flow
rate to 0.7 mL/min. (2) Introduce water into condenser. (5)
Adjust nitrogen sweep to 0.1 L/min (tank pressure 15 psi and
10.0 setting on flow meter). (4) Gradually adjust tempera-
ture of interface heater to 550° (transformer setting ca 65).
(5) After temperature reaches 550°, check system stability
by injecting several aliquots of methyl mercury standard
solutions. Retention time of methyl mercury is 5-6 min.
Precision between methyl mercury peak heights should be
<5%. Inject all standard solutions to check linearity. If these
parameters cannot be achieved, check for leaks or, after long
use, replace effluent tubing.

Note: To conserve analytical standard solutions, another
set of standards of same concentration may be prepared by
direct dilution of stock standard solution with 0.01N
Na2S2Cx. Use these standards only for instrument checking.
To prepare 0.05, 0.100, 0.150, 0.200, and 0.250 pg Hg/100
pL, dilute 100 pg Hg/mL standard solution with 0.01N
Na:S:Gs solution as follows: 1, 1, 3, 2, and 5 mL to 200, 100,
200, 100, and 200 mL, respectively.

(o) To turn system OFF.—(7) Turn off interface heater
and let cool to near room temperature. (2) Shut off other
components, but DO NOT shut off mobile phase flow while
heater is hot. If this is done, carbon may deposit and clog
effluent tube. For same reason do not pump neat organic
solvents, such as methanol, to clean column while heater is
hot. (5) After heater has cooled to room temperature, pump
methanol to rinse column.

F. Preparation of Samples

Use only edible portion of seafood. Homogenize sample in
blender or food processor. Water (double-distilled in glass)
may be added to aid homogenization, but added water must
be accounted for in final calculation. Weigh 10.00 + 0.30 g
(wet) portion of homogenized sample into 100 mL beaker.
Prepare analytical solution by adding HC1 solution so that
mass of analytical portion plus HC1 solution totals 25.00 +
0.30 g. Blend analytical solution in homogenizer (ca 1 min)
to obtain fine suspension. Immediately weigh 10.00 g homog-
enized solution into beaker containing 10 g Celite 545, and
mix well. Quantitatively transfer mixture, with aid of Scu-
pula™, to chromatographic column, B(f), containing pledget
of glass wool at bottom. Compact mixture moderately with
tamping rod to height of ca s ¢cm, and place pledget of glass
wool on top.

Elute column by adding 20 mL followed by four 5 mL
aliquots of CHCIs. Collect first 20 mL eluate in tall 25 mL
glass-stopper graduated cylinder. Add 4.0 mL Na:Sz203 solu-
tion by pipet, shake mixture gently 1min, and let stand 5min.
Using disposable pipet, transfer upper aqueous layer contain-

ing methyl mercury-thiosulfate complex together with any
emulsion into 25 mL erlenmeyer. Blow moderately strong
stream of nitrogen into flask for 1.. min to break up emul-
sion and expel droplets of c 1 ¢ 13. (Note: To aid in breaking
emulsion, hold and rotate the flask at 45° angle with one
hand, and direct nitrogen stream at thin layer of emulsion
that adheres to bottom of flask as it rotates.)

Note: Some species of seafood may produce cloudy ex-
tracts. If this occurs, extract may be filtered through mem-
brane filter.

G Preparation of Reagent Blank Solution

Prepare reagent blank analytical solution by weighing
25.00 g HC1 solution into 100 mL beaker. Proceed as in
Preparation of Samples, F, beginning “Immediately weigh

10.00 §...

H. Preparation of Standard Solutions

Prepare 0.050, 0.100, 0.150, 0.200, and 0.250 pg Hg/100
ph standard solutions by adding, respectively, 20,40, 60, 80,
and 100 ph aliquots of CH3HgCI stock standard solution, (d),
to 20 mL CHClIs in separate 25 mL glass-stopper graduated
cylinders. Proceed as in Preparation of Samples, F, begin-
ning “Add 4.0 mL Na.S:0 s solution. . .”.

|. Determination

Inject 100 pL aliquot of sample solution (0.100 g injected
for 10.00 g analytical portion) into LC/AAS system. After
methyl mercury peak appears, inject 100 ph aliquot of stan-
dard solution that produces peak height equal to or slightly
higher than sample peak height. Repeat by injecting sample
again followed by selected standard. If sample peak height is
higher than peak height for highest standard, dilute appro-
priate aliquot of sample (not less than 1.00 mL, using positive
displacement pipets) with Na2Sz03 solution. Account for
dilution in final calculation.

J. Calculation

Additional dilutions must be accounted for in final calcu-
lation. Do not vary injection volume.

Measure peak heights above baseline and calculate meth-
yl-bound mercury concentration in sample, pg Hg/g, by
comparing average peak heights of sample solution to aver-
age peak heights of standard solution as follows:

Hg, pg/g = (R/R")X(W'/W)

where R = average peak height of sample solution (A); R' =
average peak height of standard solution (A); W = amount
standard injected (pg Hg); W = amount sample injected (g),
and

W = (D/E) X[FX (0.100 mL/4.0 mL)]

where D = mass of analytical portion (g); E = mass of
analytical solution (g); and F = mass of analytical solution
added to Celite (g).

If necessary, correct A for sample solution for A for corre-
spondingly diluted blank solution. Quantitation limit, de-
fined as 10X standard deviation of reagent blank, is 0.006 pg
Hg/100 mL injected. This corresponds to quantitation limit
0f0.06 pg Hg/g for 10 g sample treated according to method.

Ref.: JAOAC 72, November/December issue (1989).
CAS-7439-97-6 (mercury)

Results and Discussion
Six collaborators submitted their results on the forms pro-
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Table 1. Collaborative results for determination of methyl
mercury (/ig Hg/g) In seafood by LC/AAS method

Swordfish  Swordfish Tuna Lobster
Coll. (D %) Tuna spike Lobster  spike
Reference3 1.08 1.68 0.15 1.87 0.03 0.42
1 1.15 1.52 0.15 1.90 0.0 0.44
1.20 1.61 0.15 197 0.0 0.41
2 1.00 1.49 0.16 1.78 0.0 0.42
1.10 1.66 0.14 1.80 0.0 0.38
3 1.30 1.82 0.18 1.97 0.05 0.47
1.00 1.94 0.11 2.19 0.06 0.48
4 1.23d 1.80 0.20* 2.01 0.0 0.41
1.556 1.69 0.20b 1.70 0.05 0.42
5 0.93 1.38 0.13 2.04 0.03 0.37
1.10 1.39 0.15 2.09 0.02 0.32
6 1.12 1.50 0.09c 146 0.05 0.36
1.12 1.50 0.10° 1.44 0.02 0.38
Av. 1.02 1.608 0.146 1.863 0.023d 0.405
Accuracy, % 94.4 95.7 93.3 99.6 — 96.4
S 0.115 0.073 0.027 0.113 — 0.020
RSDr, % 10.5 4.5 18.2 6.1 — 4.9
Sr 0.115 0.185 0.027 0.245 — 0.048
RSDr, % 10.5 11.5 18.2 13.2 —_ 11.8

aAverage of results from Associate Referee’s laboratory, n = 6.

bData not used (see text).

cData determined to be outliers by Dixon test on blind duplicate average value; not
used in statistics.

d Below quantitation limit.

vided to report data in a uniform format. For each laborato-
ry, there were 12 individual concentration values or 72 values
for the entire study (Table 1). One collaborator used a 50 juL
injection loop instead of the specified 100 /;L loop. This
proved to be adequate for all samples except the tuna sample,
which contained only 0.146 ng Hg/g. (The lobster sample
contained Hg below the limit of quantitation and will not be
considered.) The 50 ¢iL injection of tuna sample extract
produced a very low absorbance value on the recorder so that
the signal could not be measured accurately. The original
data from the same collaborator show that the responses of
the standards in obtaining the results for the swordfish 1
sample differed greatly, while the responses of the sample
duplicates were similar. This could indicate a possible prob-
lem with these sets of standards. Consequently, the results for
tuna and swordfish 1 samples from Collaborator 4 were not
included in calculating the statistical parameters.

The Dixon test (6) was applied to identify any stray data
points. This test, which is sensitive to values that lie outside
the range that is expected for randomly distributed results,
was applied to the sum of replicates for each material and for
each spike. Finding any value that does not pass the test
results in the rejection of both replicate partners. Only one
set of values, the results for tuna from Collaborator 6, was
rejected by the Dixon test.

The rest of the data was subjected to an analysis of vari-
ance to estimate the precision between laboratories and be-
tween replicates. The deviation of replication (the within-
laboratory standard deviation, or repeatability (sr)), together
with the corresponding relative standard deviation (RSDr) as
well as the deviation between laboratories (the among-lab-
oratories standard deviation, or reproducibility (sR)), togeth-
er with its relative standard deviation (RSDr), are listed in
Table 1 Repeatability values represent the standard devi-
ation to be expected for a single determination when com-
pared with other results within 1 laboratory.

The reproducibility values represent the standard devi-
ation to be expected for a single determination when com-

pared with other results from many laboratories. The RSDr
values in this study ranged from 10.5% at the 1.ig Hg/g level
to 18.2%at about 0.1 jxgHg/g. Historically, RSDr values for
AOAC studies have been 16 and 23% at 1and 0.1 ng Hg/g,
respectively (7). The accuracy may be evaluated by compar-
ing the average collaborator values for each sample to the
reference values listed in Table 1, i.e., the results obtained by
the Associate Referee. As can be seen, the agreement is quite
good. In addition, the recovery of Hg from the lobster spike
sample was 96.4%.

Collaborators’ Comments

Comments concerning this proposed method were solicited
from each collaborator and most responded positively as well
as with some suggestions, which were considered carefully by
the Associate Referee.

One collaborator inquired about the possibility of doubling
the sample size so that it could be extracted into a larger
volume, making more sample extract available in case of a
chromatographic problem. This is certainly a possibility, but
probably not necessary in most situations; the 4 mL extract is
sufficient for multiple injections. Furthermore, the system
can be tested with the standards provided for that purpose in
the method. The same collaborator suggested some modifica-
tions to the LC/AAS interface in order to facilitate mainte-
nance. The Associate Referee agrees and the future models
will have access from the top for easy replacement of the
tubing.

One collaborator experienced a phenomenon resembling
the memory effect, which was attributed to the interface.
Low standards gave higher responses when injected after
high standards. One explanation suggested the possibility of
active sites within the interface in contact with the mercury
vapor, probably as a result of accumulation of various sub-
stances during long use. It is recommended that the tubing
between the interface and the absorption cell be periodically
changed. The same collaborator observed a small variation in
peak height, depending on the level of mobile phase that had
collected in the round-bottom flask. This has not been ob-
served by the Associate Referee. This variation should not
affect the results because bracketing of samples by standards
is used for quantitation.

Recommendation

The LC/AAS method provides an alternative technique
for determination of methyl mercury in seafood in support of
the FDA guideline level of 1:gHg/g. The proposed method
is an extension of the AOAC flameless AAS method,
25.131-25.133, with the added capability of speciating mer-
cury compounds.

It is recommended that the liquid chromatographic-atom-
ic absorption spectrophotometric method be adopted official
first action for determination of methyl mercury in seafood.
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METHOD PERFORMANCE

Reliability of Repeatability and Reproducibility Measures in Collaborative Trials

K. F. KARPINSKI1

Health and Welfare Canada, Health Protection Branch, Food Statistics and Operational Planning Division,

Ottawa, Ontario K1A 1B8, Canada

The acceptability of a new analytical method is generally assessed in
terms of repeatability and reproducibility estimates derived from a
collaborative study. Procedures are presented for calculating confi-
dence intervals and operating characteristic curves for acceptance
criteria based on the repeatability and reproducibility estimates.
Comparisons of the reliability of estimates are provided for various
numbers of collaborators. With a small number of collaborators, the
estimates of reproducibility are not reliable and decisions regarding
acceptability of a method will be heavily based on the method’s
repeatability rather than the property of most interest, namely, the
reproducibility of the method.

The main purpose of canyirg aut olldorative estson an
arelytacal method stodstermire tte preassianof tremethod
uncer ectual working arditios. Precisionhes 2 componants
which are garerally refarrad 1o as rgestshillity and rero-
ddlity. The rgestebility measure B darnad fran tre
within-Hidooratory \arihillity. This Ba meesure of treari-
hillity among repeatad measurements taken uder presun-
ably intical aditios. The rgaxad.ability measure Ba
aoposite ofwithin-laboratory \erishility and veriatio s in
r=ltsamong loratoriesvwhich arse fran differatcodli-
tiosgedfictotte individal Horaories.

The presant minimum recuirenent far a olldoratne
study conducted under the aupiices of the Associatian of
Official Arellytical Chemiists (AOAC) 6 lratriesand 5
saples - Each ldoratory garerally rus 2 repeat deter—
minetiason eech ofttesaples and thispro/adss asUstan-
tH= amount of data far a pooled estirate of rgestzhillity.
Brenwithas fewas 3 ldoratoriesand 5sanples @spraoosd
faranew “‘cardichte method’” dessification @), the infar-
mation proviced on rgaatzilitymay beadsguate. Honever,
tredetermining fador nealuatirgamethod sitsregorodlc-
iality, and a srall number of olldoratarsmay rot provice
an adegLate kesis o praeerly assess how ldoovatories vary
among themsehves wirth resect to treir systeraticanas.

This artide eplaes sore of tte aoseg e oes of Lsirg a
reclioed number of iooratories nacollidoative stidy. De-
el asessants of satstical prgeerties of rgeatzhillity
and repal cihility estinates are provided far olldoratives
with: 3 Eoatories, as ntteminimum requirerent far e
proposed cardlichte method diessificatin of te AOAC; 6

& N tte arant minimum reguireEtt fr
AOAC olldoatie dsioies; ad 12 Hooatories, anurber
more arsistantwith the nurbers suopested by Youden and
Steirer Q).
Confidence Intervals

Detailed rrstructios faranprahensinve aalysisof ollleb-
aathestioiessare provided Nthes tatistical Manual of the
Aoac @Q-Afterprelimmnrydeds faratasad eststar
horogereity oRariaess, thecata are s bjected toan analy-
ssohariate. For rrdicates, ssaples, and k Horatories,
anaahsisohariareteblecanbearstrutadas nTable L
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Estimates of rqeatshility and rerad cibillity are provid-
ed, respEctively, by

N R-GH(-)SH(- )5

Intepretatinoftte qentitiesdepads ontresale
lﬂedﬂslatstralaml;sls. rfmirarsﬁjmatlmsaqolledto
te dila, tre qentities are inepretad as stachrd dea-
aws. Faslyss hes been camad at on te retural kg
sk, treqentities are intepreted ss “‘asffidetsoheria-
.tiu,.]qm 7

Inaslytical studies, there lsa strog tadaoy theqres
precision N terns of tte aefhiaetoheriataan (CV).- This
goears 10 stem fran tre fact that aslytical aras often
gopear o be nultiplicative ratter then actitihve ad, aose-
qatly, trevariane fregently inoressss as the cocentra-
o Inessss namaner ach tret te CV 6 rdAivdly
arstait Thus tte CV Ba ananiait dinasianless sum-
mary measure of precision in this sittetion, and aslysis of
tre data Suld be coducted on tre kg sEle. Although
resits nthisrgaort oould be gollied eq el iyvel l ostardard
cbviatias cerived fram an aslysis of untransformed chta,
e ramaining disassion willl be restriced 10 CVs derinved
frana kgsakeaahsis.

A 95% anficace intenal far rgeatshility (CW) spro-
vided by

(100 >/n3s|/xS,(9%m* 100

where X13Q) daotes tre 100a parantile of tre chi-spare
astriuon with ns dsgrees of fresdon. For rpraclcibillity
O), nneact nenal eddts, huta good goproximate 95%
atficace nteral sproviced by

17x(U25))

ST

]m§_8?+—g-82+-—-8f (?S‘i

G- v g?_*_, -
K2

10— s?2+— -S| +-— -s1+ St
T T

.. €y sajrin

This formula shessd on tre inenalsginen by Graybilll ad
Wang @ for lirer anbinatios of dhi-sopare \ariebles;
\alles of L tand Hi must be calaullated fram teblles
nJdm @. For tte 3aess arsicerad nttis|gaort, Li ad
Hi alussare Il nTable 2. Mathematical cetailsrelatayg
totreane nendalsare provided ntte Agpadix.

Reaults fraon a colldoratie study by Sen etd. ©) were
s o illstrate tre relative megnirtuoes of tre anficane
nenaks. Senetd. () hed coducted enaelysison tre kg
ke ad presnted tre folloving estinates of the variane
aporats:
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Table 1. General analysis of variance table
Source of variation Degrees of freedom Mean square Expected mean square
Between laboratories nl=k- 1 ? = ez or %J,I ﬂjz_
Between samples s—1 —
Laboratory-sample Interaction n2= (k- I)(s- 1 02=<Z +r9s
Between replicates n3= ks(r- 1) 03=<
Table 2. Coefficients for reproducibility confidence Intervals
Case < Lo Ls H, h2 h3
k=3 s=5r=2 0.7901 0.5758 0.4758 22.5849 2.3146 1.2758
k=6,s=5r=2 0.6520 0.4322 0,3745 4.0556 1.0884 0.7437
k= 12,s=5r=2 0.5245 0.3243 0.2872 1.6831 0.5699 0.4648
«=01r #6s=0.06 <«w€=018 The prdznilitiesofactLal lyacceptirg ar regjectirgametih-
Usiing tresenalles, VW= 17%ard Cvb = 27, Degreesof -~ v atLiatybeacaiositeof trepdzbilities nf ig re
freadon for the varias mean sgares were cllalated es Aol S presented ol

thouph these estimates hed arisen fram tre 3 cllldboratines
arsicerad nthisgaort. The reuiirganfidae Initsare
presated nTable 3

Operating Characteristic Curves

While ttere do ot gpear 10 ke any strictguacklires far
asessirgamethod, adscision rule framenork can be postu-
bied ssfdlo's:

@ acopt rgestchility ifthe dosened CVw < 240, re-
Jectrgeatahillity iftre doserved CVW> 24%;
@@ aoept rgxalability i tte doserved CVb < 40k,
rgject rgyaLaility iftte doserved CVb> 40%.
The 40% limit for tre dosened CVb Barsistat with tre
rage axrsicerad o e acoepisble inthe suney of olldora-
tives studied by Homwitz et d. (). Howitz et d. (@) ako
rgorted thet doserved CVw/dosened CVb'wes garerally
doet 0.6 ad hence 24% (= 06 X 40%) wes tHken ssa
reesaeble Iimitfortre dosernad CVWC

Qperating daeradaristic (O0) aunes farrule () ae pro-
vided nAigure 1where treprdebility of rejectairgametihod
splotied sopirst tte e CVW_For riqgrall.aility, nosigle
stofOC arves can ke arstruoted. This Bdle o tte fact
ttet informatdon on both betwea and within-letoratory
corponents of veriation Brecessary I tte calaulation of
prdzailities. OC ares (Fguae2)vere trereforearstruct
ad far tre geaEl e where CVW B24% and  looratory-
sarple interaction srediliciole. This aeeconregats otte
sittatin where the within-leboratory variace an tte kg
ke Bafoalastatad tre e nttetneCVbare
etirely due o imoressd betwen-ldboratory \ariance. In
prectice, CVW Bknown tosare degree sineedasive testiry
will heve been codlcted na dringtedelp-
ment stegss and a nugpadess testwilll heve been aorplieted.
0C anesauld trereforebe drawn ss nFHgure 2, Lsig this
estimrated CVW to datain OC aunves which may be more
releattottepartiada method eing teste. OC anestar
otter Gss can be determined usig the mathamatics aut-
lired ntte Appardix.

Table 3. Example 95% confidence Intervals for log scale
analysis with a = 0.17, alS= 0.096, and aL = 0.18
CV k=3s=5r=2 k=6s=5r=2 k=12s=5r=2

CVW (12.6%, 26.3%)
CVb  (19.6%, 95.4%)

(13.6%, 22.7%)
(21.1%, 47.2%)

(14.4%, 20.7%)
(22.3%, 36.6%)

G2 nFigure 2 Assuming theta method must sstasly oth
theCVWand CVbaitariatobe acepted, saresofprdabillity
anes have been alalated far olldooative stidieswith 3
ltoratories (Figure 3), ollsatihestLdieswth 6 laorato-
res(Figare4), and ol ldoaiestuoieswith 12 looratories
(guaeH).As nAgare 2, tre laoratory-sanple interactin
wes assured ke regfligidle.

Adxtilities of rejectirg a method with a qeecific carbi-
retion oftre CVWand e CVbcan be essiily cerinved fram
these ggds. Wirthin each grgh, the trie CVW determines
tregugriatepdebilityane. Thisane sused todeter—
mine the rejection rdaebillity conrespading o tre goecified
trie CVhb. Ilistratios of prdzbility cetermiratias far 2
eample (CW,CVDHanbiratiasareproviced nFHguaes 3,
4, ad 5; tre rggection prdsbilliiess are sumarized nTeble
4

A notenorthy point regarding ttese grgds ste Inpor-
taeofCVWielane oCVbiardssigswith diffaratnum-
bersof Hoyatories. From Aigure 5, tsevicnt tret, with 12
Eoaores, mess neter te rgesizbility or ro-
d.abilitymessure rest na repid ineese ntte prdxbili-
ty of rejetirg a nethod. Figure 3 illstiaies tet, with 3
Hoaories, tre prdxbility of amethod alo -
aessss fairly repidly ss is rgestshillity prgoerties deterio-
rae. Honever, fraryspaaﬁccvw ﬂeprdmmypdiles

are quite TEL. Therefore, with 3 Hoakries, the decision
regarding ttemethod ity vall be besd lagelyan
ti;?igeﬂnd’srqmaililyaﬁ roton tremethod Sreoroduc-
ity
Conclusions

Assessrent of repestzbillitymay be ade ately arriedaut
withalldorative study inovirg es fewas 3 Hiratories.
With dplicte cetermiretios and a siffiaet numoer of
saples, aabstantial anount of catavialll e asilble fara
pooled estinate of rgaatzhillity. With an inareesad nuber
ofpartichats, estirates and ceaisios regarding rgeatzbi |-
ity walll be more relieble and dances are etter of detectarg

Table 4. Examples of rejection probabilities derived from
Figures 3, 4, and 5
True CVWY True CVh 3 Labs 6 Labs 12 Labs
% % (Fig. 3 (Fg. 4 (Fig. 5)
20 30 0.21 0.10 0.02
20 50 0.61 0.73 0.85
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Figure 1. Repeatability OC curves for collaborative studies with 5
samples, 2 replicates, and rejection limit of 24% for CVW
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Figure 2. Reproducibility OC curves for collaborative studies with

5samples, 2 replicates, CVWE= 24%, ols2 = 0, and rejection limit of
40% for CVh.
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Figure 3. Probabilities of rejecting method in 3-laboratory collab-

orative studies with rejection limits of 24% and 40% for CVWand

CVh, respectively. Lines illustrate probability determinations for

(true CVW true CVb) combinations of (20%, 30%) and (20%,
50%).
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Figure 4.  Probabilities of rejecting method in 6-laboratory collab-

orative studies with rejection limits of 24% and 40% for CVWand
CVb, respectively. Lines illustrate probability determinations for
(true CVW true CVb) combinations of (20%, 30%) and (20%,

50%).
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Figure 5.  Probabilities of rejecting method in 12-laboratory col-

laborative studies with rejection limits of 24 % and 40 % for CVW\and

CWhb, respectively. Lines illustrate probability determinations for

(true CVW true CV,,) combinations of (20%, 30%) and (20%,
50%).

atliasvwhich might ataficelly nflaie the dsened aeffy-
aatsohaiaio. Hovever, tremargiral gairs n informe-
‘toon rgestsbility may rot pstify tte inoessed ast ofa
lager ol loative study.

Reduction intte number of participating iooatories hes
amuch greater inpect on estimates and testsofamethods
repalcihility. Relisble estirates of reprad .aibillity camot
ke dotaired fran a cllsoratine stuoy noivirganly 3 leb-
aalories. Decisias regarding the acoptzhility of amethod
would be heavily besed on tremethod S repesizbillinty ratrer
tente of most intarest na olldoratine study,
rerely, tte rpradlability of ttemetiod.
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Appendix

The qentities of intarestwill be taken tobe tre stadard ceviatias ar CV /100, deparding anvhetier trearalysis ishesad
ontreaigrrel salearon tre kg salke, regedinely. Inarttercase, with rotationss nTable 1, e 2qentities of iarestare

oadyjol +o{s +<j2
ad are estinated by

s>" d

Conficence inenalsand praebility staterents regarding recestebility Tollovdirectly from the fct tret

For maad ahility, the g entity
1 _
s s6-n T

hestteform”™ Q Sawith

Q >oadCs3=1
ni20i
ity diistrilbuted as dhi-so are \aricles wirth n, degrees of frescom, and

Z c's'
asanubliaadestiratorofs =V Cis, = ?—_1(a' + ols + TB)-
Trerefore, as in Gabill ad Wang @), the dortest ubiesad goproxinete anficenee ntenals far rgaad cibility are
provided by
A 12 w
L.CBF ™! Qs+ AH T2

wherel; = 1- g; adHj = -1+ 1I/R2withhallesof Fn and Foigihven nddm G-

Baluation of tre qerating daraderistic (00) anes far rqaad aibillity sbesd on a Garollary provided in Hielss @)
aeming the distrituion of lirear anbiratians of dhi-spare \aerisbles. The reguirad prdability staterats can be
eqresslas

2 18 12 g

I:”gsig-}-lrs 03 d3 ~ 18
which, after settrga~s = R2< and @*= Riaz ad rearraging t&ns,
_pp KA+ R+ IR) " L CRaLis2 P u, e+ ri+ ROK2
k-1 k-1 J
where Ui~ X>i= 1.2, 3 Forghenvalltesofa2, Ri, and R2,trecaditiasoftte Herss @) Garol lary are stisfiedand tre re-
ouired pradeality isgnen by
w™N L, 2 s n
22 f f wo2 “w,. 1(].-wz-w3)¥_1 Xn dwadws
mA

Jo Jo

n X awi

w2+ w3<1
WL=1-Ww2-W3
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wheren=ni + 12+ n3,

kd + rR2+ 1sRj) k@ + rR2 k@ + Ri + R2K2
= . &P—n a3=I1 , Z=
k-1 : k-1
Fortreparticulargplicatiion nthisrgorto: = a2 wes takenasafvedknonn ouentityand R 2= 0. Thus, TaranygivenQlb, Ril
Boetermined by
.  (CV/100)2

A nuerical integration rautiire usirg Simpson S rulevies ussd toevalLate tre ntegyal.
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MICROBIOLOGICAL METHODS

Hydrophobic Grid Membrane Filter/MUG Method for Total Coliformand Escherichia coli

Enumeration inFoods: Collaborative Study

PHYLLIS ENTIS

QA Laboratories Ltd, 135 The West Mall, Toronto, Ontario M9C 1C2, Canada

Glldorators: J. Allen; M. E. Aroroso; W. Bamentery, C. Barker; C. Bedard; P. Bolesaak; R. Bad; O. Bracciadiets;
K. Catherwood; G. dristan; D. Gristasm; D. Gnley; P- M. Davidsm; S. de Goste; D. Doaheniuc; C. Dranzek;

A.  P. Duran; R. Foster; C. Fox; A Fiad; . Garda; S. Hankiins; K. Heattn; P. Heiddaradht; M. Hilgg
Ph‘kmsL.Jnss L. Kegrer; J.E. Kemedy, T; E. Kotsices; R. F. Krelger; M.

irbothem;
=M. M. Lister; C. Mayfield;

M. S. McDonalld; W. A. McGraw; S. Mcintyre; G. E. Millad; M. E. Milllirg; E- Nath; P. K.l\ielsm J.J Qxel;
E H. Rtersn; 1 M. Plerfar; S. M. Polanidie; V. Sirth; J.W. Starer; G. D. Staut; C. Strayer; C. Taylar;
S. S Tharpson; S Viante; J \\ahers; T. Way; J Wempe; S.Vhite; P. Willsm; J. Zalagy; F. D. McClure (statistical

Consultant)

Twenty-four laboratories participated in a collaborative study to
validate a hydrophobic grid membrane filter (HGMF) method incor-
porating the use of 4-methylumbelliferyl-/S-D-glucuronide (MUG)
for enumeration of total coliform and Escherichia coli bacteria in
foods by comparing its performance against the AOAC 3-tube MPN
method (46.013-46.016). Raw milk, raw ground poultry, whole egg
powder, cheese powder, and ground black pepper were included in the
study. The total coliform methods did not differ significantly, except
that the 3-tube method detected a significantly higher level of total
coliforms than did the HGMF method in the ground black pepper.
Conversely, the HGMF/MUG E. coli method detected significantly
higher numbers of E. coli present in the egg powder, cheese powder,
and ground black pepper samples, while not differing significantly
from the 3-tube method for the raw milk and raw ground poultry
samples. The overall confirmation rate of MUG-positive colonies
isolated using the HGMF method was 99.5%. The hydrophobic grid
membrane filter/MUG method has been adopted official first action
as an additional method to AOAC official final action method
46.030-46.034.

A hydrophdbicgridmenbrane filler (HGMF) enumeratian
method usilg M-FC agar far total ocollifoms ad
bikeagar fare scherichia coli Was adgpted by AOAC n 1934
(46.030-46.034) (D). The methad hes performed velll; how-
aq, tre4-h reascitation stepand 44.5°C indataon tem-
perature gecified fare. coli are somenhat inaneniet
Sirtelhﬂerremxlsv\ereainm i ion of4neth-
yviutellifaryl-/3-D-gluoranice (MUG)  intooolifommedia
hes been introcbod for diffaetal enureration ofe. coli
and hes gradlally gained acoptane. We redssiged tre
HGMF ol colifomyE. coli method to take aedvantege of
tepgeErtiesofMM UG o1 )elimirate treeleated tenpera-
ture iatm, (2) elimirate tre 4-h ressatation, ad Q)
aarbine tre oAl olifomad . coli enueration on a
sirgleHGMF . The new method wes sLbjected tocetailled -
house\alichtionover 25 food prodLct categories (frenuscriipt
N prgaata), ad ves at kst equnalant nmoaall per-
formence o tte AOAC 3-tue most prdasble number

(MPN) method (46.013-46.016) (D). The presat rgort

Received for publication March 20, 1989.

This report will be presented at the 103rd AOAC Annual International
Meeting, September 25-28, 1989, at St. Louis, MO.

The recommendation has been approved interim official first action by the
General Referee, the Committee on Microbiology and Extraneous Materials,
and the Chairman of the Official Methods Board. The method will be
submitted for adoption at the 103rd AOAC Annual International Meeting,
September 25-28, 1989, at St. Louis, MO. Association actions will be pub-
lished in “Changes in Official Methods of Analysis” (1990) J. Assoc. Off.
Anal. Chem. 73, January/February issue.

cesiles tte realts of a clldooatine study of the new
HGMF tolal colifomyE. coli enumeration method.

Collaborative Study

Twerty-four EHoratores ok part n tre study. Seven
ltoratories prticiated n e raw milk and raw groud
poultry segrents of tre stdy. Thirteen o 18 Hooatories
todk part ntte aalysis ofF groud bladk pageer, whole g
, and deeseponcer. The ldooratries inohed ntte
aelysis of eech food product are irdicatsd in Teblles 1-11,
rduae. Each clldorator reeiead a anplete sstof -
sinoios, datadeets, and asstof6 ar 8 saples (seTeble

12) foreech portinoftrestdy inwhich tte
particyatg. The Associiate Referee fumided HGMFs, il
tratinunits (Where nescd), ardtrmrgajlmsﬁrlalme
nmonersingluouraeteagar (LMG) and bufferadM U G acar
BwW), tre 2 media required far te HGMF metihod; &l
natenalsmereﬁmﬂﬂjwmmlldnaurgldnam-

'I'hemilkad poultry meat were retural ly contaminated
with colifamsand E. coli. Prodlction ltsof raw milk ad
raw groud poultry were soreered nadvance and dosn o

ick lov, nockrate-, ad high-aaunt sanples of trese
and deese ponder were inooullated with a gdhilliczed mix-
tureofe. coli (GANED), Enterobacter aerogenes, Entero-

bacter agglomerans, Klebsiella pneumoniae, ad citro-

bacter freundii, targeted o produce lov YY), modkerate
@A), ad hich G00/Q) kdks of td olifons ntre
saples. The targeted ratiooft . coli toottercolifons intte
iroulaves gooraxinetely 121 The iroaula vere prepared
and mixed nto the sarplles as desoribad previasly @).

The clldooative study was camied aut oer a 5-week
periad, with eech product analyzed during a sgarate week.
Oollaoratorsvere asked toaralyze dll sarples both by tre
HGMF method and by tte AOAC 3-tuke MPN nethod,
46.013-46.016 (D). Procedures far tre methods were fol-
loned thraugaut, et tresarple dilutio5(S) tobe tested
1hed by the Associate Referee.
reported 3-tuemethodM PN /
gamL adHGMF MPN/garmL fardlsaples, and alo
reported dll raw dala. To \alichie tre geahaty of te
HGMF MUG reectian ©OE. coli, colldoyators vwere -
structed 1o sbauture 2 MUGHoositive collonies fran each
HGMF and determire Gram resctian, IMViC pattem, and
proclctionofecid/oes in kurl slfate tryptose broth n48 h
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Table 1. Collaborative study results for total conforms in raw milk (MPN/mL) by HGMF/MUG and AOAC 3-tube methods
Coll. 3-Tube method HGMF method

1 2 3 4 5 6 1 2 3 4 5 6

2 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 3.8 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104
3 >1.1 x 103 >1.1 x 103 >1.1 X 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 9.2x 103 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 5.4 x 103
6 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104
20 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1,1 x 103 >1.1 x 103 >1.1 x 103 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 4.6 x 104
22 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104
23 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 8.9x 104 >9.2x 104 2.8x 103 >9.2 x 104 9.6 x102 8.5 x 104

26 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104 >9.2 x 104

Table 2. Collaborative study results for total coliforms in raw milk (MPN/mL) by HGMF/MUG and AOAC 3-tube methods -
reset

Call. 3-Tube method HGMF method

1 2 3 4 5 6 1 2 3 4 5 6
3 24x 105 >1.1 x 10s >1.2 x 105 >1.1 x 106 11x 106 4.6x 105 1.3x 106 1.9x 106 7.2x 105 18x 106 45x 105 18x 105
6 11x 106 >1.1 x 106 11x 10s >1.1X10® 4.6 X105>1.1 x 106 1.6x 106 9.7x 106 11X 107 10x 107 7.4x 106 1.2x 106
22 2.4x 105 >1.1 x 106 >1.1 X 10e >1.1 x 10e >1.1 x 106 15x 105 6.9x 105 15x 10s 7.7x 105 21x 106 1.4x 10e 7.9 x 105

26 >1.1 x 106 >1.1 x 106 >1.1 x 106 >1.1 x 10e >1.1 x 106 >1.1 x 106 12x 106 88x 106 2.6x 106 5.9x 106 10x 107 7.5x 105

Table 3. Collaborative study results for total coliforms in raw ground poultry (MPN/g) by HGMF/MUG and AOAC 3-tube
methods

Coll. 3-Tube method HGMF method
1 2 3 4 5 6 1 2 3 4 5 6

2a  >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 >1.1 x 103 10x 101 20x 101 3.0x 101 22x 103 20x 101 2.0x 101
3 91x10° 43x101 93x101 23x101 23x101 43x 101 20x101 7.0x101 11x 102 20x 101 20x 101 4.0x 101
6 14x 101 46x102 93x101 23X101 23x101 15x 101 3.0x 101 3.1x 102 4.0x 10* <1.0x 101 3.0x 101 6.0x 101
20 75X101 9.3x 101 24x 102 43x101 93x101 11x103 50x101 21x102 10x 102 < 1.0x 101 4.0x 101 2.0x 102
22 23X101 4.6x102 23x101 23x 101 93x 101 46x 102 50x 101 23x 102 50x 101 6.0x 101 16x 102 2.4 x 102
23 9.1x 10° 9.3x 101 43x 101 91x 10° 91x 10° 43x 101<1.0x 101 16x 102 3.0x 101 10x 101 20x 101 6.0x 101
26 43x 101 24x 102 93x 101 23x101 43x101 93x101 10x101 25x102 3.0x101 10x101 20x 101 6.0x 101

“Samples improperly stored due to freezer failure. All data excluded from statistical evaluation.

at3B°C. Any a7, coli I0IESVere tole retested toverify E. coli aouit

e roe Inon BIA.- = 08B045; R=0.330.67; RSDr= 0.048.94;
Toal Conformad Escherichia coli Goutts nFoods RSDr = 0.046.3%
Hydragddoic GridMerrbrane FHerMG Method
ArstActoo A. Principle

Hydrgohabic gridmembrane filla- (HGMF) method uss

Alicble toenuneration oftolal colifomand e scheri- 7 - - e
chia coli becteria indll fook) membrane fille-inprintedwithhydraahobicraterial ingrid

Vethod Rerformance- attam. Hydrophobic Iresact as bamiars tosareed of aollo-
Total colifomooLnt nies, thereby dividirg menbrane filler surface nbbsarate
compartments of eqal and knovn s, Number of s eres

9= 0.11-0.48; R=0.32-03; RSDr= 1.2 8f; oooypied by cloies Benurerated and anverted 1o nost

RSDr = 5.0-38.2% praeblenurber (MPN) valueoforgenists by using fomu-
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Table 4a. Collaborative study results for total coliforms in ground black pepper
(MPN/g) by AOAC 3-tube method

Call. Total coliforms, MPN/g
1 2 3 4 5 6 7 8
1 23x101 93x101 46x103 21x103 43x101 36x10° <3.0x10° 23x101

2 <3.0x10° 11x103 11x104 11x104 93x101 24x102<3.0x10° 15x101
3 <3.0x10° 11x103 46x103 46x103 93x101 43x101<3.0x10° 43x101
5 <3.0x10° 21x101 11x104 11x104 11x103 23x10 <3.0x10° 23x101
7 11x103<3.0x10° 11x104 11x104 11x103 11x103 11x103 11x103
8 24x102 11x103 11x104 11x104 11x103 43x 101 <3.0x10° 15x 102
10 <3.0x10° 15x102 46x103 11x104 11x103<3.0X10° <3.0x 10° <3.0x 10°
14 <3.0x100 72x10° 11x104 11x104 23x101 91x10° <3.0x10° 36x10°
15 23Xx101 21x102 11x104 11x104 75x101 23x101<3.0x10° 36x10°
16 <3.0x10° 24x102 11x104 11x104 11x103 15x101<3.0Xx10° 23x101
17 <3.0x10° 23x101 46x103 46x103 46x102 91x 10° <3.0x10° <3.0x 10°
19 <3.0x10° 11x103 11x104 11x104 24x102 36x10° <3.0x10° 36X 10°
2 93x101 11x103 11x104 11x104 46x102 28x 101 <3.0Xx10° 11x 103
24a <3.0x10 <3.0x10° 11x104 11x104<3.0x 10° <3.0x10° <3.0x 10° <3.0x 10°
26 <3.0x10° 11x103 46x103 11x104 93x101 24x102<3.0x10° 91X10°

aMethod deviation due late initiation of analyses. Data for HGMF and 3-tube methods excluded from
statistical evaluation.

Table 4b. Collaborative study results for total coliforms in ground black pepper
(MPN/g) by HGMF/MUG method

Call. Total coliforms, MPN/g
1 2 3 4 5 6 7 8
1 20x 102 90x102 60x102 12x103 4.0x 101<1.0x 101 <10x 101 80x 101

2 <10x 101 10x101 23x103 29x 103 <1.0x 101 <1.0x 101 < 1.0x 101 <1.0 x 101
3 <1.0x101 40x101 10x103 28x103 6.0x101<10x10 <1.0x 101 10x 10
5 <1.0x101 70x101 37x103 64x103 23x102 <10x101<10x101 10x101
7 <1.0x 101 26x102 61x103<10x102 40x101 10x101<1.0x 101 <1.0x 101
8 60x 101 10x101 40x103 23x103 23x102 <1.0x 101< 10x101 4.0x 10
10 <10x101 12x102 38x103 13x104 20x101<10x10 <10x101 10x 101
14 <10x101 95x108 65x108 11x104 34x102 10x101< 10x101 10x 101

15 33x102 6.0x101 15x103 94x108 51x102 80x10 20x10 < 10x101

5

<1.0x 101 80x101 13x103 69x 103 1.8x 103 <1.0x 101 <1.0x 101 < 1.0 X 10
7 <1.0x101 40x101 31x103 10x104<1.0x 101 10x 101 <1.0x 101 10x 10
19 <1.0x 101 50X101 42x103 33x103 30x101 80x101<10x101 10x 101
21 80x 101 40x101 32x103 26x103 1.0x101 1.0x 101 <1.0x 101 1.0x 101
24a < 10x101<1.0x 101 10x103 19x 103 .Ox 101 <1.0x 101 <1.0x 101 15x 102
26 <1.0x 101 80x101 20x103 13x103 28x102 20x101<1.0x 101 10x 10

aSee corresponding footnote to Table 4a.
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Table 5a. Collaborative study results for total conforms in whole egg powder (MPN/g)

by AOAC 3-tube method

Coll.

1 2
1 46x102 23x101
2 23X 101 <3.0 x 10°
3 24x 102 <3.0x 10°

5 43x 101 <3.0 x 10°

7 9.3x 101 <3.0 x 10°
8 24x102 <3.0 x 10°
9 9.3x 101 <3.0 x 10°

10 15x 102 <3.0 x 10°
n 43x 101 <3.0 x 10°
91x 10° <3.0x 10°
19 9.3x 101 <3.0 x 10°
2 24x 102 <3.0 x 10°

26 43x 101 <3.0 X 10°

Total coliforms, MPN/g

3 4

43x101 23x10

93x101 23x101
93x10 91x10°
43x101 36x10°
93x10 73x10°
93x101 15x101
20x101 91Xx10°
21x101 43x101

43X10 91x10°

5

4.3x 101
4.3x 101
4.3x 101
23x 101
9.3 x 101
91x 10°
3.6 x 10°
4.3x 101
36x10°

<3.0x 10° <3.0x 10° <3.0x 10°

43x 101 3.6x 10°
24x 102 21x 101

23x 101 91x10°

23x 101
23x 101
23x 101

6

11 x 103
24x 102
24 x 102
24 x 102
9.3x 101
24x 102
9.3x 101
4.3x 101
24x 102
36X 10°
43x 101
24x 102

24x 102

7 8

46x 102 <3.0 x 10°
43x 10 <3.0 x 1O°
4.3x 101 <3.0 x 10°
24x 102 <3.0 x 10°
9.3x 101 <3.0 x 10°
4.3x101 <3.0 x 10°
46x102 <3.0x 10°
9.3X101 <3.0 x 10°
43x 101 <3.0 x 10°
36X 10° <3.0 x 10°
15x 10 <3.0x 10°
9.3x 101 <3.0 x 10°

43x 101 <3.0 x 10°

aStatistical outlier for 3-tube method. 3-Tube method data excluded from statistical evaluation.

Table 5b. Collaborative study results for total conforms In whole egg powder (MPN/Q)

by HGMF/MUG method

Call. Total conforms, MPN/g
1 2 3 4 5 6 7 8

1 49X 102 <10x101 30x101 10x101<1.0x 101 30x102 20x10 <10x 10
2 40x101 <10x101 < 10x 101 <10x 101 <10x101 40x101 7.0x10 < 10x101
3 30x101<10x101 30x101 10x101 20x10 10x10 3.0x10 <1.0x 10
5 11x102 <1.0x 10 40x101<10x101<10x101 30x10 3.0x10 <10x101
7 30x101<1.0x101 1..0x10 20x10 10x101 80x10 63x103<10x 10
8 90x101<1.0x 100 80x101 10x10 1.0x10" 50x101 8.0x10 <1.0x 10
9 30x101<1.0x 101 30x 101 10x101 1.0x10° 90X10 3.0x102 <1.0x 10
10 30x101<1.0x10° 30x101<1.0x 101 10x101 4.0x 101 <1.0x 101 <1.0x 101

n 4.0x 101 <1.0x 101

10x 102 <1.0x 101 <1.0x 10

25x 102

16a <10x101<1.0x 101 <1.0x 101 <1.0x 101 <1.0x 10 < 10x 10’

19 14x 102 <1.0x 101

10x 101 10x 10

1.0x 10

11 x 102

2.7x 102 <1.0x 10
16x 102 <1.0 x 10’
6.0x 101 < 10x 10

2 50x 10 <1.0x 101 2.0x 102 <1.0x 101 <1.0x 101 13x102 7.0x 101<1.0x 101

26 16x 102 <1.0x 101

30x101 1.0x 10

aSee corresponding footnote to Table 5a.

3.0x 10

12x 102

20x10 <1.0x 10

la. E. coli produce /3-glucuronidase, which degrades 4-meth-
ylumbelliferyl-/3-D-glucuronide (MUG) fluorogenic sub-
strate and releases fluorescent 4-methylumbelliferone.
MUG-positive colonies fluoresce blue-white under longwave
(366 nm) UV light.

B. Apparatus, Culture Media, and Reagents
See 46.B02(a)-(g) and (i)-(r) and in addition:

(a) Longwave (366 nm) UV light source.

(b) Lactose monensin glucuronate agar (LMG).—10.0 g
tryptose, 5.0 g proteose peptone No. 3, 3.0 g yeast extract,
125 g lactose, 0.038 g monensin (dissolved in 10 mL 95%
ethanol), 0.25 mL Tergitol anionic 7, 0.1 g aniline blue
(Colour Index No. 42755. Fisher Scientific Cat. No. A-967,
or equivalent), 0.5 g glucuronic acid Na salt, and 15.0 g agar
diluted to 1L with water (LMG agar, QA Laboratories, Cat.
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Table 6a. Collaborative study results for total conforms in cheese powder (MPN/g) by

AOAC 3-tube method

Coll. Total coliforms, MPN/g
1 2 3 4 5 6 7 8

1 1.5x 102 4.6x 102 <3.0 x 10° 2.4x 102 <3.0 x 10° 2.1 x 101 9.3x 101 2.3x 101
2 9.3x 101 2.4x 102 <3.0 X 10° 2.4x 102 <3.0 x 10° 4.3x 101 9.3x 101 3.6x 10°
3 1.5x 102 4.6x 102 <3.0 X 10° 4.3x 101 <3.0 x 10° 4.3x 101 1.5x 102 2.3x 10"
4 4.3x 101 2.4x 102 <3.0 x 10° 3.9x 101 <3.0 x 10° 9.1 x 10° 2.4 x 102 1.5x 10
5 9.3x 101 9.3x 101 <3.0 x 10° 4.3x 101 <3.0 x 10° 9.1 x 10° 2.4x 102 1.5x 101
7 2.4x 102 1.5x 102 <3.0 x 10° 9.1 x 10° <3.0 x 10° 2.3x 101 9.3x 101 4.3x 101
8 9.3x 101 2.4X 102 <3.0 x 10° 1.5x 102 <3.0 x 10° 2.3x101 9.3x 101 2.3x 101
10 2.3x 101 2.4x 102 <3.0 x 10° 9.3x 101 <3.0 x 10° 9.3x 101 9.3x 101 2.3x 101
n 9.3x 101 2.4X 102 <3.0 x 10° 3.9x 101 <3.0 x 10° 3.6 x 10° 4.6x 102 9.1 x 10°
12 7.5x 101 9.3x 101 <3.0 x 10° 1.2x 102 <3.0 X 10° 4.3x 101 2.4x102 3.9x 101
13+ 9.3x 101 9.3x 101 <3.0 x 10° 4.3 x 101 <3.0 x 10° 2.3x101 4.3X 101 9.1X 10°
14 2.3X 10> 2.0x 101 <3.0 x 10° 4.3x 101 <3.0 X 10° 2.3x 101 4.3x101 2.3x 101
15 4.3x 101 9.3x 101 <3.0 X 10° 4.6 x 102 <3.0 x 10° 4.3x 101 2.4x 102 2.3x 101
éb 7.3 x 10° 9.1 x 10° <3.0 x 10° 1.1 x 101 <3.0 x 10° <3.0 X 10° 1.5X 101 3.0x 10°
17 9.3x 101 4.3x 101 <3.0 x 10° 2.3X 101 <3.0 x 10° 3.6 x 10° 2.4X 102 2.3X 101
20 4.3x 101 4.6 x 102 <3.0 x 10° 2.4x 102 <3.0 x 10° 7.5x 101 2.4x 102 9.1 x 10°
21 1.2x 102 4.6x 102 <3.0 x 10° 9.3x 101 <3.0 x 10° 1.5x 102 4.6x 102 2.3x 101
26 9.3x 101 4.6x 102 <3.0 x 10° 2.4 x 102 <3.0 x 10° 4.3x 101 4.6x 102 9.3x 101

“Method deviation due to incorrect dilution filtered. HGMF method data excluded from statistical evalua-

tion.

“Statistical outlier for HGMF and 3-tube MPN methods. Data from both methods excluded from

statistical evaluation.

No. A-003, is satisfactory). Heat to boiling. DO NOT
AUTOCLAVE. Temper to 45-50°. Aseptically adjust pH to
give final pH of 7.2 £0.1. Dispense ca 18 mL portions into
100 X 15 mm petri dishes. Surface-dry plated medium before
use by inverting partly open for 15-20 min in 35° incubator.

(c) Buffered MUG agar (BMA).—8.23 g dibasic sodium

phosphate, 1.20 g monobasic sodium phosphate, 5.0 g NaCl,
0.1 g 4-methylumbelliferyl-/3-D-glucuronide, and 15.0 g agar
diluted to 1.0 L with water (BMA agar, QA Laboratories,
Cat. No. A-004, is satisfactory). Heat to boiling. Autoclave
15 min at 121°. Temper to 45-50°. Do not adjust pH. Final
pH should be 7.2-7.6. If pH < 7.2 or > 7.6, discard mixture.
Dispense ca 18 mL portions into 100 X 15 mm petri dishes.
Surface-dry plated medium before use by inverting partly
open for 15-20 min in 35° incubator.

C. Sample Preparation

(@ Liquid egg—Use sterile spoon or spatula to thorough-

ly mix sample. Prepare 1:10 dilution by aseptically weighing
11 g egg material into sterile wide-mouth, screw-top bottle;
add 99 mL PT diluent, (g), and 1 tablespoonful of sterile
glass shot. Thoroughly agitate 1:10 dilution to ensure com-
plete solution or distribution of egg material in diluent by
shaking each bottle rapidly 25 times, each shake an up-and-
down movement of ca 30 cm, total time interval < 7 s. Let

bubbles escape. If enzyme treatment is needed (see Table
46:B1), combine 5 mL of 1:10 dilution with 1 mL of appro-
priate enzyme stock solution. Incubate solution 20-30 min in
35-37° water bath. Correct for additional dilution by filter-
ing 1.2 mL of enzyme-treated sample.

(b) Other liquid samples.—Thoroughly mix contents of
sample container. To prepare 1:10 dilution, aseptically trans-
fer 10 mL sample into 90 mL PT diluent, (g), in sterile wide-
mouth, screw-top bottle. Mix by shaking bottle 25 times
through 30 cm arc in < 7 s. If enzyme treatment is needed
(see Table 46:B1), combine 5 mL of 1:10 dilution with 1 mL
of appropriate enzyme stock solution. Incubate solution 20-
30 min in 35-37° water bath. Correct for additional dilution
by filtering 1.2 mL of enzyme-treated sample.

(c) Whole egg powder.—Use sterile spoon or spatula to
thoroughly mix sample. Prepare 1:10 dilution by aseptically
weighing 11 g egg material into sterile wide-mouth, screw-
top bottle; add 99 mL PT diluent, (g), and 1tablespoonful of
sterile glass shot. Thoroughly agitate 1:10 dilution to ensure
complete solution or distribution of egg material in diluent by
shaking each bottle rapidly 25 times, each shake an up-and-
down movement of ca 30 cm, time interval < 7 s. Let bubbles
escape. Prepare 1:100 dilution by aseptically transferring 10
mL of 1:10 dilution into 90 mL PT diluent, (g), and combin-
ing 10 mL of 1:100 dilution with 1 mL trypsin stock solution,
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Table 6b. Collaborative study results for total conforms in cheese powder (MPN/g) by

HGMF/MUG method

Call. Total conforms, MPN/g
1 2 3 4 5 6 7 8

1 <1.0x 101 5.0x 101 <1.0x 101d.Ox 101 <1.0x 101 3.0x 101 6.1 X102 6.0X101
2 9.0x 101 9.0x 101 <1.0x101 8.0x 101 <1.0x 101 <1.0x 101 1.7X 102 1.0X 101
3 21x102 4.3x102 <1.0x101 19x102 < 1.0x101 9.0x101 45x 102 5.0x 101
4 6.0x 101 7.0x101< 1.0x 101 4.0x 101 <1.0x101 3.0x101 4.0x101 < 1.0x 101
5 9.0x101 16x102 <1.0x 101 1.2X102 < 1.0x101 1.0x 101 1.8x102 1.0x 101
7 5.0x 101 1.3x102 <1.0x 101 2.0x 101 <1.0x 101 1.0x 101 1.2X102 3.0x 101
8 1.3x 102 2.4x102 <1.0x101 1.7x102 <1.0x101 10x 101 2.4x102 1.0x 10’
10 14x 10s 3.4x 102 <1.0x 101 11x102 <1.0x 10° 4.0x10 29x102 7.0x 101
n 1.0x 102 5.0x 102 <1.0x 101 1.6x 102 <1.0x 101 4.0x101 2.8x102 1.0x 101
12 6.0x 101 1.8x102 <1.0x101 1.7x102 <1.0x101 7.0x101 2.8x 102 2.0x 101
13a  <1.0x 102 2.0x 102 <1.0x 102 <1.0x 102 <1.0x 102 <1.0x 102 1.0x 102 d.Ox 102
14 10x102 3.0x102d.0Ox 101 10x102<1.0x101 50x 101 4.4x102 8.0x 101
15 19x102 39x102<10x101 9.0x101<10x101 40x101 21x102 3,0x 10

5° 2.0x 101 50x101<1.0x101<1.0x101< 1.0x101 2.0x 101 1.0X102 < 1.0x 101
17 3.0x10° 31x102 < 1.0x101 2.0x101<10x101 8.0x101 29x102 5.0x 101
20 22x102 39x102 <1.0x101 1,2x102 < 10x101 50x101 4.9x102 4.0x 101
21 1.3x102 49x102 <10x101 2.2x 102 <10x101 9.0x101 57x 102 7.0x 101
26 1.0x 102 2.8x102 <10x101 20x102 < 1.0x101 4.0x10* 53x102 8.0x 101

a,bSee corresponding footnotes to Table 6a.

Table 7. Collaborative study results for E, coli in raw milk (MPN/mL) by HGMF/MUG and AOAC 3-tube methods

A1

Coll. 3-Tube method HGMF method
1 2 3 4 5 6 1 2 3 4 5 6

2a 91x10° 91x10° 43x101 15X102 >1.1x103 15x101d.0Ox 10* d.Ox 101 <1.0x 101 d.Ox 101d.Ox 101 < 1.0x 101
3 46x102 46x102 46x 102 2.9x102 >1.1 x 103 2.8x 101 4.4x 102 3.8x102 55x102 4.4x 102 6.3x102 6.0x 102
6b  3.0x10° 3.0x10° 3.0x10° 3.0x10° 15x101 7.2x10° 52x102 3.2x102 6.0x102 27x102 6.0x102 5.0x 102
20 3.6x101 11x103>1.1x103 4.6x102 3.6x101 11x103 84x102 3.3x102 10x103 29x102 13x103 4.4x 102
22 >1.1x103 4.6x102>1.1x103 4.4X101 >1.1 x 103 4.6x102 9.3x102 27x102 10x103 25x102 6.3x102 7.4x 102
23 27x101 28x101 11x101 11x101 7.3x10° 4.6x102 47x 102 43x102 14x103 4.4x102 13x103 7.5x 102
26 24x102 11x103>1.1x103 11x103>1.1 x 103 >1.1 x 103 53x 102 2.7x 102 6.8x102 3.4x102 8.7x 102 5.2x 102

aMethod deviation due to faulty ultraviolet lamp. HGMF method data excluded from statistical evaluation.

bE. coli confirmation tests incomplete. 3-Tube method data excluded from statistical evaluation.

(P). Incubate solution 20-30 min in 35-37° water bath.

Filter entire 11 mL volume to test 1:10 dilution.
Other foods.—To prepare 1:10 dilution aseptically

@

1.2 mL of enzyme-treated sample.

37° water bath. Correct for additional dilution by filtering

weigh 10 g sample into sterile blender jar. Add 90 mL PT
diluent, (g), and blend 2 min at low speed (10 000-12 000
rpm). If enzyme treatment is needed (see Table 46:Bl),
combine 5 mL of 1:10 dilution with 1 mL of appropriate
enzyme stock solution. Incubate solution 20-30 min in 35-

D. Analysis

(See Figs. 46:B1 and 46:B2.) Turn on vacuum source.
Place sterile filtration unit on manifold or vacuum flask.
Open clamp A. Rotate back funnel portion C. Aseptically
place sterile HGMF on surface of base D. Rotate funnel
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Table 8. Collaborative study results for E. coli in raw ground poultry (MPN/g) by HGMF/MUG and AOAC 3-tube methods

Coll. 3-Tube method HGMF method
1 2 3 4 5 1 2 3 4 5 6

2a <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° < 1.0x 101 < 1.0x 101 <1.0x 101 <1.0 x 101 < 1.0 X10’ <1.0 x 101
3 3.6x 10° 91x10° 43x101 9.1x10° 91x 10° 43x101 10x 101 7.0x101 5.0x 101 20x 101 10x101 2.0x 101
4° <3.0 x 10° 14x 101 43x 101 <3.0x 10° 23x101 23x101 10x101 3.0x 101 4.0x 101 <1.0x 101 20x101 4.0x 101
20 23x101 43x 101 4.3x101 3.6x10° 43x 101 46x 102 40x101 9.0x101 11 x102<1.0x101 5.0x 101 2.3x 102
22 9.fx10° 93x101 23X101 23x101 23x101 24x102 30x101 12x102 10x101 6.0x101 12x102 2.0x 102
23 <3.0 X10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° < 1.0x 101 6.0x 101 <1.0 x 101 <1.0x 101 10x 101 5.0 X101
26 15x 101 43x101 43x101 23x101 7.3x10° 23x 101 10x 101 5.0x101 10x101 10x101 10x 101 6.0x 101

“Samples improperly stored due to freezer failure. All data excluded from statistical evaluation.

bE, coli confirmation tests incomplete. 3-Tube method data excluded from statistical evaluation.

Table 9a. Collaborative study results for E. coli in ground black pepper (MPN/g) by

AOAC 3-tube method
Coll. E. coli. MPN/g

1 2 3 4 5 6 7 8
1 <3.0 x 10° 43x101 91X101 91X101 3.0X10° 3.6x10° <3.0x 10° 3.6 x 10°
2a <3.0 x 10° <3.0 X10° <3.0 X101 <3.0 X101 <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°
3 <3.0 x 10° 9.1 x 10° 9.1 X101 3.6X101 <3.0 x 10° <3.0 X10° <3.0 x 10° <3.0 x 10°
5 <3.0 x 10° <3.0 x 10° <3.0 X101 <3.0 X101 <3.0 x 10° <3.0 X10° <3.0 x 10° <3.0 x 10°
7 <3.0x10° <3.0x 10° 91 X101 <3.0 X101 <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°
8 <3.0 x 10° 9.1 x 10° <3.0 X101 <3.0 X101 2.3x 101 <3.0 x 10° <3.0 x 10° <3.0 X10°
10 <3.0x10° 3.6x10° <3.0 X101 <3.0 X101 <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°
14b <3.0 x 10° 3.6 x 10° N/A N/A N/A  <3.0 x 10° <3.0 x 10° N/A
15 <3.0x10° 91x10° <3.0 X101 7.3X101 3.6x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°
16 <3.0x10° <3.0 x 10° <3.0 X101 <3.0 X101 <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°
17 <3.0x10° <3.0 x 10° <3.0 X101 <3.0 X101 <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°
19  <3.0x10° 3.6x10° <3.0 X10° 3.0X10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°
21 <3.0x10° 39x101 91X101 36X101 91x10° 3.6x10° <3.0 x 10° <3.0 x 10°
24°  <3.0x10° <3.0 X10° <3.0 X 10° <3.0 X 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°
26 <3.0x10° 36x101 36x101 36x 101 3.6x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°

“Method deviation due to failure of 45.5°C water bath. 3-Tube method data excluded from statistical
evaluation.

bMethod deviation In samples 3, 4, 5, and 8; E. coli confirmations incomplete. 3-Tube method data for
these samples excluded from statistical evaluation.

“Method deviation due late initiation of analyses. Data for HGMF and 3-tube MPN methods excluded
from statistical evaluation.

forward. Clamp shut by sliding jaws L of stainless steel clamp
over entire length of flanges B that extend from both sides of
funnel C and base D, and rotating moving arm K into hori-
zontal (locked) position.

Aseptically add ca 15-20 mL sterile H2O to funnel. Pipet
1.0 mL of 1:10 dilution (or appropriate volume of enzyme-
treated sample) into funnel. Apply free end of vacuum tubing
E to suction hole F to draw liquid through prefilter mesh G.

Aseptically add additional 10-15 mL sterile H2 to funnel
and draw through mesh as before. Close clamp A to direct
vacuum to base of filtration unit and draw liquid through
HGMF.

Open clamp A. Rotate moving arm K of stainless steel
clamp into unlocked (ca 45° angle) position and slide jaws L
off flanges B. Rotate back funnel C.

(a) Total coliform count—Place HGMF on surface of
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Table %. Collaborative study results for E. coli in ground black pepper (MPN/g) by
HGMF/MUG method

Coll. E. coli. MPN/g

1 2 3 4 5 6 7 8

1 <1.0x 101 1.4x102 5.0x102 5.0x102 4.0x10" d.Ox 101< 10x 101 3.0x 10
2a <10x101 < 10x101d.0x 102 < 1.0x 102 < ax o < 1.0x 101 < 1.0x 101 < 1.0x 10’
3 <1.0x 101 10x101 20x102 < 1.0x 102 <1.0x 10" <1.0 x 101 <1.0x 10' < 1.0x 101
5 <1.0x 101 <1.0x 101 < 1.0x 102 < 1.0x 102 2.0x 10" <1.0x 10' d.Ox 10' < 1.0x 10’
7 < 10x 101 <1.0x 101 4.0x 102 <1.0x 102 <1.0x 101 1.0x10' < 1.0x 10' <1.0x 10’
8 <1.0x 101d.0Ox 101 20x102 < 1.0x 102 10x 101 < ax <1.0x 100 1.0x 10’
10 <1.0x 101 2,0x101< 10x102 <1.0x 102 2.0x 101 < 1.0x 101 <1.0x 10" 1.0x 10'
14b <1.0x 10' < 1.0x101 1.0x 102 < 1.0x 102 <1.0x 10" <1.0 x 101 < 1.0x 101 d.O x 101
15 <1.0x 101 < 1.0x 101 < 1.0x 102 <1.0 x 102 <1.0x 101 < 1.0x 101 <1.0x 101 <1.0x 10'
16 d.Ox 101 2.0x 101 6.0x 102 1.9x 103 <1.0x 101 < 1.0x 101 <1.0x 10" < 1.0x 101
17  <1.0x10' 1.0x10' < 1.0x 102 <1.0x 102 <1.0x 101 < 1.0x 101 <1.0x 10' d.Ox 10'
19 <10x101<1.0x 101 < 1.0x 102 1.0x 102 3.0x 10' d.Ox 10" <1.0x 10' <1.0x 10'
21 <1.0x 101 2.0x 101 2.0x102 5.0x102 <1.0x 101 <1.0x 10" d.0x 10" <1.0x 10'
24c <10x 101 <1.0x 101 <1.0x 101 <1.0x 10’ <1.0x 101d.Ox 101d.0O x 101 <1.0 x 10’
26 d.Ox 101 20x10° 10x102 12X103 4.0x101 1.0x 10' <1.0x 10' <1.0x 10’

a,b,cSee corresponding footnotes to Table 9a.

Table 10a. Collaborative study results for E. coli inwhole egg powder (MPN/g) by
AOAC 3-tube method

Coll. E. coli. MPN/g
1 2 3 4 5 6 7 8
1 1.5x 10" <3.0 x 10° 1.5x 101 3.6 x 10° 2.3x 10" 1.1 x 103 7.5x 10" <3.0 x 10°

2a <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°

3 2.4x 102 <3.0 x 10° 3.6 x 10° <3.0 x 10° <3.0 x 10° 2.3x 101 <3.0 x 10° <3.0 x 10°
5 4.3x 10" <3.0 x 10° 4.3x 10" 3.6 x 10° <3.0 x 10° 2.3x 101 1.5x 101 <3.0 x 10°
7 9.3x 101 <3.0 x 10° 4.3x 10" <3.0x 10° 3.6x 10° 2.3x 107 9.3x 10" <3.0x 10°
8 4.3x 10" <3.0 x 10° 9.3X 10" <3.0 x 10° <3.0 x 10° 2.4x 102 9.1 x 10° <3.0 x 10°
9 2.3x 10" <3.0 x 10° 7.2x 10° <3.0 x 10° <3.0 x 10° 2.3x 107 2.4 x 102 <3.0 x 10°
10 9.1 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° 9.1 x 10° <3.0 x 10° <3.0 x 10°
1 4.3x 10" <3.0 x 10° 3.6x 10° <3.0 X 10° <3.0 x 10° 2.3x 101 3.6x 10° <3.0 x 10°

16 <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°

19 4.3 x 10" <3.0 x 10° 9.1 x 10° <3.0 x 10° <3.0 x 10° 2.3x 101 <3.0 x 10° <3.0 x 10°
21 4.3x 107 <3.0 x 10° 9.3x 101 <3.0 x 10° <3.0 x 10° 9.3x 101 2.3x 10" <3.0 x 10°
26 4.3X 10" <3.0 X 10° 9.1 x 10° <3.0 x 10° <3.0 x 10° 2.4 x 102 3.6 x 10° <3.0 x 10°

“Method deviation due to failure of 45.5°C water bath. 3-Tube method data excluded from statistical
evaluation.

predried LMG (B)(b) plate. Avoid trapping air bubbles be- negative. Convert positive square count to MPN with the
tween filter and agar. Incubate 24 + 2 h at 35°. Count all formula

squares containing one or more blue colonies. Include any

shade of blue. Score each square as either positive (blue) or MPN = [N loge{N/(N —x))]
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Table 10b. Collaborative study results for E. coli inwhole egg powder (MPN/g) by

HGMF/MUG method

Coll. E. coli, MPN/g
1 2 3 4 5 6 7 8

1 49x102 <1.0x101 3.0x10l 10x101 <1.0x10" 3.0x102 2.0x10" <1l.0x10'
2a 40x 101 <10x101 <10x101 <10x101 <10x101 4.0x101 80x 10" <10x 101
3 20x 10" <10x101 <10x101 <10x10' <10x10' 20x10" <1.0x10" <1l0x10'
5 11 X102 < 1.0x 101 4.0x101 < 1.0x 10" <10x10' <10x 10" 3.0x 10" < L.0x 101
7 <10x101 <1.0x101 1.0x10l <10x101 <10x10" 6.0x10° 6.0x103 < 1..0x 101
8 9.0x 101 <1.0x101 7.0x10l <10x10' <10x10" 4.0x10° 6.0x10' <10x101
9 3.0x101 <10x 101 10x101 <10x10' <10x10" 7.0x10" 2.2x102 < 1.0x 10
10 3.0x101 <1.0x101 1.0x101 <10x10' <10x10" 4.0x101 <1.0x 10" <1.0x 10’
11 4.0x 101 <10x101 <10x 101 <10x10' <1.0x10' 3.3x102 < 1.0X101 < 1.0x 10'
16 <1.0x101 <10x101 <10x101 <10x101 <1.0x101 <10x10° 31x102 < 1.0x 10’
19 1.0x 102 < 1.0x 101 <1.0x 101 <10x101 <1.0x 10l 7.0x101 <1.0x 10" <1l0x 10’
21 50x 10’ <10x101 17x102<10x10" <10x10l 12x102 4.0x10' <1.0x 10

26 15x102 <1.0x101 <1.0x 10" <10x 10" <10x 10" 12x102 <10x 101 <1.0x 10

“See corresponding footnote to Table 10a.

where N = total number of squares and x = number of
positive squares. Multiply by reciprocal of dilution factor and
report as MPN of total coliform bacteria/g.

(b)
fer HGMF to surface of predried BMA, (B)(c), and incubate
2 h at 35°. Examine HGMF under longwave (366 nm) UV
light in darkened room. Count all squares containing one or
more large (filling > 25% of square) blue-white fluorescent
colonies. Do not count squares containing only pinpoint colo-
nies or colonies fluorescing some other color. Score each
square as positive (large, blue-white fluorescent colony) or
negative. Convert positive square count to MPN with formu-
la in (a). Multiply by reciprocal of dilution factor and report
as MPN of E. coli/g.

Ref: JAOAC 72, November/December issue (1989).
Results and Discussion

All reported total coliform and E. coli recovery data were
checked for correct determination of conventional and
HGMF MPN indices and for correct calculation of dilution
factors, and were rounded to 2 significant figures. These data
are reported in Tables 1-11. All data were converted to logio
for statistical analysis.

Data omitted because of significant method deviation, as
well as statistical outliers, are listed below. Where these
occurred, data from both the 3-tube method and HGMF
method were omitted from calculation of sample means;
however, only the data from the affected method were omit-
ted from calculation of repeatability and reproducibility pre-
cision estimates. Collaborator 2 used a faulty ultraviolet
lamp for the HGMF E. coli enumeration in raw milk. Col-
laborator 2 also experienced freezer failure, which resulted in
incorrect storage of their raw ground poultry samples, and
experienced a temperature control problem with their
45.5°C water bath. All affected data were omitted from

E. coli count.—If coliforms were present in (a), trans-

statistical analysis as specified in footnotes to the relevant
tables.

Collaborator 6 carried out the 3-tube method E. coli con-
firmations incorrectly in both the raw milk and raw ground
poultry samples. Their E. coli data by the 3-tube method for
both of these foods were excluded from statistical analysis.
Collaborator 13 filtered the wrong dilution of cheese powder;
their total coliform and E. coli data for the HGMF method
were excluded from statistical analysis. Collaborator 14 did
not complete the E. coli 3-tube analysis on samples 3, 4, 5,
and 8 of the ground black pepper series. Collaborator 24 set
up the black pepper samples several weeks late.

In addition to the above, the total coliform data reported
by Collaborator 16 for the 3-tube method and the HGMF
method in cheese powder, and for the 3-tube method in whole
egg powder, as well as the E. coli data reported by the same
collaborator for the 3-tube method in cheese powder were
determined to be statistical outliers by the rank score test (3)
and were excluded from statistical analysis.

Notwithstanding efforts to minimize the time interval be-
tween screening and collaborative analysis of raw milk sam-
ples, total coliform counts in all raw milks were far higher
than anticipated. To recover data on this sample series, col-
laborators who had retained the residual samples were re-
quested to repeat the HGMF and 3-tube method total coli-
form analyses at a higher dilution. Four collaborators were
able to do this. These data are reported separately as “total
coliform—reset” in the appropriate tables.

The data from each food product category and analysis
were subjected to 3-way analysis of variance (ANOVA), and
precision estimates were determined for each sample pair, as
well as overall precision estimates for each food and analysis.
The results of the comparison of method means, together
with repeatability and reproducibility statistics, are reported
in Table 13 for total coliforms and in Table 14 for E. coli.
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Table 11a. Collaborative study results for E. coli In cheese powder (MPN/g) by AOAC

3-tube method.
Coll. E, cori, MPN/g
1 2 3 5 6 7 8
1 15x 102 4.6x 102 <3.0 x 10° 24x 102 <3.0x 10° 15x 101 9.3x 101 3.6x 10°

2a <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°

<3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°

3 15x101 23x101<3.0x10° 23x101<3.0x10° 91x10° 7.5x101 3.6x 10°
4 <3.0x10° 7.3x10° <3.0x 10° 3.6x 10° <3.0x 10° 91x 10° 3.6x 10° <3.0 x 10°
5 91x10° 23x101<3.0x10° 7.3x10° <3.0x 10° <3.0x 10° 4.3x 101 3.6x 10°
7 23x 100 23x101<3.0x10° 91x10° <3.0x 10° <3.0x 10° 4.3x 101 23x 101
8 1.5x 10" 93x 10" <3.0x10° 91 x 10° <3.0x 10° <3.0x 10° 15x 101 3.6x 10°
10 9.1x10° 91 x10° <3.0 x 10° <3.0x 10° <3.0 x 10° 3.6x 10° 4.3x 101 3.6x 10°
n 9.1 x10° 9.3x101<3.0x10° 23x 101 <3.0x 10° <3.Cx10° 15x 101 3.6x 10°
2 23x101 93x101<3.0x10° 75x10" <3.0x 10° 43x101 24x102 23x101
13b 15x 101 23x 101 <3,0x10° 3.6x10° <3.0x 10° 3.6x 10° 4.3x 101 <3.0 x 10°
14 3.6x10° 7.2x10° <3.0x10° 15x101<3.0x 10° 91x10° 4.3x101 91x 10°
15 23x101 23x101<3.0x10° 15x101<3.0x10° 7.3x10° 23x10" 3.6x 10°

16c <3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°

17 21x101 91x10° <3.0x 10°
20 <3.0x10° 23x101<3.0x10°
21 91x10° 21x 101 <3.0 x 10°

26 2.3x 101 4.6x 102 <3.0 x 10°

9.1 x 10°

9.1 x 10°

9.1 x 10°

2.4x 102 <3.0 x 10°

<3.0 x 10° <3.0 x 10° <3.0 x 10° <3.0 x 10°

<3.0 x 10° <3.0 x 10° 2.3x 101 <3.0 x 10°

<3.0x 10° <3.0 x 10° 15x 101 3.6x 10°
<3.0x10° 1.5x101 23x10° 91x 10°
43x10" 24x102 9.1x10°

aMethod deviation due to failure of 45.5°C water bath. 3-Tube method data excluded from statistical

evaluation.

bMethod deviation due to incorrect dilution filtered. HGMF method data excluded from statistical evalua-

tion.

Statistical outlier for 3-tube MPN method. 3-tube MPN method data excluded from statistical evaluation.

Total coliform counts obtained by the HGMF and 3-tube
methods were statistically equivalent for raw milk, raw
ground poultry, whole egg powder, and cheese powder. The
3-tube method recovered significantly more total coliforms
from ground black pepper than did the HGMF method.
Conversely, HGMF E. coli recoveries from ground black
pepper, whole egg powder, and cheese powder were signifi-
cantly higher than 3-tube method results, and HGMF E. coli
recoveries from raw milk and raw ground poultry were statis-
tically equivalent to the 3-tube method.

For total coliform analysis, the HGMF repeatability vari-
ance (sr2) was significantly less than the corresponding 3-
tube MPN sr2in 4 sample pairs, significantly greater in 2,
and equivalent in 8. For E. coli analysis, the HGMF sr2was
significantly less than the 3-tube method sr2in 5 sample pairs,
significantly greater in 2, and equivalent in 7 (F-test; P <
0.05). The repeatability results are reasonably consistent
with those for a previous collaborative study (4) to compare
the HGMF method to a 3-tube MPN method (46.013-
46.016), as well as with the in-house validation studies car-
ried out preparatory to this collaborative study (manuscript
in preparation).

Several collaborators commented that the lactose-positive
(blue) color reaction on LMG agar was strong on the under-

side of the HGMF, but weak in the colonies. The intensity of
color reaction on LMG agar is dependent on the source of
aniline blue dye used in the medium. Since the completion of
the collaborative study, we have surveyed a number of
sources for aniline blue and have found the one specified in
the HGMF method in the present report to be the most
effective. Some of the black pepper samples used in the
collaborative study were naturally contaminated with Kleb-
siella sp. This organism did not produce a clear-cut lactose-
positive colony reaction with the dye source used in the study,
which resulted in underestimation of the true total coliform
population by the HGMF method. These same samples pro-
duce an easily readable lactose-positive reaction with the
source of aniline blue recommended. The performance of the
aniline blue dye used in the collaborative study was almost
certainly the reason for the lower total coliform counts pro-
duced by the HGMF method in the black pepper.

To validate the specificity of the MUG reaction on BMA,
collaborators subcultured a total of 396 MUG-positive colo-
nies from HGMFs and subjected them to the complete con-
firmation protocol described. Of those colonies, 394 (99.5%)
were confirmed to be E. coli. An additional 31 MUG-positive
colonies were isolated, but the confirmation procedure was
incompletely carried out. The confirmation rates of MUG-
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Table 11b. Collaborative study results for E. coli in cheese powder (MPN/g) by

HGMF/MUG method.

Call. E. coli. MPN/g
1 2 3 4 5 6 7 8

1 < 1.0x 101 5.0X 101 < 1.0x 101 <1.0x 101 < 1.0x 101 3.0x 101 6.1 x 102 6.0 x 101
2a 5.0x 101 6.0x 101 < 1.0x 101 8.0x 101 <1.0 x 101 <1.0x 101 9.0x 101 1.0x 101
3 1.9x 102 3.3x 102 < 1.0x 101 1.4x 102 <1.0x 101 4.0x 101 2.4x 102 3.0 x 107
4 6.0 x 10" 5.0X 101 < 1.0x 101 3.0x 101 < 1.0x 10" 3.0x 101 2.0x 101 < 1.0x 101
5 4.0x 101 8,0x 101 < 1.0x 101 3.0x 101 < 1.0x 101 <1.0x 101 9.0x 101 1.0x10"
7 7.0x 101 2.0x 102 < 1,0x 101 4.0x 101 <1.0x10" 3.0x 101 1.2x 102 2.0x 10~
8 1.0x 102 1.7x 102 <1.0 x 101 1.3x 102 < 1.0x 101 <1.0x 101 1.0x 102 1.0x 10"
10 1.3x 102 2.3x 102 <1.0 x 101 8.0x 101 < 1.0x 101 2.0x 101 2.2 x 102 6.0 x 10"
n 8.0x 101 2.7x 102 < 1.0x 101 7.0x 101 <1.0x 10" 2.0x 101 1.6x 102 3.0x 10"
12 3.0X 101 1.8x 102 <1.0 x 101 1.7x 102 <1.0x 101 6,0 x 10" 2.6 x 102 2.0x 10~
13b < 1.0X 102 1.0x 102 <1.0 x 102 < 1.0x 102 < 1.0x 102 <1.0 x 102 1.0x 102 <1.0x 102
14 8.0x 101 1,9x 102 < 1.0x 101 7.0x 101 < 1.0x 101 2.0 x 10° 2.6 x 102 5.0 x 10"
15 1.5x 102 2.4x 102 <1.0x 101 5.0x 101 < 1.0x 101 1.0x 101 8.0x 101 2.0x 10°
16¢c 1.0x 101 1.2x 102 < 1.0x 10" < 1.0x 101 < 1.0x 101 3.0x 101 1.5x 102 < 1.0x 107
17 3.0x 101 2.2x 102 < 1.0x 101 <1.0x 101 <1.0x 101 6.0x 101 1.8x 102 2.0 x 10"
20 1.2x 102 4.2x 102 <1.0x 101 9.0x 101 <1.0x 101 3.0x 101 2.7 x 102 3.0X 10"
21 1.1 x 102 2.7%x 102 <1.0x 101 1.3x 102 <1.0x 101 7.0 x 10" 3.2x 102 5.0x 101
26 7.0x 101 2.0x 102 <1.0 x 101 1.3x 102 <1.0x 101 3.0x 101 3.1 x 102 4.0X 10”

a,b'cSee corresponding footnotes to Table 11la.

positive colonies isolated from each food product are summa-
rized in Table 15.

Numerous researchers have documented the specificity of
/3-D-glucuronidase activity. In 1976, Kilian and Bulow (5)
surveyed a total of 615 strains of Enterobacteriaceae and
Vibrionaceae. Of the 113 strains of Escherichia coli included
in that study, 109 (96.5%) were glucuronidase positive. Only
25 (5%) of the 502 non-E. coli were glucuronidase positive.
All 25 were Shigella. None of the other species of Enterobac-
teriaceae and none of the Vibrionaceae exhibited any gluc-
uronidase activity. Another more recent survey by Trepeta
and Edberg (6) of glucuronidase activity among 258 strains
of Enterobacteriaceae produced similar results. Seventy-two
of 75 strains (96%) of E. coli were positive for glucuronidase

Table 12. Replicate sample pairs prepared for collaborative
study

Sample3
Food 123456 7 8
A e AEESBA= -
Guddakpgppr D B A A B C D C
Wdeeppotr A D B C C A B D
Checse pondy B ADBDCATZC

aPair A: high count, or naturally-contaminated lot A
Pair B: moderate count, or naturally-contaminated lot B
Pair C: low count, or naturally-contaminated lot C
PairD: uninoculated control

b\lalura\ly-con!aminaled product. No uninoculated control samples.

activity, whereas only 9 of 183 strains (4.9%) representing
other species of Enterobacteriaceae were positive. The 9
positive strains consisted of 6 Shigella and 3 Salmonella.

A number of researchers have also documented the speci-
ficity of /3-D-glucuronidase for E. coli detection in naturally
contaminated samples. In 1982, Feng and Hartman (7) de-
scribed a multiple tube-MPN method for E. coli enumera-
tion in which 4-methylumbelliferyl-/3-D-glucuronide (MUG)
was incorporated in LST broth. As part of their study, they
determined the glucuronidase activity of 198 strains ofgram-
negative bacteria, including 120 E. coli. Of the E. coli, 116
strains (96.7%) were glucuronidase positive. Eight of the
other gram-negative bacteria were also positive, including 6
strains of Salmonella and 2 Shigella. Their E. coli confirma-
tion rate of MUG-positive tubes from naturally contaminat-
ed food and milk samples was 91%.

In 1984, Robison (8) described a presence/absence test for
E. coli which made use of MUG in a nonselective enrichment
broth. That method produced a false-positive rate of 4.8%.
The author indicated that all of the false-positive results
could be traced to streptococci. In that same year, Alvarez
(9) reported using MUG in 3 different media for E. coli
enumeration, namely, LST broth, VRB agar, and m-Endo
broth. His reported confirmation rates ranged from 90 to
96%, depending on the test format.

Three studies were reported in 1985. Moberg (10) sur-
veyed 1297 naturally contaminated samples and found only
18 (1.4%) false positives. These were all due to Staphylococ-
cus ssp. Koburger and Miller (11) incorporated MUG into
EC broth for E. coli enumeration in oysters. They analyzed
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Table 13. Means and precision estimates by sample pair for total conform enumeration by HGMF/MUG and AOAC 3-tube methods

Precision estimates8

Sample Geometric mean,
pair Method count/g or mL Sr Sr RSDr, % RSDr, %
Raw milk
A HGMF 5.6 X 104 0.143 0.419 3.0 8.8
3-Tube 1.1 X 103 0.000 0.000 0.0 0.0
B HGMF 5.1 X 104 0.126 0.666 2.7 14.1
3-Tube 1.1 X 103 0.000 0.000 0.0 0.0
C HGMF 9.1 X 104 0.000 0.000 0.0 0.0
3-Tube 1.1 X 103 0.000 0.000 0.0 0.0
Overall HGMF 6.4 X 104 0.110 0.454 2.3 9.5
3-Tube 1.1 X 103 0.000 0.000 0.0 0.0
Raw milk— reset
A HGMF 8.2 X 105 0.317 0.295 5.4 5.0
3-Tube 5.2 X 105 0.122 0.392 2.1 6.9
B HGMF 2.2 X 106 0.247 0.591 3.9 9.3
3-Tube 7.5 X 10s 0.365 0.344 6.2 5.9
C HGMF 3.9 X 106 0.079 0.394 1.2 6.0
3-Tube 1.1 X 106 0.000 0.000 0.0 0.0
Overall HGMF 1.9 X 106 0.236 0.444 3.8 7.1
3-Tube 7.5 X 105 0.222 0.301 3.8 5.1
Raw ground poultry
A HGMF 1.9 X 101 0.246 0.324 19.2 25.3
3-Tube 2.1 X 101 0.167 0.301 12.6 22.8
B HGMF 4.2 X 101 0.294 0.307 18.1 18.9
3-Tube 5.1 X 101 0.393 0.397 23.0 23.2
C HGMF 1.3 X 102 0.307 0.327 14.5 15.5
3-Tube 1.3 X 102 0.549 0.562 26.0 26.6
Overall HGMF 4.7 X 101 0.283 0.320 16.9 19.1
3-Tube 5.2 X 101 0.402 0.433 234 25.2
Ground black pepper
A HGMF 2.9 X 103 0.439 0.439 12.7 12.7
3-Tube 8.3 X 103 0.120 0.206 3.1 5.3
B HGMF 8.3 X 101 0.630 0.734 32.8 38.2
3-Tube 2.1 X 102 0.778 0.756 33.5 32.6
C HGMF 1.3 X 101 0.321 0.298 28.8 26.8
3-Tube 2.4 X 101 0.534 0.814 38.7 59.0
Overall6 HGMF 1.5 X 102 0.480 0.523 221 24.0
3-Tube 3.5 X 102 0.549 0.652 21.6 25.6
Whole egg powder
A HGMF 5.9 X 101 0.269 0.440 15.2 24.8
3-Tube 1.2 X 102 0.401 0.410 19.3 19.7
B HGMF 49 X 101 0.678 0.609 40.1 36.0
3-Tube 6.6 X 101 0.442 0.397 24.3 21.8
C HGMF 1.1 X 101 0.126 0.121 121 11.6
3-Tube 1.5 X 101 0.364 0.396 30.9 33.7
Overall HGMF 3.4 X 101 0.427 0.439 27.9 28.7
3-Tube 49 X 101 0.404 0.401 23.9 23.7
Cheese Powder
A HGMF 2.0 X 102 0.378 0.426 16.4 18.5
3-Tube 1.7 X 102 0.282 0.363 12.6 16.3
B HGMF 7.8 X 101 0.160 0.400 8.5 21.1
3-Tube 7.8 X 101 0.406 0.370 21.4 19.5
C HGMF 3.2 X 101 0.212 0.366 14.1 24.3
3-Tube 2.2 X 101 0.360 0.388 26.8 28.9
Overall HGMF 8.3 X 101 0.267 0.398 13.9 20.7
3-Tube 6.9 X 101 0.353 0.374 19.2 20.3
asSr = repeatability standard deviation; Sr = reproducibility standard deviation; RSDr = repeatability re ative standard deviation; RSDr - reproducibility relative standard
deviation.

ifference between HGMF and 3-tube method overall mean counts is statistically significant.



06See corresponding footnotes to Table 13.

25 naturally contaminated samples. Only 1 (1%) of 103
fluorescent tubes did not confirm as E. coli. Petzel and Hart-
man (12) described a total gram-negative bacteria enumera-
tion medium to which they added MUG for direct E. coli
enumeration. While they did not specify a false positive rate,
they observed that it was necessary to distinguish the natural
dull-green fluorescence of some oxidase-positive bacteria,
such as some species of Pseudomonas, and the bright blue-
white fluorescence produced by the enzymatic breakdown of
MUG. They also indicated that almost all of the false positive
results due to oxidase-positive bacteria arose from colonies
that developed between 24 and 48 h of incubation.

In all of the MUG procedures described to date, 1 of 3
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Table 14. Means and precision estimates by sample pair for E. coll enumeration by HGMF/MUG and AOAC 3-tube methods
Precision estimates®
Sample Geometric mean,
pair Method count/g or mL 3 sr RSD, % RSD,, %
Raw milk
A HGMF 3.3 X 102 0.220 0.704 8.7 28.0
3-Tube 9.1 X 101 0.651 0.932 33.2 47.6
B HGMF 4.4 X 102 0.070 0.739 2.6 28.0
3-Tube 1.6 X 102 0.588 1.028 26.7 46.6
C HGMF 2.0 X 102 0.045 0.579 2.0 25.2
3-Tube 9.7 X 101 0.454 0.985 22.9 49.6
Overall HGMF 5.6 X 102 0.077 0.668 2.8 24.3
3-Tube 2.5 X 102 0.602 0.834 25.1 34.8
Raw ground poultry
A HGMF 15 X 101 0.246 0.324 20.9 27.5
3-Tube 8.4 X 10° 0.167 0.299 18.1 32.3
B HGMF 2.3 X 101 0.294 0.307 21.6 22.5
3-Tube 1.6 X 101 0.393 0.397 32.6 33.0
C HGMF 6.6 X 101 0.307 0.327 16.9 18.0
3-Tube 3.3 X 101 0.549 0.562 36.2 37.0
Overall HGMF 3.0 X 101 0.286 0.355 19.3 24.0
3-Tube 1.6 X 101 0.355 0.566 29.5 47.0
Ground black pepper
A HGMF 2.1 X 102 0.552 0.584 23.8 25.1
3-Tube 3.4 X 101 0.170 0.384 111 25.1
B HGMF 15 X 101 0.179 0.278 16.2 23.6
3-Tube 5.0 X 10° 0.308 0.359 441 51.4
C HGMF 1.0 X 10’ 0.091 0.091 9.1 9.1
3-Tube 3.1 X 10° 0.016 0.027 3.3 5.5
Overall6 HGMF 3.4 X 101 0.339 0.377 221 24.6
3-Tube 8.1 X 10° 0.204 0.307 22.4 33.8
Whole egg powder
A HGMF 5.3 X 101 0.341 0.474 19.8 27.5
3-Tube 3.6 X 101 0.514 0.595 33.0 38.2
B HGMF 2.8 X 101 0.707 0.670 48.9 46.3
3-Tube 1.2 X 101 0.452 0.623 41.9 57.7
C HGMF 1.0 X 10 0.000 0.000 0.0 0.0
3-Tube 3.4 X 10° 0.165 0.180 31.0 33.9
Overall6 HGMF 2.5 X 101 0.453 0.474 32.4 33.9
3-Tube 11 X 101 0.406 0.508 39.0 48.8
Cheese powder
A HGMF 1.6 X 102 0.230 0.301 10.4 13.7
3-Tube 3.5 X 101 0.343 0.516 22.2 33.4
B HGMF 5.8 X 101 0.197 0.384 11.2 21.8
3-Tube 1.2 X 101 0.310 0.468 28.7 43.4
C HGMF 2.6 X 101 0.211 0.301 14.9 21.3
3-Tube 6.0 X 10° 0.265 0.359 34.1 46.1
Overall6 HGMF 6.6 X 101 0.213 0.334 11.7 18.4
3-Tube 1.4 X 101 0.308 0.452 26.8 39.5

basic approaches has been followed. Most of the procedures
incorporate MUG into LST broth or EC broth. Some meth-
ods add MUG to a pour-plate medium, such as VRB agar,
and some make use of MUG in a membrane filter medium.
Virtually all of the methods are designed in such a way that
glucuronidase activity is carried on simultaneously with the
initial growth of the isolate (as opposed to a post-incubation
confirmation).

Incorporation of MUG into LST has some drawbacks with
respect to the interpretation of glucuronidase activity. It is
noteworthy that, despite the problems outlined below, the
lowest confirmation rate reported by any researchers work-
ing with naturally contaminated samples was 90%. As re-
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Table 15. E. coll confirmation rates of MUG-positive colonies

isolated from buffered MUG agar

No. confirmed  No. incomplete

Product No. tested8 E. coli tests*

Raw milk 66 64 (97.0%) 4
Raw ground poultry 53 53(100%) 0
Ground black pepper 38 38(100%) 15
Whole egg powder 71 71 (100%) 2
Cheese powder 168 168(100%) 10
Overall 396 394 (99.5%) 31

“ Colonies isolated and confirmation tests carried out as specified.
b Colonies isolated and confirmation tests incomplete or not carried out as speci-
fied.
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membrane fi lter/MUG method fa-total colifomand e. coli
eureration n fooks be dficd faistactim ss an
adbrtaadl method to dfiad frdl actaan method 46.030-
46.04.
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Turbidimetric Microbiological Assay Results Calculated by a BASIC Computer Program

ELLEN M. ANDERSON

Food and Drug Administration, Division of Nutrition, Washington, DC 20204

A BASIC computer program was used to calculate the results of
microbiological vitamin assays. The program, which incorporates the
official AOAC guidelines for microbiological methods, reduces the
uncertainty inherent in manual curve plotting and interpolation and
minimizes the human error of repetitive calculations. Because the
BASIC programming language is well suited for use on self-contained
personal computers, it can be easily adapted by small laboratories.

With the advent of regasive, parsoal aputers, sl
ltoratories now have aocess o the advantages of conputer—
il data praessirg- By hardling many rautire, rgetitive
Glaiatios, tree sall, s=H-aontarsd ansae
tire ad Hir, prodcing ed reslts tet ae

more arsistat and acorate then manual Glalaios. By
Systematizing daasio s, te elemant of human judgrent B
raroved, and by autorating Glaliatio s, human arasae
minimized. The reslit Bgreater arsisteatyad

Preiasly, omp;teraqolltmosfrmttnolcglcalw—
tanin essays inohad e, epasie caputer Systars
ad/or conplex ad progrars (1-5). In 1973,
Brolud, Heskins, and Hudson (6) provided a corputer gp-
;jlczxmbasedmﬁedﬁcnlAOAC guicHlires farmicro-
baolaacal metihods. They usad a karge mainframe corputer
systan, tte 1BM 33, agedialiad conputer languece (Ap-
plied Programiing Languege) , and are refarae statard.
Although ttework presented here usss asimillar gorcech, i
stalodd forasell, ssH-ataired sstan. The
programing Ia’gfzge Aplesoft BASIC, wes agrelly
cesiged Taran Apple Haomputer but could essillybe adgpot-
ad to otter sall, par=oal aoputers. Data farup © 5
referae statards can be entarad.

The program dsals ediusiely with claulatios ussd
cetermire vitamin pota oy The aocauracy of tte frdl resllts
depads ot anly on data proasssirg, but alsoon tre g allity
oftrearigirel citaand the\allidity of the assay. Kavanaugh
and Ragheb (7) examined tte souraes of eirar nmiadoio-

Received November 17, 1988. Accepted June 29, 1989.
Supporting documentation and a complete listing or a floppy disk copy of
[he computer program are available from the author on request.

laal asays; otter authors ((8-11) have reported on e
\alidity of tte assey. Deviatias fran normal growth behav—
iarcan inalichte an assey, and dift, whilkch sBadisogay
between the reguoress of the stadard and e et saple,
can radtnater rffidataecesiegronthoftte et
sample e to tte stathrd. Many fedars infllae tte
qalityoftte fird i its; honever, inthisigorttteenpha-
S B Inproving treacourecy of tre laiatio s.

An adire spresanted of the miadoiolagicall method ad
tre reaultirgeqerimantal cila. A desriipion isgivenoftre
aonputer program, which irdiudesasummary oftte qecific
g5 ntreaslysis ad desribes te proosdure inolhvad in
e1er1rg the ntd chia, calmlau the stachrd anes,

Experimental Method and Computer Program Description

Microbiological Method

The miadbiolagical method far vitamins Bartained in
Official Methods of Analysis (12), SEAI0B43.167-43.174;
seaficproceclres far individLal virtamirs follow nsctio s
43.175-43.234. For each stardard virtamin olutian, -5 mL
of starchrd solution isadoked 1o irdivid el testtibes. Simillar—
Iy, 1-4 mL oftestsanple solution of unknoan virtamin con-
Bt B added 1o otter et thes. Water B added where
recsssary ohrimg dll oluias o 5mL. A 5mL amount of
grovth mediun, which irciucks dll tre rutrnents necsssary
far growth of tte gyrgoriate microorgenisn, et the
vitamin of naet, B then added 10 each e, Stardard
tes are prepared N tridlicis; et saplle tuoes are pre-
pared nd.plicie. The tes are dailia, oolated, ad
incoated toallov tre orgenian togrow. Three ininoaullated
blaks ae alo and are used o \arify acogtebly
minimal grosth ntre inaullated blarks, whidh areusd ©©
esteblich tre 100% trarsnittane lbd for the gotoreter.
The tubidity of each of tte raraining Olubios B eter-
mined relative 1o this bedgroud kd. The resultirg data
arsistof 15 turbidisnaluss fareach stadard used G ledls
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Figure 1.  Poini-to-point standard curve and data for 2 test sam-

ples. Sample 1 Is in good agreement with the standard curve;
sample 2 shows poor agreement with the standard curve.

ofadded virtanin ntriplicaie) and 8 turbidity\alues fareach
testsample assayad @ leasofadded vitamin nd plicie).

Computer Program Description

The corputer program arsists of 4 distiit [arts: data
atry, stadard arne alaliatios, Hsarple(}alahlms,
and autput of reslits o a printar. Al cata are enterad in
resooree tog estia s ntte dataentry ssctianof the program
ad ircluk gaeral, statad, and et saaple dita. The
nurber of stadards ussd canvary fran 10 5, ad tte
nurber of et saples assayed canvary fran 1 o @). The
Starchrts data incluck concentration fedtars and 15 tras-
mittance \alles far eech starchrd. The tet sanple data
incluce dilluaon fectos and 8 trarsnittance values fareach
=t saple. Gaeral infamatian, such as assay date ad
ination tire, Baloataral.

The seaod portian of the program usss starclrd cata
detemire stacard anes. The program aerages rplicie
\alLes far eech wolure led far each stardard olution. IF
awy\alLe B2, tteaersge ofimn-zeroalles saladaied.
Each st of 15valles reslits na 6qoint stachrd ane, 5
stirg tre inoaulated blaks, B 1004 trasnittane far 0
mL of added vitamin. Figure 1shons a pointto{oint stan-
cardanead tredata for 2 testsarples.

The third porianof tte program usss stadard anes ad
et sarple chta o arie at firel \alles far tre amount of
vitamin pesat. This procedure, a8 adlired N official
Methods of Analysis (]2) lnol\esﬁe:trgmanqa‘late
stadcard ane and elimiratiry et saple \alues tret =l
ausice treaofflimits fatrestadard ane. The stadard
ane Bud o anert tre turbidinetric resoee of Bt
sarples o correspodirg volunes of starchrd vitamin olu-
o An Boeteminaed fa-tte riplicie et saples;
te 10% ceviation Iimitsare calaulated around ttet aerace.
Test saple values trat =l autsice te ceviataian lmits are
elimirated, the remaining \allss ae aaagd, ad te
amount ofvitamin presmt ntte testsanplle salaiaed.

The assay By \allid between 05 ad 45 mL added
vitaminon agihenstarcird ane, ad tre percat trasnint-

tae\alus orresading o tteautoffpints are claulaied

MICROBIOLOGICAL ASSAY ---- SAMPLE NUMBER: SAMPLE 1
NUTRIENT SURVEILLANCE BRANCH
TEST VALUES 9/22/88

65.3 64.8
44.3 43.9
35.1 35.7
27.2 27.8
THE STANDARD IS FOLIC ACID CONC. 0.3 NG/ML STD
STANDARD VALUES
66.7 65.6 63.9
44.4 453 43.3
33.8 36.2 34.4
28.5 27.9 26.8
22.6 224 23
8 OF 8 TUBES USED IN THIS ASSAY
AVERAGE EQUIV STD CONC 1.005 ,904<->1.105
AVERAGE EQUIV STD CONC OF 8 TUBES 1.005
EQUIV VOL STD CONC OF TUBES USED

ASSAY ORGANISM: L.CASEI

DILUTION FACTOR: 10

INCUBATION TIME: 22

1.005 1.028 1.002
OFFICIAL ANSWER 3.015 MCG/100G

1.023 .99 969 1.026 .998
G.ANGYAL

Figure2. Sample computer printout for an official answer. Sample
1, In good agreement with the standard, resulted in 8 of 8 accept-
able tubes.

Tar eech stadard ane. The paraat trasnittance vales
for tre lagest amount of added testsanple soluian, 4L,
are u=d o et an 1ale stadard ane. If both
\alussare rsick treautofFlimitfar4.5m L added vitaminfar
te loest stadard ane, then tisstadard ane sl
al IFeatea \valle Batsice tre atoff, te rext hider
stavhrdane Bdeded. The proess B witheach
stachrd ane util both valuss €l within e 4.5 mL
bounds of same starchrd ane. Hno stardard aune iscom-
pletelygugariate, trehigestaocentrationstacard ane
Bsledel Agares 2 and 3 show the computer autput far
saples 1ad 2 They rchue nitEl peroant trasnittane
cita for tte et saples, 4 ks ndplicae, ad fa te
starchrd ane slede, 5 ke ntridicie.

Because tte assay B\allid anly between 05 and 45 mL
added vitamin on agiven starcard ane, testsaple valles
autsice tre 0.54.5 mL rae are elimirated. The sslectad
are Buxd 1 anert eech ramaining parcat trasnit-
tae\ale o tre corresading vollure of starchrd hevirg
te equnalat parcatt trasnittane regoee (e, te
epunalat volue). The anersion B athieed by lrer
intamlationbetvween pointson tre stardard aune. The sam-
ple 1 data ponts are ngood egreament with tre starckerd
are n HFgre 1; hoeer, ﬂ“esarpleZ(htainrlsare
gp”erallyhg\ irdicatirg more growth then expected ad

lorer proat trarsitiance \valles. The 2 cata points far4
mL added vitamin were elimirated because they vere both
adoeted5mL aofflimt

The eguinalantvolure ofvitamin neech estsaple ke
sromalized by dividirg by the number ofmillilitasof et
saple soluinadded otretule. The average Balalae,
and tre 10% chviation Imitsaround thet averace are ceter—
mined. \alues astsice tre 10% limitsareelimirated, and tre
ramaining \alLes are used o aladlate tre frd aerae Tor
tretestsaples. This Btreaserae forttoe tues tetare
wrthin both the 0.54.5 mL auoff lmats ard tte 10% dea-
ation Iinits. The amount: ofvitamin present stte prodlct of
tte average nomalized eounalent volure Tar the test sam-
de, tre dilution fedtor far tre et saple oluio, ad tte
aentration fedtor for tte starchrd wead.

Intre fourth poriian of tre program, tre resltsare print=-
ad n tre dsird fomat. According 1o the offiael AOAC
method, 16 armore s are usad o calaulate treaarag,
tre st sBan diaal aser (Fgae 2); otermise, the
reslt Ban estinate (FHgure J). The it aerae, tte 10%
chviation limits, tte frd averege of dll retaired \alLes, tte
romalized equinalentvollures ofdll retairedhvalles, and tre
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MICROBIOLOGICAL ASSAY ----- SAMPLE NUMBER: SAMPLE 2
NUTRIENT SURVEILLANCE BRANCH

TEST VALUES 9/22/88
63.5 62.7
42.5 45.9 ASSAY ORGANISM: L.CASEI
30.3 31
25.1 24.2

THE STANDARD IS FOLIC ACID CONC. 0.3 NG/ML STD
STANDARD VALUES

66.7 65.6 63.9 DILUTION FACTOR: 10
44.4 453 43.3

33.8 36.2 34.4 INCUBATION TIME: 22
28.5 27.9 26.8

22.6 224 23

1 OF 8 TUBES USED IN THIS ASSAY

AVERAGE EQUIV STD CONC 1.111 1<->1.223
AVERAGE EQUIV STD CONC OF 5 TUBES 1.141
EQUIV VOL STD CONC OF TUBES USED

1.09 1.128 1.096 O 1.212 1.179 0 O
ESTIMATE ANSWER 3.424 MCG/100G G.ANGYAL

Figure 3.  Sample computer printout for an estimate answer shows

5 of 8 acceptable tubes. Test values 7 and 8 were outside the 0.5-

4.5 mL cutoff limits for the standard curve; test value 4 was outside
the 10% deviation limits for the average.

frdl aser ae Iided nAgres 2ad 3 All saple 1dcata
joints were 1 good agreanantt and were retaired. Three
saple 2 cata points were elimirated. Values 7 and 8vere
autsice tre aioff Iimits fortre stardard ane, and\allle 4,
which wes ot arsistat with tte otter data points, vwes
elimirated farbeiirg autsice tre 10% cbviation Iniits.

Discussion

The aalyst’s tine hes become Imaessirgly inportant n
tremodem ovatory. Festermethods and quickamalysesof
chta antribute togreater padl.oivity. This program fartte
aalysis of miatoiolgical data pro/css many beefits,
elimiratiry the nead far rgetitivemanual plottlg, interpo-
Hios, ad cladatios, which ae tire-cosuning ad
prae toanar. The camputer program reduces it cala-
o tine, inproves tte acoracy of inapolatios, ad

ANDERSON: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 6, 1989)

radloss the tine nesced to dalble-d ek riesiits. SeH-aon-

tared, prsal coputer systets are rot Shjected o tte
vairt-and doan-times frequently ssscciatedwith antral i,
main-frame . Inadtition, tre prinrs are

crerally loated with the temiral ratter tren inaother
loatio. Ardlly, because tte BASIC programing lan-
gece Bessy 10 inapret ad comonly aaikble, tmay
em=ily ke adgpted 10 titrinetric aalyss o o idivid Al
lcoratory regs.
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MICROCHEMICAL METHODS

Spectrophotometric Method for Microdetermination of Nitrogen in Kjeldahl Digest

MULJIBHAI B. DEVANI,
BHANUBHAI N. SUHAGIA

CHAMANLAL J. SHISHOO, SHAILESH A. SHAH, and

L.M. College of Pharmacy, Department of Pharmaceutical Chemistry, Navrangpura, Ahmedabad-9, India

A new spectrophotometric method for the determination of nitrogen
in Kjeldahl digest has been developed. The method is based on the
reaction of ammonia with acetyiacetone-formaldehyde reagent in
aqueous medium to yield yellow 3,5-diacetyl-1,4-dihydrolutidine with
a characteristic absorption maxima at 412 nm. The effect of several
experimental variables on the determination of nitrogen was studied.
The method was suitable for determination of nitrogen in acidic
medium without interference from the usual catalysts employed for
the digestion in Kjeldahl method. Lambert-Beer’s law is obeyed in the
concentration range of 0.5-6.0 /ig nitrogen/mL in the reaction mix-
ture. The molar absorptivity in terms of nitrogen was 1.4 x 103L
mol-1 cm 'l The standard deviation and relative standard deviation
were £0.0447 and +0.896% (n = 10), respectively. The method is
simple, rapid, and precise. A variety of carbocyclic and heterocyclic
nitrogen compounds have been analyzed for nitrogen content. The
results are comparable with those obtained by AOAC method,
47.021.

Nitrogen determiretaan by Kjelcehl method (D) inolhves
digestinoftre sarple with sulfuricacd, follloned by esifi-
Gatinofdigestand distallsaonofanmonia praclced. Intre
modified proclre, digesstion B ariad aut with sulfuric
&cid ntre presace of sdlitand ametal atalysttoanertdl
trenrtragtoan anmonium st The distallstanofammo-
nia Breagizd as tre limitirg step of tremetihod.

As away of ciraumenting the distilliation Sep, inprove-
ments of treKjelcehl proosdure have enphesiized trequaenti-
At ofammoniia by colarnetric proosdures 29). These
ol reedticsarecariad aut nalkaliremedium. Precipite-
‘tonoftrenetals ussd ass atalyst Tar tre digesstin ofargeniic
carpounds (9-13) interfae nttedeteminetion. Trarefore,
we wished 1o estebllish a sinple spectrgdotoretriic methad
Tartre ceterminatian of anmoniia. nacidic Kjeloshll digest

The reectinofammonia with /3letosterand aldshyce B
known toform 1,4-dinydrqoyridire derinative (Hartzsch re-
adtia)). This reectian hes been eqloited to deelgp a new

icmethod farthe deteymiratdion ofammo-
nia nKjelcshl dicest

In presentvork, the digest s reected wirth ecetyiacetoe-
formaldehyde reegant inthe presace of sodium acstate
oneaellov resction product heving max imum absorbence
a412 .

The method hes been gplied o thedetermination ofnitro-
en ina\ariety of argeniic compounds inrciuding nilragm
hetarapdies. The realits are ingood agrearent with those
dotaired by AOAC method 47.021 (14) as vell as with
Galalated nirogen antie

Experimental

Apparatus

(@) Micro-Kjeldahl digestion flask —10 ad DmL &

(0] -Spectrophotometer.— Dauble beam Beckmann Model
25 equippedwath 1cm qartz metched s

Received February 10, 1989. Accepted June 20, 1989.

Reagents

Solutaas were \oluretrically with double dis-
tll vater. All danicals usad were aelvtical reegat
oreck.

(@ Ammonium sulfate working standard.— 1mg nitto-
gervirL. Dissolve 0.472g ammoniium sulfate (BDH) (dried
previaslyat 106°C far2h) n100mL vater. Storeat4°C.

(D) Reagent solution.— Mix 15 mL formaldehyde (37%
wWAY) (BDH) with7.8mL acetylacetoe (SDS) ad diluie©
10mL withvater.

(¢) Sodium acetate solution.—Dissohe&_0g sodiunac-
etate (ahydras) (BDH) mad diluieo 1L withvater.

(d) Catalyst.— Seleniundioxice (LOBA) ; merauricodice
Gelloy) (BDH) ; aopper sulfate (BDH) -

Sample Preparation

Trarsfer aoourately weigh ar piet saple ar stacard
nitrgensolutineguivalent toca 5.0mg nittragn toKjellcehl
Tl Add 1.0g potassiun siiate, 0.0mg yellovneraric
odck, and 20mL aoontrated Sulfuricacid. Heat resctian
mixture 1o Srooth kil on neked flare and tren oill vigr—
aslyuntil oluinturs olales. Heat anactittiaal 10min
and tren aool o room tenperature (@ 30°0)- Dilute digst
with 10mL vater and aol. Trarsfer solutian
© 100mL voluretric flaskwith tte help ofwater and dillute
‘wlurewith tresame sohat. Digest antains pg Nitro-
gen/mL solutaon.

Nitrogen Determination
Trarsfer aliqots of digest solution arntaiinirng 25-100 gg

nitragm o saes of S0 mL anicall fleds. Add 30mL
sodium acetate olutinand 4.0mL. reggant solution toeach
andmix ttoraughly. Inmerse fleds noilirgvater beth
97.5C) far 15 min and then aool o room tenperature (@
0. trasfar antants of fleskto 5 mL
\oluretric fleswith tre Felpofvater. Adjustwvolure totte
mark with the same sohat. Measure absortenoce of olared
olubinat412 nm agairst reegant blark.

Calibration Curve

Pipet gyorgoriate amounts of starcerd anmonium sulfate
cantration of resultirg solutias ranges fran 0.5 © 6 pg
nlt‘q:)a’llfﬂ_ ad proced s N Nitrogen Determination,
begiming “add 3.0mL sodium acetate soluban ... _Mea-
uredsorbance at412 nm agpirst reegantblark. Plotabsor-
bences at 412 nm agpinst cooentratian of nirtrogen v
solution.

Al saple nateriial Sould be digssted na fure hood.
dintoyellov.
Results and Discussion

Color reaction.—Ammonia in tre digest solution reedts
with acetyiacetore-formalldayce in ofsodiumace-
tae ataout pH 5.56.0 toform tre yellov compound 35-

diaetyl-1 4-dihadrolutidire; the vavelagth of maximum
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Figure 1.  Absorption spectra of reaction mixture (A) and pure 3,5-
diacetyl-1,4-dihydrolutidine (B).

0
400

asorbance B412 nm (Figare 1). This collar reectian forms
te bsis of tre proposed gectrgdotoretric method Tar
cetermiretian oFammonia nKjeloshll cigest

Effect of concentration of sodium acetate (1M) solu-
tion—A 3.0mL sodiun acstate soluaan (M) was neces-
sayfamaximum alardaelgent. Inoessingtteconoan-
trabinof sodium acetate hed o adverse efflecton tre deter-
minetdion of nitrogen (Figure 2).

Effect of reagent concentration— Color INEsity was
maximum nte presae ofF 4.0 mL resgat olubian ad
remained arstantwith inoressed volume of reegant solution
Figred. o _

Effect of temperature.— An Inoresee N Eperature n-
aeesd tre ratecfolardavelgorent. Maximum colar inten-
Sityvas dataired within 15 min atabout 97.5°C (resctian
mixture immersed ntoiligvater beth) (Rigares4ad 5.

Effect of digestion catalysts.— The presence of potassiun
aifae (LOg) alae ar nanbiraticnwithyellovmerauric
axiace (0.0ng), aqyer sufate (D.0ng), ar eleniundio-
ik (D.0mg) n tre digsst do ot nterfae n tre olar
develgarent (Teble 1).

Linearity, optimum concentration range, sensitivity, and
molar absorptivity. The Beer-Larbert aneves lirearad
[pessed through arogin. The digee, intleragt, and arelation
axffiaet dotaired by Irear lesst S ave treatrent of te
resdtsvere 0.0975,0.0042, and 0.990,

The clar reecticndaeyed Beer'Slaw intre croentration
rape of 05 10 6.0 g nitrogenvirl reectaon mixiure. The
optimum coentration race fa-trecetemiratin asevalu-
ated fram tre Ringbom pllot (15) was 1-5 ppm nitragm. The

0-4
3}
S o3
3
[ag
3
2 02
<
01
1 2 3 4 5 6
SODIUM ACETATE IN ML
Figure 2. Effect of sodium acetate (1M) concentration on color

intensity of reaction of ammonium sulfate digest with reagents.
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Figure 3. Effect of reagent concentration on color intensity of
reaction of ammonium sulfate digest with reagents.

nolar sapivity nterms ofnitragmves 1.4X103 mol-1
cm-1,ad tre protoretric sssitivity (16) of tte clar reec-
tioves 001 ue nirogencm-2ak412 .

Precision.— The rgzatzhility of the procedlre ves tested
by analyzing 10 repllicaies of stadard ammonium suliate
soluianartaining 5mg nitragn. Thiis Statistical aralysisof
restsdotainsd by the proposed method and by te AOAC
method (149) are given N Teble 2. Resulits shon nteble
suest thet the proposed method Bas acourate and pracise
aste AOAC method, as irticated by tre Hestand Rt
regectnely.

Application of the Method

The \alldity of tre prgposed method hes been tested by
cetermining the nitrogen antent: of a \eriety of argenic
carpounds including anires, amino adids, alice, ulo-
anides, sulonures, preEridire, pyrimidire, and imicezo-
lredarivatives heving niltragen and/or Sulfir intte hetero-
odic rig ar sick dain (Table 3. The r=lts
faorsblywith those dotaiined by e AOAC method ().

Furtremore, 3B gynttetic hetaragdliic compounds aon-
‘aining diffarent codensad pyrimidire rirgs, eg, thiapy-
rimidires, quireolires, and pyrazolqpyrimidires (Higae 6)
were analyzed by the proposed metihod. The estivated nitro-
genvalle Bingoad egreanentwirth the calaullatsd niragm
antent oftte compound (Tablle 4).

35Dyl 4-dihdroluticire B tre product of te
Hantzsch reection between astylacetoe, fomaldehyde,
and ammonia (Figure 7). Eardier (7, 18), tre reectinvies
used todetermire fomalddhyde. We eqoect a similar dyo-

0-4r A
B
80-3~
z
2
Q0-2
&
<
Ot

20 40 60 80 100
TEMPERATURE  °C

Figure 4. Effect of temperature on color intensity of reaction of
ammonium sulfate digest with reagents: A, after 30 min; B, after 10
min.
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Figure 5.  Effect of time of heating on color intensity of reaction of 4,5 >
ammonium sulfate digest with reagents. 6.7
Table 1.  Effect of digestion catalyst on Kjeldahl nitrogen
determination NH
Content of digest % Nrecovery (mean + SD)a f n -CH2CH2
hZso4 100 + 0.89 Figure 6.
hZso4+ k204 100 + 0.90
H2S04+ K2S04+ HgO (yellow) 100 + 0.90
H2S04+ K2504+ CuS04 100 + 0.92
H2S04+ K2S04+ Se02 100 + 0.91 HCHO
Average of 9 determinations. H.C.OCCH? ch2co.ch3
,C-OCEHZ h
HjcCo COCH,
nh3
Table 2. Statistical analysis of results obtained using proposed Figure 7. Hantzsch reaction.
and AOAC (14) methods for analysis of ammonium sulfate digest
Nitrogen
Statistic Proposed AOAC mophore N tte progposed procedre. To cofarm tre forme-
Mean 4.90 4.98 i of 3 5-diacetyi-1 A-dihdolutidire, tvwes syntresized
Std dev. 0.0447 0.0461 uxer te reag:l]mcmiu(rs. The compound was olaied
N 10 10 and rexystallized franetharol (mp 196-199°C; it (19 mp
% RSD 0.896 0.926 198°0). The aosarpticn spectrum of tre prodct inagpeas
Variance 1.998 X 103 2.125 X 10-3 etrarol wes similarto the spectrumofichramophore dotaansd
Std error of mean 0.0141 0.0146 nthe resctian; ttevavelength ofmax imum abosortencewes
f-Test 0.493 (2.101)3 412 nm ﬁgre ])_
F-Test 1.064 (3.18)a The reection mixture hes a pH of 556.0. Trerefare,
a95% confidence limit. metal iosussd ndigsstingyarantly do rot precyoitaie; tre

Table 3. Analysis of nitrogen content of organic compounds by proposed and AOAC (14) methods

Proposed AOAC
Compound Caled g/100 ga SD % RSD g/100 ga SD % RSD

Paracetamol 9.25 9.28 0.041 0.442 9.20 0.058 0.630
Acetanilide 10.37 10.22 0.038 0.372 — —_ —
Sulfanilamide 16.27 16.21 0.072 0.444 — — —
Sulfacetamide 12.12 11.94 0.099 0.829 — — —

sodium
Chlorpropamide 10.12 10.19 0.068 0.667 10.17 0.074 0.728
Isoprénaline 5.03 4.99 0.055 1.101 5.02 0.050 0.996

sulfate
Bemegride 9.02 8.96 0.060 0.669 8.98 0.062 0.690
Trimethoprim 19.19 19.39 0.096 0.495 — — —
Glycine 18.65 18.86 0.071 0.376 18.85 0.088 0.467
Lysine mono- 15.33 14.92 0.063 0.422 14.99 0.071 0.474

hydrochloride
Glutamic acid 9.52 9.64 0.063 0.654 9.60 0.066 0.688
Urea 46.65 46.67 0.223 0.478 46.69 0.239 0.512

Average of 5 determinations.
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Table 4. Analysis of heterocyclic compounds for nitrogen content

No. Ri r2 r3
1 ch3 ch3 Cl

2 — (ch 24— H

3 ch3 coocz2hb6 ch3
4 H CH2CH2N(C2H5)2 —

5 CeéH5 OH —
6 p*CH3C6H4 H H

7 p-ch3o0-c 6h4 H sch3
8 J— J— J—

9 — — —

8Average of 3 determinations.

kssofammonia by \olatilization salopreanted. Thus tte
coes ot reguire besification of the digest and itscistilitin
faramonia detemination. The resgats inohed are sta-
He, irepasie, ad redilyaaikble.
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MYCOTOXINS

Enzyme-Linked Immunosorbent Assay of Aflatoxins Bj, B2, and Gi in Corn, Cottonseed,
Peanuts, Peanut Butter, and Poultry Feed: Collaborative Study

MARY W. TRUCKSESS, MICHAEL E. STACK, STANLEY NESHEIM, DOUGLAS L. PARK, lad

ALBERT E.POHLAND

Food and Drug Administration, Division of Contaminants Chemistry, Washington, DC 20204
Mllcoators: M. R. Coleman; V. P. DiProssino; J M. Freny; B. Hald; T. Ldllirg; L Marlow; M. Navarre; Y. Ueno;

H. venEgmond; D. M. Wilsm; S. Wridht; G. C. Yag; R. H.

A direct competitive enzyme-linked immunosorbent assay (ELISA)
screening method for aflatoxins at 20 ng/g was studied by 12 collabo-
rators. Test samples of peanut butter were extracted by blending with
methanol-water-hexane (55 + 45 + 100) and heating the test ex-
tracts on a steam bath; test samples of the other commaodities were
extracted by blending with methanol-water (80 + 20). All test ex-
tracts were filtered and the filtrates were diluted with buffer to a final
methanol concentration of <30%. Each diluted filtrate was applied to
a cup containing a filter with immobilized polyclonal antibodies
specific to aflatoxins Bi, B2, and Gt. Aflatoxin B,-peroxidase conju-
gate was added, the cup was washed with water, and a mixture of
hydrogen peroxide and tetramethylbenzidine was added. The test
sample was judged to contain >20 ng aflatoxins/g when, after exact-
ly 1 min, no color was observed on the filter; when a blue or gray color
developed, the test sample was judged to contain <20 ng aflatoxins/
g. AU collaborators correctly identified naturally contaminated corn
and raw peanut positive test samples. No false positives were found
for controls containing <2 ng aflatoxins/g. The correct responses for
positive test samples spiked at levels of 10, 20, and >30 ng aflatox-
ins/g (the ratio of B|:B2G| was 10:1:3) were 52, 86, and 96%,
respectively. The method, which is rapid and simple, has been adopted
official first action for screening for aflatoxins at >20 ng/g in
cottonseed and peanut butter and for aflatoxins at >30 ng/g in corn
and raw peanuts. The procedure will require further study for poultry
feed. Positive test samples may require reanalysis by an official,
quantitative method.

The use of eyme-linked InmuNosorbernt essays as saea-
iy methods far aflaioars hes inoressd rpidly (14)- A
Syemirgassy Biefinad ssamethod o repidly and relibly
analyzea lagenurber oftestsarples at ttedssigatad lbd
of inaest nadr el imirete (Saem) native estsaples
®- One method wsirg miaotiter vells wes alldatinely
studied @, 7)- The method wes adopted dfficial frstaction
by AOAC farsoemirg faraflatoan Bi naottonssd prod-
wotsand mixed feed @), and hes receivad interimafficel fast
actam farBi maom and pearut pradlcts ()-

Aoccording todata far 3700 Estsarrples of comand pea-
rus between 1980 and 1986 by AOAC dfficel
methods, affatodarsBj and Gi vere foud n>40% ofpearut
ad N 12% of com et saples aalyzad ©). The raticsof
tre 4 aflatoars B, B2,Gi, ad G2vere quite\ariddle. In
ggreral, antamination ledksvere higer far B, ttenfarG;
B2and aosiaelly G 2vere foud ntraceamunts.

Received for publication March 22, 1989.

This report will be presented at the 103rd AOAC Annual International
Meeting, September 25-28, 1989, at St. Louis, MO.

The recommendation has been approved interim official first action by the
General Referee, the Committee on Foods I, and the Chairman of the Official
Methods Board. The method will be submitted for adoption at the 103rd
AOAC Annual International Meeting, September 25-28, 1989, at St. Louis,
MO. Association actions will be published in “Changes in Official Methods
of Analysis” (1990) J. Assoc. Off. Anal. Chem. 73, January/February issue.

This study was carried out under the joint sponsorship of AOAC and the
Commission on Food Chemistry of the International Union of Pure and
Applied Chemistry (IUPAC).

1Present address: University of Arizona, Department of Nutrition and
Food Sciences, Tucson, AZ 85618.

AlbertandM. W. O Darell (statistical Consultants)

For regullatory purposes inmany auntries, ksrsessary
o determire ol aflaodas. Tharefare, it nportant ©
olkoratively study EL1SA methods cgpeblle of determin-
iy ot aflatoars @, B2,Gi, ad G2,

The ELI1SA arsists ofa 2-step proess: fasttie reection
between treantibody and treaflatodrsand then detectianof
the reection by usirg ergyratiic hydrolysis of e abstrate
by tte aflatodn BiHorseyadish peroxicese aonplex (10—

D).

Another ELISA et systan far aflatioarsves cevelgoed
raentdy (ar=oral comunication, 1988, D. K. Mords, In-
taratical Disgostic Systers Gap., PO Box 78, & Jo-
sgh, M1 29085). The rage of the anabooies
oasaflaoasBi, B2ad G- The oftremanu-
fedurer wes modified 0 e e ihility for ol
aflatoars (Bh B2,ad Gi) at 20 ng/g and to broeden e
gplichility © indue pearut butter (13). The method B
rapid and sinple; goprodinately 10 arelyses can ke par-
formed N 1h Although sore esic saetaficglessvare ad
equiprent are recired, tese can regdily be adbpted
aviromets assciated with “field” tetirg, such as graiin
storegearess. The testlitwes evaluated and found toquidddy
srt aut regative st sarples (<20 ny/g) ad o datfy
pithe et saples (G20 ny/Q); realisvere inagreamant
wirth those dotained by dfficil methods (). The nodirfied
method wes Sbjected 10 a collidrative study sporsored
Jortlyby AOAC ad tre Interratiaal Union of Pure ad
Aplied Chemistry (IUPAC) . The reslits of tre study are
rqorted hare.

R T, !

Rrtiasof 5 beach of ground aom, pearut hutter, and
raw pearuts were anallyzed aooording 10 805 26.026-26.031
ad s 26.058 (4); cottorssd wes acoding
S¥526.052-26.058 (14). The method of Shannon etdl. (15)
wes used far tre anallyses of poultry fed. All comodities
were fourd toartain toEl aflalodrs at <2 Q.- Com, raw
pearuts, pearut hutter, and poultry feed test sanples were
Foiked nd plicatewith ol aflatodrs Bi, B2,and Gi et 3),
2, ad 10 rg/g- The ratio of Bi:B2G| wes 101:3. Test
saples of aottoresed vwere Sikad ntte same manner utat
@, D, ad 10ry/g. The artifically aontaminated (iled)
=t saples, antroks (K2 y/y), returally cotamineted
com (0L ng/g) and pearut meal (@ ny/g) et saples
(aalyzd acoording 10 S80S 26.026-26.031), ad practice
posrtive (@, 30 ny/y) and predtaice negative (@m, <1 ny/
0 testsaples were et 10 12 Hoatories in e Uhited
Sates, France, Caneda, Denmark, Jgoen, and The Nether—
s, Referance stathrts, et ldts, and method directios
were proviced.

In tre clldooative study, poultry feed saaples were as-
sayad as desoribed far am, raw pearuts, and whole aotton-
sl
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Statistical Parameters

The 95% anfidance intenalsvere dotained by using e
binonial distriution ad trestirg d plicate rests fram 12
loraiories es sirgle cetemiratia s.

The aneantaaal within-leboratory and arag-laborato-
1y parareters are rot gplicble o “‘eittar/tr,” g dlitatie,
argotets

Aflatoxins Bj, B2 and G] in Corn, Cottonseed, Peanuts, and

Peanut Butter

Enzyme-Linked Immunosorbent Screening Assay
First Action
AOAC-IUPAC Method

GAolicble osoyeawg aflioan Bl, B2adGi
antamination nwole cottorssed and peanut butter e >20
ny/gad ncomard raw peanuts ae>30 rg/g- ke
recpine rateof <5% sreuired, perfomdplicieELISAS n

sare etsaple edrat Reeralyze psithvesaples by
dicH, g entitatienetiod.)

A. Principle

Antabodies gEafictoaflaloarsBi, B2,and Gj are immo-
bl on afille;, and t©oan @faioan Br) sldeldwithen
enzyme (rorsaradish paroddese) - Binding of taxin-ayne
anjucate by immaoi lized antalbodiies s irhibitad by acirtaan
of free t©dn presat intest sarple. Since fved number of
antibody reectiin diesare aailkble, enzyme actiMity 5pro-
portiaal toamount ofbound toxin-enzyre arjuate. Att-
body~toxin-erzyme corplex caaantration s inaely pro-
portical tocroentratian of free todinacted . Bound
atalyzasoadatian ofastrate toform blueaaplex. Davel-
opment of ollar irdicatss that testsanple antairs aflatodrs
a <20 ny/g; no olarcevelgamant rdicaies thet testsanple
antairs aflandrsat >20 /.

B. Confidence Intervals

The follloving 95% amfidence intenalls Tar coract -
ficatinofsarples psitive faraflatodn antamiretianvwere
dbtaired ntre olldorative study on thismetihod:

Level, 95% Conf.

Sample ppb Interval, %
Cottorssed 20 79-100
Pearutt butter 0] 72-09
Raw pearuts D 78-100
D 739

C. Specificity of Antibodies

Antabodies have soeaificaaillity tobind structural ly related
aopouds, rarely, aflatiodrs B, B2, ad G- Determine
seahaty of purhad ratbit ati-aflAodn Bi polyclael
antibodies by directaopetitinve EL 1 SA method . Coatt sarial-
Iy dilluted antibodiies on miaotiter plAtss. Prepare stacard
lutiosof aflanars B(B2,(, G2,ad Mi; zaralaoe;
T2 toa; ad nalaol, emla:t:itolnivdalmao—
tilrvdls. Then acdl solutin of affatodn B anjupted ©
horseredish perodacese toeach velll. Add sUbsstrate solutian
of tetrarethylbazidire and hydrogen ik, ad mea-
suedaelqurent of olarwith sarer. Leest olardeelap-
ment irdicates higrest resctivity of toxin-antiitody resction.

Mity toaflainan B, farantabody ussd noollam-
rative sty of thismethod wes 100, 70, 5, ad <10% far

aflaoarsBi, B2,Gi, ad G 2, regedtinely. Al otter todrs
teslajsrmedmcrcssrea:tnw

D. Sensitivity of ELISA Reagent

CGalibrate aflatodn Bl stardard aooording to sacs 26.004-
25.010.

(&) Negative control test sample — FO"ON[]‘(IHZLI’E n
enzyme immunoassay faram, /9. .

© Threshold-level standard — Used todefire loner limit
of cetemiretion. Digpanse 100 g1 working stacard o
testiue. Add 30y metherolHwuffer, e (g, (D + 1), ad
mix. Follov procedure n enzyme inmuncessay’ far am,
I, SE\mB @), (4)-(7). )

© rositive control test sample — Use working stadard
solution; fol lavprocadure farenzyme immunoassay faraom,
I(2), SEEB @), (4)-(7).

Negative antrdl et sanple sould develap blite alar;
psitive antrol st sanple suld have o cllar develagp-
ment. Threshold starcberd shouldshow no aollardevellgqarent.

E. Reagents
Itens (a)-(h) are asaildle as ImmunoDot Soreen (IDS)

Qup, (Inamatical Disgostic Systars Gap., 2614 Nile
Ae, & Josgh, M1 49085). F&eegentsfrcmotta*spallers
can be usad providd reuirerants lidedbelovare et

(@) Antibody-coated solid support.— ATt fl-
tarmaterial attaded haslytical ap made ofporous oy~
ethylae (G2 cm diareter, 25 cm hidh, gecity 4 nl).
Coated ap BgEcfied by mrufecturer 1o ke steble far 6
months stored ab4-8°.

(b) Aflatoxin-enzyme conjugate — Aflatoxin Bi-horse-
radish peroxicese anjuate at toxi nolar ratioof
101521 Conjugate sgEcifiad by menufacturer tohe steble
far6months at4-8°.

© wash solution.— salire solution.
Disohe0-23gNaHZ2P04-HD, 1 BgKHPO4-3HD, 8.0
gNeCl, 0.125 mL Tween 20 (oloyethylae[D]sabiten
nmoolaurate), ad 10mg thinercsal (ethyiraeraurithicsali-
odicaad, Na si#), n00mL HD, adjustpH ©72, ad
dlbeto 1L

© Buffer.— 0.1% bovire serum allbumin i pogdate-
huffered salire solution aontaining 0.08% thinerosal -

© substrate solution A — Tetrarethylbazidire (TVMB)
QAg/LHD), pH 83

(f) substrate solution B.— Hydrogen peraxice (0.2%
H 2 2in0.13% aqueous ditricecid solutian), pH 3.0 (Kine-
gpard and Perry Leboratonies, e, 2 Cessma G, Garthers-
bug, MD 238/9).

@Methanol hexane, and chloroform — Reagart grack.

@) Standard aflatoxin B \— Ajpraxinmetely 2849 asdry

F. Apparatus

Equipment qedified B ot restridine; otter aurteble
equipment can be sbstitutal.

(@) High-speed blender — With S(DmLJar

() Micropipet and tips — Recommended rage 100-
1000 1 ; Leewith digssblepolyprgpylae tis.

© Glass culture (test) tubes — 10X 75mm; 3mL.

© rilters — Whatman No. 4, aregunalat

© Timer — Graduated N 1siendls.

® Carborundum boiling chips.

G. General Instructions

Store all kit components at 4-8°. Do not freeze. Before
use, allow 1 h for cups and reagents to reach room tempera-
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ture (B3-2°). Use ssaratediqussble piet tih fareach st
olution t aoid atss-antaniretdian.  Incluck oe recative
antrol with each graup (20 ays) of estsaplles. Ngative
antrol nust ke fucticnirg pragerly (rust develao biue
color nce'la’ofap)ﬁwloba\dd. Retthestacard B
provided far periadiic dhedking ar far uisewith eech graup of
testsaples (rust Showno color NGEr OFAp)- Thresh-
olcHed startard ouldalsobe ussdand must shovno aolar
ceelgent. Folar rgeat et Golor chvelgp-
ment nmore then 2 tests rdicates a cefective kit

Reegents are steble 6 h at room tenperature. To esure
deif like of lat copoetts, proptdy retun reegents ©
refrigerator aftar e

Because of diffacity nmonitoring 1min timing ntenals,
rn lapatatine. As proficiaty Bgaired, aalystscannn
3 s aoEsively el at anvanient tine intenals far
meking deenatios.

H. Extraction of Test Sample

Note: Test sarple edraction and ap testirg dould be
performed durirgsame day.

(a) Corn, raw peanuts, and whole cottonseed.— Weigh 0
g st portion o blacer - Add 100 mL methanol-1U0
@G + 2. Bled 3 min at high . Al mixture ad
rener filtae. Altaratinely, Hmixture stard 10-15 min
ad rener pematant liqd

©) Peanut butter.— Weigh 50 g testportian o bleder
Ja-Add 100mL hexane and 220 mL methanol-LUO (6 +
45). Bled 3min athigh . Ala-mixture and tasfar
filtae© furel. Let bbas far 10 min.
Place20mL loner lyar n150mL begker. Add minimumof
5 boiligdipsand heat instream bath aron hot plte. B o il
3minand kEtadl.

I. Preparation of Afiatoxin Bt Standard Solutions

@ stock solution.— Add 3mL CHC13tovial antainirg
28 pg afiatodn By stardard (@ 9 ng/pL). Cap v, mix
antents, and stoevi inrefriceatr.

® working solution.— Digoanse 30 pL Stok stachrd
oluan inbvEl. Add 2400 methaol Cl_ng/pL), MiEx,
and storesolution Inrefrigratar_ prepare daily. Digoanse 10
pL diluted stardard (L ny//rl) o et ke, Add 30p L
methanol and 700p L. huffer, E(O)-Prepare <2 h before use.
Proosad as far dilluted testedyact Enzyme Immunoassay,

J@), stgB @, @D())-

J. Enzyme Immunoassay

(@  Corn, raw peanuts, and whole cottonseed.— (@ )Allov

1h fardll reegats 1o resch room tenperature (23-2°).

@ Preare freshalstrate insrall adtture (@) tue by
mixing S00pL (10 drgs) sustrate solulian A with S0 p h
(10 dgx) slstrate olutian B fareach ayp beling Lead. po
not combine substrate solution A with substrate solution B
more than 15 min before use.

Note: Run 1regative antrol ap and 1 positive stardard
ap exch cay O esue tet dl are fudticdl.
Thredold-leel stardard Sould be runwith each sstofnew

reegants (follovstgs @) - Negative antrol ap sould
bermbyapolylrg 10pL @dge) huffer tocanter ofap.
For positive starclrd ap, gplyworking stacard toap as
N ¢ ). For both aps procsed with stes ()H()-

(3) Add 200pL tEestedracttod0pn hiffer, A9, (60
pL toEl).

(4) Thoroughly mix dilluted testextractand gplyae 1590
pL aligottoaterofap. using timer, wait | min and then
add second 150 pL aliqot of diluted &t edract. Using

timer, wait additional 1 min before proceeding to next step.
(Insumary, two 150p L aliqotsofdiluted estedractae
gplidtoap- 190pL atatimewith 1min wait between
each ectirtion and before proceading torext )

O Aply 10pc Qdge) enzyme olutin o anter of
ap. Using tiner, wait 1min.

(6) Wash with 15mL (0 drges) wesh solutian acdked

_ Hmore then 1ayp sbeingusd, wash soesively
wrthCDpL 0dgx) peroyp 3tines.

() Add entire aotants of sUstrate soluian 1.0mL (O
dropmixture) franeach testtue toeachap. Slarttimeras
0 &6 Sbsstrate mixture Badded tOap.) wait 1 min ad
imediately dsenedik (atarofap) Tabiue color covel-
opment (egative ) no color develgament {positive ) (S

Interpretation of Results,

(b) Peanutbutter.— @Allmlhﬁdlreegaistoreah

tLhe by mixing 5001 (10dqs) Sistrate DA with
50pL (10 dps) Sbstrate solutin B far each ap beirg

. Do not combine substrate solution A with substrate
solution B more than 15 min before use.

@ Add 500pL Estedract 0L hiffer, 2@, (1000

pL toEl).

@ Thoroughlymix dilluted testedractand gplyane 200
pL aliqottoarterofap. using timer, wait 1 min and add
second 200 pL aliqot of diluted testedrat. using timer,
wait additional 1 min and then add third 200 pL aliquot of
diluted test extract before proceeding to next step. (Insum—
mary, three200p L alig.otsofdilluted testedractaregplied
ap-20ph aatimewith 1 min vait between each
adbitian and before procegding o rext Step.) Procead ss Tar

K. Interpretation of Results

(bsernve disk (@ter of ap) far bite clar ar no cllar
ceelgorentatexactly 1min aftaradding sistrateA and B
mixiLre.

Negative.— IFdisk (Gater of ap) WS light blue or
darker, Testsarple antairs told aflatlodrsBi, B2,adGi a
<20ny/g (Ottossd, pearutbtter).

positive.— HFno blie clar Bdsserved indisk (Ganter of
Gp)ardciskremirScom pletely white (maja’dm)ﬁ
at ket 1 miin, et sanple antairs ol aflalodrs Bi, B2,
and Gii at>20 r/g.

Negative control.— Negative aantrol aup must develop
blue color NCEErOFAP.

Positive control standard.— Rositive Starchrd aup must
remalincompletely white (rocolardange) farat keest 1min.

Threshold-level standard.— Cup must ramain aopletely
vhirte (o olardenge) far 1min.

Note: Development at 1 min of any blue color, however
faint, means afiatoxin levels are <20 ppb {negative). FAlse
recative ratiemay e higer farcom and raw pearnuts at this
aioff lkd. ke epiie raeof <5% srequired, dpli-
cte ELISAs must ke performed on tre et sarplle edradt;
otrermise, <30 ppb saasicered ncative fartresecommod-
s
Ref.: JAOAC 72, November/December issue (1989).

Reulitsad DiIsassiin

Al 12 olldorators selected 1o particiate aorpleted te
studyand submitted cita. The resulitsare presanted inTeble
1 No atie tetwes gpliad; o reltswere removed a8
atlias. Hovever, asshomn inTable 1, ldoratories 1and 8
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Table 1. Collaborative results for ELISA cup method for screening aflatoxins Bl, B2, and G1f In corn, raw peanuts, poultry feed,
cottonseed, and peanut butter8

95% Confidence intervals

Total Laboratory Sum of
aflatoxins, positive % Lower Upper
ng/g 1 2 3 4 5 6 7 8 9 10 12 13 assays Positive boundary boundary
Corn
NCh 1 1 1 1 1 1 1 1 1 1 1 1
NC 1 1 1 1 1 1 1 1 1 1 1 1 24 100 88 100
30 0 1 1 1 1 1 1 0 1 1 1 1
30 1 1 1 1 1 1 1 1 1 1 1 1 22 92 73 99
20 1 1 1 1 1 1 1 0 1 1 1 1
20 0 1 1 1 1 0 1 0 1 0 1 0 18 75 53 90
10 0 0 1 0 0 0 0 0 1 0 1 0
10 0 1 1 0 1 0 0 0 1 0 0 1 8 33 16 55
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22
Raw peanuts
NC 1 1 1 1 1 1 1 1 1 1 1 1
NC 1 1 1 1 1 1 1 1 1 1 1 1 24 100 88 100
30 0 1 —-¢ 1 1 1 1 1 1 1 1 1
30 1 1 1 1 1 1 1 1 1 1 1 1 22 96 78 100
20 1 1 1 1 1 0 1 1 1 1 1 1
20 0 1 1 0 1 1 1 0 1 1 1 1 20 83 63 95
10 0 0 1 1 1 0 1 0 1 0 1 1
10 0 0 1 0 1 1 1 0 1 0 1 0 13 54 33 74
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22
Poultry feed
30 1 1 1 1 1 1 1 0 1 1 1 1
30 0 1 1 1 1 0 1 0 1 1 1 1 20 83 63 95
20 0 1 0 0 1 0 1 0 0 0 1 0
20 0 0 1 1 1 0 1 0 0 1 1 1 11 46 26 67
10 0 0 0 1 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0.1 21
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22
Cottonseed
60 1 1 1 1 1 1 1 1 1 1 1 1
60 0 1 1 1 1 1 1 1 1 1 1 1 23 96 79 100
20 1 1 1 1 1 1 1 1 1 1 1 1
20 1 1 1 1 1 1 1 1 1 0 1 1 23 96 79 100
10 0 0 1 0 0 0 1 1 1 1 1 1
10 0 1 1 1 0 0 1 1 1 0 1 0 14 58 37 78
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22
Peanut butter
30 _cC 1 1 1 1 1 1 1 1 1 1 1
30 1 1 1 1 1 1 1 1 1 1 1 _d 22 100 87 100
20 0 101 1 1 1 0o 1 1 1 1 -d
20 1 1 1 1 1 1 1 1 1 1 1 1 21 91 72 99
10 1 0 1 0 1 1 0 1 —c 0 1 0
10 1 1 0 0 1 1 0 0 1 1 1 1 14 61 39 80
0 0 0 0 0 0 0 0 0 0 0 0 _d 0 0 0 24
- 1= positive; 0 = negative.
6NC = naturally contaminated; com at 101 ng/g and peanuts at 69 ng/g.
clost
dResult not used; extract heated too long (30 min).
hed arsicerably poorer rsits ttendid treotter colldora- were 79-100 and 72-99% far cottorsssd and hitter,

tas. The rilicatss were treated as indpendant measure-
mts. Incoputiing the anfidace Iiniits, even though 12
loratories providad 2 estimateseach, treresitsvere treet-
edas ifthey came fron 24 ldoratories ttetproviced asirgle
estimate each. The 95% amfidance intenal was dotained by
wsirg trebirnomial distriution. For thisstudy, the95% anfi-
dence intenals of the method far anrectly intafyirg et
saples as pitive Tar aflatodn contamiretdon at 20 ng/g

regectinely, ad at 0 ng/g were 73-P9 and 78-100% far

Trearetically, theuygper boundary of tre tne posite rate
at tre 0 ng/g lkkd BE22% aily when 12 test saples ae
eanined and none are found tobe rsitive. This Basetisti-
al aladatinbessd on thenunber of testsanples arallyzd.
When there Bro aflatodn (toan) intretestsanplle conpet-
ig with tte txin-ezyne anjuate, nothing preatts tre
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Table 2. Positive rate for all spiked (10-30 ng/g) test samples
combined for ELISA cup method for screening aflatoxins B1; B2,
and G1

95% Confidence interval
Total

aflatoxins, % Lower Upper
ng/g Positive boundary boundary
Corn, peanut butter, raw peanuts,
and cottonseed:
30 96 88 99
20 86 78 93
10 52 41 62
0 0 0 6
Corn, peanut butter, raw peanuts,
cottonseed, and poultry feed:
30 92 85 97
20 78 70 85
10 42 33 51
0 0 0 5

olar fomataon with tre reegats. In this e, a recatine
regoee would alvays e eqeected on scud demical
gauts; saticscanshovanly ttettrezaroresoserate B
inclued nthe 95% anfidace nendl.

Resultts fram dll ollsooratars far tre returally contami-
raeted com and raw pearut et saplles were positine far
aflaodars. At theOng/g Ibd, no fAlepsitivesvere ot
edfarany comodirtiies. For testsanplles piked a>30 ny/g,
83-100% of thre testsanples were fourd sitine, vhileat 10
g, 4-61% of tre test sanplles vere fourd psithve. With
treeaptinofpoultry e, 75-96% of tre testsanples ata
led of20 ng/g were fourd poaative. Onlly 46% oftre poultry
Teed test sanples at 20 ng/g vere found psitie. This loner
percentage auld be due to tte irgredients intte fed, which
interfaed with tte arallyses by aonpllexing ar decomposing
treafldoars.

A summary fordll trecomodirties at tre 4 pikig ke
Bghen InTeble 2 When resits for tre pouttry feed are
ecliut, the peromntages oftestsanples foud tole
alkdsof D, D, 10, ad 0 ng/g ae B, &, 32, ad
regectinely. When fed s inclucd intre caladaton, tre
corresaing peraantagess of positives becare B, B, 42,
and Q. The uaper boundary oftte 95% aaxfidance intenal of
idntafyirg a 0 ng/g et saple a5 paitive B aoout 6%
(tesd on 47 et saples). The rate of Tale necatives Tar
aotiorssed and pearut hutter at >20 ng/gwes loner trenfar
tre otter comadirties. The of fake rgptines
esrtiallycehires tre limitofcetermiration of tremethod.

The aaptehility of a secific rate of false regptives nust
be besed on tre intedd Lse of ttenetind. To Iesse tte
prdxbilityof ibntafyig a testsarple artaanirg aflatodrs
a>20 ng/g sspsEitive, efttarof2 may betdan:
The arigiral edractmay be resrallyzad by theEL I SA prooe-
due, artre testsaple may beanalyzed ndplice. ay
oftreassays HaHEIthe, tretestsarple Boasichred sEithe;
iftte et rit Bregaiine, then tre test sanplle Bregative
witha98% cartainty {100— [L— 0.85) x L— 0.85) x 100]
= 100- 1.95). Reducing trepercentage of ke racptves by
replicaieaalysss ngaeral inreesss treparoategeof fakse
[t

When tretestsanple sfound tohe positive by tre EL1SA
=, tenthe testsanplle sulld be reerallyzsd by an dificel,
g.entrtative method to determine the actual aontaminatian

b ifreiral.

Collaborators’ Comments

Comments from colldorators indicaied tet tre ctfi-
At of ottossd test sanples at 10 ng/g as psitivemay
have been due 1o prablers with cetection of tre vary It
blue clar, which wes dstructed by tre yelllov olar on tre
fillefran tre testedract. Some ldooratories hed difficity
N intapretiry tre directio’s far heatiing the pearnutt butter
edract o oilirg on tre steam bath. Directiasvwere ol
the pearut utter edract Tar 3min oevgoorate treheae,
whichwould ottermise destroy treantibdiesatteded o tte
Tl To kol e edrat, tte bedker must be placd ntte
Steam bath, roton . Ingeraral, dilollsoratars foud tre
method essy tofdllow.

Recommendation

On trekesisoftte resditsdotained ntreAOAC/ 1UPAC
olldoatine stdy reported hare, the Associiate Referee rec-
ommends thet the EL 1SA method be adopted officel fast
action far soemirg aflatodan Bl, B2,and Gi aontamiretion
at>20 ny/g noottosssd and pearut butterand at >30 ny/
g naomad raw pearuts. ifa faleregatinve rale of <5% B

racuired, dplicate determinratias nust be mede. Reitive

msarplesskmldbemathWmdim centatative
method. The collidooratinve resulits far pouttry fed did ot

syporta recommendation faradptian.
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Comparison of Two ELISA Screening Tests with Liquid Chromatography for

Determination of Aflatoxins in Raw Peanuts

JOE W. DORNER and RICHARD J. COLE

U.S. Department of Agriculture, Agricultural Research Service, National Peanut Research Laboratory,

1011 Forrester Dr SE, Dawson, GA 31742

A study was conducted to evaluate the performance of 2 enzyme-
linked immunosorbent assays (ELISA) for rapidly screening samples
of peanuts for the presence of aflatoxin. The EZ-Screen Quick Card
Test and the Afla-10 Cup Test were compared with liquid chromatog-
raphy in duplicate analyses of common extracts of peanuts contami-
nated in the range of 0-70 ppb (ng/g). Each assay properly identified
95% of samples containing no detectable aflatoxin as negative and
>97% of samples containing >10 ppb aflatoxin as positive. The card
test, which had a 20 ppb detection threshold, identified as positive 32
of 34 samples inthe 11-20 ppb range. This indicates that the card test
might actually have a detection threshold closer to 10 ppb. Most of
the errors associated with the assays occurred on samples containing
<10 ppb aflatoxin. The cup and card tests identified 76 and 67% of
the samples, respectively, as negative, in the range of 4-10 ppb. For
samples either negative or contaminated above their detection thresh-
olds for the assays, the methods are well suited for use as rapid
screening tests.

The davelgament ofnew immunochemical methods farmy-
ootodn analyses hes progressed riepidly nresat yaars. In
, eryre-linked imunosorbent assays (BLISA)

for the dbtection of afltodrs n\erios comodities have
cpined popularity because of tredr ad
greval sipliaty (). Sorreofﬁeassaysaedegg‘sdm
cetermire the aflaioan cooenration nacamodity otre
rearest pob (/) - Others are desiged as saemiimg meth-
adks with the dggective of deteymining the aflatodin concen-
tratinsinply as gaater ar kestten agedficanountt @e,
2 gdo). These methods are desiged far Lse N Sittetios
tet rppire dort aahysis tine, sinple qeeration, and rela-
thdylovast

In te it stage of marketing pearuts N tre Lhinted
States (fran grorer © it hoyer), tre famers” stok
pearuts are graded on tre kesis of seadl fados. One of
trese fedtors sewaluation of the aflatoan contaminatiion of
each lad. This eallation Bmade visally by exanining a

Received March 13, 1989. Accepted April 10, 1989.

Mention of a trademark or proprietary product does not constitute a
guarantee or warranty of the product by the U.S. Department of Agriculture
and does not imply its approval to the exclusion of other products that may
also be available.

sapleofpeanuts frontte leed (4000 ko) fartrepresae
of tte aflatodarraclcirg U™l Aspergillus flavus adA.
parasiticus (). Based on trefirdirgsoftisvis Al examina-
‘o, the leed Bpresumed efttertoleat low riskifaraflaiodn
antanination because no visialy nollded pearut larrels
were foud arathigh nskecausearearmore visiblynmolded
pearut karels were Tourd. Low risk laeds procesd thrauch
normal mrarketingdarels faredblese, and high risk laeds
arediarted fran the edible yply oal stadc

Although el pearuts are anallyzad denically tode-
temire actual aflatlodn cacentratios Har ntremarket-
igdarel, varias reesas have been ginen farnot analyz-
iy famers” stok peanuts directly for the presace of tre
aflloas. Two ofttee reesrs are the tine and eqanse of
adctingachaselses. Hoever, ttearratenviratat
of iressad consumer demand farwholesoreness of food
and stndarstarchrts faraflatodan toleraevarrats use of
a diret aelytical method. The advent of rgpid ELISA
sarenirg methods aculd make the aralysis of farmers™stok
pearuts practical and inprove the segrecptian of cortami-
rated and nonoontaminated beacs at tte erliest stage ntte
marketing darel. These asssys aould alsobe used farotrer
anmadities, suh a8 com ad cottossyd, when rgond
ey Braguired.

Ooleetd. Q) conpared anEL 1 SA soramimgmethod wath
a ligud chroratogrgohic (LC) method by amalyzing com-
mon exdradts of pearuts fran 132 Iais of famers” stok
pearuts. The ELISA proosdure wes desiged to determine
whether sarplles antainsd greater ar lessthen 20 ppob afla-
toan. The anelation between reslits fram tre ELISA
method and those fran tte LC method wes 9B.6)%. Honever,
tre aflatiodan cooaratian N 98.5% of the saplles wes
eitter <5 ppb ar>50 gb. The ELISA testinttiscasehed a
major sourceoferrar because sanples anntaminated between
20 and 50 ppb aflatoanvere waally intafied ss antainirg
<20 go. Therefore, resitsof ttet study idicaied tet tre
ELISA saemniig method wes \ery effiedtine when saples
were ertrer necative ar highly cotaminated wath aflatodan.
Reulitswere rot arclusivewhen sarplles viere cortaminat—
ed at a coEtration near tre detection thredold far te
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=y D), npart because very few sanples were con-
taninated ntisrate.

The purpose of tte presant sty wes o carpare 2 com-
nercially asileble EL 1 SA socramirgmethods with LC arell-
yaesofa largenurber ofpsernut sarples aotaminated ntte
aitical 550 pob rate.

Beariental
ELISA Methods

Both EL 1 SA methods vwere performed acoordirg tomanu-—
fedurer s rstiotio s. Each method rqortedly cetects afla-
toarsBi, B2,ad Gi, ad required amethenol-water (80 +
20VA) edract of pearuts.

(@) Ez-Screen Quick Card — (Kitswere sypliedby En-
virametal Diagostics, ., Brdingtin, NC 27215.) Test
hes 20 ppb detection threstold and arsists of card and vieks
antaiingaflatoxin-aryymeanjupte, shbstrate, and nega-
tneantral. Card hes 2 portswhere antibody s loaied, ae
for saiple ad ae far e atrol. Diluted sanple
edract Badded tosarple port fol lonad by aflatoxin-awyme
anjurte ad tren abstrate. Same procedure B follonad
aftar regptive antrol sadded o recative antroll gt Re-
sits are determined by cllar dange n 2 ports. Negative
antrol ports become puplishble. iFsanple port becares
Idtgray ar dader, saple suld antain <20 pob afle-
toa Fsaple remairns white ar offvhite, saple
shauld antain >20 ppb aflatoan.

(b) Afla-10 cup Test— (Kitswere syplied by Interre-
‘tiael Disgostics Systars Grp., & Josgh, M1 49086.)
Testhes ]Onobobtectlmlfresmld arsastsofsall ap
with canterdisc, where antiibody isadted. Aflatoxin-amyme
Diluted sanple exdract B added to disc folloned by afla-
txinawryre anjupie ad then alstrale. Rsultsare de-
termined by clardhange ondisc. Blue dot irdicates <10 pob
afho&‘u,vhereasmcdcrdn‘ge indicates >10 . Man-
ufediurer recamends tret antrol ap be rneech
cay toaaure tratdl regaits are futtiodl.

© Liquid chromatography — All edradswere
by method of Dormer and Gole @). LC system includd 2
M600O0A punps, Model 712 W1 SP autaratic ingedar, Mod -
d 730 data module (Waters Chromatography Div., Milli-
pore Gap., Miliard, MA Q1757); Model LS-1 LC fluoes-
e cetector (Rerkin-Elner, Norwalk, CT 08355); Model
PCRS 510 postoolum reector (Aplied Biosystars, Ram-
,NJ 07446); 10cm X 8mm Nova-Pak eyl Redial-Fek

housed in Model RCM-100 radial aorpressian
modulle (\atersVillipore); and nobile phese of vater—tet-
rehyarofuran (& + ). Huorescanee of aflaioars Bl ad
Gi Betanced by postoolum derinatization with Kire.
Detection Inits Tar LC system: 0.1 ppb faraflatodrsBi ad
Gi and 0.06 ppb far aflatodrs B2and G 2. In study of preci-
sian of metihod, aefiiaet oharataon fa- ol aflaoas
rarged fran 2.7 ©4-2%6 @).

Samples

To dotain quentity of returallly aontamineted pearut ex-
tradts naitica antamiretion rage G0 ), @+ 20
A7, netterol-water, 2m/Qg) edracts of seleded 1987 ap
year famers”stok peanuts vere saved fran aother study.
Initial LC adllyses vere perfomed on ttee edradts, ad
when resulitsshoned cotamiration nrageofinaet, a s
mL edract wes storad in dark at 0°C in closd medlicire
bottle. Priar study hed shown thet retural ly contaminated
pearut edractswere steblle Tarat kesst 3 months uder trese

ardiias (Upblished dia). One hundred edradts were
saved TrEL 1 SA study on thiskesis.

Each edractwas diviced inhalifand randanly assiged o
10200 peitio s 0 that eech sapleves aalyzsd nd pli-
cate by esch ELISA method and by LC metihod. Dplicate
anlyz=svere rot nn arssautively opreant bissirg nter-
pretatan of resdits.

Reultsand Disassian

To as@Ertain the precision of tre LC method used as the
kesisfarcomparison intte , treaefficatofaiatin
(V) ves cladlated fareach of tte 100 dplicate
Ten oftresarples vere recative Taraflaiodn, ad oftte 0
antaining afiatodan, 17 produced tresame resit nboth LC
anlyss (rearestwhole gdo)- Aother 32 diffared by 1.
The mean of tre 90 CVs (10 recative sarplles ot incluod)
wes 5.9/, which irdicaied a lovdsgreecheriation nttelL.C

The \ariation within each EL 1SA method wes aoout the
sae. Intteap e, d plicateaalysssdidrotagree fTar9of
tre 100 saples. Eleven tines of 1D, tre 2 reaiits fran tte
card testdid rot egree. The mean aflatodn cnoentrationof
thoesaplesves 7.0ad 990,

Féalttsofﬁepeytsuxyaremrlzed inTable 1,
which shons ttenumber of repllicatios icntifiedas psitihe
ad regatie by the ELISA methods within 4 rarges of
antaniretian. Also shown are tremeans of treCVs fartre
LC aalyssswithin the given rarges. Although tremetiods

ly hed diffarat detection thresolds, thee cita
indicaie tet tteir acttel performance was quite similker.
Each method iontafeed 95% of te sarplles aontainirg o
cetecteble aflatodn as recptine. Intersstagly, e 2ELISA
methods idntified tie sare repllicaie of tre same regative
sapleaspsithe. Intte4-10 pob rate, tteap et ichti-
Tiad 76% of the sarples as recative and tre card et idanti-
Tied 67% a5 reptive. Each method idntafied >97% of tte
saples antainirg >10 ppb aflatodn ss peithe. The cad
testauld be arsiderad nararon 2 of A rplicalios n
e 11-20 pob range by idntafyang them as pesitive; honev-
a, tre smilarity n reats of te 2 methods may sinply
indicate tret the detection thresold fartrecard inthisstLody
ves, nreslity, dosr © 10 ppb tren 0 .

A cetaild oftredata farsaplles antainirg
4- 23 ppb aflatodngypears nTable 2 The ap testarredtly
ntahedsanples oontaminated atacooatratinaoe the
chtection threstold o the assay (10 pb) s psitive. Most
diffarass between tre resltsof e LC method and tose
of tre ap =t as vell as betveen tte dplicate ap &t
analyzs were assiated with sanples antaminated ntte
5 10pob rate.

Baogpt for Lreplicate icsntifiedby LC aalysisasantain-

Table 1. Numbers of positive and negative replications for each
ELISA method within various ranges of aflatoxin contamination as
determined by LC method3

Cup test Card test

Contamination No. of

range, ppb replications6 CV, % Pos. Neg. Pos. Neg.
NDC 20 0 1 19 1 19
4-10 46 7.8 11 35 15 31
11-20 34 4.5 33 1 32 2
21-64 100 4.7 100 0 99 1

3Coefficient of variation (CV, %) is the mean of the individual CVs in the given

range.
bBased on having the rounded mean of the LC analyses within the given range.

¢ No aflatoxin detected.
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Table 2. Comparison of ELISA test results with LC results for
each duplicate aflatoxIn analysis of samples containing between 4
and 23 ppb aflatoxIn3

LC method Cup test” Card testc
Rep.1 Rep.2 CV,% Rep.1 Rep.2 Rep.1l Repl.2
4 3 20.2 - - - -
4 4 0 - - — —
4 5 15.7 - - — —
5 4 15.7 - - — —
5 4 15.7 - - - +
6 4 28.3 + - - +
6 5 12.9 - + + +
6 5 12.9 - - - +

6 6 0 - - —
6 7 10.9 - + —
7 7 0 - - - -
7 7 0 - — — —
8 7 9.4 — — —
8 8 0 + + + +
8 8 0 - + - -
8 9 8.3 + + + +
9 8 8.3 - + - +
9 9 0 + - + +
9 9 0 - - + -
10 9 7.4 - - — —
10 10 0 - - + -
10 10 0 + - — -
1 9 14.1 - - + -
1 10 6.7 + - + +
1 1 0 + + + +
1 11 0 + + + +
14 14 0 + + + +
16 15 4.6 + + + +
16 18 8.3 + + + -
17 16 4.3 + + + -
17 16 4.3 + + + +
17 16 4.3 + + + +
17 18 4.0 + + + +
19 17 7.9 + + + +
19 21 71 + + + +
20 19 3.6 + + + +
20 19 3.6 + + + +
20 19 3.6 + + + +
21 19 7.1 + + + +
21 19 71 + + + +
22 20 6.7 + + + +
22 21 3.3 + + + +
22 22 0 + + + +
24 21 9.4 + + + —

*Coefficients of variation (CV) are included for each of the duplicate LC analyses.
6+ = >10 ppb; - = <10 ppbh.
c+ = >20 ppb; —= <20 ppb.

iy 21 pob aflaioan, tre card test corectly ikntafied il
samples aove isdatection threstold ofF 20 b s praitihve.
An eanination of ttedata nTable 2 recaled et ttecard
e=tahenost of e sarples ntte 100 ppb rage as
positive (G20 gb)- ftredetecton thredoldoftrecard et
wes eciially dosr o ttet of tte ap &, ar 10 g, tte
majorityoftredifleratesbetween tteL C aalys=sadcard
et reaits and between dplicate card et aalyses were
also assoaiated with saplles aontamineted intte 5-10 pb

rate.

Because tte antiiadies of hoth assays are purported ©©
resct with aflatodars Bi, B2,ad Gi, tte LC aslyssswere
soutinized tocetermine tte effect of atssHeectivity on tre
resiits dotared. Although 51% of the sarples aottained
aflatoan G, te aooantrataas were ot high enough ©
have dhagad tre st on tre besis of atsHesotiMiy. In
nost saples antainirg aflaioan G, the aflatoan Bi con-
antration wes WLAlly high enough o produce a peitive
resitwrthout the nesd of atssHeectivitywith aflatodans B2
ad G). Trerefore, te data rertterconfirmed nor inalich=-

ed treassunption of aTsHeedtiMIty.
An aflatodn saeing progran s dcesigad  ealuete
inooning farmers”stok pearnuts o thet ledscanbe

pracerly dnerted 1o all stodk ar possible dleanlp. A high
cgree of arffidae N realts B recessay sine a lad
recative faraflatodanwould thenbe processad ss adible food.
Resulits fram this stuy indicaied tret eitter trecard ar aup
testwould idbly (G93%) ity sarplles of pearuts con-
tainirg >10 ppb of aflaoan. Likevise, both methods were
rizble (B)%) nprgerly kbnafirgsaples ttetvwere neg-
aie Tar aflaoan. Trerefore, reaults of this study irdicate
tresateility of these assays Tar rgpadly sorening gorgons-

aely drann saples Tar tte presae of aflatodn doe a
prosoribed arcentration.

AddoMedgrent
The auttors thark Millbra Sdhveikert fa tedmnical assis-
j g8
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Sixteen United Kingdom analytical laboratories participated in an
evaluation of 3 commercially available enzyme-linked immunaosor-
bent assay (ELISA) kits for analysis of aflatoxin in peanut butter.
Each laboratory was sent 3 sets of 10 randomly numbered samples of
peanut butter. Each set consisted of 5 pairs of undisclosed duplicates.
Four of the sets of duplicates were naturally contaminated butters
with “target” aflatoxin values (estimated by liquid chromatography)
between 8 and 81 jtg/kg. The fifth pair was a blank peanut butter
containing approximately 3 /tg/kg of total aflatoxins. A statistical
treatment of the results of the study is presented, together with
discussion of the relative merits of the different kits.

A range of immunoassays has been developed for the analysis
of several mycotoxins (1) including the aflatoxin group.
Aflatoxins, the carcinogenic and teratogenic metabolites of
Aspergillusflavus and A. parasiticus, can contaminate cere-
al crops and groundnuts and their products (2). The need for
monitoring and control of aflatoxin levels in the food supply,
with the consequent requirement for rapid screening of large
numbers of samples, has encouraged the development of
commercial ELISA Kits for aflatoxin measurement.
Collaborative trials using ELISA techniques to quantify
levels of aflatoxin Bi in peanuts, corn, cottonseed and their
products, and in mixed feed have been reported (3,4). Inter-
laboratory studies are essential as a basis for evaluation of
commercial kits and are part of the process of ensuring
acceptance of the ELISA approach in the area of food con-
tamination monitoring. This paper reports the evaluation of 3
commercially available ELISA kits manufactured in the
United Kingdom but marketed worldwide for the analysis of
naturally contaminated peanut butters for aflatoxin.

Analytical Study

Sixteen laboratories participated. In March 1988, each
laboratory was sent one Biokits total aflatoxin kit, one Cam-
bridge Life Sciences (CLS) Aflasure B kit, one May & Baker
(M &B) Quantitox B[ kit, 3 sets of 10 samples of peanut
butter, the analytical protocol, and results sheets marked to
be returned before May 1988. All laboratories received these
in good condition.

Biokits Total Aflatoxin Kit

The Biokits assay, manufactured and supplied by Cortecs
Diagnostics Ltd, is an indirect competitive ELISA for the
guantitative determination of aflatoxins (Bj, B2, Gi, and Gz)
in nuts and other commodities at levels between 2.0 and
200.0 /ug/kg. The kit consists of aflatoxin Bi standards, afla-
toxin-sensitized 96-well plate, monoclonal rat anti-aflatoxin
antibody, peroxidase conjugate, and 2,2'-azino-di-(3-ethyl-
benzthiazoline sulfonic acid) substrate system plus dilution
and wash buffer concentrates. Also included are a “blank”
peanut meal preparation and 2 ng/mL spike solution for the
preparation of internal (negative and positive) assay controls,

Received February 7, 1989. Accepted May 17, 1989.

results sheets, and graph paper. Samples are extracted using
5 mL/g of aqueous acetonitrile; standards and samples are
assayed at least in duplicate (Biokits (1988) total aflatoxin
assay kit for quantitative determination of total aflatoxin in
nuts and nut products by enzyme immunoassay, Thames
Genelink Ltd, Deeside, Clwyd CH5 2NT, U.K.).

Cambridge Life Sciences Aflasure B Kit

This kit is an immunodiagnostic kit for analysis of afla-
toxin Bj in foods. The antibody used has a 40% cross-reactiv-
ity with aflatoxin Bz. There is no reactivity to aflatoxins Gi
and G:2. The kit consists of a set of aflatoxin Bi standards, 6
microwell strips (16 wells/strip), primary antibody, antibody
conjugate, substrate reagents, washing solution concentrate,
stopping solution, results sheet, and graph paper. The recom-
mended extraction solvent is an acetonitrile-water system. It
is recommended that standards and samples are assayed in
duplicate (Cambridge Life Sciences (1988) Aflasure B,
gquantitative enzyme immunoassay for extracted aflatoxin
Bj, CLS pic, Milton Rd, Cambridge CB4 4GN, U.K.).

May & Baker Quantitox B\ Kit

This kit isa monoclonal antibody-based assay for the rapid
colorimetric determination of aflatoxin Bi only in food and
feed commodities at concentrations ranging from 2 to 100
yug/kg. The kit consists of an uncontaminated ground maize
reference standard, toxin-sensitized microstrips (12 X 8
wells), enzyme-antibody conjugate, various buffer concen-
trates, calibration table, and results sheet. The recommended
extraction solvent is a water-methanol system. Duplicate
analysis per sample is recommended for greater precision,
although the manufacturers state that a single assay well per
sample may be adequate for screening purposes (May &
Baker Diagnostics (1988) Quantitox Bj, M&B Ltd, 187
George St, Glasgow GI 1YT, U.K.).

Peanut Butter Samples

Samples of peanut butter were prepared by mixing uncon-
taminated retail-purchased material with naturally contami-
nated smooth peanut butter (aflatoxin Bi concentration ap-
proximately 200 fig/kg, assayed as described below). Uncon-
taminated butter (8 kg) was blended for 1 h to form sample 1.
Sufficient quantity of butter 1 and the contaminated butter
were blended for 1 h to make 1.55 kg each of samples 2, 3,4,
and 5. The blending procedure had been previously demon-
strated (4), through the analysis of subsamples, to be suffi-
ciently rigorous to produce homogeneous material.

Portions (10.0 £ 0.05 g) of the peanut butters were pre-
pared and weighed into wide-neck plastic tubes. All samples
were randomly coded with a 3-figure number. Each partici-
pant received 3 sets of 10 samples, which were 5 pairs of
samples 1, 2, 3, 4, and 5 as blind duplicates.

Samples of each of the 5 peanut butters were analyzed for
aflatoxin levels by using a post-column iodination liquid
chromatographic (LC) method with immunoaffinity column
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Table 1. Order of analysis for each participating laboratory
Laboratory Biokits CLS M&B
1& 14 1st 2nd 3rd
2, 13, & 16 2nd 3rd 1st
3,8 & 12 3rd 1st 2nd
4,11,& 17 3rd 2nd 1st
5, 10, & 15 2nd 1st 3rd
6&9 1st 3rd 2nd

cleanup (5) of an acetonitrile-water peanut butter extract
(manuscript in preparation).

Protocol

Each participant was instructed to carry out the study by
using each of the 3 kits in the order given in Table 1. Each
participant was provided with 3 report sheets requesting the
concentrations of aflatoxin found, asking if the samples/kits
arrived in good condition, and inviting comments regarding
their opinion of the kits and the way the analyses were per-
formed. Fourteen participants commented.

Experimental
Extraction of Peanut Butter

Each sample was extracted according to the instructions of
the 3 kit manufacturers. Each recommended a different ex-
traction procedure (detailed in Table 2), but each procedure
took about the same amount oftime (15-20 min). In the CLS
Aflasure B procedure, extract filtering was optional; decan-
tation or supernatant pipetting after settling could be used.
Two dilutions were to be made for the M &B Quantitox Bj
kit.

Immunoassay

Immunoassay was carried out in microtiter plates using
the 3 different procedures of the kit manufacturers, which
are described in detail by the manufacturers. Table 3 sum-
marizes the differences among the 3 procedures. The sample
volume relates to both standards and extracts (with triplicate
assays on each extract for Biokits and duplicates for the other
2 kits). Number of other additions relates to liquid additions
(e.g., additions of conjugates or stopping solutions). Absor-
bance wavelength relates to that recommended for the micro-
titre plate reader. Approximate total time is time for the
immunoassay only, using half the available wells, and has
been evaluated by assuming sample/standard additions to
the microtiter plate take 6 min, all other additions and wash-
es take 2 min, and plate reading takes 5 min.

Calculation of Aflatoxin Concentrations

To assess aflatoxin concentrations in the Biokits and CLS
procedures, a calibration curve is constructed by plotting the

Table 2. Extraction conditions recommended by kit
manufacturers

Condition Biokits CLS M&B

Solvent system acetonitrile- acetonitrile- methanol-water
water water

Ratio (v/v) 50 + 50 60 + 40 55 + 45
Volume (mL/g) 5 2 5
Blending time

(min) 2 min. of 2 1
Filter recommended optional recommended
Dilution 1/25 1/20 1/10 & 1/50

Table 3. Comparison of Immunoassay methodology of ELISA kits
Item Biokits CLS M&B

Sample volume (uL) 50 75 100
Extract assay replication X3 X2 X2
Number of other additions 4 4 3
Number of washes 2 2 1
Number of incubations 3 2 2
Absorbance wavelength (nm) 414 450 450
Recommendation for substrate

blanking plate reader blank well air air
Steps in assay 11 10 8
Approximate total assay time

(min) 320 85 80

mean absorbance values of each of the 5 aflatoxin standards
on semi-log graph paper.

In the M&B kit procedure, the mean absorbance values
for the reference standard and the samples are obtained. The
mean value for the reference standard is taken as 100%. The
mean absorbances of the samples are expressed as a percent-
age of the reference standard. A calibration table provided is
then used to convert the percentage values to the concentra-
tions of aflatoxin present.

Results

Table 4 lists the concentrations of aflatoxins Bi, B2, Gi,
and G2present in peanut butter samples 1-5 as estimated by
LC analysis. The coefficients of variation of the B! determi-
nations are also shown in this table.

Tables 5-7 display the results produced by each of the 16
laboratories for the Biokits total aflatoxin kit, CLS Aflasure
B kit, and M&B Quantitox Bt Kit, respectively. Also given
(in Tables 5 and 6) are the number (n) of results not identi-
fied as outliers by the procedures described below.

Statistical Analysis of the Results

The statistical analysis of the analytical data produced by
collaborators in the trial has proved to be difficult because a
substantial number of “< x” or “> Xx” results were obtained
for all 3 kits and because results were reported within ranges
for the M&B kit. There are no agreed procedures on how
such data should be treated. The approach that was taken to
produce statistical data was as follows: Where “< x” and “>
x” values have been reported, such values have been treated
as being “= x”.Where a range has been reported, the mid-
point of that range has been used to produce a data point for
statistical evaluation as described below.

It was decided that, because only a limited proportion of
the results for the Biokits and CLS Kits were “< x” or “> x”
values, the results reported (in Tables 5 and 6) could be
examined for evidence of individual systematic error (P <

Table 4. Aflatoxin concentrations (/ig/kg) of peanut butter
samples determined by LC analysis

Sample
Aflatoxin 1 2 3 4 5
B, 2.0 8.5 15.0 40.0 65.0
b2 1.0 1.5 2.6 5.9 9.5
Gi 0.0 2.2 3.6 41 6.5
g2 0.0 0.0 0.2 0.0 0.0
Total B 3.0 10.0 17.6 45.9 74.5
Total B+ G 3.0 12.2 214 50.0 81.0
CV, % (B,) 35 9.1 6.0 14.8 5.0

n 8 3 4 3 3
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Table 5. Collaborative results for total aflatoxIn (¢tg/kg) determined by Bloklits assay9
Sample
Lab. 1 2 3 4 5
1 5.8 6.2 13.6 19 45 39 81 60 81 120
2 25 5.6 22 15 50 37 80 100 120 150
3 <2 <2 12 8 30 23 69 73 103 79
4 5 6 24 18 34 38 90 90 120 140
5 13.5b 15.5" 33 30 125b 92b 135 110 >200 135
6 2.7 <2 10.8 <2 23 <2 88 47 108 5
8 31 2.7 13.5 8.2 25.5 58 75 96 255 130
9 2.1 4.3 16 14 40 37 130 95 140 130
10 4 4 15 16 29 28 49 50 90 90
1 4.4 3.6 17 16.25 29 34 92.8 73.75 134 114
12 7.8 4.6 18 24 40 39 68 64 75 75
13 3.5 7 12 13 28 32 70 55 115 90
14 2 3.3 11.2 12.5 30.3 16 100 60 100 140
15 3.1 4.1 18.5 27.6 32 36 14.75 68 255 120
16 4.4 4.5 17.1 17.7 36 34 101 113 159 144
17 6 9 20 25 45c b 140 170 200 130
Mean 4.2 16.9 32.7 84.6 112.2
r 3.7 9.7 24.8 48.4 107.7
R 5.3 18.5 29.4 87.5 122.5
SD 1.87 6.47 10.32 30.71 43.13
CV, % 44.5 38.3 31.6 36.3 38.4
n 30 32 28 32 32

* Values reported as “< x" or “> X" equated to “ = X.”

BResult rejected as outlier by Dixon's test (P <0.05); not used in calculations of statistical parameters.
c Result rejected as outlier by Cochran’s test (P < 0.05); not used in calculations of statistical parameters.

0.05) using Cochran’s and Dixon’s tests progressively, by
procedures described by the British Standards Institution
(6). Outlying results are identified in the tables and were not
used in any subsequent calculations for means, repeatabili-
ties (r), reproducibilities (R), standard deviations (SD), and
coefficients of variation (%CV) as defined by the procedures
given by the British Standards Institution (6). The values are
given in Tables 5 and 6. The within-laboratory variance

ratios (ri2/r22) and between-laboratory variance ratios (2R i2
—ri2)/(2R 2 — r22) were also calculated from the results
obtained for these Kits.

All the results for the May and Baker kit were either in
ranges or “< x and > Xx,” so we decided to produce only a
simple “mean” of all the results by considering “< x” and “>
X as “= x” and by treating ranges as their mid-point (“x to
y” = “x/2 + yl/2”). We decided that any other statistical

Table 6. Collaborative results for aflatoxins B1+ B2 (/ig/kg) determined by CLS assay9
Sample
Lab. 1 2 3 4 5
1 2 4.8 19 12.8 64 40 100 124 >200 156
2 3.4 5.5 35 70 125 125 175 180 >200 >200
3 7 10 50 42 44 110 75 88 112 132
4 3 5 12 19 29 40 72 72 80 120
5 6.8 6.4 11.6 10.8 14 20.7 66.7 51 104 122
6 >200 1.3b >200b 8.8b >200b 14.8b >124b 20.0b <200 >120
8 25 5.6 11.2 20.8 50 32.8 92 78 184 196
9 13.4 6.6 37.2 76 110 128 >200 >200 98 >200
10 46b 21b 1 18 1 20 35 98 68 76
11 6.8b 45b 78b 19b 124 48 6.6 75 190 >200
12 4.6 0 22.4 15.2 50 33.6 88 92 140 176
13 7.8 8.4 25.6 34.4 46 38 >200 >200 >200 >200
14 2.7 12.2 14.5 11.2 20 17.2 36 42 92 142
15 3.3 8.8 9.6° — 28.8 33.2 104 >100 >100 >100
16 4.5 3.6 19 26 27 42 91 94 191 162
17 1.3 0.5 8.9 15 15 2.7 160 117 >200 >200
Mean 5.4 24.1 49.3 103.7 151.9
r 8.3 32.9 59.0 56.1 80.7
R 9.5 53.3 111.4 154.5 133.0
SD 3.4 18.6 38.9 53.8 46.5
CV, % 62.7 77.2 78.9 51.9 30.6
n 26 26 30 30 32

* Values reported as “< x" or “> x" equatedto "= x.”

b Result rejected as outlier by Cochran’s test (P < 0.05); not used in calculations of statistical parameters.

cResults reported as single figure, not used In calculations.
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Table 7. Collaborative results for aflatoxin B1 (¢ ig/kg) determined by M&B assay3
Sample
Lab. 1 2 3
1 0-5 0-5 6-20 6-20 21-50 21-50 21-50 21-50 >100 51-100
2 2-5 6-20 21-50 21-50 51-100 21-50 >100 >100 >100 >100
3 0 0 11-20 6-10 >20 >20 >20 >20 >20 >20
4 <5 2-5 6-10 6-10 11-20 11-20 51-100 51-100 >100 >100
5 6-20 6-20 6-20 6-20 51-100 6-20 0-5 21-50 51-100 51-100
6 0 0 6-10 6-10 6-10 6-10 11-20 >20 >20 >20
8 2-5 0 6-10 6-10 11-20 11-50 21-50 21-50 51-100 51-100
9 6-20 0-5 6-20 6-20 21-50 21-50 >100 >100 >100 >100
10 2-5 2-5 6-20 6-20 21-50 6-20 21-50 21-50 51-100 51-100
11 0 0-5 6-10 2-20 6-20 21-50 51-100 6-50 6-10 21-100
12 0 0 6-10 6-10 >20 11-20 >20 >20 >20 >20
13 2-5 2-5 6-10 6-10 6-10 6-20 21-50 21-50 21-50 >100
14 2-5 2-5 11-20 6-10 6-20 6-20 51-100 0-5 >100 51-100
15 0-5 0-5 6-20 6-20 21-50 21-50 51-100 >100 >100 >100
16 0 0/2-5 6-20 6-20 21-50 >100 >100 51-100 51-100 51-100
17 0-5 0-5 6-20 6-20 21-50 6-20 6-20 51-100 21-50 21-50
Simple
“mean” 3.8 12.5 28.3 54.4 76.9

*Values reported as “< x” or "> x" equated to "= x." Ranges equated to mid-point (Xxtoy = x/2 + y/2).

procedures would be inappropriate; any conclusions based on
these would probably be invalid.

Results and Discussion

Concentrations of the 4 aflatoxins present in the peanut
butters were determined by LC analysis and are given in
Table 4. About 80% of the aflatoxin contamination was due
to aflatoxin Bj and about 10% of the aflatoxin concentration
was due to each of aflatoxins B2 and Gi; there was only a
trace of aflatoxin G2. The aflatoxin specificity of each of the
3 immunoassay kits is different; the Biokits total aflatoxin kit
assays concentrations of aflatoxins Bi, B2, Gi, and Gz, the
CLS Aflasure B kit assays aflatoxins B| and B2, and the
M &B Quantitox B] kit assays aflatoxin Bi alone. The rela-
tive amounts of the different aflatoxins must be taken into
consideration when the performance of one kit is compared
with another. It is apparent that the Biokits and CLS immu-
noassay kits gave higher mean values of aflatoxin present,
calculated from the data from the 16 participating laborato-
ries, than the levels obtained by LC analysis. The simple
“mean” values obtained from the May and Baker kit were
also higher. In this paper, the LC estimation is not assumed
to have provided the correct aflatoxin concentrations to
which the ELISA results are to be compared. Liquid chroma-
tography was used to provide details of sample homogeneity
and the relative amounts of the different aflatoxins present.

Comparison of Mean Values

The mean values for all 5 samples for the Biokits total
aflatoxin kit are closer to the LC mean values than are the
equivalent mean values obtained from the CLS kit. For the 5
samples, the Biokit mean value is 1.4-1.7 times higher than
the LC total aflatoxin value; for the CLS Aflasure B Kkit, the
corresponding figures are 1.8-2.8 times the aflatoxin B] and
B2 level. However, comparison of the results using a null-
hypothesis i-test suggests that the mean values for the Biokit
and CLS Aflasure kits are not significantly different from
each other except in the case of sample 5. This is probably
because the inherent variability of the results masks any
mean differences. In the case of the M&B Quantitox Bi Kit,
where it is difficult to make a direct comparison of results
with the other kit results, the ratios of the ELISA simple

“means” to aflatoxin Bi LC values appear to be higher than
the equivalent Biokits figures for samples 1-3 but lower for
samples 4 and 5.

Comparison of Precision Values

Itis possible to compare the precision values obtained from
the Biokits and CLS Aflasure B kits on a sample-by-sample
basis. For most samples, the repeatability and reproducibility
values are significantly different (P < 0.05) and normally
less (i.e., more precise) for the Biokits results. Even where
this is not so, i.e., in the case of sample 5, this may be due to
the calculation procedure used with results reported as “>.”
For this sample, 10 CLS kit values for sample 5 were report-
ed by participants as >200 and were treated as being equal to
200; only one >200 value was reported for the Biokits Kit.

Comments of the Participants

Participants were asked to comment about the perform-
ance of the kits or any modifications from the protocol they
were forced to make.

Three participants said that the M&B Quantitox Bi kit
instructions were confusing but a further 3 participants par-
ticularly noted that this kit was the quickest to use. Two
participants said that they considered that the kit should be
considered as semiquantitative because results are only given
within ranges. One laboratory noted that the kit relies on the
availability of a completely aflatoxin-free blank for accurate
determination of results.

Regarding the CLS Aflasure B Kkit, 2 laboratories noted
that the instructions were easy to follow. The main criticism
of the method, by 5 participants, was that the extraction
volume, at 20 mL per 10 g peanut butter, was too small.

Three participants commented that the Biokits total afla-
toxin kit gave the best performance of the 3 kits tested. Two
participants drew attention to the positive and negative con-
trols provided, which act as an internal quality control. Two
participants thought the instructions were poorly presented
with too much detail. One laboratory did not like the long
incubation periods. Four participants did not have a 414 nm
filter on their plate readers and substituted the recommended
wavelength by 405 or 410 nm.
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Conclusion

The reproducibility values for the total aflatoxin Biokits
and CLS Aflasure B kits were of the same order as the mean
concentrations being determined. Results reported from 8%
of the analyses for the Biokits kit and 20% of the analyses for
the CLS kit had to be removed from further statistical con-
siderations as outliers. Therefore, we conclude that, for
screening purposes, single extraction and assay of samples
would not be acceptable.

Analysis of the M &B Quantitox B| kit results was difficult
because concentrations were reported within ranges. Howev-
er, since some of the ranges straddle U.K. statutory limits
(7), the test should be reformulated before it is used as a
screening procedure.

The results of this trial indicate that the kit procedures
may be useful as screening procedures but not as methods
suitable to obtain results on which enforcement action may
be taken.
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INDUSTRIAL CHEMICAL RESIDUES

Determination of Linuron in Potatoes Using Capillary Column Gas Chromatography/Mass

Spectrometry
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A convenient method for the determination of the JVArethyl,iV-
methoxy-phenylurea herbicide (linuron) in potatoes has been devel-
oped. The herbicide is extracted from potatoes using a slightly modi-
fied Luke multiresidue procedure. The extract is analyzed directly by
gas chromatography with cold on-column injection, using an ion trap
mass spectrometer in the chemical ionization mode as the detector.
Quantitation is performed using p-bromonitrobenzene as the internal
standard. The limit of detection is 0.1 ppm Recoveries of linuron in
potatoes averaged 112 + 6%oat the 0.5 ppmlevel, and 110 + 2%at the
0.2 ppm level. No linuron residues were found in 25 potato samples
that were analyzed by this method. Two other N-mcthyl, V-methoxy-
phenylurea herbicides, metobromuron and chlorbromuron, are also
sufficiently stable to be determined by this method, but the MM
dialkyl-phenylurea herbicides neburon, diuron, and monuron are too
thermally unstable and degrade in the gas chromatograph.

Linuron is considered a “possible human carcinogen” by the
U.S. Environmental Protection Agency (EPA) (1), which
has a tolerance level of 1 ppm for linuron in potatoes. The
thermal instability of phenylurea herbicides makes it diffi-
cult to analyze them by gas chromatography because of
degradation to their respective isocyanates upon heating (2).
Luchtefeld (3) obtained good recoveries for 6 phenylurea
herbicides by using liquid chromatography (LC) with post-
column photodegradation followed by derivatization. Zah-
now (4) obtained good recoveries for diuron, linuron, and
neburon by using LC and a photoconductivity detector. Both
methods, however, specify extraction procedures different
from currently used multiresidue extraction procedures. We
have developed a method for linuron which uses a slightly
modified version of the Luke extraction procedure (5) with
gas chromatography/mass spectrometry (GC/MS) as the
determinative step. This multiresidue extraction is one of the
most commonly used procedures by the U.S. Food and Drug
Administration.

Experimental

Reagents

Linuron (3-[3,4-dichlorophenyl]-1-methyl-1-methoxy-
urea), metobromuron (3-p-bromophenyl]-I-methyl-1-meth-
oxyurea), chlorbromuron (3-[4-bromo-3-chlorophenyl]-I-
methyl-I-methoxyurea), neburon (I-n-butyl-3-[3,4-dichlor-
ophenyl]-1-methylurea), diuron (3-[3,4-dichlorophenyl]-
1,1-dimethylurea), and monuron (3-p-chlorophenyl-l,I-
dimethylurea) reference standards were supplied by EPA
(Research Triangle Park, NC). Sodium chloride, anhydrous
sodium sulfate, and high purity LC grade acetone, petroleum
ether, and dichloromethane were purchased from Fisher Sci-
entific Co. (Springfield, NJ). p-Bromonitrobenzene was pur-
chased from Aldrich Chemical Co. (Milwaukee, W1).

Received December 13, 1988. Accepted May 23, 1989.
1Present address: FMC Corp., PO Box 8, Princeton, NJ 08540.
2 Address correspondence to this author.

Samples

The potatoes analyzed in this study consisted of 13 samples
(8 Atlantic White and 5 Superior White) collected from
various farms in New Jersey, 9 Red from Florida, and 3
Standard White from California. The out-of-state varieties
were obtained from supermarket warehouses in New Jersey.
The untreated red potato sample used for the fortification
studies was obtained from the Farsouth Growers Cooperative
Association, Homestead, FL.

Instrumentstion

A Varian Model 3400 gas chromatograph (Varian Asso-
ciates, Walnut Creek, CA) was interfaced to a Finnigan
MAT ion trap detector (Finnigan MAT, San Jose, CA)
equipped with chemical ionization and controlled by an IBM
PC/AT. The analyses and quantitation were performed with
Finnigan lon Trap Software Version 3.15. A splitless on-
column injector held at 50°C was used, and a2 m X 0.53 mm
id deactivated fused silica pre-column was fitted between the
injector and capillary column.

A 15 m X 0.25 mm id J&W DB-1 fused silica capillary
column (1 pm film thickness) was temperature programmed
from 50 to 300°C at 15°/min. Helium carrier gas was used
at a velocity of 25 cm/s and the injection volume was 1 ph. A
15 cm syringe was used for on-column injections.

The mass spectrometer was operated in the chemical ion-
ization mode using methane reagent at a pressure that gave a
10:1 ratio for m /z 17 to 16. The filament voltage and current
were 70 eV and 80 /¢ A, respectively. Electron multiplier gain
was 10s. Scan range was 70 to 320 atomic mass units at 1 s/
scan. Transfer line and manifold temperatures were 250 and
220° C, respectively.

Preparation of Calibration Curve

Ten mg linuron reference standard was dissolved in ace-
tone to give 10 mL of a 1 mg/mL stock solution. The stock
solution was then diluted, and the appropriate amount of ap-
bromonitrobenzene internal standard stock solution (2.5
mg/mL in acetone) was added. These standard solutions
then contained 2, 5, 10, 20, and 27 ng/pL of linuron and 25
ng/pL of p-bromonitrobenzene. These solutions were ana-
lyzed by GC/M S with triplicate injections for each concen-
tration level. The resulting calibration curve was used for all
calculations.

Sample Analysis

The Luke procedure (5) was followed exactly up to the step
where petroleum ether and acetone are added through the
Snyder column, and the solution is reconcentrated. Instead,
50 mL of dichloromethane was added through the Snyder
column and the solution was reconcentrated to approximate-
ly 2 mL. Then, 40 pL of the p-bromonitrobenzene stock
solution (2.5 mg/mL) was added and the final volume was
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Figure 1. Total lon chromatogram of standard solution containing 25 ng//iL each of /vbromonltrobenzene (1), metobromuron (2), llnuron
(3), and chlorbromuron (4).

adjusted to 4 mL. These samples were then analyzed by GC/
MS.

For the recovery studies, appropriate amounts of the lin-
uron stock solution were added to chopped potatoes prior to
extraction of the samples. The calculations were performed
by the instrument software, where the relative response fac-
tor (area of m/z 249 for linuron divided by the area of m/z
202 for p-bromonitrobenzene internal standard) is applied to
the calibration curve and the amount of linuron (ng/VL) is
calculated. The amounts of linuron (ppm) in the potatoes
were then calculated as in the Luke procedure (5).

Results

The chromatographic separation of a 25 ng/ixL standard
solution of 3 7V-methyl,7V-methoxy-phenylurea herbicides
and the p-bromonitrobenzene internal standard is presented
in Figure 1. The chemical ionization mass spectrum of lin-
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Figure 2.

uron (M + 1 = 249; M + 3 = 251) is shown in Figure 2.
Figure 3 shows the calibration curve for linuron, where the
amount of linuron (ng) is plotted against the relative re-
sponse factor. Figure 4 shows the mass chromatograms of
linuron (m/z 249) and 3,4-dichlorophenyl isocyanate (m/z
188), demonstrating that very little, if any, thermal degrada-
tion occurs under our analytical conditions. Similar results
(not shown) were obtained for 2 other iV-methyl,7V-methoxy-
phenylurea herbicides, metobromuron and chlorbromuron.
In contrast, the 7V,7V-dialkyl-phenylurea herbicides thermal-
ly degrade under these conditions, as demonstrated by the
mass chromatograms obtained from the GC/M S analysis of
neburon (Figure 5). No neburon peak (m/z 275) was ob-
served due to decomposition to 3,4-dichlorophenyl isocya-
nate (m/z 188) and TV-methyl butylamine (m/z 88).

The total ion and mass chromatograms (m/z 249 and 251)
obtained from the analyses of potatoes spiked with 0.5 ppm

249

256

Chemical lonization mass spectrum of linuron (M + 1 = 249; M+ 3 = 251).
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Figure 3. Calibration curve for amounts of linuron plotted against response factors.

and 0.2 ppm linuron are shown in Figures 6 and 7, respective-
ly (retention time of linuron is 13:30 min). The large GC
peaks in the total ion chromatograms consist almost entirely
of materials from the potato extract. The linuron peak ap-
pears as a small shoulder on the front of the peak.

Recovery studies were performed in triplicate in the red
potatoes, and gave values of 116, 115, and 106% (average =
112 + 6%) at the 0.5 ppm level and 111, 110, and 108%
(average = 110 + 2%) at the 0.2 ppm level. About half of the
positive error in the recoveries at the 0.2 ppm level is due to
small contributions from chemical background at m/z 249 at
the retention time of linuron. The limit of quantitation was
0.2 ppm, and the chromatographic peak for linuron became
indistinguishable from background noise below 0.1 ppm

(limit of detection). No linuron residues were found in the 25
potato samples that were analyzed.

Discussion

We have demonstrated that linuron can be quantified at
the 0.2 ppm level in potatoes by using cold on-column injec-
tion and chemical ionization mass spectrometry. Two other
A-methyLW -methoxy-phenylurea herbicides, metobro-
muron and chlorbromuron, can probably be determined by
this method, as well. However, no quantitative recovery stud-
ies were performed for these herbicides. Unfortunately, the
IV, 7V-dialkyl-phenylurea herbicides monuron, diuron, and ne-
buron are too thermally unstable to be analyzed by this
procedure.
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Figure 4. Mass chromatograms of linuron at m/z 249 (upper trace) and 3,4-dichlorophenyl Isocyanate at m/z 188 (lower trace) obtained
after Injection of linuron.
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Mass chromatograms of neburon at m/z 275 (upper trace), 3,4-dIichlorophenyl Isocyanate at m/z 188 (middle trace), and N-

methyl butylamine at m/z 88 (lower trace) obtained after Injection of neburon.

The use of on-column injection is excellent for less volatile
and thermally labile materials. With this type of injection,
the long syringe needle deposits the sample into the column,
bypassing the injection port. Thermal degradation of the
materials is minimized because they are not flash-evaporated
onto the column, but arevolatilized as a result of temperature
programming for the GC oven. The use of a megabore pre-
column between the injector and column facilitates the use of
on-column injection. It can easily be removed when nonvola-
tile sample components accumulate at the head of the col-
umn. Also, a wider syringe needle can be used because of the

108

larger size of the column. We normally cut approximately 45
cm from the pre-column for every 5 samples injected, and a
new 2 m length of column is replaced after about 20 samples.
The column is then placed directly back into the injector.
There is no optimum length for the pre-column, but it should
be greater than approximately 50 cm.

The final step of the Luke extraction procedure was elimi-
nated from our analyses because it was not necessary for us to
rid the samples of dichloromethane, since we did not use a
halogen-specific detector.

Our method for the analysis of linuron in potatoes is rapid
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Figure 6.

Total lon (upper trace) and mass chromatograms (lower traces) at m/z 249 and 251 obtained from analysis of potatoes spiked

with 0.5 ppm linuron (retention time of linuron is 13:30).
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Figure 7.

Total lon (upper trace) and mass chromatograms (lower traces) at m/z 249 and 251 obtained trom analysis of potatoes spiked

with 0.2 ppm ilnuron.

and gives good remariies with reesreblle praasion. It re-
quires no sarple cleanp ar deriatizatin g and ean ke
incoorated o tre Luke nuktdresidLe proogdre.
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Liquid Chromatographic-Electrochemical Determination of Ethylenethiourea in Foods

by Revised Official Method

RICHARD T. KRAUSE

Food and Drug Administration, Division of Contaminants Chemistry, Washington, DC 20204

AOAC official method 29.119-29.125 was revised to determine ethy-
lenethiourea (ETU) directly by a liquid chromatographic-electro-
chemical (LC-EC) determinative technique and to improve ETU
recovery. ETU is extracted from food products with a methanol-
aqueous sodium acetate solution. A portion of the concentrated fil-
trate is added to a column of diatomaceous earth, and ETU is eluted
with 2% methanol in methylene chloride to separate it from food
coextractives, which are retained on the column. The eluate is collect-
ed in a siliconized flask and evaporated, the residue is dissolved in
water, and 20 fiL of solution is injected onto an LC graphitized
carbon column. ETU is eluted from the LC column with a mobile
phase of acetonitrile-aqueous 0.1M phosphoric acid-water (5 + 25
+ 70), and the eluted ETU is detected by using an amperometric
electrochemical detector equipped with a gold/mercury working
electrode. Recovery data were obtained by fortifying 13 food prod-
ucts with ETU: baked potatoes; canned applesauce, mushrooms,
creamed spinach, green beans, spinach, and tomatoes; cooked fresh
cabbage and frozen collards; fresh celery and lettuce; grape jelly; and
powdered sugar cake donuts. Raw celery was found to cause low ETU
recoveries. Average percent recoveries of ETU from the other 12 food
products were 92 with a standard deviation of 12 for the low (0.05 and
0.1 ppm) fortification levels and 90 with a standard deviation of 6 for
the higher (0.5 and 1 ppm) fortification levels. The limits of quantita-
tion were 0.01 and 0.02 ppm for food products with low and high
sugar content, respectively.

Ethylaethiourea (ETU) hes been shoawn toproduce thyroid
caErs N s, ad when ETU wes fad adlly tomice, an
inoeee N Iinatumors wes dosenved (D). The ULS. Depart-
mert ofHeakth and Human Serviasshes IBElETU asaneof
the “‘austancess ek may reesarebly be anticiated tobe”” a
carciogn ©. : _

ETU BUsd &8 an ac=laatr in the wlenization of
\ariaselsstoers, indudirgnegorereand pohearyliate nb-
ber. ETU salsn a degrachtion pradlct of tre ethylaebis-
dithiccartarate fugicidss, 12, menoozeb, maneb, me-
tiran, and zireb. Over 130millicnpounds ofttese fugicicess
are sl yaarly on egricauitural ags thragout trevordd
@. Ths, tte lkbdsofETU resides nagriatiural ags
and food proclcts need o be determirned.

Ina review of aasildole for tre determinatian
OfF ETU resides, Bottonley et d. Q) atad 7 thirdlaar
dmmmgmic(TLC) 23 ges chraratograghic (C0), ad

1 ligud dhroretographic (LC) netiods. TLC grarally
coes ot provice the cesired fortregetatatinof
ETU. GC BEstten because ETU grerally
chraratographs poorlyan GC coluns wlesssacarnatinve B
fomed. Whforturately, food coedractines can adversely af-
fect tre reection yield of such daratives, casirg lov ad
araicETU rmoaies. LC produoss a sarp symetrical
chroratograohic pesk far ETU without tte requirerant,
and dissdentages, of forming adarnatine. An LG-ellectro-
denical (EC) tedmiqe tret pro/dcss tre sdledtimity ad
sFEItMIty necced to determine ETU resides wes reatdy
rgoorted by o laoratory @).

The AOAC dfficiel method far ETU 29.119-29.125 )
hes been foud by saveral ad tssautior
gne lovad araacrenery of ETU (G; parsaral communi-
G, J. C. Undervwood, Kansas Cirty District Leboratory,
FaxjadDmgAdrInlslratlm 1983). Thismethod antaiins

Received April 5, 1989. Accepted June 14, 1989.

aprocadlre nvwhich ETU iscernatiadefareGC determi-
retion. The presmtstudyves udertaken todetemine ETU
shdtively without derivatization, and o inaeee ETU re-
oaisad inprove tairasistaty. Tarefore, ttedoject
oftrepresantstudywes oreiaette AOAC dfficl method
by t&kirng into aooount recet publided infomataan and
cetemiratave tednigLEs.

METHOD

Reagents

@ Aluminum oxide.— AsErNo. A-540 “Alumira, Ad-
sapian,” 80-200 mesh (Ader Soetific, Pittsudh, PA
15219).

© Antifoam B solution (1% ).— Dillute Dow ComingAn-
tafocanB enulsian (10/6) (Dow Coming Gap., Midlad, M1
4840) withwater (L +9).

© solvents.— Actonitrile (UV grab), netrarol, meth-
viae dlaricke, and vater. Allcisullajmm Q@ur-
didk & Jadam Lahoataries, e, Muskegon, M 49442).
Use oisullaj-ng&sgaobvxreraeram irciuding
vater, Braopiral.

© ETU standard solution.— Dissohe ETU stathd
Gviramental ProtectinAgacy, Research Triagle Park,
NC 27711) invater toghe cooantratinof 0.5 ¢ight, ar
other coentratias as nesced. Store solutian N adtinic
glessare. When ot nuse, stae n

© Partitioning eluant.— 2% metharol nrreliyleredﬁlo-
rck. Pipet 20 mL methanol nbbgraduated oAt Dillute
B 1L withmethylere dilarice, and mix.

® Filter aid.— Glite545 (enville SalesGap., PO Box
519, Lampoc, CA 93438). Do rotacidwesh; do notuseacd-
weshed gracke.

@© siliconizing solution.— Dilute “QurfeSill Silianizirg
Huid” (Piarce Chemical ., Rockford, IL 61106) with
methylere chlorice L +9) ..

@) Phosphoric acid solution.— 0.IM. Pipst7mL 85%LC
grack pfhogtoric acd (Hda Saetafic) o 1L gradated
oAiar antaining vater. Dilute tovolure withvater, ad
miX.

@ solid liquid/liquid column support.— Gas-Chrom S,
45-80mesh (AlHeth Assciates, Inc/Aplied Saience Lds,
Darfield, ILAXOIS). Useass B

General Apparatus

@ Blender.— Bylosiaaroof Waring Laboratory Bla-
ar.

©® chromatographic tubes.— 30 cm X 2mm dChro-
meflex colum & 233) with coarse porcsity fritand \eri-
bor stopoodk @2 2) (\o. K-420640-9042, Kates, Vire-
kad, NJ (B30).

(C) Siliconized round-bottom flasks.— Silianiefldsin
vellhantilated hood and wearr nudber gloves and eye protec-
01 Add S0mL silicnzagsoluiantoeachnew S00mML T
24/40 rourd-ootton fliesk. Stogper and shele Tl remove
stogeer after deking flesk o releese presaure. Sake ik 2
atiitical tines toaaure aoplete silicnizay of giess ar-
fae. Pour silicizirg olulian Into vweste antainer. Let
flek air-drv and then aure flask surface 0 miin N 106°C
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Table 1. Size of analytical portion used for extraction
Food product Weight, g
Applesauce, canned, sweetened 50
Cabbage, fresh, boiled 100
Celery, fresh 100
Collards, frozen, boiled 100
Donuts, cake, powdered sugar-coated 50
Grape jelly 50
Green beans, canned 100
Lettuce, fresh 100
Mushrooms, canned 100
Potatoes, baked 100
Spinach, canned 100
Spinach, canned, creamed, baby food 100
Tomatoes, canned 100
om. Let fleskcome toroom _ Wash fleskwith

methylere dhllarick o remove unreected urfeSil ad reec-
o bHxalcts. {Note: After use, sinply riree fleaskwith
methanol folloved by methylere dllarice ad then air-dry
beforerase. Hflaskreads tobe cleared with scep and water
and/or scrlb lrueh, flask must ke resilliconiz. Low ETU
renaiesmay alo inticate nesd o resilicnie Tl

© Filter paper.— 11 cm sarkskin (Arthur H. Thomas
., Fhilckihia, PA 19106).

© Pasteur pipets.— Batsilicaie dss, 9 L (29 mm),
digrssble (Rdar SIatific). Do rotuse sch-lime tye.

(f) swinny filter holder.—13 mm fillar siz (\o.
XX3001200, MilliporeGorp., Bedford, MA Q1730).

© Membrane filters.— Nylon-65, 046 ™"m pore 9, 13
mm discRainin Instrurat@.,, ke, Wobum, MA Q1801).

()  vacuum rotary evaporator.— Model RE Rotavgpor

@rinkream Ir'struatts, ko, Westbury, NY 11530).
Maintain evgooratian water bath tenperature ak 3B°C.
Mairntain solution naadersing aik and aroud reemiry
flek a& —15°C. i vater-antifreeze oluin
works vell.) Use vacuum pump fitted with vacuum gauge
and neediealhe toantrol vacuum nevgaorator.

L C Apparatus

@ LC mobile phase reservoirs.— Ultranare LC sohat
resanoirs (No. K953935-1000 (L L) and K953935-2000 @2
D), Kates). Repllace Teflan lireswath /16 n. (L.6mm) od
X 0.000 n .0mm) idstankes ded tbirg o preait

reinaoratian of air (0yom) o mbile gese. Deges
sohatswith heliun (9.9986) purifidwith HireHydro-
Purge 11 and Oxy-Purge trgs Alech Assciates, Irc/
Aplied ciece Laxs).

(b) Mobilephase delivery system.—SP8700XR LC pump

, San e, CA BL).

(© Injector.—SP8780XR autosanpler fittedwath 20 pL
lap 1cS). Use methanol farwash solutia

© Lc column.— Shandon gghitizad 7 pm
gierical carlon @tides, 10cm X 46 mm id (Keystoe
Siatific, o, Bllefote, PA 16823). Gordirtion new aol-
umn far 1-2 days by pessimg astonitrile through colum at
0.5-1 m/min. Coditioning ramoves inpuriies and im-
proesETU peekdge.

© column oven.— 2080 LC farcdaircolumoven (Var—
ian/Asoiales, e, Palo Ao, CA 9431).

@® Electrochemical {EC) detector.— LC-17 thinlaer
EC all (uthAu/Hg working electrace, AQ/AQCI referae
electrak, danless ded blok andliary electrak, and 5/am
TeAon gedet) and LC-4B anperanetrric cetectar atroller

(. MF-9094, Bicaralytical Ssters, \Wlest Lafaette, IN

47/06). Prepare Au/Hg working electrack aurfae s -
lo's: To remove oldamalgam, placea fewdrgos of 6N nitric
acid on electrak aurfae. When sty yellov olar gyears,
old amalgam hes been destroyad. Folish gold surface frst
wirth diaradHpol ishing campound and trenwiithalunina s
directed by merufecturer . Intray, coat new highly polided
opld surfacewith a few drgos of high puriity neraury; elec-
‘trode suld be oy oarad. (Do ot touch gold aurface
wirth pipetarother srerp dojectbecause surfacemaly become
Sratded.) After Smin, “rna’” exess mercury from elec-
trak aurface with oft pgoer tise. Continee “rushing’”
ad “plishirg” aurfae with tiss e utll aurfae sfHEad
withoutany sigsofmercury “pucdling.”” The surfacesould
have a sihademn @nina-lilke surfae indicatss ecssive

nmeraury). Letamalgam equilibrate inair far>2
days before electracke Boomected todl. (FAU/Hg sufae
i lIigdy polided with danpened, soft pgper tiss e st be-
Toaedectrak Baoectsd todl, regose toETU sears O
inroe.) Comect oL C unitaftermobi lepese(@eLc
Operating Parameters) r’esbeendagpssedﬁsaeralrars
and then pessad thrauch colum 1o elimirete axygen fram
sstan. Mairtain flov of mibile phese at 05 mL/min
through system and il oemight with detector tumad dif.
Ovemight equiliration B recesssary o provice stieble re-
gosead lovkeslirerore.

@© computing integrator.— SP4200 corputing intya-
tor Gectrathysics).- Qperate atdart soeed of 0.5 cnvimiin
and atteruatian of 8, and use prgeer peak width and pesk
thredoldvales.

L C Operating Parameters

Setpump ottt olapidsvtchim\alves producenabile
phese aomposittion of acetmitrille-aqpeas 0. M phogdhoric
acidvater G+ 5 + 710). Adjustnbile prese flovrate o
1@ + 0.@m/min. Qerate colum oen at B°C. After
EC dl hes aquilirated olemight (S2Lc Apparatus, (f),
st EC cetector potentzal 1 330 mv, tum cdll mode from
“sthy” o “m,” and Etlkeselire sailie. Adjust microanp

sFEtMty ssttig Ottt Sng ETU prodLoes guoroxinetely
50% il siale resporeeon integratar pger. HLC systemwiall
rotbe ussd ovemight, sstmobi le prese flov ratle to05mL/
min, tumadl to“sthy,” and tum cetector . Hsystemwill
rothbe used far saaal dhys, rplaembile pese nocolum
and tthirgwith 100% acstonitrile and store refarate elec-
track N3M sodiun dlarice.

Extraction

To bleder fr, add 100 ar 50 g (Teble 1) aalytacal por-
tn, 15g sodiumasetate, 209 Glite’545,150mL water, ad
200mL metharol. Blend mixture 2min athigh goead. Vacu-
ufilter hamogerate through 10-15 g bed of Gllite 545
goreed evenlyon 2 pramistered derdkadan filapgars n 1l
cm perforated Budhrer furel. Gllect filtiaie in 500 mL
fille Tk Trasfer volure of filicteeguinallent © 20% of
aslyical portaan (L vater naelytical poraan+ 150mL
water + 200mL metterol/5) topreneighed 500mL T 24/
40 roudHoottom Tl Using Pesteur pret, add 5 drgs of
1% Antifoem B solution toroundHootton fled< Place 250mL
T 24/40 trgp an roundHoottom flesk and attach to vacuum
rotary eigaoratar. Agply vacuum slonly. After Tl vacuum
Baplie, slody plae ik in 35°C water kath. Concen-
traeedract toca 12g and then add vater iolrimgveigt o
13 g Sur flk o dislate (ad dssohe, ifpssile) ay
resid e adrering togless surface of fled< Procead immedi-
aelytodleanp.
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Cleanup

Add 10gGas-Chrom S to round-aotton flesk aotainirg
aatrated edract. Stoper ad deke fldc Let flak
stad 2-3 min. Tap flask on cork rirg o breek wp lunps.
(Vixture shauld now e free-flovirgand partadleshould rot
adhere tovall of fled) Pour Gas-Chrom S o chraretto-
ggchicoolum antaining 4.5g alunina and ssttlepartacles
by gantly tgpping sick ofcollum. Place 0.5 cm pliug of gless
wool ontpofGas-Chrom S. Add S0mL partiticnirg elluent
o round-ootton flek Trasfer soluian tocolum. Lett i
uid rgoidly flov through colum to remove entrained alirand
then adjust flow rate to 5 m/min.. Rinse fleskwith sscod
0mL poricnofelat, and add rireetocollum after kstoF
fastportion hes st toudhed giesswool . Rinse flaskwith 2
atirticel 30 mL portias of ebat, and add each rire 0
oolum. Gllect ellate NS00 mL T 24740 round-botton
fleekttatwes previasly sillioniz. Breporate ellate st to
dryress, Lsing vacuum rotary egporator. Immediately pipet
4.0 mL vater ntoflesk Svirl flesktodissoheETU reside.
Pour solution o 10 mL. gless syriinge antainirg Svimey
fille hollder with 046 Am Nylones filla~ Push solutiin
mug]ﬁla’vvrlh syrire pluer and dllect filtidke in 10
mL antrifue e ar otter suiteble antarer. rdilued
olutin Bresdad, pret alig.ot i aother antairer ad
diluie todssiredvolue.

Determination

Trarsfer olution o be injedsd to autosarpler viekswith
bocslicaie gless Pestaur pret. Inject 20 p 1 olubion ao
LC carbon colum, wsirg chraratograohic gyaratus ad
mrareters@:ril:ej nLc Apparatus adLc Operating
Parameters. Measure peskareaand gentitateETU reside
by comparison 1o peak areadotained from known amount of
ETU stathrd injected inmediately after purified edract
To evure\alidmeasurement of ETU reside, pesk arees of
purified edract and ETU starclrd solution should maitch
within £25%.

Results and Discussion

Method Refinement

The AOAC dfficilmethod (B) wes edasively inesticat-
al Most methods In tre Iteatue e anly methaol ©
edract ETU resides, wheress tte AOAC method usss a
mixture ofvater, netharol, and sodium dlorick as tte ex-
tracticmediun. ETU sextrarely sollble nbothnetharol
advater, olothareed lietohats faredractarg ETU.
The water-methanol-sodium dhllorice edraction soluian B
geriar o metharol arvater-methanol because itgrestly
recLiss the aoedtraction of argeniic sohvantsoliublle compo-
rets, ie, hlagiyll aad b, aolees, s, advwaes.

The amount of ¢eliite 545 added o tte blader wes In-
aeesd fran 10 120 g o inoesse tre rate ofedract filltia-
oL The 9 cm Budrer furel wes replacd by tte more
commonly used 11 cm Buder furel ©© inoeese tte rateof
filtation. For sloer filtlaig fooks auch as cke donuts,
filation time was decreassd fran 10 to 5min. In acbirtaan,
te etire edtract can ke added o tre 11 cm furel atae
e, wheress with tte 9 cm furel, e edract hed e

added nprtios.
The asalyticl portian sie Tar caned sieetened glle-
SUE, pmderedsgar—amajcaednls ad gae Hiy

wes redlced o0 g o inprove filtraie flovratieand toaeble
aatratian of tre filkaeprtimto 12 g
The AOAC method ueesGas-Chrom S ssttesolids oot

in tre liqicHiouid Eridtionirg Sep. The nener naterials

fran E. Merck Etrelut) and Aralytidem (Chem Hub)
were foud 1o be miarar o Gas-Chrom S because of poor
qality antrol of mrtide &, Tharefare, Gas-Chrom S
antnes toke usd ntrenethod. The alunina perfomsa
\ery inportant fuctian by removing dloghyill ad otter
pigrents and aedractinves ttet have partiticed o tre
ocolumekat

Antifoam B iBused inplace of«octaoll becalee itsmore
effective nrad cirg frothilgand itsrotamiadthrogh tte

The aralystSheatthwes alsoarsicerad nealuating tte
method. Chlaroform, a known carcinogen ttet sa major
component intte partitaianirg colum eluent of te AOAC
method, wes replacedwithmethylene dlarice. Also, etterol
wes replacsdwth metharol, which canbe dotained mhigher
pty. A 2% aocentration of metharol nmethylere dhlo-
nce gentatainely reroved ETU fran the colum and yet
minimized the elution of cedractives.

ETU renvery fran snestered gplesaue wes gporoda-
metely 10% when sodiumdhllaricewes usad ss tresaltirg-at
agant far tre partitioningy/Clean p Step. Kaoayeshi etd. ()
rgorted lov ETU remvery firan a diatoreceos earth I
uicHiqudpartrticnirg procecLrewhen trepH oftteagueous
luinves lav. They determined tet ETU remvery wes
optimum faran agueous oluianofpH 7-9. Aplesauce es
apH of 33 A 5% agueous solution of sodium acetate hes a
pH of 89, a, ths, ithes the (gecity o reduce tre acxdic
reture of the gplesaue. Replacament of sodiun dhlarice
with sodium acetate inaesssd ETU remvery fran gplle-
saue fran 101 83%.

ETU remery wes foud o ke lov and aratic n tte
vacuum rotary esgoratian of tte colum eleie. ETU n
olutian Bknown o udergo degracktian due to golohysis,
eqecially ntre presae of gotcsarsitizirg demicals ad
ayyoen @)L ETU residessonsiliagel TLC plateshave alko
been fourd todegrace inttrepresae of It @). The ETU
kssduning tteevgoorataon proosdure wes garently caused
by activesiteson the gless surface of the round-oottom e
usd roundHootton fleds
aeragd 7% (rae 70-81%); ETU ramveries fram new
flidsaeraged 92% (rae 87-98%) .. When new fidsali-
aniizd with Surfesill were usd, ETU remvenies averaged
96% (rage H-99%). Thus, ETU remvery was gotimizd
thraugh trestirg tre disss val ks of tre flesk with Surfesall,
which reectswith treasilcble silaol grays. Other silian-
g aganits investagated did ot form as permenent abod
withttrediessarfae.

The firdl aqueous solution B pessd thraugh a 0.46 pm
Nylones filla before injection ato tre LC colum. The
filla ot anly reroves partadies fram the solubian but also
reroves any ramaining yelloy, pigrented aedradtines if
prest. Al filad<olutiosvere colades.

ETU retentantineves 210 sontreC-s columarigerelly
uwsad @). Honvever, nausssuertwork wirth nener ““inpro-
ved’colums (etter ofresid el siladks), ETU hed
a retention tine of 135 s This rdicates thet the chrorato-
gghic sgaratian of ETU on the C-8 collums wes due 10
resid Al silaol gags. A gckaedrin colum wes alo -
\estacated far the cdyoratographic sgaratian of ETU. The
sgaEratmechanism Blessd ontre irciusionof ttearelyte
within tre in aaty. Lhforturetely, any resid el
methylene dhllarice fram tre partitionirg colum eluete B
trgpad n tte gdakedrin aiaty, ad ETU retenian B
cbareesed. Polymer colums were fourd toartallly degracke
ETU 0. In 1983, the ggthitizd carton collum became
aomercial ly aailkble fran Shandon SoentificL td, Chesh-
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Figure 1. Example LC-EC chromatograms.

e, UK. ETU chraratographed vell on thiscolum, which
does ot have tre dissdventages of tre sillicatesd C-s ad
oclabdrin colurs. Al, tre carlon colum Bsteble n
te pH rae of 1-14, ad tre pogdoric ecid
Dlutian can be added directly o tte ndbile pgese. This
elimirates the nead Tar a post-colum pump and associated
hardhare.

The dernatization neeced ntreAOAC method
fartre GC determiretion of ETU 1ot required with tre
LC-EC method becaus=e ETU  isdeteymined diractly. Elimi-
retion of the derivatization proceclre INproess ETU reco~
ay, ralessaslysis tine, eliminates the nesd faradditio sl
reepts, ad resulits inamore ssledtive method far deter—
mining ETU.

Evaluation ofRevised Method

Bxample chramatograns of a method reegatt blak, 2
anrals, and an ETU staroard are shonn mHgure 1L The
chranatograns are free of extrananus pesks rear tte reten-
‘tion e of ETU, which Bagoraxinately 210 swith te
carton colum. The digt G@ilig of te ETU peek Ba
fuctionofttedstectorand rot tre carlbboon collum (@0). The
creaned spirechantrol anairs garatETU ata lbd of
1 pb. Teble2 Isstre kdsofgparent ETU foud n70of
tre 13 food product cotrols.

ETU determined by fartifyagd plictepor-
tiosoftre fodproduct ata lov led @b ar01 pom) ad

atahigh lbd Q5a 1L.0pam). The 13 food products were
Tatifidjstbeforeedraction. Aerage ranariesof
ETU fromthre fartified food praclcts (Teble 2) vere 2 with
astadard ceationof 12 fartre lov fartification ledlsad
90 with a stardard deviation of 6 for tre high Tartifiction
bds. The ETU remvery values dotaiined with were
lovand were anrtted fran tre alaulatios ofaverage ETU
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Table 2. Recovery of ETU from fortified food products and
apparent ETU levels In controls
ETUrec., % b
Apparent
ETU, 0.05 ppm 0.5 ppm
Food product PPba added added

Cabbage, boiled 0 87 94 97 93
Celery 0 0 24 39 42
Collards, boiled 0 110 107 94 96
Green beans, canned 0 91 91 92 91
Lettuce 0 85 74 81 84
Mushrooms, canned 8 100 103 102 95
Potato, baked 4 98 98 94 92
Spinach, creamed, canned,

baby food 1n 80 85 84 87
Spinach, canned 90 128 101 91 97
Tomatoes, canned 3 88 91 86 93

0.1 ppm 1.0 ppm
added added

Applesauce 0 85 81 80 85
Donuts 0 90 85 87 91
Grape jelly 9 84 83 82 83
Av. rec., % c 92 90
SD 12 6

3 Confirmatory tests were not undertaken.
b Duplicate fortifications and analyses were performed at each level.
cCalculation did not include celery recovery data.

renaies; ncalay, ETU kssbagins atthe point of extrac-
‘tihand antinues throuch treatiirenetiod. For same food
pradcts, egecially caed mushroars, codked caloece,
and beked ptatcess, the remwery of ETU was goroxinately
10 10 15% higer when ETU pesk heigit wes used intte
clalatios. This dange nregoesevwes gpaatdyde ©
digtdages nttecraatogradyofETU inttepresae
of food prodct aedradtives. These dlidt danges were
megnirfied because of the very sherp chroretogrgphilc pesk
OF ETU. The prdbllen wes elimirated by usirg ETU pesk
asa nttecalaiatios.

The effectof storage tire and cooitaas on ETU snility
N tre firal solubion of purified edract wes examined by
using canned mushiroons as tre food Storage of tte
fird olution ina refri oemigtat5°C reauited inan
aerapETU kssof 13% attte 0.6 ppm fartifiction led
adanaerapETU kssof4% attre0.5ppm bd. Storage
of tre fird <olutian at room oemigit nte
aosace of ligtreaulted nan ETU ks of 96% at tte 0.0
ppm ld. The geaficcaue of te ETU Ios sauratly
uknoan. No ETU Iesswes desenved far stardard olutios
OO5 ng ETU/mML vater) stored in a simillar mamer.
Trerefore, ETU infird oluticsofpurifiededradtsnust ke
determined without celey.

The author fis tret frasriessof 5 aelysss, ly4h B
neeced franttedartof tte frstedracticn o tte aopletian
oftrefrdl LC chravatogram.

The recommended llimiits of g.entitatian far the method
areo.01 ppm farfoooswith lovsugar aatatand 0.02 ppm
far foxks with high sugar antent. These limitsarebessd an
injedtios eguinalent © 100 and S0 mg of tre 2 food s,
regectively, and on a detector resooee of 10% Ul sake
ceflectinfar Lng ETU.

Conclusions

The revised method effectively provides for the quantita-
tive recovery of ETU from 12 of 13 food products tested. The
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method Brgpidand highly seledtive farthedirect determine—
BNofETU resides.
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Determination of Chlorinated

HING-BIU LEE, R. L. HONG-YOU,*and P. J. A. FOWLIE1
Environment Canada, National Water Research Institute, Research and Applications Branch, 867 Lakeshore

Rd, Box 5050, Burlington, Ontario L7R 4A6, Canada

Based on the in-situ acetylation procedure, a method for the determi-
nation of 31 chlorinated phenols, guaiacols, catechols, syringols, and
vanillins in pulp and paper effluent samples has been successfully
developed. Except for 4-chlorocatechol, this procedure provided sat-
isfactory recovery for all phenols at 3 levels of fortification, namely,
400, 40, and 4 pg/L. The acetyl derivatives were analyzed by gas
chromatography using a 30 m DB-5 capillary column interfaced to an
electron-capture detector. Mass spectral abundance data for the
characteristic ions of the acetyl derivatives were used for confirma-
tion of compound identities. By operating a mass selective detector in
the selected ion monitoring mode, this procedure was further extend-
ed to the monochlorinated phenolics. Using a 50 mL effluent sample,
the method detection limit was 0.5 pg/L for all except the monochlor-
inated compounds, which had a detection limit of 1 pg/L. Several
effluent samples from a Canadian paper mill were analyzed by this
procedure and the results are presented.

Most pulp mills in Canada use dhlarire In tte bleechirg
pracessoremove trebroan ligin, aratural product presant
n dl wood puiks. Typically, bleeching Bdoe N5 are
sal sties desigeted ss C (dlarsta), E @lkalire
edractid)), H (hypodhladite), ad D (larire dioadcd)
stages. Effluentsare produoed by weshing tte pullpaftereach
stae. During thispraess, dhlorireted dreolics are formed

as byproducts by dlectrghillicaraomatic s bstitution, electro-
philic displacatt, and dealkylatiovoethylation reec-
tioscoumirgon Iign

The mgjor grerolics fourd inpulpand peper efflatscan
be dessified o tre fol lovirg 5groyps of carpounds: dila=—
qievls, dilag.aiamls, dlataiedols, dlasrrgls,
and chlaoanillirs. Other compounds such &s Syringealce-
hydes and varatroles are alo presant neffllet saples n
minor gentiies. Chemical strudiures of the above com-
pouds aregiven nFHgare 1

According o sare rgaots (14), te tye of geolics
presant in the effliat depends on e type of wood beirg
processy, ad the stage in e dHligification proess. In
greral, softwood prodloss larger amounts of tre darollic
bypraduicts then hardiood.. Softwood effiuent antairs anly
dhlorireted greols, gaiaols, ctedols, and \aillrs. In
addiion totre above dreolics, hardiood effluantsalsoocon-

Received March 6, 1989. Accepted June 1, 1989.
1W astewater Technology Centre Laboratory.

tain dlairatsd srirgols and srirgealddhydss. It Balko
roted tret cated vlsarenostly fourd ntte Gstegeefflats
while gaols, gaiamls, ad \aillis ae more fraqatdy
deenad ntte Estageafflats. The tolal anount ofdlar-
rated deolicsproduoed during ttredhlarire bleeching Stigs
was shown o be depadent on aaditics auch as pH, tem-
perature, dilaiiredosee, and useofdhlarire diodce s bsti-
twao LA).

Recent stuoies have irticated thet chlorineted gaolics
are ae of tte mpjor diess of todcnts in pulp ad peper
efflats. The sbletral toaceffedtsof sudh efflats tofih
have been reviened ). The %6-h LCw \alles ofvarias
dlarirated gaolics were alo rgorted @). Aooordlrglo
te Hig e, tae Ba trad © idicaie tet te
toaatesofgaolicsae nazslypgortiaal toteirpka
\alLes. Sine gaoliswith higer led of dilariration have
lorer pKavalles, they are tterefare more todc then troe
with lesdhlorire sbstitution. To protect tre fish indstry
ad tosafegard tre psiility of bicecounullation of todc
preols ntre food dain, Kseessry omnitor pulpad
peper effllent farecsssive lbbasof dh

Although tre fomation of ethvl ¢), heptafluordautyryl
@), ptaflurdar etter @), ad otter darivatives hes
been rgarted, dlarinated fraolics neffat saples are
most aneniently analyzad as treir acstyl darinatives Lsig
an naitu acstylation procedre @, 9-12). This p'oaacue
hes the adventage of corbining the edractian ad
zation of geolics b a sirgle stp as velll atreeaeeof
fomation and sthility of the dyiatives. For tre daolics
with 2 armore dillarire sbstitutio s, the acstyl darinatives
aesEt\e oelectrim-cpturedetectin o ttet trae lbds
of gaolics can ke determinad fareviromantal sarples.

Recentdy, a collldhoratine study ves argenized far e de-
temiration of 7 geolics Gl , 2
ads, ad 2 dnloroatedols) n pulp mill effiets. While

thoe interidoratoy resdts fatre lorgdaols and dilar-
cgmanlsmereﬂsfatﬂy re=ults far tre dlaccatedols

poor (3.

Dsoile te wice ue of tre astylation procdure, tis
method hes rottyet been rigorasly tested fara large nurber
ofadlics. Intrepresnt rgaxt, we Sdll presatavalich=-
ed method farthe determiretion of 31 chilorineted grarolics
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Figure 1. Chemical structures of chlorinated phenolics.

(&ehgure 2 fara I=tig) comonly fourd npullpand peper
efflatsaples.

(M\ote: For tre sake of sipliiaity, the fol lovirg edorevia-
o are usd o daote varias feolics throgout tis
nmaruscript P fardilogdeols, G fardilaaaianls, C far
dlotatadols, S fardilaosrirgols, and V fardilaoenil-
Irs. The nurbers ahead of them are trepsttia s of dnlarire
shstitttios. As an eample, 466 stats far 4,6-cdhlao-

gaieml.)
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Experimental

Apparatus

Two HeMett+Padard Modell 5880A ges chramatogrgpns
vere usad inthis study. One was equiipped wirth an eledtran-
Cpture cetedtar, the otherwith a Model 5970B mess selec-
e cetector and data systan. See Table 1 far chromato-
gahhicatitios.

Acquisition ofM ass Spectral Data

(otain il scenMS databy scamimgMSD franm/z 40
t©3IVat 1 7gas/sand anthredoldof 1000. Use eledtran
aergyad electronnuitiplienoliteges of 0 eV and 2000V,
regectinvely. For selected innonitorirg, use [M — 42+ in
far gentitation of chlorireted reols, gaiacls, \aillrs,
and spatl, and [M — 42 — 421+ ion far dhlarcatedols.
For aatfimataan, nonitor M + ion far dlargdaols, [M —
42— 15H infaordiloray aiecols, dilaoaillrs, and dila—
g, ad [M — 42} infardilarcated ols, and dotain
raoofoentitaticnand axfimatian i Compound ot
ty sanfimad ifratio swithin £25% compared with ttet
fraonrefaraestatad. In(msvhererebti\emmbmes
of axrfumatian 06 ae  lov @g., ks then 105,
Tables 2ad J), usedhlarire HIqEnessesofq.aruuim
i0s rsted.

Reagents

Use anlydistill residegrace ohats
and deck before use far low blarkvalues.

(@) Purified (organic-free) water.— Poss cistilled water
thraugh Bion canposed of 2 Chemiical Organo-
b Il PartNo. 19710) and ane Chemiicall 3X Research 1l
(PatNo. 19720) 3 Altaratinely, edract 1L dis-
tillsvater 3 tines by stimrgwith S0 mL. methylere chlo-
ricefa-0min. Discard arganic bhas. Use purifiedvater to
Q%Bre 10,15, and 75% (WAY) potassiun carboete.

) sodium sulfate.— Athydraus, reegatt grade @ail-
ablefranBDH Cremicals). Heat 48 hat200°Cadstaein
dendlssshottie.

© Analytical standards.— Aalytical grade (98+% puri-
1) dilairated geolics. (otain chlagdeols fran Al-
drich Chemical Go. (Milveukee, WI) ad otter gaolics
fromHelixBiotechSaentificLtd (Vanoower, BC, Carechl).

23 TIC of DATA:CPPS1.D
1
4. 6 19,20
2.0E64 s
7 10
o] 2
o ] 23 25
o 1.SE6 all B8 47 -
c 22| 24 2829
5 2
C 18 2627 31
3
1.0E64
Q2
8 ] “
S5.08ESA
B_HL._\LLLL UL
S 10 15 20 25 38
Time (min.)

Figure 2.

Total lon chromatogram of acetyl derivatives of 31 chlorinated phenolics. See Table 1 for chromatographic conditions.

Peaks: (1) 2P, (2) 3P, (3) 4P, (4) 26P, (5) 24P, (6) 35P, (7) 23P, (8) 34P, (9) 4G, (10) 246P, (11) 236P, (12) 235P, (13) 245P, (14) 4C, (15) 46G, (16)
345P, (17) 45G, (18) 2356P, (19) 35C, (20) 2346P, (21) 6V, (22) 2345P, (23) 45C, (24) 345G, (25) 456G, (26) 56V, (27) 23456P, (28) 345C, (29)
3456G, (30) 345S, and (31) 3456C. Approximately 20 ng of each injected.
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Table 1.
Conditions ECD
Gas chromatograph Hewlett-Packard 5880A
Detector type Ni-63 ECD
Column J&W DB-5, 30 m X 0.25 mm
Column temp.
Initial, °C 70 for 0.75 min

Programming rate 1
Programming rate 2

30°/min (from 70 to 120)
2°/min (from 120 to 180)

981

Chromatographic conditions for analysis of acetyl derivatives of chlorinated phenolics

MSD

Hewlett-Packard 5880A
Hewlett-Packard 5970B MSD
Supelco SPB-5, 30 m X 0.25 mm

70 for 0.75 min
30°/min (from 70 to 120)
2°/min (from 120to 180)

Final, °C 180 180
Detector temp., °C 300 200
Injection port temp., °C 250 250
Splitless time, min 0.75 0.75
Column head pressure psl 15 4
Injection volume, oL 2 1
Carrier gas helium helium
Makeup gas and flow argon-methane (95 + 5) 25 mL/min none
Septum purge flow, mL/min 15 1.5

Prepare 1000 ppm stodksolutionofeach irdvad el dllani-
rated draolicby dissoiMirg 100 mg pure arelytical starclerd
ntolleeaastoeand dilutirg o 100.0mL i lovactinic
oluretric fiesk Storeat4°C nthedark.

Prepare mixed pharol stodk solutian by carbining gpro-
priatealiq otsofirdivid Al graols stocksolutiacsand dillut-
ing 1© 100.0mL with acstare. Prepare goiking solutios by
dilutirg furtterwith acetore as required. Store dll olublos

ar4°C ntredak

© Acetic anhydride — Distill reegent grace acsticanhy-
drick 3 taimes and cllext the 138-140°C fraction. Keep at
-20°C n the dark. This will minimize deconposition of
aeticanhydrice toaeticaad.

Sampling

et grab effiient saples n 100 mL broan ottles
with efitter Teflan-lined aralluminum ToiHred gs. Adjust
pH toca 10-12withKOH . Keep sarples at4°C ntredark
utl aelsis.

Extractive Acetylation ofEffluent Sample

Measure 30.0mL effietsample Nn20mL Erlemeyer
Tl Adjust topH 7. Add 1mL 75% K2C03,5mL trie-

Table 2.  Mass number (m/z)/relative abundance (%) of some
characteristic ions observed for acetyl derivatives of
chlorophenols under El conditions

Parent compd M+ ou— ot [COCH3+

2P 170/12 128/100 43/73

3P 170/19 128/100 43/95

4P 170/11 128/100 43/59
26P 204/10 162/63 43/100
24P 204/6 162/95 43/100
35P 204/15 162/60 43/100
23P 204/14 162/81 43/100
34P 204/14 162/92 43/100
246P 238/5 196/56 43/100
236P 238/5 196/37 43/100
235P 238/6 196/40 43/100
245P 238/4 196/70 43/100
345P 23817 196/64 43/100
2356P 27215 230/20 43/100
2346P 272/3 230/32 43/100
2345P 27214 230/43 43/100
23456P 306/3 264/18 43/100

distilled atic ahydrice, and 30 mL petrolaum etter (o
30-680°0). Stoer and gtir 0 min with TeAlan-coated stir
bar on megretiic stina. Ssarate las NS00 ML ssara-
tay furel and dainveter saple (lover ) badk o
aigiral flat=otton fled Mllect agaic lar N 20 mL
roundHootton fled Repeatt edractiavacetylation proce-
dure tie with 0 mL petroleum etter and 1 mL asetic
ahydrice each tire. Discard agueous sanple after third
edraction. Rinse 500 mL sgavatory furel tvice with 10
mL petroleum etter and add rirsirgs 10 petroleun etter
edrads.

Pass carbined edracts through 5cm colum ofarhydrous
sodiunaifaze nAllim furel inbaotter 20 mL roud-
bottom fledk Wash sodium sulfate colum with 5 mL pe-
troleum etter and goplly vacuum untall sodiun sulfate sdry.
Remove furel, add a few il g dhips toedractand attach
3stege Syder colum o tte 250 mL roundHoottom fled<
Wet Syder columwith3mL isooctareand clanp trefleek
ssurely nahestirgnentde. Adjustdstillstinrateby heat-
arantrdllearad reduce sarplevolure to5-7 ml.

After gooaratus aols, rireecolumwith 3mL petrolleum
etter and qentatainely trarsfar caoentrated edract 1o 15
mL cantrifuge e, Further edractto3mL with
gnte stream of nitragen and then dilluie t© 5.0 ML with
isodtae. Trasfer ebout 3mL frdl edract toaotter 15
mL cantrifuge testtue artainirg ImL 1% K2CO3.Mixan
vartex mber ca 1 min. Pass agaic laar through 9 mm
digussble picet plugged with sillenizad gless wool ad
pededwith 5cm anhydrous Na2S04.

Analyze tre sarple exdracthy means ofges chraratogra-
phy using electran-cpture and mess seledtine cetedtars. For
aslysis of monochlloro- draols, gaiaol, and catsdol by
MSD, usefrdlvolure ofF 1L.0mL.

To prepare GC stadard for calilyatian, fartafy 50 mL
sanple of 1.5% potassiun carborete with 100 p. of an
ggoriate oikesoluticnand performedractiveacstylatin
auratdywith efflient sarples.

Reutsand Disassian

Due totrediffarae ndenical siiotures, thenunber of
possible isoers ateach lbd of dhloriretion Bdiffaat tr
each dasssof geolics. Among these compounds, refarate
starcards of dll 19 chlorgdaols are redilly aaileble fran
variass comercial saurass. Al of tte 15 dilaragueliecols
and 9 dilaucatsdols have been synthesized and rgoorted
@, BB); hoeer, aly 6 dilaogaials ad 5 dilaoate-
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Table 3. Mass number (m/z)/relative abundance (%) of some characteristic ions observed for acetyl derivatives of chloroguaiacol,
chlorocatechols, chlorosyringol, and chlorovanillins under El conditions

Parent
compd M+ [M—42]+
4G 200/7 158/100
46G 234/4 192/100
45G 234/5 192/100
345G 268/4 226/73
456G 268/4 226/100
3456G 302/2 260/46
4C 228/2 186/17
35C 262/1 22017
45C 262/2 220/10
345C 296/1 254/6
3456C 330/1 288/3
345S 298/4 256/87
6V 228/8 186/100
56V 262/4 220/91

dis (s=Table 3) aepreatyasilble franacomercial
apolier (lix Biotedh Saetafic Lid). Smilarly, aly 2
chlooanillirs and ae dlasringpl (Teble ) are aail-
eblefranttesame corpary. Inaurwork dlaaileblegren-
dicsvere irclucd o trealicabionvork, with the exoep-
B ofF25P and 234P because of GC  resplutionpridollens.

Deriyatization ofPhenols
Inthe presanee ofan apueous ke, eech oftte dllarineted
peolics redily gave a sirgie prodlct when rescted wath

Table 4. Mean recoveries and precision (standard deviations, in
parentheses) of chlorinated phenolics from fortified effluent
samples (no. of replicates = 6)

Level of fortification, pg/L

Phenol 400 40 4
2Pa 94 (6) 92 (5) 98 (6)
3Pa 93 (5) 91(8) 90 (8)
4pa 93 (4) 91(8) 90 (7)

26P 96 (3) 95 (8) 98 (4)
24P 96 (3) 95 (7) 99 (6)
35p 97 (3) 96 (6) 98 (8)
23P 95 (4) 95 (4) 99 (5)
34P 94 (3) 97 (4) 101 (5)
4Ga 99 (5) 109 (8) 90(10)
246P 97 (4) 101 (5) 88 (8)
236P 98 (5) 98 (7) 96 (9)
235p 97 (4) 95 (9) 96 (8)
245p 96 (4) 92 (6) 96 (8)
4Ca 15(11) 23(17) —
46G 93 (2) 90 (3) 88 (5)
345P 96 (4) 95 (4) 94 (9)
45G 95 (4) 91(7) 85 (8)
2356P 100 (5) 80 (14) 93 (7)
35C 62(10) 72 (9) 53 (5)

2346P 102 (6) 92(14) 95 (6)
6V 98 (3) 92 (6) 103 (6)

2345p 99 (4) 91(8) 102(10)

45C 74 (9) 82 (9) 55 (7)
345G 99 (4) 94 (4) 111 (10)
456G 97 (5) 92 (5) 113(8)

56V 99 (5) 90 (9) 104 (8)

23456P 93 (7) 92 (7) 104 (5)
345C 89 (8) 78 (6) 59 (7)

3456G 100 (8) 99 (6) 107 (7)
3458 94 (8) 96 (6) 102(11)

3456C 101 (6) 72(7) 65 (9)

FalsiEreh\D.

[M-42-15]+ M —42 —42]+ [COCH3 +
143/67 - 43/61
177/35 — 43/66
177/63 - 43/78
211/41 — 43/100
211/37 — 43/100
245/17 - 43/100
- 144/75 43/100
- 178/22 43/100
- 178/44 43/100
- 212/31 43/100
- 246/15 43/100
241/29 - 43/100
171/9 — 43/100
205/4 — 43/100
acsticahydrice. Althaugh tte anversion o tte acstl de-

maties was anplete with 05 mL of the anhydrice per
reectian In pure or ratural water saples, a late ecesss
(toal of 7mL) oftrearhydriceswes recuired farmaximum
reectian of dll geolics n effilet saples.  I'mifficet
reectantwould cause low yields of the cated ol darnatives,
altthough tre rearnies of tre otrer daolics n this study
were ot affeted. Due 1o tre large amount of
acstic arhyarice usd, a partsticnirg waith 1% K2C03 wes
rauired © remove thiseasss ntre fird edract. The 1%
K.Co0; alsosened toreutralizeany acadiccompounds which
were rot cerivatizad. To minimize kssesofttemore \oletile
criaties, tte petrolaum etter edract dould anly be evep-
orated ntre presae ofisooctaress akeger usimga 3-stage
Syder colum.

G C Resolution
The retentian tines of tre aetyl darivatives far dll 19
dilogiaols, 15 dlawaiaols, ad 9 dilacatedolsde-
temind on a SE-30 Gaillay colum were rgorted by
Knuuntinen and Korhormen (4). Inaurwork, GC resolution
of tre a=tyl darnatines ves o tre follovirg
&illay oolurs: $8-1, $B-5, DB5, ad HP-5. Al-
the sgaration of tre astates wes dlightly diffaat
witheach colum, theartey ofeluin fa-thedarivativesvas
inericbly the same and wes arsistetwith tre literaue

TALL e L

Figure 3. GC-ECDtrace of acetyl derivatives In effluent sample A.
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Table 5. Levels of chlorinated phenolics in effluent samples (all
concentrations In ji*g/L)
Effluent3
Phenolics A C D
24P 5.6 6.1 ND
246P 9.9 7.9 5.1
46G 3.5 10.3 ND
45G 4.8 9.1 ND
35C 6.1 0.6 ND
2346P 5.4 3.1 1.1
6V 7.4 8.4 ND
45C 17.3 1.8 0.5
345G 17.0 25.3 2.8
456G 3.8 8.8 1.2
56V 4.4 15.2 0.9
23456P 3.1 13 0.6
345C 74.1 9.9 6.4
3456G 18.5 34.8 5.5
345S 27.2 5.5 0.6
3456C 77.4 17.2 10.6
Total 278.1 164.7 35.3

aND = not detected.

(14). The SPB-5 and the DB-5 columns gave the best resolu-
tion of the present group of 31 compounds; both columns
have the 5% diphenyl, 94% dimethyl, and 1%vinyl polysilox-
ane stationary phases. With these 2 columns, the acetyl de-
rivative of 35C emerged between those of 2356P and 2346P,
causing incomplete resolution. It should also be noted that
the following pairs, 25P and 24P as well as 234P and 46G, did
not resolve. A total ion current chromatogram of the 31
derivatives is shown in Figure 2.

GC-MSD Data

As confirmed by the following GC-MS data, the reaction
of chlorinated phenolics with acetic anhydride produced the
mono- (for phenols, guaiacols, syringols, and vanillins) as
well as di- (for catechols) acetylated derivatives. No mono-
acetylated catechol was observed.

It is interesting to note that, during storage, the aldehyde
group of the vanillins was gradually methylated to form the
acetals when methanol was the solvent used to prepare the
stock solutions. This result was supported by the observation
of the molecular ions of the acetyl derivatives for the vanillin
acetals. For this reason, methanol must not be used to pre-
pare stock solutions of vanillins.

The El mass spectrometry for the acetyl derivatives of
chlorophenols (3, 16), chloroguaiacols, and chlorocatechols
(3,15) have been studied. Using a mass selective detector, all
chlorophenol acetates exhibited the following characteristic
ions: (7) molecular ion M+, (2) [M - 42]+, and (3)
[COCH3]+ (m/z 43). These results affirm the findings in the
previously published report (3, 16) as well as our own data
(12). The base peak for all chlorophenol acetates except
those of the monochlorophenols was the [COCH3]+ ion. The
intensities of the molecular ions were weak, especially for the
higher chlorinated congeners. Therefore, the [M - 42]+ions
should be used in selected ion monitoring work for quantita-
tive or confirmation purposes. For a listing of the characteris-
tic ions, their mass numbers and relative abundance data for
the acetyl derivatives of chlorophenols, see Table 2.

The EI mass spectra of the acetyl derivatives for the other
phenolics also exhibited the above 3 characteristic ions. In
addition, the [M —42 —15]+ ion due to loss of COCH2and
OCH3groups from the molecular ions of the guaiacols, vanil-
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Flgure4. GC-ECD trace of acetyl derivatives in effluent sample C.

lins, and 345S were also prominent. For the catechols, the
characteristic [M —42 —42]+ ions due to loss of 2 COCH2
groups from the diacetylated molecular ions were present
instead ofthe [M —42 —15]+ ions. However, in all cases, the
molecular ions were weak and not useful for selected ion
monitoring work. See Table 3 for a listing of GC-MS data for
the above phenolics.

Validation Experiments

To validate the current method with authentic samples, an
effluent sample from a Canadian bleached kraft mill was
used. This sample was free of chlorinated phenolics except
for a few compounds near the detection limit and thus it was
suitable for fortification work. Since the reported phenols in
effluents have a concentration range from low to high pg/L
levels, this method was validated to 3 fortification levels,
namely, 400,40, and 4 pg/L. As shown in Table 4, recoveries
of all phenolics except for the chlorocatechols were quantita-
tive at all 3 levels. Other than 4C, the recoveries of catechols
were generally between 70 and 90% at 400 and 40 pgfL, and
were lower (ca 50-70%) at 4 pg/L. For unknown reasons, the
recovery of 4C was poor at all concentrations. Thus, the
present method is not suitable for the quantitative determina-
tion of 4C, and has a tendency to be biased low for the
chlorocatechols at low pg/L levels. The method detection
limit based on a 50 mL sample and a final volume of 1 mL
was estimated to be 0.5 pg/L by ECD detection (final vol-
ume 5.0 mL) and 1 pg/L (final volume 1.0 mL) by MSD
detection. If the detection of phenolics at lower concentra-
tions is required, a larger sample should be used.

Determination of Phenolics in Effluent Samples

Several effluent samples collected from the bleach kraft
mill were analyzed for chlorinated phenolics using the meth-
od described above. Sample A (Figure 3) was collected in a
bleach plant and, similar to other C-stage effluents, it con-
tained large amounts of chlorinated catechols (Table 5). The
presence of high levels of 345S in this sample was consistent
with the fact that this company processed both hardwood and
softwood pulps. Sample C (Figure 4) was a combined efflu-
ent and it was collected just ahead of the aerated lagoon. The
major chlorophenolics in this effluent sample were chlorinat-
ed guaiacols and vanillins as well as the more chlorinated
catechols. Sample D was a treated effluent discharging into a
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river. The total chlorinated phenolics concentration in sam-
ple D was 35.3 /zg/L compared to 278.1 and 164.7 jug/L for
samples A and C, respectively.
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Determination of Daminozide in Apples by Gas Chromatography/Chemical lonization

Mass Spectrometry

CHAO-HONG LIU, GREGORY C. MATTERN, GEORGE M. SINGER,t and JOSEPH D. ROSEN2
Rutgers University, Cook College, Department of Food Science, New Brunswick, NJ 08903

Amethod using gas chromatography/chemical ionization mass spec-
trometry (GC/CIMS) for the determination of daminozide residues
in apples has been developed. Daminozide was separated from the
sample matrix by water extraction and cation exchange, converted to
the methyl ester by treatment with HCI-methanol, and determined by
GC/CIMS using succinonitrile as an internal standard. The detection
level was 0.05 ppm Recoveries were 92-104% from apples spiked at
the 0.05-0.5 ppm levels. Of the 25 apple samples analyzed, only 2
were positive for daminozide (1.04 and 0.32 ppm).

Daminozide (A-dimethylaminosuccinamic acid) is the active
ingredient in the plant growth regulator Alar. It has attract-
ed a great deal of attention recently because its decomposi-
tion product and/or metabolite, unsymmetrical dimethyl hy-
drazine (UDMH), is thought to have carcinogenic activity in
laboratory animals (1).

The official method for the determination of daminozide
calls for alkaline hydrolysis to UDMH followed by complex-
ing with trisodium pentacyanoamine ferroate. The complex
is determined colorimetrically (2). More recent methods are
based on the formation of other UDMMH derivatives that can
be detected by gas chromatography using electron-capture
detection (3), nitrogen detection (4), or gas chromatogra-
phy/mass spectrometry/selected ion monitoring (5).

Whiton (6) described a method for the direct determina-
tion of intact daminozide residues after extraction and esteri-
fication to daminozide methyl ester. That method would be
of more value than presently used methods in assessing the
true amount of daminozide present and, when used in con-
junction with present methods for the determination of
UDMH, could provide information on how much parent and
metabolite/decomposition product is present in a wide vari-
ety of samples. We have used the Whiton method with some

Received April 17, 1989. Accepted June 16, 1989.
1Present address: FMC Corp., PO Box 8, Princeton, NJ 08540.
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modification (longer derivatization time and chemical ion-
ization mass spectrometry for electron ionization mass spec-
trometry) to analyze 25 apple samples.

Experimental

Chemicals

(@) Daminozide, succinonitrile, and acetyl chloride.—
Gold Label (Aldrich Chemical Co., Milwaukee, WI).

(b) Methylesterofdaminozide.-97% pure by gas chroma-
tography (Uniroyal Chemical Co., Naugatuck, CT).

(c) cation exchange resin.—Dowex 50 W X8, 200-400
mesh (Serva Fine Chemicals Inc., Westbury, NY).

(d) Reagents.—LC grade chloroform and methanol, ACS
grade anhydrous sodium sulfate, hydrochloric acid, sodium
bicarbonate, and sodium hydroxide (Fischer Scientific,
Springfield, NJ).

(€) HCI-methanol extracting solution.—Prepared by
slowly adding acetyl chloride to cold methanol in an ice bath
and stored in a sealed vial at —15°C.

Samples

Twenty-five samples of apples (13 New Jersey-grown, 9
from New York, 1from Pennsylvania, 1from California, and
1from Vermont) were collected by New Jersey Department
of Health from New Jersey farms and supermarket distribu-
tion centers.

Instrumentation and Conditions

A Varian Model 3400 Gas Chromatograph (Varian Asso-
ciates, Walnut Creek, CA) interfaced to a Finnigan MAT
lon Trap Detector equipped with chemical ionization (Finni-
gan MAT, San Jose, CA) and controlled by an IBM PC/AT
was used. The analyses and quantitation were performed
with Finnigan lon Trap Software Version 3.15.
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Figure 1. Chemical lonization spectrum of daminozide methyl
ester, m/z 175= (M + 1)+;m/z 143 = (M + 1)+—CH30H;m/z115
= (M + 1)+—CH30H—CO.

A splitless on-column injector held at 50° C was used, and
a 1.5 m X 0.53 mm id deactivated fused silica pre-column
was fitted between the injector and capillary column. A 30 m
X 0.25 mm id J&W DB-1 fused silica capillary column (1
jim film thickness) was held at 50°C for 2 min and then
temperature programmed from 50 to 300°C at 15°/min.

Carrier gas (helium) was used at a velocity of 25 cm/s and
the injection volume was 1pL. A 15 cm syringe was used for
on-column injections.

The mass spectrometer was operated in the chemical ion-
ization mode using methane as reagent gas at a pressure that
gave a 10:1 ratio for m/z 17 to m/z 16. The filament voltage
and current were 70 eV and 80 ¢¢A, respectively. Electron
multiplier gain was 105. Scan range was set at 70 to 250 mass
units at 1 s/scan. Transfer line and manifold temperatures
were 250 and 220° C, respectively.

Sample Preparation

Daminozide residue was extracted from apples and esteri-
fied by a procedure based on the method of Whiton (6) with
some modification. Fifteen pounds of pitted apples were
chopped and mixed. Twenty g samples were extracted with
40 mL water, using a Waring blender with a mini container,
for 1 min at low speed. A blended sample was filtered with
suction through a Buchner funnel fitted with glass-fiber filter
paper and the blender container was rinsed with water, which
was added to the filter. Total volume of the filtrate was kept
at ca 100 mL; the exact volume was recorded.

100*
AR AR LA LS LA RARNS RS RRARE
81y
W2
8
IR RN LN LN AR LR LA LN B
WK
Hz
is)
e O R TR
6:41 821 10:01 na
FERNION TVE (MN

Figure 2. Total ion (upper trace) and mass chromatograms of
succlnonltrlle (middle trace) and daminozide methyl ester (lower
trace) standard mixture.
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Figure 3. Mass chromatograms obtained from apple sample
spiked with daminozide at the 0.1 ppm level before extraction.
Asterisks indicate identical retention time.

A 2.0 mL aliquot of filtrate was transferred by volumetric
pipet to a centrifuge tube containing 1 g cation exchange
resin, blended on a Vortex mixer, and centrifuged, and the
supernatant liquid was discarded. The resin was washed
twice with 5 mL water and the washings were discarded.

The sample was mixed with 3 mL 1.0M NaOH and fil-
tered through a plug of glass wool in a Pasteur pipet to
remove resin. The filtrate was collected in a 5 mL Reacti-
Vial and adjusted to ca pH 6 with 1,0M HC1. The sample was
dried under a gentle stream of nitrogen at 35°C, and 0.4 mL
0.15M HCI-methanol solution was added. The residue was
scraped from :he wall of the vial and mixed with the reagent.
The vial was capped tightly and allowed to stand overnight at
room temperature (Whiton’s 1 h reaction time was not suffi-
cient to achieve good recoveries).

After standing, 1mL 0.17M NaH C 03 was added and the
mixture was extracted 3 times with 1 mL chloroform using a
5 mL Mixxor Separatory Cylinder (Xydex Corp., Bedford,
MA). The chloroform extracts were dehydrated by passing
through anhydrous N a2SC>supported in a Pasteur pipet and
pooled in a 3 mL conical vial. The Na2S0 4 was washed with
an additional 1 mL chloroform, which was added to the vial.
The dehydrated chloroform extract was then evaporated to
ca 50 pL under a stream of nitrogen at 35°C. Five pL of 0.5
mg/mL succinonitrile internal standard in chloroform was
added and the volume was adjusted to 100 pL with chloro-
form. The solution was mixed well and 1 pL final solution
was analyzed by GC/CIMS.
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Figure 4. Same as previous figure notation except apples were
spiked with 0.05 ppm daminozide.
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Figure 5. Mass chromatograms at m/z 175,143, and 115 obtained from apple sample with Incurred residue of 0.32 ppm. Asterisks denote
identical retention time.

Preparation ofCalibration Curre

A stock solution of daminozide methyl ester was prepared
by dissolving 10 mg daminozide methyl ester standard in
chloroform in a 100 mL volumetric flask. A series of stan-
dard solutions were prepared by adding various volumes of
the stock solution to graduated tubes, adding 100 pL succin-
onitrile internal standard stock solution (0.5 mg/mL in chlo-
roform), and diluting to the 2 mL mark with chloroform.
These standard solutions were made to contain 0.1,0.25,0.5,
1, 2, 4, 5, 10, 15, 20, and 40 ng/pL of daminozide methyl
ester and 25 ng/pL of succinonitrile internal standard.

Solutions were analyzed by GC/CIM S with duplicate in-
jections at each concentration level. The area ratios of 175
(M + lionofdaminozide methyl ester) tom/z 81 (M + lion
of succinonitrile) were plotted against the amounts of damin-
ozide methyl ester in the standard solutions on log paper. A
linear calibration curve with a regression coefficient of 0.993
was obtained. In the recovery studies and sample analyses,
daminozide concentration was calculated by multiplying the
amount of daminozide methyl ester by the molecular weight
factor, 160/174 (the molecular weights of daminozide and its
methyl ester are 160 and 174, respectively).

Results and Discussion

We found that Whiton’s (6) method for the determination
of daminozide worked quite well if the derivatization time
was increased from 1 h to overnight and if chemical ioniza-
tion mass spectrometry (CIMS) instead of electron ioniza-
tion mass spectrometry (EIMS) was used in the determina-
tive step.

Figure 1 shows the chemical ionization mass spectrum of
daminozide methyl ester. Figure 2 depicts the total ion and
mass chromatograms of a standard solution containing 20
ng/pL of daminozide methyl ester (m/z 175) and 25 ng/pL
of succinonitrile (m/z 81) internal standard. The total ion
and mass chromatograms of apple samples spiked with 0.1
ppm and 0.05 ppm daminozide are shown in Figures 3 and 4,
respectively. Even at these trace levels, the 3 peaks at m/z
175, 143, and 115 have sufficient signal-to-noise ratio to
confirm the presence of daminozide. Figure 5 shows the total

ion and mass chromatograms of an apple sample containing
an incurred residue 0f0.32 ppm daminozide. One other apple
sample was positive (1.04 ppm). Twenty-three apple samples
contained no detectable daminozide.

Apples spiked with 0.5 ppm daminozide gave recoveries of
83.1, 92.5, and 101.0% (average = 92.2%, coefficient of
variation = 7.9%). At the 0.25 ppm level, recoveries of da-
minozide were 82.8, 113.2, and 116.4% (average = 104.1%,
coefficient of variation = 14.5%). At the 0.05 ppm level,
recoveries were 77.0, 86.5, and 120.0% (average = 94.5%,
coefficient of variation = 23.9%).

We have demonstrated that daminozide can be quantified
at the 0.05-0.10 ppm level in apples by using gas chromatog-
raphy/chemical ionization mass spectrometry. Chemical
ionization was used because it gives stronger molecular ions
(protonated) that are of higher mass and thus less abundant
in the chemical background. Also, excessive fragmentation is
minimized and the intensity of the spectrum is concentrated
into few ions, thus increasing the signal-to-noise ratio for the
ions to be monitored and allowing the confirmation as well as
quantification of daminozide at levels far below legal toler-
ances.

Acknowledgments

This work was supported by funds from the New Jersey
Dept of Environmental Protection, New Jersey Agricultural
Experiment Station, and the Charles & Johanna Busch Me-
morial Fund. NJAES Publication No. D-10548-4-89. C.-H.
Liu is a recipient of Republic of China Ministry of Education
Fellowship.

References

(1) Toth, B. (1973) J. Natl. Cancer Inst. 50, 181-187

(2) Food and Drug Administration (1975) Pesticide Analytical
Manual, Vol. 11, Sec. 180.246, FDA, Washington, DC

gSg Newsome, W. H. (1980) J. Agric. Food Chem. 28, 319-321

4) Allen, J. G. (1980) Pestic. Sci. 11, 347-350

(5) Conditt, M. K., Baumgardner, J. M., & Hellmann, L. M.
(1988) J. Assoc. Off. Anal. Chem. 71, 735-739

(6) Whiton, R. S. (1987) presented at 101st Ann. Mtg. Assoc. Off.
Anal. Chem., San Francisco, CA



STOUT ET AL.:

J. ASSOC. OFF. ANAL. CHEM.

(VOL. 72, No. 6, 1989) 987

Confirmation of Phorate, Terbufos, and Their Sulfoxides and Sulfones in Water by
Capillary Gas Chromatography/Chemical lonization Mass Spectrometry

STEVEN J. STOUT, ADRIAN R. daCUNHA, JOHN E. BOYD, and JAMES M. DEVINE

American Cyanamid Co.,

A gas chromatographic/mass spectrometric method capable of con-
firming phorate, terbufos, their sulfoxides, and sulfones in water is
reported. Parents and their metabolites are separated in less than 5
min using a short capillary GC colunm and high carrier gas linear
\elacities. Paositive ion chemical ionization mass spectrometry gener-
ates (M + H) ions indicative of the different molecular weights of the
analytes and at least one confirmatory fragment ion for each analyte.
Residues have been qualitatively confirmed at the 1 ppb levd in
fortified water sanples froma variety of sources. Apparent residues
in control water were less than 0.1 prb.

Phorate [Thimet®, S-((ethylthio)methyl) O,0-diethylphos-
phorodithioate] and terbufos [Counter®, ~-((i-butylthio)-
methyl) 0,0-diethylphosphorodithioate] are widely used soil
insecticides. Terbufos, in particular, is highly effective for
control of corn rootworms. The major metabolic route for
these organophosphorus pesticides in soil is oxidation of the
sulfide to the sulfoxide and sulfone (1,2). Because of the high
acute toxicity of these compounds and their metabolites to
mammals (for terbufos, L D P acute oral, male mouse = 3.5
mg/kg) and fish (for terbufos, L C3 (96 h), bluegill = 0.004
mg/L), it is extremely important to be able to monitor these
compounds in water in the event of runoff, leaching, or acci-
dental contamination.

Most residue analytical procedures for organophosphorus
pesticides have used gas chromatography (GC) in conjunc-
tion with either a flame photometric detector (FPD) or a
nitrogen/phosphorus detector (NPD) (3-10). Electron-cap-
ture detectors (ECD) have also been used (3, 6, 7). While
packed columns were used for much of the earlier work (4, 5,
10), capillary GC has been increasingly used, especially in
multiresidue screening methods (3, 6-9).

For phorate and terbufos, GC methods have been devel-
oped for total phorate-related and total terbufos-related resi-
dues by use of m-chloroperbenzoic acid oxidation to the
oxygen analog sulfone (11-14). GC methods have been de-
veloped for phorate and its sulfoxide and sulfone (4, 15-18).
Because of chromatographic difficulties with terbufos sulf-
oxide, it has been determined separately following column
chromatographic separation and KMn, . oxidation to the
sulfone (2,19).

For a confirmatory method of analysis, structural specific-
ity is the primary objective and the main reason that mass
spectrometry (MS) has become the preferred analytical
technique (20). The purpose of the present work was to
develop a GC/M S confirmatory method for phorate, terbu-
fos, their sulfoxides, and sulfones in water at the 1 ppb level.
The combination of capillary GC in conjunction with chemi-
cal ionization mass spectrometry (CIMS) was capable of
confirming all 6 analytes in a single analysis.

METHOD

Special Notes

Rinse all clean glassware thoroughly with water followed
by acetone and let dry before using. All solvents should be
distilled in glass, suitable for pesticide analyses (as supplied
by Burdick & Jackson Laboratories, Inc., or equivalent).

Received April 10, 1989. Accepted June 30, 1989.
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Water should be purified by a Milli-Q™ water purification
system (Millipore Corp.), or equivalent.

Because of the high mammalian toxicity of phorate, terbu-
fos, and their metabolites (see introduction), they must be
handled with extreme care. Wear gloves whenever handling
the pure standards.

Apparatus

(@ Gas chromatograph .— Varian Model 3400 equipped
with splitless capillary injector liner and fitted with 4 m X
0.25 mm (0.25 /¢mfilm) DB-5 fused silica capillary column
(J & W Scientific, Folsom, CA) or equivalent capillary GC
equipment. Operating conditions: injector 200°C; column
oven 60°C for 0.5 min, increase at 30°/min to 165°C, and
hold for 1.0 min; column head pressure 7 psig He; carrier gas
linear velocity 120 cm/s at 165°C; splitless injection with
split open at 0.5 min. Retention times of analytes are given in
Table 1

(b) M ass spectrometer/data system.— Finnigan-MAT
TSQ-70 operated in chemical ionization mode and set to pass
all ions through first 2 quadrupoles while scanning only third
quadrupole, or equivalent system. Operating conditions:
GC/MS transfer line 165°C; ion source 120°C; methane
source pressure 8400 mT (indicated); conversion dynodes
+5000 V; electron multiplier 1000 V; preamplifier range
10-8 amp/V; dwell time 20 ms/ion; total scan time ca 0.5 s/
scan; switchover from monitoring phorate and terbufos to
monitoring sulfoxides and sulfones ca 3.5 min. lons moni-
tored are given in Table 1

Reagents

@ Helium.— UHP, 99.999% minimum purity (MG In-
dustries Gas Products, Valley Forge, PA).

() Mmethane.— UHP, 99.97% minimum purity (MG In-
dustries Gas Products).

(©) Analytical standards.— Phorate, phorate sulfoxide,
phorate sulfone, terbufos, terbufos sulfoxide, and terbufos
sulfone (available from American Cyanamid Co., Agricul-
tural Research Division, Princeton, NJ). (7) stock solu-
tions — (equivalent for all analytes) 1.0 mg/mL acetone. (2)
Intermediate standard solution. — 20 /xg/mL acetone for
each analyte. Pipet 1 mL aliquot of each stock solution into
50 mL volumetric flask, dilute to volume with acetone, and
mix well. (5) cc/M s standard solution.— 0.5 ug/m L ace-
tone for each analyte (equivalent to 1 ppb of each analyte in
water). Pipet 2.5 mL intermediate standard solution into 100
mL volumetric flask, dilute to volume with acetone, and mix
well.

Procedure

Measure 500 mL water for analysis and transfer to 1000
mL separatory funnel. Add 100 mL methylene chloride and
shake vigorously 15s. Let phases separate, and drain methyl-
ene chloride (lower layer) into 250 mL round-bottom flask.
Evaporate to ca 10 mL, using rotary evaporator with water
bath set at no more than 30°C. Do not letflask contents go to
dryness.

Add second 100 mL portion of methylene chloride to se-
paratory funnel and shake vigorously 15 s. Let phases sepa-
rate, and drain methylene chloride layer into same 250 mL
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Table 1. Retention times and lons monitored for the analytes
Retention M+ H Fragment
time, ion, ions,
Compound min:s m/z m/z
Phorate 2:49 261 199, 75
Phorate sulfoxide 3:45 277 199
Phorate sulfone 3:48 293 247, 199
Terbufos 3:07 289 233, 103
Terbufos sulfoxide 3:59 305 187
Terbufos sulfone 4:04 321 265, 199

round-bottom flask. Evaporate to ca 10-20 mL, using rotary
evaporator, and then transfer extract to 100 mL pear-shape
flask. Rinse 250 mL round-bottom flask with additional 10
mL methylene chloride and transfer rinse to 100 mL pear-
shape flask. Evaporate solvent just to dryness on rotary evap-
orator. Do not letflask remain on evaporator after solvent
has evaporated ! Dissolve residue in 1.0 mL acetone for GC/
M'S confirmatory analysis.

Results and Discussion

Mass spectra of organophosphorus pesticides, including
several of the analytes in this study, have been reported from
a number of ionization techniques including electron impact
(ED) (21, 22), positive ion chemical ionization (PICI) (23,
24), and negative ion chemical ionization (NICI) (25, 26).
E | of the compounds in this study generates either very weak
or no molecular ions, which would serve by themselves to
differentiate the analytes. While the extensive E| fragmenta-
tion is useful for confirmatory purposes, analyte response is
reduced because the sample ion current is divided among
numerous ions. In addition, many of the fragment ions are
common to all analytes, differing only in relative intensities.
Thus, accurate measurements of ion ratios and chromato-
graphic retention times are necessary for confirmation.

PICI generates (M + H) ions indicative of the molecular
weights of the analytes and minimizes, but still retains, struc-
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Figure 1. Extracted lon current profiles of (M + H) ions from GC/

MS standard solution.

m/z 261
) r.sxm

ml/lz 277
MSJXES

m/z 293
" r4.8XE3

T T

m/z 289
hy M.4XE4

m/z 305
W—S.GXES

m/z 321
A r.sxss

2'00 ' 4:00 '
TIME (min:sec)

Flgure 2. Extracted lon current profiles of (M + H) lons from
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turally useful fragmentation information. Because of the
electron-capturing properties of organophosphorus pesti-
cides, NICI offers enhanced response when compared to
PICI (25, 27). However, for these analytes, no molecular
information is generated, and the fragmentation, which is
indicative of only the phosphate moiety, is inadequate for a
confirmatory technique (20, 27, 28). Consequently, PICI
was selected as the M S ionization technique for the confir-
matory method.

Methane was chosen as the reagent gas because it gave the
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Figure 3.
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Table 2. Qualitative confirmatory data for the fortified water samples
Phorate P-Sulfoxide P-Sulfone Terbufos T-Sulfoxide T-Sulfone
26la 199 277 293 199 289 233 305 265 199
Source &) 16 199 247 247 103 103 187 321 321
Std mix 43 26 72 125 96 21 19 21 34 29
3)* (2.5)c (5.5) (14) 12) (24) (0.6) (2.6) (3.1) (6.1) (7.6)
1 ppb Fort,
reagent water
-17A (3 43 26 e 118 90 22 20 22 33 31
Std mix 45 30 86 86 85 20 24 13 67 42
(15) (5.8) 2.7) (7.5) 3.2) (4.3) 1.3) (1.2) (1.2) (5.5) (3.8)
2 ppb Fort,
reagent water
—22B (3) 46 31 84 88 85 22 24 13 64 43
1 ppb Fort,
reagent water
—18B (1) 50 32 88 85 82 21 25 13 70 45
2 ppb Fort,
reagent water
—18C (1) 48 32 94 83 82 21 24 14 65 40
Std mix 40 31 69 48 73 12 24 1 101 80
@) (13) 1.8) (20) (14) 4.7 (4.5) (2.8) (1.5) (19) (12)
1 ppb Fort,
reagent water
—26D (2) 30 30 51 36 71 10 23 9.0 96 90
Std mix 36 31 61 57 74 14 25 16 57 52
(10) (2.1) 1.1) (4.0) (1.4) (6.1) (0.8) (0.9) (2.3) (2.9) (5.5)
1 ppb Fort,
reagent water
—27C (2) 37 30 64 55 69 14 24 18 58 48
1 ppb Fort,
reagent water
—27D (2) 36 30 63 56 70 14 24 18 52 46
Std mix 42 33 67 64 84 13 27 12 61 54
@ (2.9) (0.5) (3.1) (8.4) 8.2) (1.4) (1.0) (0.6) (2.4) (5.9)
1 ppb Fort,
well water
—28D (1) 40 33 65 66 85 12 26 13 66 60
1 ppb Fort,
well water
—28E (1) 40 32 62 66 85 13 26 13 68 60
Std mix 51 33 90 87 90 17 26 12 76 46
(4 .7) (0.8) (2.5) (8.8) (5.2) (1.0) (1.3) (0.8) (6.8) (4.5)
1 ppb Fort,
lake water
—33B (4) 52 33 91 84 87 18 26 13 82 48
Std mix 52 31 81 82 92 18 24 15 88 49
(4) (7.0) 2.7) (7.2) (3.9) (6.4) (0.5) (1.4) 1.3) (1.3) (1.0)
1 ppb Fort,
well water
—34C (2) 49 30 83 80 96 18 24 18 93 54
1 ppb Fort,
well water
—34D (2) 50 30 82 78 94 18 23 17 88 50
8lan ratios monitored (in percent).

bNUnber of replicate injectiors.
cStandard deviations on the standard injections for the samples.

best balance between generation of molecular weight infor-
mation and retention of fragmentation information over the
range of compounds analyzed. The ions monitored and the
retention times of the analytes are summarized in Table 1
The most difficult analyte, both spectrometrically and
chromatographically, was terbufos sulfoxide, as has been
reported by others (19, 22). Terbufos sulfoxide gave the
lowest relative intensity for its (M + H) ion and the weakest
overall analyte response, probably due to chromatographic
difficulties. To facilitate the GC analysis of terbufos sulfox-
ide required the use of a short capillary column from injector

to detector and high carrier gas linear velocities (29). Keep-
ing the capillary column and GC/MS interface at or below
165°C coupled with rapid temperature programming were
also essential. Under these conditions, all 6 analytes could be
separated and eluted in under 5 min.

In terms of sample preparation, the only difference be-
tween this procedure and several similar ones reported previ-
ously (12-14) is the absence of PEG-400 as a keeper during
solvent evaporation. As discussed by Stout et al. (28), PEG-
400 is not as transparent to MS as it is to other specific GC
detectors for residue analysis. Not only did the PEG-400
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Table 3.

Source Phorate P-Sulfoxide

1 ppb Fort,
reagent water
17A

1 ppb Fort,
reagent water
22B

2 ppb Fort,
reagent water
18B

2 ppb Fort,
reagent water
18C

1 ppb Fort,
reagent water
26D

1 ppb Fort,
reagent water
27C

1 ppb Fort,
reagent water
27D

1 ppb Fort,
well water
28D

1 ppb Fort,
well water
28E

1 ppb Fort,
lake water
33B

1 ppb Fort,
well water
34C

1 ppb Fort,
well water
34D

82.8 147.4

92.0 110.4
109.8 1415
94.7 148.3
79.4 110.9
103.8
93.2 111.2
93.1 86.9
88.8 87.6
102.4 124.3
93.4

114.8

98.7 132.0

STOUT ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, No. 6, 1989)

Percent recoveries of phorate, terbufos, their sulfoxides, and sulfones from water8

P-Sulfone Terbufos T-Sulfoxide T-Sulfone
105.5 97.2 1175 96.7
105.1 108.7 113.1 98.4
116.2 111.0 127.5 122.3
143,6 99.9 154.8 157.2

97.6 104.7 105.6 109.2
96.8 100.5 97.0 104.9
103.6 97.6 104.8 103.9
101.6 97.3 94.1 94.0
93.6 91.8 83.2 98.5
117.0 106.0 122.4 113.7
96.4 98.1 10A9 94.2
113.4 103.6 130.3 129.0

aCalculated from (saple response + 1 pob standard response) X 100 for the (Vi+ H lanof each aralyte.

generate numerous large background peaks throughout the
GC/CIMS chromatogram, it essentially destroyed the capil-
lary GC column with one injection when accidentally placed
in one sample extract. Consequently, as noted in the Method,
it is extremely important to remove the evaporation flasks
from the evaporators immediately after solvent evaporation
to minimize the risk of losing the volatile parent compounds.

To test the GC/CIMS confirmatory procedure, water
samples from a variety of sources were fortified at 1ppb with
each analyte, extracted, and analyzed by GC/CIMS. The
extracted ion current profiles of the (M + H) ions of the
analytes are shown in Figures 1, 2, and 3 for the GC/MS
standard solution (equivalent to 1 ppb of each analyte in
water), control lake water, and 1 ppb fortified lake water,
respectively. The other water samples gave essentially identi-
cal results. The qualitative confirmatory data for the fortified
water samples are presented in Table 2

The relative intensities of the confirmatory ions from the
fortified water samples are generally within one standard
deviation of the mean standard intensities. The absolute stan-
dard deviations correspond, predominantly, to better than
10% relative standard deviations. These values actually un-
derstate the qualitative confirmatory capabilities of the
method because each result is calculated from one day’s
analyses. In practice, confirmation is usually done by brack-
eting the sample injection with a pair of standard injections
to reduce the impact of drift and instability on the ion ratios.

While quantitative data are not as important to a confir-
matory method as the structural information provided, re-
covery data from the fortified water samples are listed in
Table 3. While these recoveries are excellent for all analytes
at the 1ppb level, they unfortunately overstate the quantita-
tive capabilities of the current methodology. As shown in
Table 3 for several samples fortified at 2 ppb, the recoveries
range from 94.7% to 157.2% when calculated against the 1
ppb standard. The dramatic increase in response, especially
for the sulfoxides, suggests a chromatographic enhancement
with larger levels of injected analytes. This assessment is
supported by a linearity study which showed 13-fold (for
phorate and terbufos) to 20-fold (for the sulfoxides) response
increases for 10-fold increases in the injected analytes. Thus,
for quantitation, separate calibration curves, several of which
could be nonlinear, would be required for each analyte. This
undertaking was deemed beyond the scope of the current
investigation.

In conclusion, a GC/MS method capable of confirming
phorate, terbufos, their sulfoxides, and sulfones at the 1 ppb
level in water has been developed. The parents and their
metabolites are separated in less than 5 min using a short
capillary GC column and high carrier gas linear velocities.
PICI(CH.) generates (M + H) ions indicative of the differ-
ent molecular weights of the analytes and at least one confir-
matory fragment ion for each analyte. Residues have been
qualitatively confirmed at the 1 ppb level in fortified water
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samples from a variety of sources. Control water extracts
were clean at the monitored ions of all analytes. Quantitative
confirmations were hindered by the chromatographic nature
of the analytes. Potentially, use of cold on-column capillary
injection techniques might aid in producing better quantita-
tive results by further reducing chromatographic difficulties
with the analytes at residue levels.
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Simplified Extraction and Cleanup for Multiresidue Determination of Pesticides in Lanolin

HENRI DISERENS

Nestec Ltd, Central Quality Assurance Department, Avenue Nestlé 55, 1800 Vevey, Switzerland

In the proposed method, a light petroleum solution of lanolin (wool
fat) is adsorbed on diatomaceous earth in an Extrelut® column, and
the pesticides are eluted with acetonitrile saturated with light petro-
leum. After evaporation to a small volume, the extract is subjected to
solid-phase extraction (SPE) on a C-18 column. The acetonitrile
eluate is evaporated to dryness and the residue is taken up in light
petroleum. Organophosphorus pesticides are determined by tempera-
ture-programmed gas chromatography (GC) on a wide-bore column
using a flame photometric detector in the phosphorus mode. Organo-
chlorine pesticides are determined after miniaturized Florisil cleanup
by classic GC on an OV-17/QF-1 packed column, using an electron
capture detector. This procedure is more rapid and straightforward
than the time-consuming AOAC extraction method, 29.014. Cleanup
was better and the results obtained were comparable. Recoveries for
13 organochlorine and organophosphorus pesticides, frequently
found in lanolin, ranged from 80 to 90%.

One of the most important raw materials for cosmetic prod-
ucts such as creams and ointments is lanolin, a waxy material
extracted from wool. It is also called wool fat and is known to
contain often high amounts of pesticide residues (1; T. Stijve
(1977) Laboratory News 37, 2, 4-7, internal publication,
Nestec Ltd, Vevey, Switzerland).

As a matter of fact, in order to protect the wool and health
of sheep, the animals are dipped dermally with insecticide
formulas. Not surprisingly, lipophilic organochlorine and or-
ganophosphorus compounds are strongly retained by the lan-
olin. Because the presence of substantial amounts of pesti-

Received March 15, 1989. Accepted July 21, 1989.

cides in cosmetics, especially in creams for babies, is undesir-
able, this raw material must be checked. An interim limit of
40 mg/kg for total organophosphorus pesticides was recently
recommended by Australian authorities (2).

Because it is rather a wax than a fat, lanolin is difficult to
analyze. Cleanup according to direct elution procedures was
found to be impossible, because Florisil retains very little of
the lanolin waxes. The traditional solvent-partitioning step
(3), also known as the back-wash procedure, is suitable, but it
is time-consuming and prone to the formation of emulsions,
which are difficult to eliminate. Alternatively, gel perme-
ation chromatography (GPC), followed by cleanup on silica
minicolumns may be used (1,4).

GPC is not generally available to smaller laboratories, so
we decided tc first try the solid-phase extraction (SPE) tech-
nique. We first attempted to simply extract lanolin with
acetonitrile in a Polytron mixer and to pass this extract over a
C-18 SPE column. Regrettably, a complete extraction re-
quired heating of both lanolin and acetonitrile before and
during mixing, which is not practical.

Recently, Di Muccio et al. (5) described a single-step
partition between light petroleum and acetonitrile on ready-
to-use disposable Extrelut columns (filled with diatomaceous
earth) for the cleanup of fatty extracts prior to the determi-
nation of organophosphorus pesticides. By applying this
method to lanolin we observed that 5-10% of the material
was coeluted from the Extrelut column. The purpose of the
present paper is to present an improved cleanup method using
successively SPE on Extrelut and on a C-18 cartridge.
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Table 1. Recoveries (%) of organochlorine and
organophosphorus pesticides added to lanolin and determined by
GC after extraction and cleanup

Added, in mg/kg Std

Pesticide 0.25 0.5 1 > Mean dev.
HCB 79 8 81 87 85 89 82 88 845 35
alpha-BHC 83 85 91 93 83 87 83 92 87.8 4.0
gamma-BHC 82 88 90 94 88 94 92 96 905 4.5
Dieldrin 78 84 88 92 83 87 80 84 845 45
p,p'-DDE 81 90 89 93 84 91 87 93 885 43
p,p-TDE 8l 8 84 90 79 85 85 91 8 4.0
P.P-DDT 81 87 86 92 81 85 89 93 86.8 45
Diazinon 88 82 84 90 94 88 89 95 88.8 4.4

Dichlofenthion 78 84 83 87 83 89 84 90 84.8 3.8
Chlorfenvinphos 76 81 84 88 79 83 80 87 823 41
Bromophos ethyl 83 89 81 87 8 90 89 95 875 4.3
Ethion 79 8 79 83 82 88 87 93 845 438
Carbophenothion 78 80 77 83 78 82 82 90 813 4.2

Experimental

Apparatus and Reagents

(@) Gas chromatograph I.—Packard Model 437 A, or
equivalent, with FPD operated in phosphorus mode and fol-
lowing column: Megabore column DB-1 (J and W Scientific,
Part. No. 125-1012), 15 m X 0.53 mm id. Film thickness 1.5
pm. Initial temperature: 120°C. Initial time 1 min. Oven rise
4°C/min. Final temperature 270°C. Final time 10 min. Car-
rier gas, nitrogen, 4 mL/min. Make-up gas, nitrogen, 30
mL/min. Injector temperature 240°C. Detector tempera-
ture 300°C. Injection volume 2 pL.

Injection was performed using a direct flash injection liner
(J and W Scientific Part. No. 210-1064), which consists of a
tube with a tapered restriction at both ends. The taper at the
top minimizes flash-back against the septum. The taper at
the bottom automatically aligns and seals the Megabore
column for efficient sample transport and helps to prevent
sample contacting the column ferrule.

With this mode of injection, the sample is vaporized in the
liner and swept onto the column.

(b) Gas chromatograph Il.—Packard Model 437 A, or
equivalent, with ECD and following column: 1.8 m X 4 mm
id, Pyrex glass, packed with 1.5%0V-17 and 1.95% QF-1 on
100-120 mesh Chromosorb W-HP. Oven temperature
210°C. Carrier gas, nitrogen, 30 mL/min. Make-up gas,
nitrogen, 30 ml/min. Detector temperature 300°C. Injector
240°C.

(c) Evaporator.—Rotary (Rotavapor, RE-121, Biichi
CH-9230 Flawil, Switzerland), including a water bath.

(d) Columns.—Extrelut-3 (Merck, Cat. No. 15372). Fix
disposable cannulas (Merck Cat. No. 15373) at column end
as flow regulators.

(e) Solidphase extraction cartridges.—C-18 (J.T. Baker,
Cat. No. 7020-3). Condition just before use as follows: Rinse
with 2 volumes of methanol. Rinse with 2 volumes of water.
Rinse with 1 volume of acetonitrile. Do not let sorbent run
dry during conditioning and analysis.

(f) Florisil.—(Fluka, Catalogue No. 46385). Remove in-
terfering impurities by heating overnight at 550°C. After
cooling, standardize adsorbent by adding 5% by weight of
water. Mix well and let equilibrate > s h before use.

(g) Solvents.—Light petroleum (boiling range 40-60°C),
acetonitrile (saturated with light petroleum), methanol, iso-
octane. All solvents should be residue analysis grade or redis-
tilled in glass.

Table 2. Typical residues In lanolin (mg/kg)

Sample

Pesticide 1 2 3 4 5 6
Total BHC 4.4 3.83 0.92 121 o0.21 2.32
Dieldrin 15 2.23 2.22 091 0.25 15
Total DDT 1 1.08 nda nd 0.2 nd
Toxaphene 7.5 9 20.8 45 0.91 45
Diazinon 37.7 15.5 325 0.72 nd 14.2
Dichlofenthion 5.3 8.9 2.7 12.4 nd 14

Chlorfenvinphos 13.8 6.6 14.8 6.7 264 242
Bromophos ethyl 465 99 0.28 103 nd 0.65

Ethion nd nd 1.15 nd nd 0.31
Carbophenothion 0.54 1 117 nd nd 1.65
* None detected.
Procedure

Weigh 2 g lanolin into 5 mL volumetric flask, dilute to
volume with light petroleum, and shake well to mix. Transfer
2.5 mL ofthe solution to an Extrelut-3 column and let adsorb
for 10 min.

Elute 4 times with 5 mL acetonitrile saturated with light
petroleum. Collect eluates in a 100 mL round-bottom flask,
add 5 mL methanol, and evaporate in the evaporator at 40°C
to about 2 mL.

Transfer to a conditioned C-18 SPE cartridge using 2 mL
acetonitrile to rinse the flask. Elute twice with 2 mL acetoni-
trile. Collect the eluates in a 25 mL round-bottom flask, add
2 mL methanol, and evaporate in the evaporator at 40°C to
about 2 mL. Remove the remaining solvent under a gentle
stream of clean air.

Take up the residue in small portions of light petroleum,
transfer to a 5 mL volumetric flask, dilute to volume, and
shake well to mix.

Evaporate a 2 mL aliquot in a vial and take up in 2 mL
isooctane. Analyze for organophosphorus pesticides by GC
on a megabore column using a flame photometric detector in
the phosphorus mode or a thermionic detector.

Transfer the remaining 3 mL to a Florisil column (5 g
deactivated with 5% water). Elute with 100 mL light petro-
leum-dichloromethane (4 + 1v/v).

Evaporate in the evaporator at 30°C to about 2 mL, and
then gently blow to dryness under a stream of clean air. Take
up residue in small portions of light petroleum, transfer to a s
or 10 mL volumetric flask, dilute to volume, and shake well to
mix. Analyze for organochlorine pesticides by electron cap-
ture GC on a OV-17/QL-1 (1.5%/1.95%) packed column or
equivalent.

Results and Discussion

The single-step partition and cleanup procedure described
by Di Muccio et al. (5) was found to be unsuitable for lanolin
because 5-10% of the lipid material coeluted from the Extre-
lut column. After a further purification on a C-18 SPE
cartridge, only 10-20 mg was coextracted. The extracts thus
obtained were sufficiently clean for the analysis of organo-
phosphorus pesticides on a wide-bore column. Cleanup was
clearly better than that obtained by the separatory funnel
partition technique where as much as 200 mg passed into the
final extract. However, for the determination of organochlo-
rines, a supplementary cleanup, on a small column of Florisil,
proved necessary.

Samples of lanolin fortified with 4 levels (0.25, 0.5, 1, and
2 mg/kg) of 13 organochlorine and organophosphorus pesti-
cides were analyzed in duplicate. The results, listed in Table
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Figure 1. Comparison of methods: proposed method vs AOAC method 29.014-29.015. A = total BHC, B = dleldrin, C = total DDT, D = toxa
phene, E = diazlnon, F = dichlofenthlon, G = chlorfenvinphos, H = bromophos ethyl, | = carbophenothlon.

1, clearly indicate that recoveries ranged from about 80-90%
for all the compounds tested and that the repeatability is
satisfactory.

Comparative analyses performed by the proposed method
and the AOAC method (3, ) yielded essentially the same
results (Figure 1).

Typical pesticide residues in lanolin are listed in Table 2.
Levels are generally lower than those reported earlier (T.
Stijve, 1977). Indeed we found, at that time, up to 500 mg/kg
toxaphene, 73 mg/kg diazinon, and 200 mg/kg of total
BHC. However, even now the contamination of some of the
lanolin samples is still to be considered excessive, especially if
this raw material is to be used as an ingredient of cream for
babies. The present results agree rather well with those re-
ported by other laboratories (1, 2 ), who also found that the
levels of contamination varied considerably among the lots
tested.

It is worth noting that the organophosphorus pesticides
dichlofenthion and bromophos ethyl are eluted from the
Florisil column with light petroleum-dichloromethane (4 +
1 v/v) together with the organochlorines.

Interestingly, whenever toxaphene was present, its peak
pattern proved to be quite similar to that of the analytical
standard, indicating that this acaricide was not degraded
after application.

Summarizing, it can be said that the method presented is
rather simple compared with other procedures for fatty sub-

strates. It only uses small volumes of solvents, for example,
only 26 mL acetonitrile compared with 120 mL in the back-
wash method (3). Moreover, the method is rapid: 4 extracts
can be ready for analysis of organophosphorus pesticides in
about 90 min. Recoveries obtained for 13 different organo-
chlorine and organophosphorus pesticides at various spike
levels and comparative results with the back-wash extraction
method suggest that it is quite suitable for routine analysis.
The detection limits for the various pesticide compounds are
about 5 Mg/kg for organochlorines (toxaphene 500 Mg/kg)
and approximately 50 Mg/kg for organophosphorus pesti-
cides.
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Determination of Organic Arsenicals in Pesticide Formulations by lon Chromatography

CONNIE C. GEHRIG and TIMOTHY M. FITZPATRICK
Purdue University, Department of Biochemistry, West Lafayette, IN 47907

The organic arsenicals, cacodylic acid and methanearsonic acid and
their salts, are determined in pesticide formulations by ion chrome-
tography. The samples are diluted in the aqueous mobile phese,
injected directly into the chromatograph, and determined by non-
suppressed ion chromatography. Analysis time is less than 5 min for
each arsenical. The method wes tested for precision, linearity, and
recovery. Linearity of the methanearsonic acid gave regression and
correlation coefficients of 0.9998 and 0.9999, respectively, ad
0.9997 and 0.9998 for cacodylic acid. Quadruplicate analyses of 5
methanearsonic acid sanples gave relative standard deviations of
0.833-3.10. Quadruplicate analyses of 4 cacodylic acid samples gave
relative standard deviations of 0.648-1.41. Recovery wes 100.3 +
3.6%.

Organic arsenicals are used in pesticide formulations as se-
lective contact herbicides. They are produced by the Meyer
reaction in which biomethylation of arsenic produces caco-
dylic acid and methanearsonic acid (1). Acidification of
these reaction mixtures, followed by appropriate isolation
steps, provides cacodylic acid and methanearsonic acid. The
technical material obtained from this reaction yields impure
methanearsonic acid and cacodylic acid. The acids may con-
tain arsenate impurities. Cacodylic acid contains methanear-
sonic acid as an additional component (1).

Official AOAC methods for organic arsenicals determine
total arsenic and are unable to differentiate these compounds
(2-4). Several gas chromatographic techniques have been
developed for the quantitation of organoarsenic compounds
(5, s ). However, the samples must be derivatized, and these
products are unstable and poisonous. Several arsine reduc-
tion methods have been published but are time consuming
and costly (7, s). Methods for differentiating organic and
inorganic arsenic involve multi-stage cycles of chelation-sol-
vent extraction, phase separation, evaporation, and/or back
extraction into a more suitable phase prior to quantitation by
atomic absorption spectrometry.

Recently, suppressed ion chromatography has been used to
separate some arsenic compounds (9-11). Conversely, high-
pH eluants provide good separation and sensitivity for the
direct analysis of weakly dissociated anions (12). Suppressed
ion chromatography cannot be used under basic conditions
that limit its applicability to the direct analysis of the weak
acids, cacodylic acid, and methanearsonic acid (13). A recent
method describes the analyses of arsenic oxysalts by using a
potassium hydroxide-aromatic salt eluant with non-sup-
pressed ion chromatography (13).

In the present study, a potassium hydroxide-potassium
chloride eluant is used with non-suppressed ion chromatogra-
phy to separate and quantitate cacodylic acid and methane-
arsonic acid in pesticide formulations and as manufacturing
impurities.

METHOD

Apparatus and Reagents
(@) Detector.—Conductivity, range 1000, coarse adjust-
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ment 2, fine adjustment about 3 (Wsscan Instruments, Deer-
field, IL 60015).

(b) Extractant.—IOmM KOH + 5mM KCL.

(c) Liquid chromatograph.—Vafian Model 5060
equipped with Valeo Cs U injection valve with 50 pL loop, or
equivalent (Varian Assoc., Palo Alto, CA 94303).

(d) LC column.—150 X 4.1 mm Hamilton PRP-X100, 10
Tim (Hamilton Co., Reno, NV 89520).

(e) Mobile phase.—1IOmM KOH + 5mM KC1; flow rate
1.0 mL/min.

Extraction and Liquid Chromatography

(@) Sample.— Liquids.—Weigh equivalent of 25 mg ac-
tive ingredient into 50 mL volumetric flask and dilute to
volume with mobile phase. Inject 50 pL into chromatograph.
Granular—Weigh equivalent of 25 mg active ingredient
into 125 mL Erlenmeyer flask and add 50 mL mobile phase
by pipet. Shake 15 min, filter through glass fiber filter pad
(Gelman Sciences, Inc., Ann Arbor, M1 48106), and inject
50 pL into chromatograph.

(b) Standard.—Cacodylic acid.—98.3% (Fisher Scientif-
ic). Methanearsonic acid.—Purified from technical material
according to (1). Weigh 25 mg active ingredient into 50 mL
volumetric flask and dilute to volume with mobile phase.
Inject 50 pL into chromatograph. Bracket every 3 samples
with standard injections.

Calculations

Use peak height as sample response and average of stan-
dard peak heights bracketing sample as standard response.
Calculate as follows:

Cacodylic or methanearsonic acid, % =
(R/RY) X (W''WjX (VIVO X %std purity

where R and R"' = response for sample and standard, respec-
tively; W and W' = weight of sample and standard, respec-
tively; V and V' = volume of sampie and standard, respec-
tively. Here, Vand V' = 50. Calculate percent salt for acid by
multiplying percent acid by factor acid to salt.

Example: For disodium methanearsonate (76.1% acid)

% = % methanearsonic acid X 1.31

Results and Discussion

Figure 1lrepresents a typical chromatogram of a cacodylic
acid formulation sample. All 4 cacodylic acid formulations
analyzed had methanearsonic acid impurities. Figure 2 rep-
resents a calcium acid methanearsonate sample. The acids
have a lower conductance than the potassium hydroxide elu-
ant and appear as a negative peak. The polarity of the detec-
tor is simply reversed to make the peak positive for integra-
tion. The cation, which is calcium in this case, is weakly
retained and elutes as a negative peak in about 1 min.

Initially, a IOmM KOH mobile phase was used without
the addition of potassium chloride. Figure 3 shows the result-
ing chromatogram of sodium cacodylic acid under these con-
ditions. No response was obtained at these conditions for
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Figure 1. Typical chromatogram of cacodylic acid formulation
sample. Solvent front (ca 0.8 min), cacodylic acid (ca 2.6 min), and
methanearsonic acid impurity (ca 3.2 min).
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Figure 2. Typical chromatogram of calcium acid methanearson-
ate sample. Calcium lon (ca 0.8 min) and methanearsonic acid (ca
3.2 min).
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Figure 3. Chromatogram of sodium cacodyllc at 10mM KOH mo-
Nile phase with 2 mL/min flow. Sodium ion (ca 1.0 min) and
cacodylic acid (ca 3.5 min).

methanearsonic acid, even when the mobile phase concentra-
tion was increased to 50mM KOH. Potassium chloride added
to the mobile phase eluted the strongly retained methanear-
sonic acid. Thus, potassium chloride is essential for the anal-
ysis of methanearsonic acid formulations and for the identifi-
cation and quantitation of methanearsonic acid impurities in
cacodylic acid.

Sample solutions that sat overnight and were reinjected
the next day produced chromatograms with additional peaks.
Immediate injection after extraction or extraction in poly-
propylene volumetries prevented this and is recommended.
Linearity of the method was tested by chromatographing
dilutions of the cacodylic acid standard that ranged in con-
centration from 0.05 to 0.7 mg/mL. Similarly, linearity of
methanearsonic acid response from 0.05 to 0.8 mg/mL was
established. Because of the capacity of the column, solutions
over 0.8 mg/mL resulted in overload and nonlinearity. Least
squares analyses of cacodylic acid data gave regression and
correlation coefficients of 0.9997 and 0.9998, and 0.9998 and
0.9999 for methanearsonic acid. Recovery of diluted stan-
dard added to a sample (n = 4) was calculated to be 100.3
3.6%.

Table 1 shows the results of quadruplicate analyses of
methanearsonic acid in 5 formulations. Sample 88-1 con-
tained the disodium salt. Samples 88-2, 88-3, and 88-4 con-
tained calcium salts of methanearsonate, and sample 88-9
contained monosodium methanearsonate. Table 2 shows the
results of quadruplicate analyses of cacodylic acid in 4 for-
mulations.

Total arsenic was determined for all samples by AOAC
method 36.044 (4). The percent of methanearsonic acid
found by ion chromatography agreed with the total arsenic
determination. However, the percent of cacodylic acid calcu-
lated from total arsenic was significantly higher than by ion
chromatography. This was expected because total arsenic
determinations include both cacodylic acid and methanear-
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Table 1. Results of quadruplicate analyses of methanearsonlc

acid In pesticide formulations9

Label claim, Found by TA,

Formulation % % Found by IC, %

88-1 2.20 _b 2.27

2.30

2.26

2.26
Av. + SD(RSD) 2.27 + 0.0189(0.833)
88-2 9.01 9.12 9.36

9.20

8.95

8.72
Av. + SD(RSD) 9.06 + 0.281(3.10)
88-3 9.01 8.92 8.22

8.45

8.18

8.10
Av. + SD(RSD) 8.24 + 0.150(1.82)
88-4 7.35 7.95 8.06

8.32

8.07

8.07
Av. + SD(RSD) 8.13 + 0.127(1.56)
88-9 11.4 12.7 125

121

11.8

121

Av. = SD(RSD) 12.1 + 0.287(2.37)

aTA = total arsenic; IC = ion chromatography.
b Sample could not be analyzed by this method.

sonic acid, whereas ion chromatography differentiates the »
acids. Samples 88-1 (Table 1) and ss-s (Table 2) contained a
vermiculite carrier that interfered with the digestion step in
determining total arsenic content by the AOAC method.
These samples were analyzed easily by ion chromatography.

The present study shows that ion chromatography is sim-
ple, inexpensive, and efficient for the analysis of organic
arsenicals in pesticide formulations. In addition, this method
is much faster, safer, and more specific for the organic arseni-
cals than the official AOAC method. This technique offers
adequate precision, linearity, and recovery for the analysis of
the organic arsenicals, methanearsonic acid, and cacodylic
acid.
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SAMPLE PREPARATION

Enzymatic Hydrolysis of Biological and Environmental Samples as Pretreatment

for Analysis
D. S. FORSYTH and J. R. IYENGAR
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Ottawa, Ontario K1A 0L2, Canada

Four commercially available proteases were tested, in conjunction
witha lipese, for efficacy in hydrolyzing 3tissue substrates: codfillet,
chicken egg, and bovire liver. Enzymatic hydrolysis of tissues mini-
mizes the formation of emulsions during liquid-iquid extraction and
does not accelerate the decompoasition of acid- or base-labile ana-
Iytes. Recovery of hexane and berzene phases from the hydrolysates
wes also evaluated. Protease from streptomyces griseus combined
with lipase from candida cylindracea (available commercially) pro-
duced the highest percent hydrolysis (relative to classical acid hydro-
lysis) in all 3 tested tissues (60-95%) and the greatest recovery of
hexane (100%) and berzene (92-100%) solvent pheses.

Extraction of analytes from environmental samples, particu-
larly biological materials, can be hampered by the formation
of emulsions and analyte binding to proteinaceous material.
Successful control of emulsions permits the analyst to use
minimum volumes of extraction solvent (critical if analyte
recovery is decreased by evaporation of large volumes of
solvent), allows fewer multiple extractions, and reduces the
time needed for separation of the mixture after extraction.
Although techniques exist to control emulsions during ex-
traction (salt addition, alcohol added to emulsion-liquid in-
terface, allowing mixture to stand for some time), they are
not always successful, and sample pretreatment becomes
necessary.

Acid or base hydrolysis can reduce emulsion formation
and release bound analytes but often exposes the analytes to
heated and harsh pH conditions. These techniques are un-
suitable for volatile or acid/base-labile analytes.

The analysis of environmental samples for organolead
compounds initiated our interest in enzymatic hydrolysis: (1)
Emulsion control was unsuccessful with the extraction tech-
niques discussed above. (2) Acid hydrolysis could not be used
because organoleads are acid-labile. (5) Hydrolysates pro-
duced with tetramethylammonium hydroxide still exhibited
high emulsion formation tendencies.

Enzymatic hydrolysis of environmental samples, using a
mixture of protease and lipase, has been found to improve
extraction efficiency of organolead compounds from a vari-
ety oftissues and to control the formation of emulsions (1,2 ),
even in the presence of benzene-hexane solvent mixtures.
Enzymatic hydrolysis of food proteins has generally been
used in the investigation of nutritive value (3), amino acid
composition (4), and potential for food use (5).

To further investigate this alternative technique of sample
hydrolysis prior to extraction of environmental samples, 4
commercially available proteases were compared for recov-
ery of organic solvent phases and degree of hydrolysis
achieved with 3 tissue substrates: cod fillet, bovine liver, and
chicken egg.

A spectrophotometric method using 2,4,6-trinitrobenzene-
sulfonic acid, modified from a method previously reported
(s), was used to determine amino nitrogen levels in the hy-
drolysates.

Received April 18, 1989. Accepted June 23, 1989.

Experimental

Reagents and M aterials

(@) peionized water.—18 megohms/cm (Milli-Q Water
System, Millipore Corp., Bedford, MA). Used throughout.

(®) L-valine solution.—L-Valine (10 mg as amino nitro-
gen) was dissolved in 5 mL water and stored at 4°C.

(c) Proteases, lipase.—Proteases isolated from strepto-
myces griseus (type XIV), crude pancreatic (type ), Bacil-
lus subtilis (type XVI), and Aspergillus oryzae (type
XXII11), and lipase isolated from candida cylindracea (type
VI1) were ob;ained from Sigma Chemical Co.

(d) Tristhydroxymethyl)aminomethane (tris) solu-
tion.—Tris(hydroxymethyl)aminomethane (30.28 g) was
dissolved in 500 mL water and adjusted with ¢ N HC1 to pH
7.5 or 8.5.

(e) Buffer A solution.—KC1 (0.37 g) and HsBOs (0.31 g)
were dissolved in 50 mL water and adjusted to pH 9.5 with
O.IMNaOH.

(f) Buffer B solution.— KH2PO4 (2.72 g) and 62.5 mg
K.SOs were dissolved in 100 mL water. K.SOs was added
just before use.

(@) 2.4.6-Trinitrobenzenesulfonic acid (TNBS) solu-
tion.—TNBS (35 mg) was dissolved in : mL absolute
ethanol. Solution was prepared daily.

Apparatus

(@  spectrometer.—Spectronic 20 (Bausch and Lomb
Inc., Rochester, NY).
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Figure 1. Solvent phase recovery from cod fillet, chicken egg, and
liver homogenates: open bar, hexane; hatched bar, benzene.
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Figure 3. Percent recovery of (A) hexane and (B) benzene phases from 4 enzyme types under various incubation conditions: bars in each
group, left to right: 37°C, pH 7.5; 37°C, pH 8.5; 45°C, pH 7.5; and 45°C, pH 8.5.

(o) Rotary mixer—Roto-torque (Cole-Parmer Instru-

ment Co., Chicago, IL).

(c) Meat grinder—Model 244 (Moulinex, France).

(d) Blender.—Model 33BL73 (Waring Products Division,
Dynamics Corp. of America).

(e) Centrifuge.—MSE Centaur 2 (MSE Scientific Instru-

ments, Crawley, U.K.).

() Culture tubes—Screw cap, 16 X 125 mm (Pyrex,
Corning Co.).

Sample Preparation for Hydrolysis

Cod fillet and bovine liver were homogenized with a meat
grinder. Chicken eggs were homogenized by blending briefly

at low speed. Homogenates were stored at - 20 °C until hy-
drolyzed.

Enzymatic Hydrolysis

For each experiment, quadruplicate samples of cod fillet,
bovine liver, or chicken egg homogenate (1 g) were added to
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culture tubes containing 10 mL of 5% (v/v) ethanol-tris
buffer (pH 7.5 or 8.5), 125 activity units (25 mg type XIV,
15.6 mg type I, 35.7 mg type XXIIl, 10.6 mg type XVI) of
protease, and 25 mg lipase. Samples were incubated at 37°C
or 45°C and sampled (5 gL) at 0, s, 24, 30, and 48 h to
monitor degree of hydrolysis. Percent enzymatic hydrolysis
was calculated by dividing the amino nitrogen value of the
enzyme hydrolysate by the amino nitrogen value obtained
from the acid hydrolysate (for an equivalent amount of sub-
strate).

Acid Hydrolysis

Quadruplicate samples (50 mg) of tissue were weighed
into 10 mL Pyrex glass tubes. One mL « N HC1 (constant
boiling, Sequanal grade, Pierce Chemical Co.) was added to
each tube. Tubes were then sealed with an air-propane gas
flame after flushing with nitrogen and heated for 17 h at
140°C in a forced air circulation oven.

Amino Nitrogen Determination

Buffer A (100 jxL), 5/iL sample, and 5/,L TNBS reagent
were added to a 11 X 98 mm test tube. Tube contents were
hand-agitated for ca 10 s and allowed to react for 10 min.
Buffer B (900 ¢¢L) was added and the sample volume was
adjusted to 9 mL with water. The absorbance was measured
at 416 nm. Background amino nitrogen was corrected by
running a suitable blank (buffer + enzymes) with all sam-
ples. A calibration curve was produced with L-valine stan-
dards run concurrently with the samples.

Solvent Phase Recovery

Hexane or benzene (2 mL) was added to duplicate 48 h
hydrolysates. The samples were rotary-tumbled (65 rpm) for
10 min and centrifuged (2500 rpm) for 5 min. The height
(mm) of the separated solvent phase was measured against
solvent/buffer controls and expressed as percent recovery.
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Percentrecovery of (A) hexane and (B) benzene phases from bovine liver hydrolysates using 2 enzyme types under various Incu-

bation conditions: bars in each group, left to right: 37°C, pH 7.5; 37°C, pH 8.5; 45°C, pH 7.5; 45°C, pH 8.5.

Results and Discussion

Recovery of hexane and benzene solvent phases from un-
treated tissue homogenates (1 g tissue + 10 mL water) was
largely unsuccessful (Figure 1) and varied widely among
different tissues and solvents. It was hoped that enzymatic
hydrolysis would improve solvent phase separation and re-
duce the differences observed.

An initial screening of the 4 proteases plus lipase was made
using cod fillet homogenate under various hydrolysis condi-
tions. The type XIV protease consistently produced the
greatest percent hydrolysis (59.7-65.7%; Figure 2). Varia-
tion of the incubation temperature (37°C, 45°C) and buffer
pH (7.5, 8.5) (Figures 2A, C) did not affect the relative
efficacy of the tested proteases (type XIV >XXIIl >XVI

>1), although each protease generally performed better at
pH 7.5. The higher incubation temperature (45°C) (Figure
2B, D) tended to enhance early hydrolysis results (up to 12
h), particularly for protease types X1V and XXIII, but the
improvement decreased with increased hydrolysis time.
Recovery of organic solvent phases was better from cod
hydrolysates prepared with type XIV protease than from the
other 3 proteases (Figure 3); hexane recoveries (Figure 3A)
were greater than those obtained using benzene (Figure 3B).
Neither the incubation temperature nor pH consistently af-
fected solvent phase recovery (Figure 3), although each en-
zyme type did show some variation. Type XXIII protease
was selected for further comparison against the type XIV
protease with the other substrates, chicken egg and bovine
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XXIII protease (375 activity units); (A) type XXIII protease (125 activity units). (B) Solvent phase recovery from cod fillet hydrolysates: blank
boxes, hexane and diagonally lined boxes, benzene.

liver, because it produced the second highest percent hydro-
lysis (Figure 2), had reasonable organic phase recovery per-
formance (Figure 3), and has a low cost per activity unit.

The type X1V protease produced higher percent hydrolysis
(88.8-95.4%) in egg homogenate than the type XXIII prote-
ase (78.6-81.5%, Figure 4) under all tested hydrolysis condi-
tions. However, bovine liver results (Figure 5) with the type
X1V protease (66.3-67.3%) and type X X111 protease (59.3—
61%) were quite similar.

Recoveries of solvent phases from egg homogenate (Figure
s ) and bovine liver (Figure 7) hydrolysates indicate that the
type X1V protease-produced hydrolysates formed less emul-
sion (more extractable) with hexane (Figures s A and 7A)
and benzene (Figures s Band 7B) than the type X X111 prote-
ase. In the bovine liver series, the 45°C hydrolysates appear
to be less extractable (Figure 7), whereas in the egg homoge-
nate series, the buffer pH of 8.5 appears to lower solvent
recovery particularly with benzene in the enzyme type X X111
series (Figure s B).

Although type XIV protease performed the best of all
tested proteases, the relatively high cost per activity unit
makes a less expensive substitute desirable. Type X X111 pro-
tease is approximately 93% less expensive; therefore, a higher
activity unit to substrate weight ratio was attempted to see if
the performance of the type X1V protease could be matched.
Cod fillet hydrolyzed with 3 times the activity units of type
XXIII protease (Figure s A) gave results very similar to type
XIV protease results, although 48 h hydrolysis was required.
Solvent recovery of hexane and benzene phases from the type
XXIII protease hydrolysates also improved compared with

those achieved with the type X1V protease hydrolysates (Fig-
ure s B).

Conclusions

Recovery of hexane and benzene solvent phases from soft
tissue homogenates was greatly improved after enzyme hy-
drolysis. Type XIV protease was the most effective type
tested for percent hydrolysis achieved and solvent recovery.
The less expensive type XXIII protease performed nearly as
well as the type XIV protease when 3 times the number of
activity units was added to the substrate. It is proposed that
enzymatic hydrolysis can use as an effective sample pretreat-
ment for hydrophobic analytes (such as pesticides and vola-
tile contaminants), particularly if the analytes of interest are
sensitive to harsh pH conditions.
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Gas Chromatographic Determination of Nicotine in Environmental Tobacco Smoke:

Collaborative Study
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Collaborators: A. L. Angel; M. P. Barkdoll; J. K. Caprio; B. B. Collie; F. W. Conrad, Jr; W. E. Crouse; C. A. Erikson;
R. A. Fenner; C. R. Green; D. L. Heavner; D. F. Ingraham; R. A. Jenkins; G. B. Oldaker, Ill; J. J. Piade; N. D. Seabolt;

M. W. Stanchi; C. V. Thompson; C. S. Williard

A gas chromatographic method for determination of vapor phase
nicotine in environmental tobacco smoke (ETS) was collaboratively
studied by 6 laboratories. Nicotine is desorbed from XAD-4 sample
tubes with ethyl acetate containing triethylamine and determined by
gas chromatography with nitrogen-selective detection. Each collabo-
rator received blind duplicate samples at each of 6 nicotine concen-
trations. Three concentrations were generated by spiking XAD-4
tubes with known amounts of nicotine; the remaining 3 concentra-
tions were ETS samples obtained in a carefully controlled environ-
mental chamber containing sidestream and exhaled mainstream
smoke from 1R4F Kentucky reference cigarettes. Repeatability and
reproducibility relative standard deviations ranged from 4.4 to 11.1%
and from 7.0 to 11.1%, respectively, for nicotine concentrations
evaluated (up to 6 /tg/cu m). The method has been adopted official
first action.

In recent years interest has increased in the investigation of
indoor air quality. The sources of contamination that impact
the quality of air in indoor environments are numerous: wood
stoves and fireplaces; unvented gas and kerosene heaters, gas
ranges, and oil furnaces; tobacco smoke; processed wood,
carpeting, insulation, and other building materials; consumer
product aerosols, cleaning agents, and pesticides; and algae
and fungi from improperly maintained heating and cooling
systems, to name but a few. These sources, in combination
with the increasing tendency to reduce energy consumption
by reducing infiltration of outside air, have resulted in a
steadily increasing number of complaints and other problems
apparently associated with a reduction in the overall quality
of indoor air. Because these contaminants emanate from a
variety of sources, a cooperative effort is needed from all
organizations involved in indoor air studies so that the char-
acterization of the indoor environments in which we live will
be based on the highest quality data possible.

Because tobacco smoke has been implicated as a source
impacting indoor air quality, there is a responsibility to eval-
uate this impact. Several compounds have been suggested as
tracers of ETS in indoor air, including nicotine, carbon mon-
oxide, and various polycyclic aromatic hydrocarbons (1) and
solanesol (2). Although no single constituent is representa-
tive of the broad spectrum of compounds in ETS, nicotine is
regarded by some scientists (3, 4) to be the best tracer be-
cause it is a major component of tobacco smoke and its
presence in indoor air is uniquely attributable to tobacco
smoking. The present report describes a collaborative study
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to evaluate a gas chromatographic method for determination
of nicotine in ETS.

Collaborative Study

Each of the s participating laboratories was provided the
analytical protocol and sets of nicotine-spiked XAD-4 sam-
ple tubes as a preliminary step to the collaborative study.
After several months, all laboratories reported confidence in
their implementation of the protocol, and sampling for the
collaborative study was scheduled. One week before sam-
pling began, sets of 20 XAD-4 sample tubes were shipped to
each laboratory for determination of nicotine desorption effi-
ciency.

All samples for this study were generated in our research
laboratory under the direct supervision of M. P. Barkdoll,
Engineering Manager for International Technology Corp.
He observed the preparation of spiked samples by the Asso-
ciate Referee, measured flow at each sample port before and
after all smoking runs, labeled anc documented pertinent
information for each sample, sorted all samples prior to and
after sampling, retrieved samples, and prepared them for
transport.

Spiked samples were generated by adding microliter quan-
tities (Hamilton 10 fiL syringe; accuracy and precision + 1%)
of a solution of known nicotine concentration to the primary
section of XAD-4 resin in the sample tubes. ETS concentra-
tions were generated in a controlled environmental test
chamber by delivering sidestream plus exhaled mainstream
smoke (human smoking) from 1R4F Kentucky reference
cigarettes. In all cases, the environmental chamber was oper-
ated in the static mode at 22° C, 50% relative humidity, with
mixing fans on at 100% for sample duration of 2 h. Exact
operational specifications and capabilities of this environ-
mental chamber are available (5).

All samples were prepared in sufficient quantity to provide
each collaborator with blind duplicates at each concentra-
tion. None of the personnel who assisted in the operation of
the environmental chamber was involved in sample analysis
so the requirement that all samples be analyzed blind was
preserved. Analysts were asked to report the quantities of
nicotine determined in micrograms per XAD-4 tube and
submit copies of all raw data including chromatograms. The
conversion of micrograms per tube to micrograms per cubic
meter of air for ETS samples was made by the Associate
Referee using the volumetric flow rate and sample duration
data supplied by M. P. Barkdoll.

Nicotine in Environmental Tobacco Smoke
Gas Chromatographic Method
First Action

(Applicable to determination of airborne vapor-phase nico-
tine at 0.1-2500 ng/cu m, for 2-h sampling)
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Method Performance:

sr=0.10; sR= 0.16; RSDr = 4.4%; RSDr = 7.0%

A. Principle

Known volume of air is drawn at 1 L/min through sorbent
sampling tube containing XAD-4 resin to adsorb nicotine
present. Minimum sampling time of 1 h is recommended.
XAD-4 resin is transferred to glass vial and quinoline (inter-
nal standard) is added. Nicotine and quinoline are desorbed
into solvent (ethyl acetate containing o .01 % triethylamine),
and an aliquot is injected into gas chromatograph equipped
with thermionic-specific (nitrogen-phosphorus) detector.

B. Apparatus

(a) Pump.—Sampling pump calibrated for air flow rate of
1L/min.

(b) Sorbent sampling tubes.—Glass, with both ends
flame-sealed, 7 cm X s mm od and 4 mm id, containing 2
sections of 20/40 mesh XAD-4 resin (SKC Inc., Eighty
Four, PA). Note: Tubes are available with either urethane
foam spacers (Cat. No. 226-30-11-04) or glass wool spacers
(Cat. No. 226-30-11-04-GWS). Latter are preferred. If
tubes with foam spacers are used, chromatographic run time
must be lengthened to elute relatively large amount of foam-
related artifact extracted from resin. This peak does not
intrinsically interfere with determination of nicotine, but, if
allowed to accumulate, artifact will interfere with subse-
quent analyses.

(c) Gas chromatograph.—Temperature-programmable
system equipped with either packed column inlet or split/
splitless capillary column inlet, nitrogen-selective detector
(NPD), and digital electronic integrator.

(d) Column.—30 m X 0.53 mm id fused silica capillary,
coated with 1.5 /;m film of 5 % phenyl methyl polysiloxane
(for example, DB-5, Cat. No. 125-5032, J&W Scientific,
Inc., Folsom, CA; or equivalent).

(e) GC conditions.—Helium carrier gas flow ca 15 mL/
min (12 psig); direct injection 1-2 /tL; oven temperature
150° programmed at 5°/min to 180° (run time ¢ min);
injector and detector temperatures 225 and 300°, respective-
ly. Suitable detector conditions: helium make-up gas 15 mL/
min; air 75 mL/min; hydrogen 3 mL/min; “bead current”
sufficient to give S/N > 50 for nicotine in 0.1 ¢tg/mL cali-
bration standard. Approximate retention times under these
conditions are 1.9 min for quinoline and 2.6 min for nicotine.

(f) Sample containers.—2 mL borosilicate glass vials with
Teflon-lined septum closures.

C. Reagents

(a) Ethyl acetate.—Chromatographic quality.

(b) Nicotine.—Reagent grade (Cat. No. 112 4973, East-
man Kodak Co., or equivalent). (Caution: Nicotine is very
toxic. Avoid contact with skin and eyes.)

(c) Quinoline (internal standard).—99+%.

(d) Triethylamine (solvent modifier).—99+%.

D. Preparation ofStandard Solutions

Modify ethyl acetate by adding triethylamine (0.01% v/v).
Use modified solvent (referred to hereafter as solvent) to
prepare all standard and sample solutions.

(@) Nicotine standard solutions.—(i) Primary solu-

tion.—Weight 100 mg nicotine into 100 mL volumetric flask
and dilute to volume with solvent. (2) Secondary solution.—
Pipet 1.00 mL primary solution into 100 mL volumetric flask
and dilute to volume with solvent.
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(b) Internal standard solutions — (/) Primary solu-
tion — Weigh 100mg quirolire into 10mL volluretric flesk
and diluietovolurewithohat. (@) secondary solution.—
Pipet 10.0mL primary solution into 100mL voluretricfiask
and dilute ovolure with oha

© calibration standard solutions — Prepare at lesst 2
stsof5 aliyatiion Dluio s tret over caatration rage
of ntarest by adding, eg., 10, 20, 3, 10, and 200 pL
nicotare stadard solutian o each of fne 2 mL
glessviels. Add S0p L quinolline secodary stanchrd solution
eachvel. Add 1mL sohatbeach vEl, Gp, ad Seke
vEl o mix. No wolure corectias are recsssary far stan-
carts N this fashian because veight rasoof nico-
tretoquirolire sarstat, regprdiess of actirtiaal sohatt
volures ecbd.

E. Collection and Preparation ofSamples

Bregk offtiothends of XAD-4 sortantttube; goeningsnust
ke at lestae-talf tre twhe 1l Rositaan backup sectian of
XAD-4 resinresrestpump and aarect topump with ttbirg.
Aauire saples at flov rate of 1 L/min. Record tare
elgsd duning sarplirg. el coontration so e ad-
Justed tostarchrd arditias, record tenperature and baro-
netric pressure. After sarpling, cap sarbant tube with plles-
ticaas. Saples aresteble at kst 2 veeks ndarkat room
taperature; hoever, freear storage srecomended. HO-
zZnsaplesarestebleat lkeest4veds. Prepareand anallyze 3
W uopered XAD-4 tubes (blats) amuratly

Traslérgasmool plug fran e ret ad primary
s oF XAD-4 resnto2mL gliessvil. Transter bedap
st of XAD-4 resin alag with bradeting gless wool
plus aothervil. Htues with polyuretiere foam gec-
as are s, disad foan geas. Add 00 garolire
seoathry starchrd solution directly anto resin neech VL.
Add 1mL sohenttoeechviEl, G, and sheke v far D min.

F. Determination

Chromatograph ane sstof calibration starchrd olubio s,
dotain integrated peek aress Tarquirolire and nicotare. Call-
alate nicot irolire pesk area ratio far ech. Aver-
age resits for dl calityation olutios aelyzed ata ghven
aentratian and arstruct aliration ane wsing pesk
area ratics as ardinate and micrograms nicolire 8s astissa
\alLes. At calibration data o ertter lresr ar ssood-order
lest s ares rgressinmocel (Whidever smore goorgoni-
atefor irstrurant usd; eqected R 2> 0.90), and calalate
weigt of nicotire neach sarple fran nicotire-to-guarolire
peck area ratio.

G. Determination of Desorption Efficiency

Trarsfer primary ssotian of XAD-4 resin together with
asciated gisss wool fram 20 sarplle tss totvertty 2mL
visks. Spike Svialswith 10p L portias ofnicotire sscathry
stadard solutian, 5 vils with 20 p1L. portaos, and 5 vils
with30p L portaas. Remaining 5vialsare blaks. Cap ad
store dll vieks nsare manner as saples arehadied. Add
cuirolire secocary stacard solution, desorb with ohat,
and analyz dl iked saples and blarks as desxribed n
Determination. Correct results dotained on spiked sanples
by sbtractirg aerage Tar blarks fran aerage far eech
Soiked bd. Gladlate desorptaon efficety (OB) farniao-
tressTolls

DE = av. wtt remvered fiugMtacted 6 o)
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Table 1. Collaborative results on GC determination of nicotine In
blind duplicate samples
Nicotine, fig/cu m
Nicotine, /jg/tubea air sampled1L
Level 1 Level 2 Level 3 Level4 Level5 Level6

Coll. (0.18)  (0.54)  (1.25) 1) ) ®
1 0.17 0.48 1.07 2.20 4.33 6.20

0.18 0.49 1.10 2.20 —¢ 5.61
2 0.19 0.41 1.30 2.16 4.96 5.43
0.18 0.55 1.22 2.33 4.07 5.43

3 0.16 0.48 1.05 2.01 4.19 5.71
0.17 0.48 1.04 2.23 4.00 5.22
4 0.16 0.43 1.10 2.57 4.08 4.26
0.17 0.45 0.89 2.42 3.21 5.46
5 0.19 0.47 1.03 2.47 4.28 5.22
0.19 0.46 0.98 2.37 4.25 5.22

6 0.17 0.46 1.00 2.22 4.36 5.31
0.23 0.47 1.02 2.18 4.35 5.52
Mean 0.18 0.47 1.07 2.28 4.19 5.38
Sr 0.02 0.04 0.07 0.10 0.40 0.42

RSDr, % 111 8.5 6.5 4.4 9.6 7.8
Sr 0.02 0.04 0.11 0.16 0.41 0.45

RSDr, % 11.1 8.5 10.3 7.0 9.8 8.4
Overall repeatability 0.05 0.33
Overall reproducibility 0.07 0.36

3 Solution of known nicotine concentration spiked on XAD-4 tubes; concentration,
jugltube, in parentheses.

b ETS nicotine collected in environmental chamber; sampling time 2 h. Number of
puffs of 1R4F cigarette in parentheses.

c Value reported (5.86 ng) deleted. Baseline disturbance on chromatogram.

HDE sdifferatiar3 kbdspramared (ANOVA arMest, p
< 0.05), arstructplotofDE wsveight nicotirefaurd. HDE
Baunalentfar3 lkedstbutdiffaatfran 100% (Mestusirg
poled isiits, P < 0.06), usepooledarithveticmean TarDE
arsction

nitelly, determine DE 2armore tinssutil aosistaty B
enostrated. Trereafter, akaminimum, rgeeat DE deter—
mirnetdon Tareach new katnumber ofXAD-4 tibes.

H. Calculations
Conrect saple results farblark ss Tllos:

Nicotire, fig = fig sarple— a. fig blark

where fig sarplle = weight of nicotire foud n primary
stin of XAD-4 sanple the, ad av. fig blark =
veigtofnicotire found nprinary ssttiosofdliblark tubes
(cetermined ine ). Smillarly coract nicotiire foud inback-
up ssctianofsanplle tue. Thenadd the2 corectedhvaluss Tar
that tube todetermine tolal velight (fig) ofnicotire nsarple
(JES).

Conrect oAl veight ofniaotire fardesarpionefficieyyas
s

Nicotire (@), fig = Hs/DE

where DE B dotaind firam plot ar calaulation peyrformed
el (@fdafferat from 100%).

Convert amount of nicotare fourd NXAD-4 sample tue
tomicrogrars per abicmeter of airss Tollos:

Nicotire, fig/cu M = [nicotire @), fig
X 1000 (WaumyJAol. airsampled QO
where volure of air saipled © = flov rale (W/min) X

sapling time (nin).
fdksired, ar ifrecessary because ofpump daradtanistics,

OGDEN: J. ASSOC. OFF. ANAL. CHEM. (VOL. 72, NO. 6, 1989)

Table 2.  Average blank values obtained on primary and backup
sections of XAD-4 sample tubes for study on nicotine

Coll. Primary blank, ng Backup blank, fig
1 0.03 NDa
2 0.02 0.01
3 ND ND
4 ND ND
5 ND ND
6 0.02 0.01

3ND = not detected.

ajust nicotire conocentrataan found nsapled air o stan-
dard arditios of tarperature and pressure ss Tllos:
Nicotare (@), fig/cu M = nicO@re(fig/cu M) X (/AQpP)

X [(T+ 23)/28]
where p Bhararetric pressure (an) ofarsapled, 7 B
tEperature (°0) of air sampled, 760 BSstathrd pressure
(tar), ad 298 Bstatad

taperature
Ref.- JAOAC 72, Noverber/December ISS.E(JQE)
CAS-54-11-5 (rucotre)

Results

Table 1 presats tre clidboative results Tar determina-
tinofnicotire nblidd plicatesaples. Leels 1,2, ad 3
(aluss igorted asng nicotire per twe) tote3
aentratiasofmicctregoiked N XAD-4 tues; the““tng”
valusswere0.18,0.54, and 1.5¢iy/te, reqedinely. Leels
4, 5 ad 6 (alss anerted o fig nicotre peraum air
sapled) corespod totte 3caEm.ralla s ofETS nicotire
olledted ntteenviramental chaber for 1, 2, and 3 pfis,
resgectinely, oftte IRAF agaette. Mean \vallues, rgeatzbili-
ty and raacd.aiility stadard cdeviatios, and the conre-
sooding reliestathrddaviatias (RSD) arealogonn.

The method sat with tte saplles o tte colldoratars
cesribed 2 colurs; honever, dll ol ldoyatorsvere reag est—
ad o analyz tte saples on tre lager dianeter colum.
(The sraller colum with qeeratiing codirtias isdesrid
ukrruggedness Test.) Collaborator laralyzed eech sam-
ple on both colum tyfEes, with tre regective diffare s n
gerating arditios. The vallle rgorted by Golldorator 1
1o ked 5, ssaod saple, besed on aslysiswith tre lage
diareter colum ves 5.8 ig. Ingaectian of the chrometto-
gram reealed a :2are eselire disturbane at tte aset of
nicotireelutio. On trelesisof tis i chrarato-
gram ad tte gyarently hich regoose dotained, this result
wes celeter. (The conrespading sanplle amount determined
onthesmaller doolumwes4.3ltig) Inrelabontothectter
\vallss T led 6, tre riortad valle far the fast aslysis
fran Gollaborator 1 alsogpears tole biessd high; honever,
irgoection of the chramattogram vielded no besis Tareclud-
ing s =it ad tradfae, ktves reared. (The are-
sooding sanplle amount determined on the sraller d col-
umn wes 5.66ig.)

In acbirtion to tre blird d plicate pair ak eech cocatra-
tan kd, each olldoator alko raeinad 5 blark XAD-4
s, which hed been goared, Helad, and cgped nan
idntacal manner es tte saplles. The rgoorted nicoare \all-
ues fartte primary and badkup ssctias of XAD-4 resnin
treblariksvere used toanrect dl sarplevallss as stated n
tremethod. The key toaonectias made farblarks Bgiven
nTable2

Desorption efficiaoyvwes determined tohbe 100% by 4 of
tre 6 olldatas. Hoever, Golldorators 3 and 4 ceter-
mined tre reovery of nicotire O be ks then 100% ad
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Table 3.  Key to corrections made for desorption efficiency for
study on nicotine

Coll. Level 1 Level 2 Level 3 Level 4 Level 5 Level 6
3 0.90 0.95 1.00 0.90 0.95 0.95
0.90 0.95 1.00 0.90 0.95 0.95
4 0.85 1.00 1.00 0.92 1.00 1.00
0.85 1.00 1.00 0.92 0.92 1.00

desorption efficiencies were calculated and applied as stated
in the method. The key to corrections made for desorption
efficiency is given in Table 3.

Reported values for level 3 are consistently low for 5 of the
6 collaborators compared with the “true” value of 1.25 ~g.
An observation made when preparing the spiked tubes most
likely accounts for this discrepancy. Levels 1 and 2 were
prepared by injecting 1 and 3 ¢¢L, respectively, of nicotine
solution into the primary XAD-4 resin bed. Level 3 was
prepared by injecting 7 gL, which saturated a small section of
the resin, and resulted in contact of the nicotine solution with
the glass walls of the tube. Based on the known adsorptive
interactions of nicotine with borosilicate glass (see Discus-
sion), we postulate that a small amount of nicotine was lost to
the glass walls, which was not recovered in tube preparation
because the tubes are not rinsed. As a result, the low bias in
this case is attributed to sample generation and not to the
collaborators’ analyses. Nicotine losses during air sampling
resulting from such a mechanism are insignificant. Even near
the capacity limit of the tube, losses are not more than 0.5%
of the total.

Comparison of the repeatability and reproducibility RSD
values (RSDrand RSDr) reveals that virtually all of the
variation noted among laboratories (reproducibility) is ac-
counted for by the precision within a single laboratory (re-
peatability). In addition, analysis of variance of results in
Table 1lindicates there is not sufficient evidence to indicate a
difference between laboratories and also no evidence of a
significant “lab X sample” interaction (confidence level =
95%). As a result, it can be concluded that the method
yielded equivalent analytical results in each of the 6 collabor-
ators’ laboratories. This conclusion is further supported by
application of Youden’s rank sum test and the test for homo-
geneity of variance (6).

Discussion

Ruggedness Test

Before undertaking this collaborative study, the Associate
Referee subjected the method to a ruggedness test as de-
scribed by Youden and Steiner (6). To create the same type
of variation that might be encountered in the collaborating
laboratories, 6 variables were chosen for evaluation, includ-
ing the effect of 2 analysts on the gravimetric preparation of
primary standard solutions, the volumetric preparation of
secondary and working standard solutions, the preparation of
XAD-4 tubes for analysis, and data manipulation. We also
studied the effect of the chromatographic conditions.

The analysts intentionally selected were ones who had
considerable experience with the method and another with
relatively no experience. The 2 analysts were arbitrarily des-
ignated A and B. The 2 methods were designated 1 and 2.
Method 1was as described in the Method. For method 2, the
GC column was a 30 m X 0.32 mm id fused silica capillary
coated with a 1.0 gm film of 5% phenyl methyl polysiloxane
(DB-5, Cat. No. 123-5033, J&W Scientific), and someoper-

Table 4.  Eight combinations of 7 factors used to test ruggedness
of GC method for nicotine in ETS

Combination No.

Factor value8

[N
[N
w
~
vl
o
~
oo

Primary nicotine (A or B) A A A A B B B B
Secondary nicotine(AorB) A A B B A A B B
Working standard AorB) A B A B A B A B
Tube preparation (A or B) A A B B B B A A
GC method (1 or 2) 1 2 1 2 2 1 2 1
Data analysis (A or B) A B B A A B B A
Gorg G o g G g G G g
Observed result s ot u v W X 4

<

*See text for description of factor values.

ating conditions were different: He carrier gas flow was at ca
4 mL/ min (15 psig);split injection (split ratio ca 5:1) of 2 gL
was used. Approximate retention times for the column and
conditions of method 2: quinoline 3.3 min and nicotine 4.2
min.

The specific set of combinations used in this ruggedness
test is shown in Table 4. Although this particular model
enables evaluation of 7 factors, only 6 were chosen. The
seventh, listed as G or g in Table 4, can be thought of as
corresponding to a meaningless or nonexistent variation. The
inclusion of such a factor is important in the final analysis
because its effect on results should, of course, be trivial.

To clarify the operations in Table 4, combination No. 3 is
chosen as an example. The observed result, u, was obtained
from the following sequence of operations: primary nicotine
standard solution prepared by analyst A; secondary nicotine
standard solution prepared from this solution by analyst B;
working (calibration) standard solutions prepared from this
solution by analyst A; XAD-4 tubes prepared for analysis by
analyst B; samples and working standards chromatographed
according to method 1; data analysis performed by analyst B;
trivial operation “g.”

To extricate the effect of the various factor changes, the 8
determinations were split into 2 groups of 4 on the basis of
one of the factors. All other factors cancel out within each
group and each factor is evaluated by all 8 determinations. For
example, the effect of altering G to g is determined by sub-
tracting average (t+u+w+z)/4 from average (s+v+x+y)/
4. ldeally, no effect of the factor results in a difference of
zero. The relative effect of the factors were determined by
obtaining and rank-ordering the 7 differences. In principle, if
one factor exerts an effect, its difference will be substantially
larger than those from the other factors and will be signifi-
cantly different from zero. In practice, significance is virtual-
ly impossible to ascertain from a single observed result for
each combination. Therefore, for this ruggedness test, 4 sam-
ples were prepared and analyzed in each combination, result-
ing in 4 observed results per combination. The factor differ-
ences were thus obtained as averages of the 4 determinations
along with estimates of the precision of the test, thus enabling
objective statistical evaluation of the factor effect. This is
accomplished by a i-test with the hypothesis that the factor
difference is equal to zero.

At this stage of the ruggedness test, only one factor (data
analysis) resulted in a significant effect on observed results.
This was indeed a curious finding since it had been anticipat-
ed that data analysis would be a trivial operation (similar to
G/g). An audit of the data analysis for each combination by
the Associate Referee revealed 2 causes. One was traced to a
mistake made by the inexperienced analyst in constructing
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Table5. Evaluation of ruggedness test results

Av. diff., Significant

Factor fig nicotine  Std dev. P factor effect
Data analysis 0.0309 0.0331 0.16 no
Working standard 0.0191 0.0403 041 no
Tube preparation 0.0151 0.0256 0.32 no
GC method 0.0150 0.0436 0.54 no
Gorg 0.0085 0.0254 0.55 no
Primary nicotine 0.0055 0.0504 0.84 no
Secondary nicotine 0.0001 0.0052 0.97 no

the calibration curve. The 2 primary nicotine standard solu-
tions were prepared from 105 and 106 mg nicotine, respec-
tively. In calculating the nicotine weight for each calibration
standard solution, the experienced analyst used the actual
weights whereas the inexperienced analyst used the method-
specific nominal weight of 100 mg for all calculations.

The second cause was traced to a differing degree of cali-
bration curve linearity among the groupings of analyses by
combination number, resulting in more or less of a random
error since, at that time, the method specified a linear cali-
bration. It was enlightening to discover that the difference in
curvature was more pronounced among sets of analyses on a
single instrument than between the 2 instruments used for
the different methods (otherwise, the effect would have been
traced to the GC method).

After the first mistake was corrected and all data were re-
analyzed on the basis of second-degree polynomial calibra-
tion curves, the average factor difference calculations, rank-
ordering, and hypothesis testing were repeated. The correct-
ed results (Table 5), rank-ordered by average factor
difference absolute value, along with standard deviations, t-
test probabilities, and conclusions at the 95% confidence
level, indicate that no one variable contributed significantly
to the outcome of the analytical procedure.

Modification of NIOSH Method

The method presented here is a modified version of the
NIOSH method for determining nicotine (7). The NIOSH
procedure was developed for occupational hazard exposure
levels and, with a limit of detection of 300 /¢,g/cu m, is not
sensitive enough for determining nicotine concentrations in
environmental tobacco smoke. In surveys of ETS in public
places such as aircraft cabins, restaurants, and bars, for over
350 individual observations, results in 95% of the cases were
< 20 /¢g/cu m and in 80% of the cases were <10 /¢g/cu m
([8] and unpublished data). Limits of detection (LOD) and
quantitation (LOQ) for this method at a sampling rate of 1
L/min are, respectively, 0.17 and 1.7 /¢geu m for 1-h sample
duration and 0.02 and 0.2 /¢,g/cu m for 8-h sample duration.
Both LOD and LOQ can be reduced by increasing the sensi-
tivity of the thermionic-specific detector, although this is
hardly necessary. Key factors in enabling these levels of
sensitivity are the use of nonpolar capillary columns to maxi-
mize detector stability and the addition of triethylamine to
the desorption solvent to eliminate adsorptive losses of nico-
tine in the sample vials and to ensure complete desorption
from the resin (9).
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These XAD-4 sorbent tubes have been used under a vari-
ety of sampling conditions including flow rates of from 10
mL/min to 2 L/min, sample durations from 1 to 480 min,
and in atmospheres containing nicotine at concentrations up
to 120 mg/cu m (near vapor saturation). Tube capacity is at
least 300 /¢g nicotine with less than 5% breakthrough into the
backup resin section. Under normal ETS conditions, this
breakthrough is typically less than 1% with desorption effi-
ciencies rarely less than 100%. The small tube size, compati-
bility with low flow-rate personal sampling pumps, and excel-
lent analytical sensitivity make this method ideally suited to
both stationary (i.e., area) and personal monitoring.

Recommendation

Overall, the data indicate excellent repeatability and re-
producibility. It is recommended that this method for deter-
mination of nicotine in environmental tobacco smoke be
adopted official first action.
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VITAMINS

Liquid Chromatographic Determination of Vitamin D in Infant Formula

VIPIN K AGARWAL

Connecticut Agricultural Experiment Station, PO Box 1106, New Haven, CT 06504

A method is described for the determination of vitamins D2+ D3in
milk- and soy-based infant formula. Vitamins D2and D3are extract-
ed from the saponified sample and converted to isotachysterols with
acidified butanol. Reverse-phase liquid chromatography (LC) is used
to remove interferences, and total vitamin D is quantitated using
normal-phase LC. Recoveries of spiked samples averaged 97.6% for
milk-based infant formula, and 98.8% for soy-based infant formula.
This method quantitates vitamin D2+ D (in infant formulas contain-
ing as low as 40 1U/qt when prepared according to label direction.

Vitamin D: (ergocalciferol) or vitamin Ds (cholecalciferol)
typically is added to fortify milk and infant formula at 400
1U/qt (10 /ug/qt). The presence of excessive amounts of fats,
proteins, and sterols including cholesterol is a major obstacle
in the quantitation of vitamin D in milk. The determination
of vitamin D in infant formula is even more demanding
because of the presence of the wide variety of additional
ingredients (1). Landen (2) reported that the coextracted
components of vegetable oil in infant formulas potentially
invalidate liquid chromatographic (LC) methods that have
been verified for fortified milk.

A number of LC methods have been applied for the deter-
mination of vitamin D in milk and infant formula (1-10).
None of the methods has yet gained wide acceptance (9). A
method was reported for the determination of vitamin D in
fortified milk, which involves isomerization of vitamin D to
isotachysterol (11). A new method is presented here for the
determination of vitamin D in infant formula by using a
similar derivatization technique.

METHOD

Reagents and Standards

(@) Solvents.—LC grade hexane, methanol, acetonitrile,
and ethyl acetate and analytical grade chloroform (Fisher
Scientific Co., Springfield, NJ 07081).

(b) Aqueous KOH solution.—Dissolve 400 g reagent
grade KOH in water, cool, and dilute to 500 mL with water.

(c) Alcoholic KOH solution.—Dissolve 15 g reagent
grade KOH in 400 mL water and dilute to 500 mL with 95%
ethanol.

(d) Ethanolic pyrogallol solution.—Dissolve 1.0 g pyro-
gallol in 100 mL 95% ethanol.

(e) Derivatization reagent.— 10M HC1 in 2-butanol (pre-
pare by dissolving dry HC1 gas in 2-butanol cooled to 0°C).

(f) Aqueous sodium carbonate solution.—Dissolve sodi-
um carbonate in water to prepare saturated solution.

(g) Vitamin D standard solutions.—(7) Stock solution:
Dissolve 100 mg crystalline Dz (cholecalciferol) (Sigma
Chemical Co.) and dilute to 200 mL with methanol. (2)
Intermediate solution: Dilute 5 mL stock solution to 100 mL
with methanol. (5) Working standard solution: Dilute 1 mL
intermediate standard to 50 mL with methanol to provide
concentration of 20 IU/mL (0.5 ¢ig/mL). Use this standard
for spiking samples.

Received December 27, 1988. Accepted May 2, 1989.

Apparatus

(@) Centrifuge tubes.—25 mL conical centrifuge tubes
with glass stoppers, used for isomerization; 15 mL graduated
conical centrifuge tubes with glass stoppers, used for collec-
tion of vitamin D fraction from LC cleanup step.

(b) Vortex mixer.—Bronwill vortex mixer, or equivalent.

(c) LC cleanup system.—Laboratory Data Control Con-
stametric 111 pump equipped with Rheodyne 7105 syringe
injection valve with 200 pL sample loop, SpectroMonitor 111
variable wavelength detector (LDC, Riviera Beach, FL
33404), and Hewlett Packard 3390A integrator (Hewlett
Packard, Palo Alto, CA 94304). Monitor eluate at 301 nm.

(d) LC system for quantitation.—Similar equipment as
described in (c), except use sample loop of 25 pL.

() Chromatographic columns.—Supelcosil LC-18-DB, 5
pm, 25 c¢cm X 4.6 mm id, and guard column LC-18-DB, 5 /itm,
2cm X 4.6 mm for LC cleanup system (Supelco Inc., Belle-
fonte, PA 16823). Spherisorb normal-phase, 5pm, 25 cm X 2
mm id for quantitative LC system (Phase Separation, Inc.,
Norwalk, CT 06854).

Saponification and Extraction
Saponify and extract 25 mL sample as described earlier

(11).

Isomerization

Place saponified and extracted sample or standard in 40
mL centrifuge tube and evaporate to dryness under slow
stream of nitrogen. Redissolve the sample in 100 pL metha-
nol and cool to 5°C. For standards, carry out isomerization
using levels of vitamin Ds ranging from 5to 50 IU (0.125 to
1.25 pg) dissolved in 100 pL methanol. Add 0.6 mL deriva-
tizing reagent to centrifuge tube containing sample or stan-
dard, shake well on vortex mixer for 15-20 s, and leave at
5°C for 3 min. Shake sample tube on vortex mixer every 30 s
during this 3 min period. After 3 min, add 5 mL aqueous
saturated sodium carbonate solution to destroy excess re-
agent and shake well on vortex mixer.

Extract isomerized vitamin D (isotachysterol) by adding 2
mL chloroform to tube and shaking well on vortex mixer.
Withdraw chloroform layer and pass it through small column
fdled with anhydrous NaiSCf (disposable pipet can be used
for this purpose). Extract aqueous layer 2 more times with 2
mL chloroform each time and pass all chloroform extracts
through same column. Collect all the extract in 40 mL centri-
fuge tube, evaporate solvent to dryness under slow stream of
nitrogen, and then redissolve residue in 500 pL methanol.

LC Cleanup of Extract

Set up LC system for cleanup as detailed in apparatus
section. Use following operating conditions: ambient tem-
perature; acetonitrile-methanol (90 + 10) mobile phase;
flow rate 1.8 mL/min; detector 301 nm. Inject isotachysterol
standard onto column to determine its actual retention time
(ca 13.0 £ 0.5 min). Inject 100 pL sample extract onto
column. Because of large peak eluting just before isotachys-
terol peak (peak X in Figure IB), the starting point of isota-
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Figure 1. Chromatogram of (A) standard Isotachysterol D3; (B) milk-based liquid infant formula; (C) milk-based powder Infant formula, on
reverse-phase LC, Supelcosil LC-18-DB column.

chysterol peak is not clearly visible. The ending point of
isotachysterol peak is, however, clearly visible. Start collect-
ing fraction 1 min before retention time of isotachysterol and
continue 30 s after isotachysterol peak returns to baseline.
After collecting fraction, let flow rate continue at same rate
to elute remaining peaks. All peaks elute in 25 min and next
injection can be made. Evaporate collected fraction to dry-
ness under nitrogen and redissolve residue in 250 ;uL hexane.

Quantitative LC

Set up normal-phase LC system as described in apparatus
section. Use following operating conditions: ambient tem-
perature; hexane-ethyl acetate-methanol (97 + 2.5 + 0.05)
mobile phase; flow rate 0.7 mL/min; detector 301 nm; sensi-
tivity 0.01 absorbance. Set attenuation at 0. Inject 10-20
of cleaned extract and quantitate isotachysterol by peak
height.

Results and Discussion

Vitamin D in infant formulas was quantitated by determi-
nation of isotachysterol D2 or Ds formed by isomerization of
vitamin D. or D3 As pointed out in an earlier report (11),
isotachysterols D: and Ds have the same retention time on
LC analysis; therefore, it is not possible to distinguish them.
The recovery studies were carried out using only vitamin D3,
Wherever the term vitamin D is used, it signifies both vita-
mins D2 and D3,

In this method, the following steps are involved: Saponifi-
cation and extraction, isomerization, cleanup using reverse-
phase LC, and, finally, quantitation by normal-phase LC.

The saponification step is similar to that used in fortified
milk (11). Saponification at ambient temperature proved to
be advantageous in avoiding any conversion of vitamin D to
previtamin D. In the present official AOAC method for
vitamin D analysis in milk (7), saponification is performed at
a higher temperature, which converts part of the vitamin D to
previtamin D. Since quantitation of previtamin D is not
possible due to interferences, a conversion factor of 1.25 is
applied to quantitate vitamin D (7).

Isomerization of vitamin D to isotachysterol is performed
differently from the method used for fortified milk (11). In
an earlier report on fortified milk, antimony trichloride solu-
tion in chloroform was used as a derivatizing reagent (:1).
The isomerization of vitamin D is a rapid reaction; a slight
increase in the reaction time may lead to the reduction in

isomerization yield due to degradation of isotachysterol, thus
making quantitation difficult.

A new reagent, 10M HCL1 in 2-butanol, was found to be
more effective for the isomerization. The temperature, vol-
ume, and the time of the reaction are very important for
quantitative conversion of vitamin D to isotachysterol D. The
sample or the standard was dissolved in 100 /XL methanol and
cooled to 5°C. The reaction at 5°C was much slower than at
room temperature and the reaction was more easily con-
trolled. The volume of the reaction mixture was kept to 100
IXL because a higher volume resulted in decreasing the yield
of isomerization, presumably due to the dilution of the deri-
vatizing reagent. At 5°C, the reaction time of 3 to 32 min
gave over 90% yield. The excess reagent was destroyed by
aqueous sodium carbonate solution to stop the reaction.

The calibration plot for isotachysterol, obtained by plot-
ting the mean peak heights vs vitamin D concentration in the
5to 50 IU range, was linear. The correlation coefficient was
0.998.

The conversion of vitamin D to isotachysterol provided a
number of advantages. Vitamin D has been found to be very
sensitive to heat, light, and evaporation. Since the complete
procedure is very long, there is always the possibility of losing
some vitamin D during the analysis. In the proposed method,
vitamin D was isomerized to isotachysterol immediately af-
ter extraction, resulting in a compound much more stable to
heat, light, and evaporation. Thus the risk of losing any
vitamin D was minimized. In addition, the isotachysterol has
absorption maxima at 278, 288, and 301 nm and its extinc-
tion is more than double compared to vitamin D. Therefore,
when monitored at 301 nm, it provided greater sensitivity as
well as selectivity. A number of compounds that interfere at
265 nm do not show any absorption at higher wavelengths
and thus these interferences were eliminated.

The third step was extract cleanup, which was performed
using a reverse-phase LC system. Figure 1A shows a chro-
matogram of the standard isotachysterol Dz on reverse-phase
LC. Figure IB shows a chromatogram of an actual milk-
based liquid infant formula. A large peak (peak X, Figure
IB) elutes just before the isotachysterol peak and the iso-
tachysterol peak elutes as a shoulder to this peak. Soy-based
liquid infant formula also shows a similar chromatogram.
When powdered infant formulas were analyzed on the clean-
up LC system, a large peak that elutes just before isotachys-
terol peak was not present (Figure 1C).
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Figure 2.  Chromatogram of (A) standard isotachysterol D3; (B)
milk-based liquid infant formula after cleanup on normal-phase LC,
Spherisorb S3W column.

The final step involves quantitation using normal-phase
LC. Standard vitamin D (101U) was always isomerized with
every batch of samples and its peak height was used for
recovery calculations. The standard or the cleaned extract
was injected onto the LC column. Figure 2A shows a chro-
matogram of standard isotachysterol treated through the
cleanup step. Figure 2B shows a chromatogram of the
cleaned extract of milk-based liquid infant formula. No in-
terfering peaks were observed, showing the efficiency of the
cleanup step.

Table 1 shows the results of the vitamin D analysis of 3
commercial infant formulas. The amount of vitamin D found
ranged from 98 to 103% of the declared amount in milk-
based formula and from 97 to 102% in soy-based formula. All
samples were spiked with standard vitamin Ds to provide an
additional 400 IU/quart. For this, 0.5 mL working standard
was added to 25 mL milk. These spiked samples were ana-
lyzed to determine the accuracy of the method. The recover-
ies of spiked samples ranged from 94 to 101% (average 97.6
+ 2.6%) in milk-based formula and from 95 to 103% (aver-
age 98.8 £ 3.2%) in soy-based formula (Table 1).

In conclusion, the method presented represents a reliable
approach for quantitative analysis of vitamin D in infant
formula. This procedure has also been successfully applied to
fortified milk in our laboratory. Saponification at room tem-

Table 1. Results of vitamin D analysis, from fortified Infant
formulas and spiked recoveries3
Label claim, Found,
Form IU/qt U/qt Recovery of spike, %
Milk-based infant formula
Liquid 387 391 £ 9.0 94.4 + 2.6
Liquid 387 380 + 11.8 97.7 + 2.7
Powder 400 410 + 6.5 100.8 £ 3.3
Soy-based infant formula
Liquid 387 377 £ 6.2 954 + 18
Liquid 387 386 + 9.9 97.8 £+ 2.8
Powder 400 408 = 10.9 103.1 + 4.6

aAverage * stancarci deviation, n = 3.

perature avoids the problem of conversion of vitamin D to
previtamin D. The isomerization of vitamin D to isotachys-
terol helps to reduce any loss due to the unstable nature of
vitamin D and also increases the sensitivity and selectivity of
the method.
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TECHNICAL COMMUNICATIONS

Liquid Desorption of Organic Solvents from Industrial Sludges

LUCIANO CECCON
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Via Valerio 6, 34127 Trieste, Italy

ALESSANDRO TURELLO, GRAZIELLA MOCELLIN, and LUIGI COLUGNATI
Chemio srl, Via Cussignacco 39, 33040 Pradamano {Udine), Italy

Analysis of organic solvent residues in industrial sludges is usually
based on preliminary extraction of solvents from the matrix, followed
by gas chromatographic determination. Liquid desorption with
carbon disulfide is one of the most frequently used methods of recov-
ery. Because of the number of parameters that can affect desorption
efficiencies, we evaluated recoveries from 2 wastes with different
physicochemical characteristics. Results were similar for both ma-
trixes. The study of the kinetics of recovery showed that equilibrium
was reached within about 5 min. On the other hand, specific adsorp-
tion phenomena were observed not only for strongly polar solvents
even at the highest concentrations, but also for weakly polar com-
pounds at the lowest concentrations. Water content of the matrix had
little effect on recovery of the solvents examined, except for 2-
ethoxyethanol, which yielded notably lower extractions when the
moisture content of the matrix increased.

Analysis of organic solvent residues in industrial sludges is
routinely carried out so that these waste materials can be
correctly classified and subsequently disposed of in line with
present regulations. The analytical method used needs to be
as fast and simple as possible, and should give quantitative
results. It must also be applicable to a variety of organic
compounds, which may be incorporated within different ma-
trix types at a wide range of concentrations. The method is
usually based on preliminary extraction of solvents from the
matrix, followed by gas chromatographic determination. The
preliminary recovery step should avoid long and tedious ma-
nipulations of the sample that, over all, would make stan-
dardization of the method difficult.

Liquid desorption with carbon disulfide (CS:) is one of the
most frequently used methods of recovery, not only for
sludges, but also for other types of environmental matrixes
(1-9). Desorbing agents such as dimethylformamide (6,8) or
methanol in methylene chloride (10) are used less frequently.
Nevertheless, many parameters that regulate the heteroge-
neous equilibrium must be considered: size of sludge particles
in suspension, rate of release of solvents from inner to surface
of particles, solid-to-liquid ratio, agitation technique and
rate, temperature, etc. (11, 12). Therefore, the extraction
step is the most critical one in terms of analytical reliability
of the overall procedure.

The present study was undertaken to monitor the possible
effect of 2 variables on the recovery of solvents from industri-
al sludges. They are: (7) the different physicochemical char-
acteristics of sludges from different industrial plants, and (2)
the parameters that can affect desorption efficiency.

Experimental

Sampling

(@)  Matrix selection and preparation.—Two wastes were

selected on the basis of their different physicochemical char-
acteristics (pH, organic carbon), and were provided in large
amounts by 2 different actual production units (painting with

Received December 13, 1988. Accepted April 27, 1989.

polyurethane and polyester enamels; painting with essential-
ly polyurethane enamels, together with small amounts of
polyester and nitrocellulose enamels).

(b) Homogenization system.—Approximately 100 g por-
tions of each matrix were finely ground using ZK 1 blade
homogenizer (Braun).

(c) pH Determination.—pH Determination of both wastes
was performed according to ASTM method (12) using S 202
digital pH meter (SEAC) supplied with Orion RX 91-56
electrode.

(d) Dried matrix preparation.—Both wastes were freed of
solvents and water in VV 2000 rotary vacuum evaporator
(Heidolph, GFR) at 60°C to minimize possible structure
modifications. Before recovery studies were performed, both
matrixes were screened to 1 mm and kept in desiccator over
phosphorus pentoxide.

() Wet matrix preparation.—Both dried matrixes were
mixed with variable quantities of deionized water to produce
sludges with 10-50% water content.

Proximate Analysis

(@) Residual moisture determination.—Residual mois-
ture in 2 dried matrixes was determined by Karl Fischer
titration using authomatic ABU 93 triburette, VIT 90 video
titrator, and SAM 90 sample station (Radiometer, Den-
mark).

(b) Organic carbon determination.—Qrganic carbon con-
tent in 2 dried matrixes was determined by modification of
method of Springer and Klee for compost (13): About 0.1 g
waste was oxidized at 160°C with K:Crzo7 IN in acidic
medium (concentrated H.SO.), and excess K:Crzo07 was
back-titrated with Mohr salt.

(c) Ash determination.—Ash content in 2 dried matrixes
was determined by weighing residue obtained after treat-
ment for 24 h at 660°C in muffle oven.

Preparation of Stock Standard Solution

Stock standard solution containing 1000 ppm each of
methylene chloride, methyl ethyl ketone, ethyl acetate, meth-
yl wo-butyl ketone, nvo-butanol, wo-butyl acetate, toluene,
n-butanol, «-butyl acetate, - -ethoxyethanol, p-xylene, o-xy-
lene, :-ethoxyethyl acetate, and cyclohexanone, was pre-
pared in carbon disulfide (J. T. Baker). Solvents were all
commercially available compounds of the highest purity.

Preparation of Working Solutions

Working solution 1, containing 100 ppm each of solvents,
was prepared by 1:10 dilution with CS. of the stock standard
solution.

Working solution 2, containing 20 ppm each of solvents,
was likewise prepared by 1.5 dilution of working solution 1

Blank Test

For both wastes, 2 g dried matrix was weighed in 40 mL
screw-cap glass vial with PTFE septum (Supelco, Inc.), 20
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Table 1.

Characteristic Waste A

Main characteristics of the 2 wastes examined

Waste B

Origin spray painting cabin with dry scrubber spray painting cabin with wet scrubber
Matrix solid waste from polyurethane and polyester enamels sludge from essentially polyurethane enamels
pH 5.86 8.51
Organic carbon,8 % 24.4 18.2
Ash,a % 7.38 28.86

“ Dry weight.

mL CS: was added, and waste-solvent mixture was occasion-
ally shaken by hand for 1h. After solids settled (within 1-2
min), an aliquot (about 1mL) of clear supernatant liquid was
transferred to 15 mL screw-cap glass vial with PTFE septum
(Supelco, Inc.) over anhydrous sodium sulfate to eliminate
traces of water, and 1 {iT was injected immediately into gas
chromatograph.

Recovery Tests

For both wastes, 2 g matrix was weighed in 40 mL screw-
cap glass vial with PTFE septum, 20 mL stock standard
solution (or working solutions) was added, and vial was occa-
sionally shaken by hand for variable periods of time. At end
of equilibration time, solids settled (within 1-2 min), and
aliquot of clear supernatant liquid was processed as described
in Blank Test.

Duplicate extractions were performed in all cases; each
analysis was performed in triplicate.

All tests were carried out at room temperature (22 + 2°C).

Gas Chromatography

Dani 6800 gas chromatograph equipped with a stainless
steel column and flame ionization detector was used. 200 cm
X 2 mm id column packed with 15% Ucon LB 550 X on 80-
100 mesh Chromosorb W AW (Supelco, Inc.) was employed.
Operating conditions: column temperature, programmed
from 60°C (kept for 5 min) to 150°C at 5°/min, and main-
tained for 5 min; injector and detector temperature 170°C;
nitrogen carrier gas flow 23 mL/min (set at 60° C); hydrogen
flow 23 mL/min; air flow 200 mL/min.

Peak areas were determined by a Shimadzu C-RI A inte-
grator.

Results and Discussion

Matrix Effect

At a preliminary stage of the research, we examined the
effect of physicochemical parameters of the sludge on the
recovery of solvents. For this purpose, we used 2 wastes with
characteristics as different as possible (wastes A and B).
Both wastes came from painting processes, because this type
of matrix is likely to contain a wide range of industrial
solvents that represent different classes of compounds.
Sludges from other industrial processes may contain only a
few solvents from a single class of compounds. The main
characteristics of the 2 wastes used during the study are
shown in Table 1 In particular, the 2 wastes were selected for
their pH value and organic carbon content; these 2 parame-
ters are known to play an important role in determining the
extraction yields of organic compounds in environmental
samples.

To eliminate water and sample interferences, the 2 wastes
were first dried and freed of retained solvents. After extrac-
tion with CS2 the 2 dried matrixes (see Blank Test) pro-
duced chromatograms free of detectable levels of solvents
originally incorporated in the sample.

Water removal was almost quantitative; residual moisture
was 0.3 and 0.4% in wastes A and B, respectively.

Solvent recovery tests were conducted on the 2 dried ma-
trixes. The solvents selected represent the various classes of
organic compounds more frequently present in industrial
sludges (chlorinated hydrocarbons, ketones, acetates, alco-
hols, aromatic hydrocarbons, glycol ethers); selected concen-
trations represent levels typically found in real samples.

For handling simplicity, the method originally proposed by
Dommer and Melcher (7) was chosen. Their procedure uses
adsorption from solution, in line with the definition of Ru-
dling and Bjorkholm (6). According to the method, the sol-
vents under examination are dissolved in the desorbing agent
and then added to the matrix. In other words, “equilibrium is
reached from the other side” (6) in respect of desorption from
the sludge (the spike technique).

p-Xylene was utilized as internal standard because prelim-
inary tests using the external standard method showed that
98-103% of p-xylene was recovered from both wastes. The
choice of a hydrocarbon as the internal standard is wide-
spread for environmental samples, because hydrocarbons
usually show no matrix interferences (5, 6, 14, 15).

Both kinetics of recovery and influence of solvent loading
were evaluated simultaneously by determining extraction
yields as a function of time on 3 different standard solutions
(1000,100, and 20 ppm). This simulated loadings of solvents
in the matrixes of 10 000, 1000, and 200 ppm, respectively,
while the waste/desorbing agent ratio (2 g/20 mL) was kept
constant. Results, expressed as percent recovery of each com-
pound with respect to the working solution, are presented in
Tables 2 and 3.

A Student Mest was used to determine if differences exist-
ed among the recoveries obtained at the various times. For
both matrixes and for the 3 loadings of solvents, recoveries
were usually not significantly different at the 0.05 level.
Furthermore, differences that existed did not appear to be
significant; instead, they appeared to be random regarding
both the solvents involved and the trend with time of recov-
ery. The conclusion can, therefore, be drawn that both ma-
trixes reached equilibrium within 5 min.

On the other hand, recoveries from the 2 matrixes were not
quantitative even at the highest examined concentrations.
This can be seen particularly for compounds with a free
alcoholic group (alcohols and glycol monoethers). Specific
adsorption occurred, with strongly polar compounds affected
more significantly. Moreover, a dependence on loading was
also observed for weakly polar compounds (ketones, acetates,
chlorinated hydrocarbons, esterified glycol ethers). At the
lowest concentrations, adsorption effects occurred to varying
extents. Only aromatic hydrocarbons showed quantitative
recoveries over the entire range of concentrations examined.
Similar behavior was described for recovery of adsorbed
solvents from activated carbon (5,6). For this type of materi-
al, 2 main parameters may play an important role when
specific adsorption phenomena occur. These parameters are
the number and chemical nature of the adsorption sites (sur-



aAverage percent recovery for 6 determinations + standard deviation. Waste/carbon disulfide ratio: 2 g/20 mL.

Table 2. Percent recoveries of Industrial solvents from dried waste A, as function of equilibration time with carbon disulfide and of loading of solvents3
Loading of solvents, ppm
10 000 1000 200
Recovery, %, after equilibration for
Solvent 5 min 1h 24 h 5 min 1h 24 h 5 min 1h 24 h
Methylene chloride 93.7 £+ 0.9 94.5 + 3.4 91.4 0.2 94.2 + 1.1 95.1 + 1.4 93.4 = 11 79.9 + 3.5 86.8 + 2.2 81.6 £6.0
Methyl ethyl ketone 89.4 £ 3.2 91.8 2.4 89.6 + 4.1 87.7 £ 2.6 87.9+ 15 88.6 + 1.8 80.0 + 2.4 86.1 £3.0 81.4 +4.6
Ethyl acetate 91.5 +4.2 95.2 + 1.0 94.9 + 3.3 96.7 = 1.1 95.5 + 3.2 96.7 = 3.9 87.1 + 5.2 91.7 £3.5 87.3 + 4.8
Methyl isobutyl ketone 97.3 = 0.7 96.7 £0.5 97.2 0.5 97.7 + 2.2 96.1 + 0.2 96.8 = 1.6 945+ 2.6 92.2 + 1.3 92.8+ 2.8
/so-Butanol 80.0 = 1.2 80.6 + 15 792 £ 2.2 79.1 £ 1.3 75.7 £ 0.4 75.9 £ 0.9 72.0 £2.0 70.2 £ 2.8 70.4 £ 2.5
iso-Butyl acetate 97.2 £ 1.7 975+ 1.6 97.6 £ 0.5 97.3 + 0.2 96.9 = 0.6 98.4 + 1.4 98.3 =+ 3.8 94.4 = 2.9 96.7 + 4.5
Toluene 102.0 +0.8 102.2 + 0.5 102.8 + 1.8 101.7 £+ 1.7 98.6 = 0.3 100.8 + 1.3 101.3 +3.8 98.3+ 2.8 995+ 15
n-Butanol 80.0 + 15 79.7 £ 15 79.0 £ 1.4 74.9 + 3.2 72.4 = 0.6 73.4 + 1.3 73.3 £ 3.7 73.3% 35 71.8 £2.5
n-Butyl acetate 98.4 + 11 97.9 +0.4 98.2 £0.5 98.7 = 1.1 98.3 + 0.1 97.3+ 1.0 95.2 + 2.7 97.1 + 2.6 99.4 + 3.2
2-Ethoxyethanol 81.1 + 1.1 79.8 £ 1.3 79.3+ 11 72.6 £ 2.8 703+ 1.7 71.9 £3.4 65.7 = 5.8 69.0 + 3.7 69.7 + 45
o-Xylene 102.1 + 0.4 101.8 + 0.9 103.0 + 2.5 100.8 + 3.2 100.8 £0.1 101.0 £0.9 101.5 + 3.5 99.9 + 3.4 99.8 + 1.9
2-Ethoxyethyl acetate 94.7 £ 1.0 96.5 + 2.3 97.7 + 1.0 93.0+ 1.8 95.2 + 1.0 94.1 + 0.7 92.7+ 7.6 88.1 = 4.6 91.7 8.7
Cyclohexanone 95.0 £ 0.9 94.0 + 1.0 94.1 £ 1.0 91.6 £0.5 93.4 £ 1.7 93.6 + 0.4 89.7 + 3.4 86.0 £6.1 88.3 + 6.3
aAverage percent recovery for 6 determinations + standard deviation. Waste/carbon disulfide ratio: 2 g/20 mL.
Table 3. Percent recoveries of Industrial solvents from dried waste B, as function of equilibration time with carbon disulfide and of loading of solvents3
Loading of solvents, ppm
10 000 1000 200
Recovery, %, after equilibration for
Solvent 5 min 1h 24 h 5 min 1h 24 h 5 min 1h 24 h
Methylene chloride 93.6 + 6.1 96.0 £ 15 94.5 + 2.1 97.0 = 0.4 94.6 + 3.3 98.6 + 4.7 86.1 = 4.1 89.2 + 55 84.9 3.1
Methyl ethyl ketone 94.7 + 1.3 95.5 0.6 92.8+ 2.6 93.4 = 3.0 93.5+ 2.3 95.7 + 1.4 90.1 + 3.9 89.7 =+ 3.6 90.2 + 2.4
Ethyl acetate 93.3+ 15 96.4 = 0.7 97.4 + 3.8 95.7 + 2.1 95.5 + 2.0 97.8+ 2.6 90.3 + 2.7 90.0 £3.5 91.4 + 2.4
Methyl isobutyl ketone 97.7 £ 0.1 101.5 £ 0.5 97.7 £ 0.4 96.5 = 0.7 98.0 + 1.7 99.2 + 0.2 95.1 + 2.8 94.0 + 4.6 97.3 + 4.3
/so-Butanol 845+ 1.2 85.0 + 0.8 83.1 + 1.4 80.8 = 1.3 83.0% 0.5 84.2 + 1.9 745 +4.1 78.1 £ 3.6 76.0 = 3.6
/soButyl acetate 98.8 + 15 98.6 + 1.0 98.4 + 15 ye.b = 1.5 98.1 + 3.8 100.3 + 1.2 94.2 + 4.9 95.2 + 4.7 96.0 + 4.1
Toluene 101.9 + 1.5 102.2 + 2.3 100.6 +0.9 100.3 + 0.3 101.1 + 1.8 98.5 +2.1 101.1 £ 2.0 99.0 + 2.3 100.1 + 2.4
n-Butanol 84.4 + 0.5 83.2 + 0.7 82.8+ 0.9 80.2 = 1.7 81.1 =+ 1.3 81.7 = 0.3 73.8 + 3.7 76.0 £3.4 73.0 £3.4
o-Butyl acetate 98.5 + 0.7 98.6 + 1.7 98.1 + 0.3 97.2 + 2.6 98.3 + 3.8 98.9 + 0.4 93.5 + 4.3 93.8 £+ 3.1 92.1 + 4.2
2-Ethoxyethanol 87.2+ 1.8 85.8 + 2.9 83.5+ 1.3 77.8 £ 2.9 79.9 + 4.2 79.1 £+ 19 72.4 + 4.7 72.7 £+ 4.8 74.0 £ 3.7
o-Xylene 102.1 + 0.7 101.9 +4.8 1009 + 1.6 97.9 = 0.4 99.9 + 0.6 99.6 + 2.2 99.3 + 2.4 99.5 + 2.2 99.7 + 1.6
2-Ethoxyethyl acetate 99.0 + 3.7 99.0 £3.8 96.3 + 4.7 96.5 + 1.7 100.1 + 4.8 97.2 + 3.7 94.6 + 6.6 91.6 £3.7 94.1 + 6.2
Cyclohexanone 96.2 + 1.6 97.6 £2.2 94.7 + 1.8 95.2 + 1.7 100.3 + 0.8 95.5 + 3.6 93.9 + 3.4 925 + 4.6 96.0 4.2
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Percent recoveries of industrial solvents from two wastes A and B, as function of water content of matrix3

Table 4.

Waste B (moisture ,%)

Waste A (moisture, %)
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face oxides may be present on the matrix), as well as the
properties of the desorbing agent (CS2 may be a poor com-
petitor with polar solvents for polar adsorption sites) (5, 6).

Effect of Moisture

To evaluate the effect of water content of the matrix, we
performed recovery tests on samples with a 10-50% moisture
content. This is a range usually found in real samples. Both
the equilibration time (5 min) and the sludge/standard solu-
tion ratio (2 g/20 mL) were kept constant. The sludges were
loaded at 100 ppm working solution so that solvents could be
recovered at 1000 ppm. Results are shown in Table 4; for
comparison, results for the 2 dried matrixes are also shown.

Statistical analysis of data, performed by calculating the
linear regression line of the mean recoveries of each solvent
and by identifying a confidence interval for the slope at the
0.05 significance level, showed that the zero slope figure falls
within this interval for almost all examined solvents. Water
content of the sample had little effect on recoveries of the
solvents examined, except for 2-ethoxyethanol, which yielded
notably lower extractions when the moisture content of the
matrix increased. The water content of the sample was al-
ready observed not to influence recovery of halogenated and
aromatic hydrocarbons from soils and sludges (16). On the
other hand, because water is practically insoluble in CS2 2
phases will fcrm and very water-soluble compounds, such as
2-ethoxyethanol, will concentrate in the polar phase. This
was pointed out by Rudling and Bjorkholm (17) for liquid
desorption of organic compounds from activated carbon that
contained adsorbed water.

Conclusion

The present study shows only preliminary results. No defi-
nite conclusions can presently be drawn, because only a few
of the variables that may influence desorption yields have
been taken into account. Investigations on recoveries from
other types of sludges, properly selected for physicochemical
characteristics, are needed. The effect of solvent loading
must be evaluated over the entire range of concentrations
found in real samples. Neither the effect on recoveries of both
analyte composition and temperature nor the optimum
sludge/desorbing agent ratio have yet been determined. Ex-
traction yields relative to other types of industrial solvents
remain to be examined. It might be interesting to compare
results obtained by other recovery techniques (e.g., thermal
desorption) to identify the method that offers the highest
yields. A complete evaluation of all the factors that play a
role on desorption of solvents from industrial sludges might
offer useful information in view of a standardization of the
procedure.
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Effect of Gelatin on Recovery of Hair Fragments in Filth Analysis

BERNICE B. BEAVIN

Food and Drug Administration, 900 M adison Ave, Baltimore, MD 21201

Prior literature has recommended the use of gelatin capsules or
gelatin film for transferring spike elements to samples being exam-
ined for recovery studies. It was believed that gelatin had no effect on
the recovery of filth spike elements. However, this study shows that
hair recovery is lower when gelatin is present in direct trap-off
procedures. Two types of gelatin capsules, gelatin film, and strips of
filter paper were used to transfer spike filth elements. A comparison
study employing an acid digestion and wet sieving procedure was also
performed and showed that gelatin had little or no effect on the
recovery of hairs using this type of procedure. An additional test was
performed using gelatin added to water containing the same type of
spiked filth elements. No hair fragments were recovered but all insect
fragments were recovered. All recovery studies were performed using
only water in the liquid phase of the trap flask extractions, with
mineral oil or heptane as the flotation medium. No food product was
used.

The use of gelatin capsules to transfer spike filth elements to
food samples for recovery studies has been recommended for
several years (1). A more recent approach uses gelatin film
(2). Both of these techniques offer advantages in ease of
preparing and transferring the spike material to the sample.

In a recent method development study, acceptable recover-
ies were obtained in preliminary trials using spikes (Tribo-
Hum elytral squares and mouse hair fragments) transferred
on filter paper to the product. Tests were then conducted in
which the same spikes were transferred in gelatin capsules to
the product. In the latter case, the resulting papers were
“heavy” and the recovery of hairs was significantly lower. At
first, these lower recoveries were attributed to the method,
but, after a number of trials with similar results, the capsules
were suspected of causing the problem. Another analyst in
this laboratory experienced similar problems with gelatin
capsules when using a different product and trapping medi-
um. All the procedures were direct trap-off (no wet sieving of
the product).

The gelatin capsules initially used were 2-piece capsules
size 00, obtained from Thomas Scientific, and designed to be
burned in Parr combustion bombs. Gelatin capsules size 1
made by Eli Lily were also tried. Hair recovery was some-
what higher for the smaller Eli Lily capsules. Improved re-
coveries could have been due to the presence of less gelatin, a
difference in the gelatin used, or both. The present study was
undertaken to determine the effect of gelatin on the recovery
of Filth spike material.

Experimental

Three tests were made for each of the 2 types of gelatin
capsules, gelatin film, and strips of filter paper. No material

was used to attach the filth elements to the filter paper. The
spike material consisted of 10 Tribolium elytral squares ca 1
sg. mm and 10 mouse hair fragments ca 2-3 mm. No product
was used. Spikes were placed in the gelatin capsules, on
gelatin film (ca 1 X **in.), and on strips of filter paper (ca 1
X '/4in.). Each of the spike carriers was added to ca 1 L
waterin a2 L trap flask. Contents of the flask were boiled for
ca 10 min, cooled, and trapped using 40 and 25 mL mineral

ail (3, 4).

Results

An emulsion formed at the interface of the oil/water layer
in the flasks containing gelatin. The larger capsule produced
a greater amount of emulsion. If product had been present,
this emulsion would trap product material and cause “heavy”
filter papers. Recovery results were lowest for the large cap-
sule carrier (Table 1).

Another test was conducted using a 3% HC1 digestion and
wet sieving procedure without product. The same spike ele-
ments were prepared for the 2 types of gelatin capsules and
strips of filter paper (no gelatin). Each spike carrier was
added to ca 1L 3% HC1 in a 2 L beaker. Contents of the
beaker were boiled for ca 15 min and wet-sieved on a No. 230
sieve (5). The contents on the sieve were then transferred to a
2 L trap flask with water and trapped as in the previous test.
The wet sieving process eliminates the gelatin. Recoveries
obtained from the gelatin carriers were acceptable and com-
pared favorably with the filter paper results (Table 2).

One test was made using heptane as the flotation medium
to determine if the problem of low recoveries was limited to
mineral oil. The same spike elements were placed in water
containing 1 g gelatin. The same direct trapping procedure
was used. All insect fragments, but none of the hair spikes,
were recovered. The same problem with emulsion formation
was encountered.

Hair fragments were checked for visible gelatin coating by
boiling in ca 1 L water containing 1 g gelatin, mounting in
water, and examining microscopically at 100-400X. Each
hair fragment appeared “dirty,” but it was not conclusively
determined that the hair fragments were coated with gelatin.

Conclusion

The results of this study show that, in methods involving
direct trap-offs, the presence of gelatin lowers hair recovery;
the decrease in recovery is apparently related to the amount
of gelatin present. Gelatin appears to have little or no effect
on filth recovery for methods that include an acid digestion
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Table 1. Comparison of recoveries for 2 types of gelatin
capsules, gelatin film, and filter paper strips using direct trap-off
with water and mineral oil

Subsample
recoveries
Transfer
material Spike8 1 2 3 Av.
Capsule (size 00) 10EF 8 6 7 7
10MH 1 1 1 1
Capsule (size 1) 10EF 6 8 7 7
10MH 2 6 5 4.3
Gelatin film 10EF 8 9 10 9
10MH 3 3 6 4
Filter paper 10EF 10 10 10 10
10MH 10 9 9 9.3

* EF = elytral fragments; MH = mouse hairs.

and wet sieving step. However,if gelatin capsules are used to
transfer spike filth elements, a test should be done to assure
there is no effect on the recovery of filth elements for that
specific product and method. Any material used to transfer
or aid in the transfer of spike material should be tested for
each type of product and method before it is acceptable in
recovery studies.

The effect of gelatin on the recovery of insect fragments
appears inconclusive. Recoveries of insect fragments on gela-
tin capsule carriers were somewhat lower; however, all insect
fragments were recovered in the test using gelatin in water.

In this study, no attemptwas made to determine the effect
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Table 2. Comparison of recoveries for 2 types of gelatin
capsules and filter paper strips using acid digestion and wet
sieving before trapping with water and mineral oil

Subsample
recoveries
Transfer
material Spike8 1 2 3 Av.
Capsule (size 00) 10EF 10 10 10 10
10MH 7 7 6 6.6
Capsule (size 1) 10EF 8 10 10 9.3
10MH 6 7 7 6.6
Filter paper 10EF 9 10 10 9.6
10MH 7 8 7 7.3

aEF = elytral fragments; MH = mouse hairs.

of gelatin on the recovery of filth from a food product. If a
product containing gelatin as a listed ingredient is examined
for filth, an acid digestion and wet sieving step should be

employed to avoid the possibility of low hair recovery.
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Caffeine as Main Interfering Compound in Radioimmunoassay of Aflatoxin Bi in

Coffee Samples

PAVEL RAUCH, IVAN VIDEN, TOMAS DAVIDEK, JAN VELISEK, and LADISLAV FUKAL
Institute of Chemical Technology, 166 28 Prague 6, Czechoslovakia

The content of caffeine in coffee extracts prepared for radioimmuno-
assay of aflatoxin Bi was determined by gas chromatography. The
extracts from coffee beans and decaffeinated coffee contained 1.76-
4.60 and0.71-0.85 g caffeine/kg, respectively. These concentrations
of caffeine caused false results in radioimmunoassay of aflatoxin B]
in the range 1.0-2.8 pg/kg for coffee beans and 0.3-0.4 pg/kg for
decaffeinated coffee.

In general, thin-layer chromatography

(TLC) and liquid

chromatography (LC) are the techniques most commonly
used to determine aflatoxins and their metabolites. However,
these methods are not

specific and the extensive sample

cleanup is time consuming. Expensive instruments are re-

quired for LC analyses, and in TLC , large amounts of gels
and solvents are used.

Immunoassays are beginning to replace conventional ap-
proaches in food analysis because oftheir high specificity and
sensitivity, a combination that should ensure the need for
minimal sample preparation and make high rates of analysis
possible. Immunoassays are technically simple and can be
performed atlow cost (1-4). Nevertheless,a purification step
can berequired for quantitative and precise determination of
low aflatoxin levels in crude extracts of various samples (5-
8). However, only limited information exists on the feasibil-

ity of aflatoxin immunoassays in the routine analysis of food
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and fodder samples, with respect to possible interferences (1,
4 7). The results presented in our earlier paper (9) show that
many naturally occurring substances,e.g., derivatives ofcou-
marin, and cinnamonic and benzoic acids, may cause inter-
ferences in radioimmunoassay of aflatoxins. Among these
substances, the interference of caffeine was not studied.

The possible occurrence of aflatoxins in coffee samples is
still unclear. Some authors (10-12) proved that coffee sam -
plesusually do notcontain aflatoxin Bi, because caffeine (0.5
mg/mL) inhibits its production. Therefore, potentially
greater possibility for mold contamination exists in decaf-
feinated coffee (13). On the other hand, other observations
showed formation of aflatoxin Bi by ASpergi"USparaSitiCUS
(14,15)

To elucidate differences in aflatoxin content determined

even at higher caffeine concentrations (8 mg/mL).

by TLC and radioimmunoassay (RI1A) in coffee samples (9),
we analyzed crude chloroform extracts of these samples. The
present study examines the interfering substance in chloro-
form coffee extracts prepared for aflatoxin Bi radioimmuno-

assay.

Experimental

Apparatus

(a) Gas chromatograph.— (Model Chrom 5, Laboratory
Equipment, Prague, Czechoslovakia). Equipped with flame
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Table 1. Interferences of caffeine in radioimmunoassay of
aflatoxin Bi
Caffeine concn
expressed in Antiserum | Antiserum |l

mg/100 fit3 0.02 0.01
g/kgb 1.7 0.7
ED50, mg/100 tiLc 0.25 0.15
Apparent affinity

constants 1.2 X 103 4.3 X 10s

+ Concentration of caffeine simulating 10 pg aflatoxin B, in 100 tiL of analyzed
solution.

6Concentration of caffeine simulating 1fig aflatoxin B. in 1 kg sample.

CcEDS0 = estimated dose at 50% radioligand displacement from its binding antise-
rum.

ionization detector and glass column (1200 X 3 mm id)
packed with 1% (w/w) ethylene glycol adipate on 0.125-0.16
mm Chromaton N-AW-DMCS solid support (Lachema,
Brno, Czechoslovakia). Operating conditions: nitrogen carri-
er gas 30 mL/min; temperatures 200 and 240°C at column
and inlet (detector), respectively; sensitivity usually 1:100 to
bring peaks to about half-scale deflection; recorder chart
speed 60 mm/min (16).

(b)  Gas chromatograph-mass spectrometer.—Shimadzu

QP-1000 equipped with quadrupole mass analyzer operated
under following conditions: fused capillary column (0.32 mm
X 60 m) with SPB 1stationary phase; oven temperatures—
programmed from 75 to 320°C at 10°/min; injector port
250°C, separator 330°C, ion source 330°C; ionization ener-
gy 70 eV; helium carrier gas 1 mL/min.

Materials

(&) Chemicals.—Caffeine was supplied by Sigma Chemi-
cal Co. Other chemicals were analytical grade (Lachema,
Czechoslovakia).

(b) Solvents.—Acetone and chloroform.

(c) Samples.—All coffee bean samples were purchased
from local grocery stores.

(d Antisera.—Rabbit antisera against aflatoxin Bj as de-
scribed earlier (9).

Procedure

() Preparation ofextracts.—Two g coffee, ground to ho-
mogeneity on vibrating mill, was extracted in 25 mL chloro-
form for 30 min with continuous shaking at 20°C. The chlo-
roform extract was filtered, and the residue was extracted
again under the same conditions. The combined chloroform
extracts were evaporated in a rotary vacuum evaporator. The
residue for gas chromatography (GC) was dissolved in chlo-
roform, or in acetone for RIA, and the volumes were adjusted
to 2 mL.

RIA of aflatoxin Bi in
model soins of

ANAL. CHEM. (VOL. 72, NO. 6, 1989)

Table 3. Radioimmunoassay of aflatoxin B1lin coffee extract,
containing 2.95 g caffelne/kg sample, and with known amount of
added aflatoxin B1

Added, jug/kg Found, itg/kg Rec., %
0.0 22+ 04 _
0.5 28+ 0.3 120
1.0 3.1+ 04 90.0
15 3.6 + 0.3 93.3
2.0 4.4+ 0.7 110
3.0 51+ 0.5 96.6
5.0 7.1 £0.6 98.0

(b) Radioimmunoassay.—Aflatoxin Bi was assayed by
using a commercial RIA kit with 125-1-aflatoxin Bi as a
radioligand, as described earlier (9).

(c) Testing of interferences.—The procedure described
earlier was used (9).

Results and Discussion

In our previous study (9), we found that derivatives of
coumarin and cinnamic and benzoic acids caused interfer-
ences in immunoassays of aflatoxin B). To explain the high
false results obtained by RIA of coffee samples (9), we
analyzed these extracts by gas chromatography. Caffeic and
chlorogenic acids, which were found earlier (9) to interfere to
a great extent with antisera against aflatoxin Bi, were deter-
mined in coffee extracts at a very low level. Maximal concen-
trations of these compounds were 0.03 g/kg sample. Signifi-
cant interferences in radioimmunoassay for aflatoxin were
observed at a level 10 times higher.

Results from GC analysis of the extracts showed that they
contained from 0.71 to 4.60 caffeine g/kg sample. Two un-
identified compounds were also present, along with some
minor components.

Only caffeine shows significant interferences with antisera
used in radioimmunoassay of aflatoxin Bi (Table 1). In com-
parison with the compounds tested earlier (9), caffeine inter-
feres at the lower concentration. The resulting degree of
nonspecific binding is expressed by the concentration of caf-
feine which simulates the occurrence of 1tig aflatoxin Bi/kg
sample. The results given in Table 1indicate that antiserum
11 shows more significant unspecific interactions; therefore,
antiserum | was used in RIA of aflatoxin BJ.

The apparent (i.e., false) concentrations of aflatoxin Bi
caused by the occurrence of caffeine in analyzed coffee ex-
tracts are given in Table 2. The accuracy of aflatoxin B)
determined by RIA is affected by the amount of caffeine
extracted from the coffee powder. For instance, the content
of caffeine in coffee beans is 7-20 g/kg (14), and when 1.7 g
caffeine/kg is present in the analyzed sample, the false value
of aflatoxin B] found will reach 1.0/;g/kg.

Determination of caffeine In coffee extracts by gas chromatography and by radioimmunoassay for aflatoxin Bi

Ba C
RIA of aflatoxin
Bi in coffee exts,

Table 2.
A
Caffeine in
coffee ext, g/kg,
Sample detd by GC
Coffee beans 1 2.95 + 0.15
Coffee beans 2 4.60 + 0.22
Coffee beans 3 1.72 + 0.08
Decaffeinated
coffee 1 0.85 + 0.04
Decaffeinated
coffee 2 0.71 + 0.03

* Model solutions were prepared with concentrations determined in column A.

caffeine, fig/kg Ag/kg B/C, %
21 +0.2 22+ 04 95
28+ 0.2 3.0+ 0.3 93
10+ 0.2 1.2+ 0.4 83
0.4+ 01 0.4+ 0.2 100
0.3+0.1 0.3+ 0.2 100
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The accuracy of the aflatoxin Bi radioimmunoassay was
verified by the method of standard addition (Table 3). The
known amount of aflatoxin B] in chloroform was added to the
sample of coffee powder. The recovery, calculated after sub-
tracting the false positive value 2.2 /;g/kg (caused by caffeine
present in the analyzed extract) from the estimated aflatoxin
content, shows that RIA of aflatoxin Bi gives reasonable
results.

The present results suggest that caffeine is the main inter-
fering compound responsible for false results in RIA of afla-
toxin Bj in crude extracts of coffee samples. Thus, only
suitable purification of caffeine-containing samples, or good
antisera with apparent affinity constants higher than 1010
may assure reliable results in the concentration range 0-5 pg
aflatoxin Bi/kg sample.
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foods—1988,133A
FDA pesticide program: goals and new
approaches, 518
lead in canned evaporated milk, 416
mycotoxins in foods and feeds
worldwide, 223
Af-nitrosopyrrolidine in dry-cured bacon,
19
pesticide residues in foods, state
programs, 525
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radionuclides in domestic and imported
foodsin U.S., 1983-1986,15
Chloramphenicol, in meat, LC method:
interlaboratory study, 570
Chlorinated hydrocarbons, in
environmental samples, evaluation of
EPA method 8120, 593
Chlorsulfuron, in milk, matrix solid-
phase dispersion extraction and GC
method, 813
Chlortetracycline
epimerization to 4-epi-chlortetracycline
in feed, extraction with Mcllvain’s
buffer, and LC, 848
with oxytetracycline and tetracycline in
milk, simultaneous LC method, 564
Chocolate and cacao products
Changes in Methods, 184
Methods Committee report, 124
Cholesterol
in egg products, GC method, 746
in homogenized milk, capillary GC

method, 421
Citric acid, in presence of metal ion, LC
method, 775
Citrus Red No. 2, in orange peel, LC
method, 705

Cleanup procedures
GPC, soil, sediment, waste, and oily
waste extracts, determination of
semivolatile organic pollutants and
PCBs, 752
for multiresidue determination,
pesticides in lanolin, 991
Clioquinol, in cream and ointment
preparations, reverse-phase LC
method: collaborative study, 562
Clotrimazole, in single formulations and
in combination with other drugs,
derivative spectrophotometric method,
432
Codex Alimentarius Commission,
approach to pesticide residue
standards, 538
Coffee and tea
Changes in Methods, no changes
Methods Committee report, 121
referee report, 70
coffee, aflatoxin Bj in, caffeine
interference in radioimmunoassay,
1015
Coliforms
in dairy products, dry rehydratable films
for enumeration: collaborative
study, 312, 64A (corr.)
in dairy products, temperature-
independent. pectin gel method:
collaborative study, 298
total and Escherichia coli, in foods,
hydrophobic grid membrane filter/
MUG method for enumeration:
collaborative study, 936
Collaborative studies
aflatoxin Bj screening in corn and
peanut products, visual and
semiquantitative
spectrophotometric ELISA method,
638
aflatoxin Bi screening in cottonseed
products and mixed feed, ELISA,
326
aflatoxins Bi, B2, and Gi in corn,
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cottonseed, peanuts, peanut butter,
and poultry feed, ELISA, 957

beer (packaged) net contents of,
summary, 687

clioquinol in cream and ointment
preparations, reverse-phase LC
method, 562

coliforms (total) and Escherichia coli in
foods, hydrophobic grid membrane
filter/MUG method for
enumeration, 936

coliforms in dairy products,
temperature-independent pectin gel
method, 298

designs for interlaboratory precision
experiments: 1SO 5725 vs draft
NEN 6303, 34

dry rehydratable films for enumeration
of coliforms and aerobic bacteria in
dairy products, 312, 64A (corr.)

extraction of light filth from spirulina
powders and tablets, 451

fat acidity analysis of grains, toluene
substitution for benzene as part of
titrimetric medium, 688

guidelines for method validation, 694

homogeneity of meats prepared for
analysis with a commercial food
processor, 777

iodine-131 and cesium-137 in foods,
gamma-ray spectroscopic method,
667

mammalian feces in grain products,
enzymatic analysis, 766

methyl mercury in seafood, LC-AAS
method, 926

neomyecin in feeds, microbiological
method, 237

nicotine in environmental tobacco
smoke, 1002

NMKL, gravimetric determination of
ash in foods, 481

PCBs (as Aroclor 1254) in serum, GC
method, 649

penicillin VV potassium in tablets, LC
method: collaborative study, 883

protein (crude) in feeds, combustion
method vs AOAC mercury catalyst
Kjeldahl method, 770

reliability of repeatability and
reproducibility measures in, 931

Salmonella (motile) screening in foods,
immunodiffusion method, 303

Salmonella screening in foods,
fluorescent enzyme immunoassay,
318

solids-not-fat content of raw milk, as
difference between total solids and
fat contents, 719

solids (total) in milk, direct forced air
oven method and AOAC predry
method, 712

sulfites in food, optimized Monier-
Williams method, 470

vanillin and related flavor compounds in
vanilla extract, LC method, 614

Color additives

Changes in Methods, no changes

Methods Committee report, 124

referee report, 85

carminic acid in yogurt, LC method, 231

Citrus Red No. 2 in orange peel, LC
method, 705

lac color, methylation with diazomethane

for detection, 48
Colorimetry
evaluation of 3 methods, pectin injam,
689
polysorbates in foods, 27
subtilisin enzyme activity in cleaning
products, 881
tetracycline derivatives in
pharmaceutical preparations, 242
Combustion methods, vs AOAC mercury
catalyst Kjeldahl method, crude
protein in feeds: collaborative study,
770
Computer modeling, evaluation of
aflatoxin testing plans for shelled
peanuts, 644
Computer programs, calculation of
results of turbidimetric
microbiological vitamin assays, 950
Condiments, see Spices and other
condiments
Constitution, committee report, 152
Convex hull technique, use to detect and
classify adulteration of animal fats, 41
Copper, in maple sap and syrup from
eastern Canada, 674
Corn, see Grains
Correction, 65A
Cosmetic microbiology
Changes in Methods, no changes
Methods Committee report, 131
referee report, 101
Cosmetics
Changes in Methods, no changes
Methods Committee report, 119
referee report, 66
raw materials, bacteriological screen
using bioluminescence, 708
Cottonseed products
aflatoxin Bi in, ELISA screening
method: collaborative study, 326
aflatoxins B(, B2, and Gi in, ELISA:
collaborative study, AA1l

Cucumbers, homolactic fermentations,
acids and sugars in, LC method, 52

Cyanide, in medicinal drugs and
confectionery, chromatographic
tetrazolium reduction method, 429

Cyclopiazonic acid, purification by LC,
332

2,4-D, N-nitrosodimethylamine in, GC
with nitrogen-phosphorus detection,
508
Dairy chemistry
Changes in Methods, 184
Methods Committee report, 121
referee report, 70
Dairy microbiology
Changes in Methods, 196
Methods Committee report, 131
referee report, 101
see also Microbiological methods
Dairy products
cheese (cheddar), fat content, near-IR
reflectance spectroscopy, 56
cheese (grated), lactose, galactose, and
dextrose in, ion chromatographic
method with pulsed amperometric
detection, 425
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cheese from milk of various animal
species, differential characteristics
of fatty acids, capillary GC, 418
coliform determination in, temperature-
independent pectin gel method:
collaborative study, 298
coliforms and aerobic bacteria in, dry
rehydratable films for enumeration:
collaborative study, 312, 64A (corr.)
homogenized milk, total cholesterol in,
capillary GC method, 421
milk and milk products, dialysis method
for extraction of lactose, 877
milk, benzimidazole anthelmintics in,
multiresidue LC method, 739
milk (canned evaporated), lead in,
survey, 416
milk, chlorsulfuron in, matrix solid-
phase dispersion extraction and GC
method, 813
milk, fat in, alternative IR spectroscopy
methods: interlaboratory study, 724
milk, oxytetracycline, tetracycline, and
chlortetracycline in, simultaneous
LC method, 564
milk (raw), solids-not-fat content, as
difference between total solids and
fat contents: collaborative study, 719
milk, sulfamethazine in, direct
competitive ELISA, 447
milk, sulfamethazine in, LC method, 445
milk, total solids content, direct forced
air oven method and AOAC predry
method: collaborative study, 712
precision parameters of standard
methods of analysis, 784
skim milk powder, orotic acid as
criterion for calculating, 627
yogurt, carminic acid in, LC method, 231
Daminozide, in apples, GC-chemical
ionization MS method, 984
Decomposition, enzymatic acetic acid
assay, vs volatile acid number test,
seafood quality assessment, 828
Deoxynivalenol, in wheat and corn in U.S.
survey, 38
Derivatization procedures
diazomethane, of sulfamethazine,
formation of isomeric products, 515
in-situ acetylation, chlorinated phenols
in pulp and paper effluents, 979
precolumn phenylisothiocyanate
method, and LC, amino acids in
foods, AA27
pyrazoline, development and validation,
acrolein in air, 749
thiazolidine, formaldehyde in air
samples, 899
Desserts, see Gelatin, dessert
preparations, and mixes

Detergents, activity of subtilisin enzymes
in, colorimetric method, 881

Dextrose, in grated cheese, ion
chromatographic method with pulsed
amperometric detection, 425

Diagnostics and test Kkits
Changes in Methods, no changes
Methods Committee report, 119
Dialysis method, lactose in milk and milk
products, extraction for
spectrophotometry, 877
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Diazomethane
derivatization procedure, for
sulfamethazine, formation of
isomeric products, 515
methylation with, for lac color detection,
48
Dibam, IV-nitrosodimethylamine in, GC
method, 663
Dicamba, in water, capillary column GC
method with MS confirmation, 840
Dietary fiber, total, urea enzymatic
dialysis procedure, 677
Dimethyldithiocarbamates, N-
nitrosodimethylamine in, GC method,
663
Dioxins, 2,3,7,8-tetrachlorodibenzo-p-
dioxin in fish, electron capture GC
with MS confirmation, method
ruggedness, interlaboratory study, 394
Disinfectants
Changes in Methods, 180, 205
Methods Committee report, 116
referee report, 62
tuberculocidal activity, 4.036-4.041,
repeal set aside, 65A
see also Pesticide formulations:
fungicides and disinfectants
Drug and device related microbiology
Changes in Methods, no changes
Methods Committee report, 131
referee report, 101
Drug formulations
benzene sulfonamides,
spectrophotometric method based
on interaction with 7,7,8,8,-
tetracyanoquinodimethane, 885
clioquinol in cream and ointment
preparations, reverse-phase LC
method: collaborative study, 562
clotrimazole in single formulations and
in combination with other drugs,
derivative spectrophotometric
method, 432
famotidine in dosage forms,
polarographic method, 549
IV fat emulsions, size distribution of fat
globules, photon correlation
spectroscopic method, 436
ketoprofen and related compounds in
raw materials, capsules, and enteric
coated tablets, LC method, 559
miconazole nitrate in creams and
suppositories, LC method, 442
penicillin V potassium in tablets, LC
method: collaborative study, 883
potassium cyanide in medicinal drugs,
chromatographic tetrazolium
reduction method, 429
tetracycline derivatives in
pharmaceutical preparations,
colorimetric method, 242
tranylcypromine sulfate, diastereomeric
purity by PMR spectroscopy with
lanthanide shift reagent, 556
tranylcypromine sulfate, enantiomeric
purity by PMR spectroscopy with
chiral lanthanide shift reagent, 552
vitamins A and D in multivitamin-
mineral formulations, LC method,
247
water-soluble vitamins, caffeine, and
preservative in oral liquid tonics,
simultaneous LC, 244

Drug residues in animal tissues
Changes in Methods, no changes
Methods Committee report, 120
referee report, 68
benzimidazole anthelmintics in milk,
multiresidue LC method, 739

chloramphenicol residues in meat, LC
method: interlaboratory study, 570

ivermectin in bovine serum, LC method,
59

lasalocid sodium in bovine liver, LC
method with GC-M S confirmation:
interlaboratory study, 581

lasalocid sodium in chicken skin, LC
method: interlaboratory study, 584

monensin in poultry tissues, TLC/
bioautography method, 735

nicarbazin in chicken tissues, LC method
with confirmation by thermospray
LC-MS, 577

nitro-containing drugs (6) in chicken
tissues at low ppb level, LC-
electrochemical detection screening
method, 567

oxytetracycline, tetracycline, and
chlortetracycline in milk,
simultaneous LC method, 564

sulfamethazine in milk, direct
competitive ELISA, 447

sulfamethazine in milk, LC method, 445

sulfamethazine, formation of isomeric
products during diazomethane
derivatization, 515

Drugs |
Changes in Methods, no changes
Methods Committee report, 119
referee report, 66

Drugs |
Changes in Methods, 192
Methods Committee report, 120
referee report, 66

Drugs 11
Changes in Methods, 192
Methods Committee report, 120
referee report, 67

Drugs in feeds
Changes in Methods, 193

Methods Committee report, 134
referee report, 105
see also Antibiotics in feeds
Drugs IV
Changes in Methods, no changes
Methods Committee report, 120
referee report, 67
Drugs V
Changes in Methods, 192,193
Methods Committee report, 120
referee report, 68

Editorial board, annual report, 144
Eggs and egg products
Changes in Methods, no changes
cholesterol in egg products, GC method,
746
Elemental analysis, closed vessel sample
decomposition by microprocessor
controlled high temperature/pressure
asher for elemental analysis by
inductively coupled argon plasma
emission spectrometry, 387
ELISA, see Immunoassays
Enteric bacteria, in imported spices,
microbiological survey, 632
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Environmental analysis

acrolein in air, development and
validation of pyrazoline
derivatization method, 749
evaluation of EPA method 8120 for
chlorinated hydrocarbons in
environmental samples, 593
evaluation of modifications to extraction
procedures for samples from
Superfund sites, 602
formaldehyde in air samples,
thiazolidine derivatization, 899
nicotine in environmental tobacco
smoke: collaborative study, 1002
nitroaromatic and nitramine residues
(extractable) in soil, LC method, 890
organic priority pollutants in water, one-
step sample preparation for GC-
MS, 760
phosphorus, sulfur, and metals in
fertilizer plant effluents, inductively
coupled plasma emission
spectrometry, 857
reference water and soil samples for
performance evaluation of volatile
organic analysis, 823
semivolatile organic pollutants and
PCBs in soil, sediment, wastes, and
oily waste extracts, optimized GPC
cleanup, 752
Environmental Protection Agency,
pesticide residue tolerance setting in
U.S., 536
Enzyme immunoassays, see
Immunoassays
Enzyme-linked immunosorbent assays,
see Immunoassays
Enzyme methods
alcohol oxidase enzyme electrode,
aspartame in beverages, 30
enzymatic acetic acid assay, vs volatile
acid number test, seafood quality
assessment, 828
enzymatic hydrolysis of biological and
environmental samples as
pretreatment for analysis, 997
mammalian feces in grain products:
collaborative study, 766
urea enzymatic dialysis, total dietary
fiber, 677
EPA method 8120, for chlorinated
hydrocarbons in environmental
samples, 593
Ergosterol, as measure of mycelial growth
in cereals, mixed feed components,
and mixed feeds, LC method, 457
Ergot alkaloids, in foods and feeds
worldwide, 22£
Escherichia coli, and coliforms (total) in
foods, hydrophobic grid membrane
filter/MUG method for enumeration:
collaborative study, 936
Ethyl carbamate, in fermented foods and
beverages, survey, 873
Ethylenethiourea, in foods, LC method
with electrochemical detection, 975
Executive Director, annual report, 138
E xtraction
AOAC vs ISO method, water-soluble
phosphates in fertilizers, 860
dialysis method, lactose in milk and milk
products, 8T7
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liquid vs paste Karl Fischer, for NIRS
calibrations for water in forage, 255

matrix solid-phase dispersion and GC,
chlorsulfuron in milk, 813

with Mcllvain’s buffer, and LC,
epimerization of chlortetracycline
residue to 4-epi-chlortetracycline in
feed, 848

mechanical, of available phosphorus in
fertilizers, 869

Mojonnier, and oven drying for solids-
not-fat content of milk:
collaborative study, 719

for multiresidue determination,
pesticides in lanolin, 991

of samples from Superfund sites,
evaluation of modified procedures,
602

solid phase, with LC, carbofuran and
metabolites in rice paddy water, 845

Extraneous materials in foods and

drugs

Changes in Methods, 195

Methods Committee report, 130

referee report, 100

fecal pellet specimens in imported spices,
microbiological survey, 632

hair fragments, effect of gelatin on
recovery, in filth analysis, 1014

light filth in spirulina powders and
tablets, extraction method:
collaborative study, 451

mammalian feces in grain products,
chemical test: collaborative study,
766

Famotidine, in dosage forms,
polarographic method, 549

Fat

animal, class and mixture class
definition, by construction of convex
hull boundaries, 41

in cheddar cheese, near-IR reflectance
spectroscopy, 56

in milk, alternative IR spectroscopy
methods: interlaboratory study, 724

see also Qils and fats

Fatacidity, of grains toluene substitution

for benzene in titrimetric analysis:

collaborative study, 688

Fatty acids, in cheese from milk of various

animal species, differential

characteristics, capillary GC, 418

Feed additives, Gentian Violet, modified

LC method, 742

Feeds

Changes in Methods, 182

Methods Committee report, 134

referee report, 107

aflatoxins, ochratoxin A, and
zearalenone in, LC with post-column
derivatization and on-line sample
cleanup, 336

cereals, mixed feed components, and
mixed feeds, ergosterol as a measure
of mycelial growth, LC method, 457

domestic and imported, aflatoxins in,
543

forage, liquid vs paste Karl Fischer
extractions for NIRS water
calibrations, 255

Gentian Violet in, modified LC method,
742

lysine in, LC with fluorescence detection
via precolumn dansylation, 609
mixed, aflatoxin Bi in, ELISA screening
method: collaborative study, 326
poultry, aflatoxins Bb B2 and Gi in,
ELISA: collaborative study, 957
premix and animal feeds not containing
urea, tylosin in, turbidimetric assay,
454
protein (crude) in, combustion method:
collaborative study, 770
water-insoluble cell walls in,
interlaboratory study, 463
see also Antibiotics in feeds; Drugs in
feeds
Fenpropathrin, with flucythrinate,
fluvalinate, and PP 321, separation
and detection by TLC, 512
Ferbam, V-nitrosodimethylamine in, GC
method, 663
Fermented foods, ethyl carbamate in,
survey, 873
Fertilizers
Changes in Methods, 180
Methods Committee report, 135
referee report, 107
bone meal, phosphorus availability in,
867
monitoring fertilizer plant effluents for
phosphorus, sulfur, and metals,
inductively coupled plasma emission
spectrometry, 857
mono-ammonium phosphate, chemical
characterization and bioavailability
of phosphorus in water-insoluble
fraction, 852
phosphates (water-soluble) in, AOAC vs
1SO extraction methods, 860
phosphorus in, mechanical extraction of,
869
phosphorus (total and available) in,
Traacs 800 autoanalyzer vs AOAC
gravimetric method, 862
Fiber, see Dietary fiber
Filth, see Extraneous materials in foods
and drugs
Finance committee, annual report, 139
Fish and other marine products, see
Seafood products
Flavors
Changes in Methods, no changes
Methods Committee report, 124
referee report, 86
allicin in garlic and commercial garlic
products, GC method with flame
photometric detection, 917
vanillin and related flavor compounds in
vanilla extract, LC method:
collaborative study, 614
Fluazifop-butyl and fluazifop acid, in
soybeans and soybean oil, LC with
oxidative amperometric detection, 368
Flucythrinate, with fenpropathrin,
fluvalinate, and PP 321, separation
and detection by TLC, 512
Fluoroacetate, in biological matrixes as
dodecyl ester, 503
Fluvalinate, with fenpropathrin,
flucythrinate, and PP 321, separation
and detection by TLC, 512
Food additives
Changes in Methods, no changes
Methods Committee report, 122
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referee report, 71
antioxidants (7) in dry foods, LC
method, 259
N-nitrosopyrrolidine in dry-cured bacon,
19

organic acids in presence of metal ion,
LC method, 775
sulfites in grapes and grape products, LC
method, 903
sulfites, optimized Monier-Williams
method: collaborative study, 470
sulfites, simultaneous nitrogen purging
and differential pulse polarography,
476
sulfites (total) in foods, ion exclusion
chromatography vs Monier-
Williams method, 266
Food adulteration
animal fat, class and mixture class
definition, by construction of convex
hull boundaries, 41
honey adulteration, stable carbon
isotope ratio analysis of honey
protein, 907
pork and lard as adulterants in processed
meat, LC analysis of derivatized
glycerides, 921
serological ovine field test by modified
agar-gel immunodiffusion, 60
substitute vegetable tissues in ground
horseradish, microscopic detection
and identification, 619
see also specific analyte or matrix
Food and Drug Administration
monitoring of aflatoxins in domestic and
imported foods and feeds, 543
pesticide program, residues in foods—
1988,133A
pesticide program: goals and new
approaches, 518
Radionuclides in Foods program, 15
Food composition
amino acids in foods, precolumn
phenylisothiocyanate derivatization,
912
ash in foods, gravimetric method:
NMKL collaborative study, 481
beer (packaged), net contents: summary
of collaborative study, 687
nonfat milk solids in milk bread, orotic
acid as criterion for calculating, LC
method, 627
protein adequacy of infant formulas,
amino acid rating method, 622
Food Directorate of Canada,
contributions to AOAC, 219
Food microbiology (nondairy)
Changes in Methods, 196,198
Methods Committee report, 131
referee report, 102
see also Microbiological methods
Food packaging, polyethylene
terephthalate, residual reactants and
reaction by-products in, LC method,
468
Foods, see specific analyte, food, or food
class
For Your Information, 14A, 41A, 64A,
T4A, 127A, 168A
Forensic sciences
Changes in Methods, no changes
Methods Committee report, 120
referee report, 69
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chromatographic tetrazolium reduction
method, potassium cyanide in
medicinal drugs and confectionery,
429
Formaldehyde
in air samples, thiazolidine
derivatization, 899
total, in drinking water, LC method, 835
Fruits and fruit products
Changes in Methods, 189
Methods Committee report, 124
referee report, 87
ackee fruit (canned), hypoglycin A in, ion
exchange chromatographic method,
374
apples, daminozide in, GC-chemical
ionization MS method, 984
grapes and grape products, sulfite in, LC
method, 903
jams, pectin in, evaluation of
colorimetric methods, 689
orange peel, Citrus Red No. 2in, LC
method, 705
pesticide residues in, after commercial
processing, 533
Fumaric acid, in presence of metal ion,
LC method, 775
Furazolidone, in chicken tissues at low
ppb level, LC-electrochemical
detection screening method, 567

Galactose, in grated cheese, ion
chromatographic method with pulsed
amperometric detection, 425

Garlic, allicin in, GC method with flame
photometric detection, 917

Gas chromatography

capillary column, cholesterol (total) in
homogenized milk, 421

capillary column, differential
characteristics of fatty acids in
cheese from milk of various animal
species, 418

capillary column, fluoroacetate in
biological matrixes as dodecyl ester,
503

capillary column with electron capture
detection, with MS confirmation,
dicamba in water, 840

capillary column with nitrogen-
phosphorus detector, acidic
herbicides and related compounds in
water and soil, 365

cholesterol in egg products, 746

criteria for detection of analytes in test
samples, 487

electron capture detection, PCBs (as
Aroclor 1254) in serum:
collaborative study, 649

flame photometric detection, allicin in
garlic and commercial garlic
products, 917

headspace capillary, with electron
capture detection, methyl bromide
in foods, 815

headspace, oxidative stability of cooked
chicken meat, 277

nicotine in environmental tobacco
smoke: collaborative study, 1002

nitrogen-phosphorus detection,
carbetamide residues in rape and
soil, 660

nitrogen-phosphorus detection,

chlorsulfuron in milk, 813
nitrogen-phosphorus detection, N-
nitrosodimethylamine in 2,4-D and
MCPA herbicide formulations, 508
IV -nitrosodimethylamine in
dimethyldithiocarbamate
formulations, 663
polysorbates in foods, 27
simultaneous determination, carbofuran,
metalaxyl, and simazine in soils, 361
Gas chromatography-mass
spectrometry
capillary column GC-MS, linuron in
potatoes, 970
capillary GC-chemical ionization MS,
confirmation of phorate, terbufos,
their sulfoxides and sulfones in
water, 987
criteria for detection of analytes in test
samples, 487
electron capture GC, 2,3,7,8-
tetrachlorodibenzo-p-dioxin in fish,
method ruggedness, interlaboratory
study, 394
isotope dilution, simultaneous
determination of alachlor,
metolachlor, atrazine, and simazine
in water and soil, 349
one-step sample preparation, organic
priority pollutants in water, 760
selected ion monitoring, fluoroacetate in
biological matrixes as dodecyl ester,
503
Gel permeation chromatography,
cleanup of soil, sediment, waste, and
oily waste extracts, determination of
semivolatile organic pollutants and
PCBs, 752
Gelatin, effect on recovery of hair
fragments in filth analysis, 1014
Gelatin, dessert preparations, and
mixes, Changes in Methods, no
changes
General Referee reports, 62
Gentian Violet, in feed, modified LC
method, 742
Glyphosate, and metabolites in organic
and mineral soils, stream sediments,
and hardwood foliage, LC method, 355
Grains
aflatoxins, ochratoxin A, and
zearalenone in, LC with post-column
derivatization and on-line sample
cleanup, 336
barley, sterigmatocystin in, acetylation
and LC method, 342
corn, aflatoxin Bi in, visual and
semiquantitative
spectrophotometric ELISA
screening screening method: follow-
up collaborative study, 638
corn, aflatoxins B1, B2 and Gi in,
ELISA: collaborative study, 957
corn, deoxynivalenol in, U.S. survey, 38
corn and wheat, deoxynivalenol in, U.S.
survey, 38
grain products, mammalian feces in,
enzymatic analysis: collaborative
study, 766
see also Cereals and cereal products
Grapes and grape products, sulfite in,
LC method, 903
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Gravimetric methods

AOAC, vs Traacs 800 autoanalyzer, total
and available phosphorus in
fertilizers, 862

ash in foods: NMKL collaborative study,
481

direct forced air oven method and AOAC
predry method, total solids in milk:
collaborative study, 712

Halogenated pesticides, see Pesticide
formulations; Pesticide residues
Hazardous substances
Changes in Methods, no changes
Methods Committee report, 136
see also Industrial chemicals
Herbicides, see Pesticide formulations;
Pesticide residues
Histamine, in wines, other alcoholic
beverages, and vinegars,
spectrofluorometric method, 412
Honey, protein, stable carbon isotope ratio
analysis, detection of honey
adulteration, 907
Horseradish, ground, substitute vegetable
tissues in, microscopic detection and
identification, 619
HT-2 toxin, in human blood, deuterated
internal standards with tandem MS
method, 807
p-Hydroxybenzaldehyde, p-
hydroxybenzoic acid, and related
flavor compounds in vanilla extract,
LC method: collaborative study, 614
Hypoglycin A, in canned ackee fruit, ion
exchange chromatographic method,
374

Immunoassays

agar-gel immunodiffusion (modified),
serological ovine field test by, 60

criteria for detection of analytes in test
samples, 487

direct competitive ELISA,
sulfamethazine in milk, 447

ELISA, aflatoxins Bi, B2, and G_ in corn,
cottonseed, peanuts, peanut butter,
and poultry feed: collaborative
study, 957

ELISA, 3 commercial kits evaluated for
aflatoxins in peanut butter, 965

ELISA, screening of aflatoxin B! in
cottonseed products and mixed feed:
collaborative study, 326

ELISA, T-2 toxin metabolites in urine,
345

ELISA (2 tests) vs LC, aflatoxins in raw
peanuts, 962

fluorescent enzyme, screening of
Salmonella in foods: collaborative
study, 318

immunodiffusion screening method,
motile Salmonella in foods:
collaborative study, 303

visual and semiquantitative
spectrophotometric ELISA
screening method, aflatoxin Bi in
com and peanut products: follow-up
collaborative study, 638

Immunochemistry

Changes in Methods, no changes

Methods Committee report, 121

referee report, 69
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Industrial chemicals
chlorinated hydrocarbons in
environmental samples, evaluation
of EPA method 8120, 593
chlorinated phenols in pulp and paper
effluents, chemical derivatization
analysis, 979
ethylenethiourea in foods, LC method
with electrochemical detection, 975
evaluation of modifications to extraction
procedures for samples from
Superfund sites, 602
formaldehyde (total), in drinking water,
LC method, 835
methyl bromide in foods, headspace
capillary GC with electron capture
detection, 815
nonionic nonylphenol ethoxylate
surfactants in pulp and paper mill
process samples, spectrophotometry
vs LC, 273
organic solvents in industrial sludges,
liquid desorption of, 1010
PCB levels in bluefish before and after
cooking, 501
PCBs (as Aroclor 1254) in serum, GC
method: collaborative study, 649
Infant products
formulas, vitamin D in, LC method, 1007
formulas, protein in, amino acid rating
method, 622
Infrared spectroscopy
alternative methods, fat in milk:
interlaboratory study, 724
near-IR reflectance, fatin cheddar
cheese, 56
near-1R, water calibrations for forage
analysis, liquid vs paste Karl Fischer
extractions, 255

Inorganics in drinking and ground
water
Methods Committee report, 136
referee report, 111
Instructions to Authors, 19A, 49A, 109A,
130A, 174A
Instrumental neutron activation
analysis, with bromination, iodine
value of oils and fats, 498
Interim methods, 1989,15A, 43A, 64A,
76A, 170A
Interlaboratory studies, committee
report, 145
International coordination, committee
report, 147
International Organization for
Standardization, extraction method
vs AOAC method, water-soluble
phosphates in fertilizers, 860
lodine value, of oils and fats, bromine/
instrumental neutron activation
analysis, 498
lodine-131, in foods, gamma-ray
spectroscopic method: 2 collaborative
studies, 667
lon chromatography
organic arsenicals in pesticide
formulations, 994
with pulsed amperometric detection,
lactose, galactose, and dextrose in
grated cheese, 425
lon exclusion chromatography, vs
Monier-Williams method, sulfites
(total) in foods, 266

lon-exchange chromatography
hypoglycin A in canned ackee fruit, 374
with derivatization, fluoroacetate in
biological matrixes as dodecyl ester,
503
Iron, in maple sap and syrup from eastern
Canada, 674
Ivermectin, in bovine serum, LC method,
59

Joint EPA-AOAC studies
Methods Committee report, 136
referee report, 112

Ketoprofen, and related compounds in
raw materials, capsules, and enteric
coated tablets, LC method, 559

Kjeldah! methods, nitrogen in digest,
spectrophotometric method,
microdetermination, 953

Laboratory quality assurance
committee report, 148
from parochial to international, 1
Lac color, methylation with diazomethane
for detection, 48
Lactose
in grated cheese, ion chromatographic
method with pulsed amperometric
detection, 425
in milk and milk products, extraction by
dialysis, 877

Lanolin, pesticides in, simplified

extraction and cleanup, multiresidue
method, 991

Lasalocid sodium

in bovine liver, LC method with GC-MS
confirmation: interlaboratory study,
581
in chicken skin, LC method:
interlaboratory study, 584
Lead
in canned evaporated milk, 416
in maple sap and syrup from eastern
Canada, 674
Letter to the Editor, 32A
Liaison officers, 1989,161
Linuron, in potatoes, capillary column
GC-MS method, 970
Liquid chromatography
AAS detection, maduramicin in feeds,
235
AAS method, methyl mercury in seafood:
collaborative study, 926
acids and sugars in homolactic cucumber
fermentations, 52
antioxidants (7) in dry foods, 259
chloramphenicol residues in meat:
interlaboratory study, 570
Citrus Red No. 2 in orange peel, 705
with confirmation by GC-MS, lasalocid
sodium in bovine liver:
interlaboratory study, 581
with confirmation by thermospray LC-
MS, nicarbazin in chicken tissues,
577
criteria for detection of analytes in test
samples, 487
electrochemical detection,
ethylenethiourea in foods, 975
electrochemical detection, 6 nitro-
containing drugs in chicken tissues
at low ppb level, 567
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epimerization of chlortetracycline
residue to 4-epi-chlortetracycline in
feed, using Mcllvain’s buffer as
extractant, 848

ergosterol in cereals, mixed feed
components, and mixed feeds, 457

nitroaromatic and nitramine residues
(extractable) in soil, 890

fluorescence detection via precolumn
dansylation, lysine in feedstuffs, 609

fluorescence, of acetate derivative, for
sterigmatocystin in barley, 342

formaldehyde in drinking water, 835

Gentian Violet in feed, 742

of glycerides (derivatized), detection of
pork and lard as adulterants in
processed meat, 921

glyphosate and metabolites in organic
and mineral soils, stream sediments,
and hardwood foliage, 355

ion exclusion with electrochemical
detection, total vitamin C in foods
and beverages, 681

ivermectin in bovine serum, 59

ketoprofen and related compounds in
raw materials, capsules, and enteric
coated tablets, 559

lasalocid sodium in chicken skin:
interlaboratory study, 584

JV-methylcarbamate pesticides in animal
liver, LC method, 586

miconazole nitrate in creams and
suppositories, 442

multiresidue method, benzimidazole
anthelmintics in milk, 739

organic acids in presence of metal ion,
775

orotic acid as criterion for calculating
nonfat milk solids in milk bread, 627

oxidative amperometric detection,
fluazifop-butyl and fluazifop acid in
soybeans and soybean oil, 368

penicillin V potassium in tablets:
collaborative study, 883

with post-column derivatization and on-
line sample cleanup, aflatoxins,
ochratoxin A, and zearalenone in
grains, oilseeds, and animal feeds,
336

with precolumn phenylisothiocyanate
derivatization, amino acids in foods,
912

purification of cyclopiazonic acid, 332

residual reactants and reaction by-
products in polyethylene
terephthalate, 468

reverse-phase, carminic acid in yogurt,
231

reverse-phase, clioquinol in cream and
ointment preparations: collaborative
study, 562

reverse-phase, with wavelength
programming, carbofuran and
metabolites in rice paddy water, 845

simultaneous determination,
oxytetracycline, tetracycline, and
chlortetracycline in milk, 564

simultaneous determination, water-
soluble vitamins, caffeine, and
preservative in oral liquid tonics,
244

sulfamethazine in milk, 445

sulfite in grapes and grape products, 903
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vanillin and related flavor compounds in
vanilla extract: collaborative study,
614

vitamin D in infant formula, 1007

vitamins A and D in multivitamin-
mineral formulations, 247

vs bioassay methods, paralytic shellfish
poisons in shellfish tissues, 670

vs 2 ELISA tests, aflatoxins in raw
peanuts, 962

vs spectrophotometry, nonionic
nonylphenol ethoxylate surfactants
in pulp and paper mill process

samples, 273
Long-range planning, committee report,
149

Lysine, in feedstuffs, LC with fluorescence
detection via precolumn dansylation,
609

Maduramicin, in feeds, LC with AAS
detection, 235
Malic acid, in presence of metal ion, LC
method, 775
Maple products, see Sugars and sugar
products
Mass spectrometry
chemical ionization, with GC,
daminozide in apples, 984
fast atom bombardment tandem,
mycotoxin analysis, 491
tandem, with deuterated internal
standards for T-2 and HT-2 toxins
in human blood, 807
see also Gas chromatography-mass
spectrometry
MCPA, /V-nitrosodimethylamine in, GC
with nitrogen-phosphorus detection,
508
Meat, poultry, and meat and poultry
products
Changes in Methods, no changes
Methods Committee report, 122
referee report, 73
bacon (dry-cured), W-nitrosopyrrolidine
in, 19
cooked chicken meat, oxidative stability
of, headspace GC method, 277
meats prepared for analysis with a
commercial food processor,
homogeneity of: collaborative study,
77
pesticide residue analysis, changes in,
521
processed meat, detection of pork and
lard as adulterants, LC analysis of
derivatized glycerides, 921
serological ovine field test by modified
agar-gel immunodiffusion, 60
see also Drug residues in animal tissues
Meetings, symposia, and educational
programs
committee report, 149
see also Symposia
Membership committee, report, 150
Metalaxyl, with carbofuran and simazine
in soils, simultaneous GC, 361
Metals and other elements
Changes in Methods, no changes
Methods Committee report, 126
referee report, 92
arsenic and selenium in whole fish,

continuous-flow hydride generation
AAS, 484

arsenic in beer, dry ashing, hydride
generation AAS method, 282

heavy metal, pH, and total solids
content, of maple sap and syrup
from eastern Canada, 674

lead in canned evaporated milk, survey,
416

metals in fertilizer plant effluents,
inductively coupled plasma emission
spectrometry, 857

methyl mercury in seafood, LC-AAS
method: collaborative study, 926

toxic elements in food products. 1.
Mineralization methods, heavy
metals and arsenic according to
USSR standard, 286

toxic elements in food products. 2.
Review of USSR standards, analysis
of heavy metals and arsenic, 290

toxic elements in food products. 3. Limit
of determination of methods for
assuring safety, 294

Method performance

collaborative studies, guidelines for
method validation, 694

colorimetric methods, pectin in jam, 689

designs for interlaboratory precision
experiments: 1ISO 5725 vs draft
NEN 6303, 34

EPA method 8120 for chlorinated
hydrocarbons in environmental
samples, 593

epimerization of chlortetracycline
residue to 4-epi-chlortetracycline in
feed, using Mcllvain’s buffer as
extractant, 848

LC vs bioassay methods, paralytic
shellfish poisons in shellfish tissues,
670

limit of determination of methods for
assuring food safety, 294

modified extraction procedures for
samples from Superfund sites, 602

precision parameters of standard
methods of analysis for dairy
products, 784

reliability of repeatability and
reproducibility measures in
collaborative trials, 931

ruggedness, electron capture GC with
MS confirmation, 2,3,7,8-
tetrachlorodibenzo-p-dioxin in fish,
interlaboratory study, 394

Method validation

criteria for detection of analytes in test
samples, 487

from parochial to international, 1

pyrazoline derivatization method,
acrolein in air, 749

Methods committees, annual reports, 115
Methyl bromide, in foods, headspace

capillary GC with electron capture
detection, 815

Methyl mercury, in seafood, LC-AAS

method: collaborative study, 926

Methylation, with diazomethane, lac color

detection, 48

TV-Methylcarbamates, in animal liver, LC

method, 586

Metolachlor, with alachlor, atrazine, and

simazine in water and soil,

simultaneous determination by isotope
dilution GC/MS, 349

Miconazole nitrate, in creams and

suppositories, LC method, 442

Microbiological methods

coliforms (total) and Escherichia coli in
foods, hydrophobic grid membrane
filter/MUG method for
enumeration: collaborative study,
936

dry rehydratable films for enumeration
of coliforms and aerobic bacteria in
dairy products: collaborative study,
312, 64A (corr.)

fluorescent enzyme immunoassay,
screening of Salmonella in foods:
collaborative study, 318

immunodiffusion screening method,
motile Salmonella in foods:
collaborative study, 303

neomycin in feeds: collaborative study,
237

survey of fecal pellet specimens in
imported spices, 632

temperature-independent pectin gel
method, coliform determination in
dairy products: collaborative study,
298

theory and practice of microbiological
assaying for antibiotics, 6

turbidimetric assay of tylosin in premix
and animal feeds not containing
urea, 454

turbidimetric, vitamin assays, computer
calculation of results, 950

see also Cosmetic microbiology; Dairy
microbiology; Drug and device
related microbiology; Food
microbiology (nondairy)

Microchemical methods

Changes in Methods, no changes
nitrogen in Kjeldahl digest,
spectrophctometric method, 953

Microscopy, substitute vegetable tissues

in ground horseradish, 619

Milks, see Dairy chemistry; Dairy

microbiology; Dairy products

Mineralization methods, heavy metals

and arsenic in foods, according to
USSR standard, 286

Moisture analysis, of forage, liquid vs

paste Karl Fischer extractions for
NIRS water calibrations, 255

Molds, see Analytical mycology of foods

and drugs

Monensin, in poultry tissues, TLC/

bioautography method, 735

Monier-Williams method

optimized, sulfides in foods: collaborative
study, 470

vs ion exclusion chromatography, sulfites
(total) in foods, 266

Monitoring, see Chemical contaminants

monitoring

Multiresidue methods

Changes in Methods, no changes

Methods Committee report, 127

referee report, 93

alachlor, metolachlor, atrazine, and
simazine in water and soil, isotope
dilution GC-M S, 349

benzimidazole anthelmintics in milk, LC
method, 739
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carbofuran, metalaxyl, and simazine in
soils, GC method, 361
simplified extraction and cleanup,
pesticides in lanolin, 991
Munitions residues, extractable
nitroaromatic and nitramine residues
in soil, LC method, 890
Mycology of foods and drugs, see
Analytical mycology of foods and
drugs
Mycotoxins
Changes in Methods, 189
Methods Committee report, 122
referee report, 75
aflatoxins, ochratoxin A, and
zearalenone in grains, oilseeds, and
animal feeds, LC with post-column
derivatization and on-line sample
cleanup, 336
aflatoxins, ochratoxin A, zearalenone,
and sterigmatocystin in Brazilian
foods, multi-toxin TLC method, 22
cyclopiazonic acid, purification by LC,

332

deoxynivalenol in wheat and corn in U.S.
survey, 38

fast atom bombardment tandem MS
method, 491

in food and feed, sampling and sample
preparation, 399

joint committee report, 159

sterigmatocystin in barley by acetylation
and LC, 342

T-2 and HT-2 toxins in human blood,
deuterated internal standards with
tandem MS method, 807

T-2 toxin metabolites in urine, ELISA,
345

worldwide occurrence in foods and feeds,
223

see also Aflatoxins

Neomycin, in feeds, microbiological
method: collaborative study, 237
New Products, 10A, 33A, 58A, 83A, 120A,
161A

Nicarbazin, in chicken tissues, LC method
with confirmation by thermospray
LC-MS, 577

Nicotine, in environmental tobacco smoke,
GC method: collaborative study, 1002

Nitramines, in soils, LC method, 890

Nitroaniline, in soil, sediment, wastes,
and oily waste extracts, optimized
GPC cleanup, 752

Nitroaromatic compounds, in soils, LC
method, 890

Nitrofurazone, in chicken tissues at low
ppb level, LC-electrochemical
detection screening method, 567

Nitrogen, in Kjeldahl digest,
spectrophotometric method,
microdetermination, 953

Nitromide, in chicken tissues at low ppb
level, LC-electrochemical detection
screening method, 567

JV-Nitrosodimethylamine, in 2,4-D and
MCPA herbicide formulations, GC
with nitrogen-phosphorus detection,
508

JV-Nitrosodimethylamine, in
dimethyldithiocarbamates, GC
method, 663

JV-Nitrosopyrrolidine, in dry-cured
bacon,19
Nonalcoholic beverages
Changes in Methods, no changes
Methods Committee report, 124
referee report, 88
see also Beverages
Nonylphenol ethoxylate surfactants,
nonionic, in pulp and paper mill
process samples, spectrophotometry vs
LC, 273
Nutrients, see Vitamins and other
nutrients
Nuts and nut products
Changes in Methods, no changes
see also Peanuts

Ochratoxin A
with aflatoxins, zearalenone,
sterigmatocystin in Brazilian foods,
multi-toxin TLC method, 22
in grains, oilseeds, and animal feeds, LC
with post-column derivatization and
on-line sample cleanup, 336
Officers, 1989,160
Official methods board, annual report,
142
Official methods committees, 1989,163
Official Methods ofAnalysis, Changes in
Official Methods, 180
Oils and fats
Changes in Methods, 191
Methods Committee report, 122
referee report, 80
acrolein in, development and validation
of pyrazoline derivatization method,
749
iodine value by bromine/instrumental
neutron activation analysis, 498
1V fat emulsions, size distribution of fat
globules, photon correlation
spectroscopic method, 436
polysorbates in foods, colorimetry with
confirmation by IR
spectrophotometry, TLC, and GC,
27
see also Fat; Fat acidity
Oilseeds and oilseed products
aflatoxins Bi, B2, and Gi in, ELISA:
collaborative study, 957
aflatoxins, ochratoxin A, and
zearalenone in, LC with post-column
derivatization and on-line sample
cleanup, 336
cottonseed products, aflatoxin Bi in,
ELISA screening method:
collaborative study, 326
rape, carbetamide residues in, GC
method, 660
Organics in drinking and ground water
Methods Committee report, 136
referee report, 112
Organohalogen pesticides, see Pesticide
formulations; Pesticide residues
Orotic acid, as criterion for calculating
nonfat milk solids in milk bread, 627
Oven drying methods
direct forced air oven method and AOAC
predry method, total solids in milk:
collaborative study, 712
and Mojonnier extraction for solids-not-
fat content of milk: collaborative
study, 719
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Oxytetracycline, with tetracycline and
chlortetracycline in milk, simultaneous
LC method, 564

Oysters, zinc in, as cause of mouse deaths
in official bioassay for paralytic
shellfish poison, 384

Packaging, see Food packaging
Paper chromatography, tetrazolium
reduction method, potassium cyanide
in medicinal drugs and confectionery,
429
Paralytic shellfish poison
in shellfish tissues, LC vs mouse bioassay
method, 670
zinc in oyster tissue as cause of mouse
deaths in official bioassay, 384
Peanut butter
aflatoxins Bi, B2, and Gi in, ELISA:
collaborative study, 957
aflatoxins in, study of 3 commercial
ELISA Kits, 965
Peanuts
aflatoxin Bi in, visual and
semiquantitative
spectrophotometric ELISA
screening method : follow-up
collaborative study, 638
aflatoxins Bi, B2, and Gi in, ELISA:
collaborative study, 957
raw, aflatoxins in, 2 ELISA tests vs LC,
962
shelled, aflatoxins in, simulation of
testing plans in U.S. and export
market, 644
Pectin, in jams, evaluation of colorimetric
methods, 689
Penicillins, penicillin V potassium in
tablets, LC method: collaborative
study, 883
Pesticide formulations
2,4-D and MCPA, N -
nitrosodimethylamine in, GC with
nitrogen-phosphorus detection, 508
dimethyldithiocarbamates, N -
nitrosodimethylamine in, GC
method, 663
fenpropathrin, flucythrinate, fluvalinate,
and PP 321, separation and
detection by TLC, 512
organic arsenicals in, ion
chromatographic method, 994
Pesticide formulations: carbamate and
substituted urea insecticides
Changes in Methods, no changes
Methods Committee report, 118
referee report, 64
Pesticide formulations: CIPAC studies
Changes in Methods, no changes
Methods Committee report, 119
referee report, 64
Pesticide formulations: fungicides and
disinfectants
Changes in Methods, no changes
Methods Committee report, 117
referee report, 62
Pesticide formulations: general
methods, Changes in Methods, no
changes
Pesticide formulations: herbicides |
Changes in Methods, no changes
Methods Committee report, 117
referee report, 62
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Pesticide formulations: herbicides Il
Changes in Methods, no changes
Methods Committee report, 117
referee report, 63

Pesticide formulations: inorganic

pesticides, Changes in Methods, no
changes

Pesticide formulations: organohalogen

insecticides
Changes in Methods, no changes
Methods Committee report, 118
referee report, 63
Pesticide formulations:
organothiophosphorus pesticides
Changes in Methods, 181
Methods Committee report, 118
Pesticide formulations: other
insecticides, synergists, and insect
repellants
Changes in Methods, no changes
Methods Committee report, 118
referee report, 63
Pesticide formulations: other
organophosphorus insecticides
Changes in Methods, no changes
Methods Committee report, 118
referee report, 64
Pesticide formulations: rodenticides
and miscellaneous pesticides
Changes in Methods, 181
Methods Committee report, 119
referee report, 64

Pesticide residues

acidic herbicides and related compounds
in water and soil by capillary GC
with nitrogen-phosphorus detector,
365

alachlor, metolachlor, atrazine, and
simazine in water and soil,
simultaneous determination by
isotope dilution GC/MS, 349

in bluefish, levels before and after
cooking, 501

carbetamide in rape and soil, GC
method, 660

carbofuran and metabolites in rice paddy
water, solid phase extraction and LC
method, 845

carbofuran, metalaxyl, and simazine in
soils, simultaneous GC, 361

chlorinated phenols and herbicides,
analytical standards in method
development, 378

chlorsulfuron in milk, matrix solid-phase
dispersion extraction and GC
method, 813

daminozide in apples, GC-chemical
ionization MS method, 984

dicamba in water, capillary column GC
method with MS confirmation, 840

ethylenethiourea in foods, LC method
with electrochemical detection, 975

evaluation of modifications to extraction
procedures for samples from
Superfund sites, 602

FDA pesticide program: goals and new
approaches, 518

FDA pesticide program, residues in
foods—1988,133A

fluazifop-butyl and fluazifop acid in
soybeans and soybean oil, LC with
oxidative amperometric detection,
368

fluoroacetate in biological matrixes as
dodecyl ester, 503

in foods, state programs, 525

in fruits and vegetables, effects of
commercial processing on, 533

glyphosate and metabolites in organic
and mineral soils, stream sediments,
and hardwood foliage, LC method,
355

in lanolin, simplified extraction and
cleanup, multiresidue method, 991

linuron in potatoes, capillary column
GC-MS method, 970

in meat and poultry products, changing
analytical technology, 521

IV-methylcarbamates in animal liver, LC
method, 586

phorate, terbufos, their sulfoxides and
sulfones in water, capillary GC-
chemical ionization MS
confirmation, 987

in soil, sediment, wastes, and oily waste
extracts, optimized GPC cleanup,
752

standards, Codex Alimentarius
approach, 538

tolerance setting process in U.S. EPA,
536

see also Multiresidue methods

Pesticide residues: organohalogen
pesticides
Changes in Methods, no changes
Methods Committee report, 127
referee report, 95
Pesticide residues: organonitrogen
pesticides
Changes in Methods, no changes
Methods Committee report, 128
referee report, 97

Pesticide residues: organophosphorus
pesticides
Changes in Methods, no changes
Methods Committee report, 129
referee report, 98
Phenols
chlorinated, in pulp and paper effluents,
chemical derivatization analysis, 979
in soil, sediment, wastes, and oily waste
extracts, optimized GPC cleanup,
752
Phorate, in water, capillary GC-chemical
ionization MS confirmation, 987

Phosphates, water-soluble, in fertilizers,
AOAC vs ISO extraction methods, 860

Phosphorus
in bone meal, 867
in fertilizer plant effluents, inductively
coupled plasma emission
spectrometry, 857
in fertilizers, mechanical extraction of,
869
total and available, in fertilizers, Traacs
800 autoanalyzer vs AOAC
gravimetric method, 862
in water-insoluble fraction of mono-
ammonium phosphate fertilizers,
chemical characterization and
bioavailability, 852
Phthlates, in soil, sediment, wastes, and
oily waste extracts, optimized GPC
cleanup, 752
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Plant toxins
Changes in Methods, no changes
Methods Committee report, 122
referee report, 83
hypoglycin A in canned ackee fruit, ion
exchange chromatographic method,
374
Plants
Changes in Methods, 180
Methods Committee report, 135
referee report, 108
hardwood foliage, glyphosate and
metabolites in, LC method, 355
Polarography
differential pulse, with simultaneous
nitrogen purging, sulfites in foods,
476
in-phase ac, famotidine in dosage forms,
549
Polychlorinated biphenyls
as Aroclor 1254 in serum, GC method:
collaborative study, 649
in bluefish, levels before and after
cooking, 501
in soil, sediment, wastes, and oily waste
extracts, optimized GPC cleanup,
752
Polycyclic aromatic hydrocarbons, in
soil, sediment, wastes, and oily waste
extracts, optimized GPC cleanup, 752
Polyethylene terephthalate, residual
reactants and reaction by-products in,
LC method, 468
Polysorbates, in foods, colorimetry with
confirmation by IR
spectrophotometry, TLC, and GC, 27
Potassium hydroxide-modified silica gel,
large-scale preparation of, 371
Potatoes, linuron in, capillary column GC-
MS method, 970
Poultry, see Meat, poultry, and meat and
poultry products
PP 321, with fenpropathrin, flucythrinate,
and fluvalinate, separation and
detection by TLC, 512
Preservatives
preservative with water-soluble vitamins
and caffeine in oral liquid tonics,
simultaneous LC, 244
see also Food additives
Preservatives and artificial sweeteners
Changes in Methods, no changes
Methods Committee report, 124
Processed vegetable products
Changes in Methods, no changes
Methods Committee report, 124
referee report, 88
cucumber fermentations (homolactic),
acids and sugars in, LC method, 52
pesticide residues in, after commercial
processing, 533
Protein
crude, in feeds, combustion method:
collaborative study, 770
honey, stable carbon isotope ratio
analysis, detection of honey
adulteration, 907
in infant formulas, amino acid rating
method, 622
Provincial participation, state and
provincial participation, committee
report, 151
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Quality assurance, com mittee report, 148

Radioactivity
Changes in M ethods, no changes
M ethods Com mittee report, 131
referee report, 98
iodine-131 and cesium-137 in foods,
gamma-ray spectroscopic method: 2
collaborative studies, 667
Radioimmunoassays, afiatoxin Bi in
coffee samples, caffeine interference
in, 1015
Radionuclides, in domestic and imported
foods in U.S., 1983-1986,15
Rape, carbetamide residues in, GC
method, 660
Referees, 1989, 163
Reference standards
analytical standards in method
development, chlorinated phenols
and herbicides, 378
from parochial to international, 1
Reference standards, water and soil
samples for performance evaluation of
volatile organic analysis, 823
Reference tables, changes in Methods,
no changes
Regional sections, committee report, 150
Reviewers, of Journal manuscripts, 38A

Safety
Changes in Methods, no changes
committee report, 151
Salmonella
in foods, fluorescentenzyme
immunoassay screening method:
collaborative study, 318
motile, in foods, immunodiffusion
screening method: collaborative
study, 303
Sample handling
effectof gelatin on recovery of hair
fragments in filth analysis, 1014
enzymatic hydrolysis of biological and
environmental samples as
pretreatment for analysis, 997
Sample preparation
closed vessel sample decomposition by
microprocessor controlled high
tem perature/pressure asher for
elemental analysis by inductively
coupled argon plasma emission
spectrometry, 387
enzymatic hydrolysis of biological and
environmental samples as
pretreatment for analysis, 997
general principles, in analytical scheme,
405
homogeneity of meats prepared for
analysis with a commercial food
processor: collaborative study, 777
natural toxicants in food and feed, 399
forrecovery studies, filth analysis, effect
of gelatin on recovery of hair
fragments, 1014
water, for GC-M S analysis for organic
priority pollutants, 760
Sampling
general principles, in analytical scheme,
405
natural toxicants in food and feed, 399
Seafood products

Changes in Methods, no changes

Methods Com m ittee report, 123

referee report, 71

bluefish, PCB and pesticide levels in,
before and after cooking, 501

fish (whole), arsenic and selenium in,
continuous-flow hydride generation
AAS, 484

fish, 2,3,7,8-tetrachlorodibenzo-p-dioxin
in, electron capture GC with MS
confirmation, method ruggedness,
interlaboratory study, 394

methyl mercury in, LC-AAS method:
collaborative study, 926

oyster tissue, zinc in, as cause of mouse
deaths in official bioassay for
paralytic shellfish poison, 384

quality assessment, volatile acid number
test vs enzymatic acetic acid assay,
828

shellfish meat, paralytic shellfish poisons
in, LC vs mouse bioassay method,
670

Seafood toxins

Changes in Methods, no changes

M ethods Com m ittee report, 123

in food and feed, sampling and sample
preparation, 399

paralytic shellfish poisons in shellfish
tissues, LC vs mouse bioassay
method, 670

Secretary/Treasurer, annual report, 139
Sediments

glyphosate and metabolites in, LC
method, 355
semivolatile organic pollutants and
PCBs in, optimized GPC cleanup,
752
see also Soils and sediments
Selenium, in whole fish, continuous-flow
hydride generation AAS, 484
ShE"fISh, see Seafood products
Silica ge|,potassium hydroxide-modified
adsorbent, large-scale preparation, 371
Simazine
with alachlor, metolachlor, and atrazine
in water and soil, simultaneous
determination by isotope dilution
GC/MS, 349
with carbofuran and metalaxyl in soils,
simultaneous GC, 361
Sludge, industrial, organic solvents in,
liguid desorption of, 1010
Soils
acidic herbicides and related compounds
in, capillary GC method with
nitrogen-phosphorus detector, 365
alachlor, metolachlor, atrazine, and
simazine in, simultaneous
determination by isotope dilution
GC/MS, 349
carbetamide residues in, GC method, 660
carbofuran, metalaxyl, and simazine in,
simultaneous GC, 361
nitroaromatic and nitramine residues
(extractable) in, LC method, 890
organic and mineral, glyphosate and
metabolites in, LC method, 355
reference samples for performance
evaluation of volatile organic
analysis, 823
semivolatile organic pollutants and
PCBs in, optimized GPC cleanup,
752
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Soils and sediments, m ethods com m ittee
report, 137
Solid wastes, semivolatile organic
pollutants and PCBs in, optimized
GPC cleanup, 752
Solids—not-fat, milk (raw), as difference
between total solids and fat contents:
collaborative study, 719
Solvents, organic, in industrial sludge,
liquid desorption of, 1010
Soybeans and soy products, fiuazifop-
butyl and fluazifop acid in, LC with
oxidative amperometric detection, 368
Spectrofluorometry, histamine in wines,
other alcoholic beverages, and
vinegars, 412
Spectrometry
criteria for detection of analytes in test
samples, 487
inductively coupled argon plasma
emission, closed vessel sample
decomposition by microprocessor
controlled high temperature/
pressure asher for elemental analysis
by, 387
inductively coupled plasma emission,
phosphorus, sulfur, and metals in
fertilizer plant effluents, 857
Spectrophotometry
benzene sulfonamides, based on
interaction with 7,7,8,8,-
tetracyanoquinodimethane, 885
derivative, clotrimazole in single
formulations and in combination
with other drugs, 432
IR, polysorbates in foods, 27
nitrogen in Kjeldahl digest,
microdetermination, 953
vs LC, nonionic nonylphenol ethoxylate
surfactants in pulp and paper mill
process samples, 273
see also Atomic absorption
spectrophotometry
Spectroscopy
gamma-ray, iodine-131 and cesium-137
in foods: 2 collaborative studies, 667
photon correlation, size distribution of
fatglobules in IV fat emulsions, 436
PM R with chiral lanthanide shift
reagent, diastereomeric purity of
tranylcypromine sulfate, 556
PM R with chiral lanthanide shift
reagent, enantiomeric purity of
tranylcypromine sulfate, 552
Spices and other condiments
Changes in Methods, 191
M ethods Com m ittee report, 124
referee report, 89
ground horseradish, substitute vegetable
tissues in, microscopic detection and-
identification, 619
imported peppercorns, coriander, and
fennel seed, fecal pellet specimens
in, microbiological survey, 632
Spirulina, powders and tablets, extraction
of light filth from: collaborative study,
451
Standard solutions and certified
reference materials
Changes in M ethods, no changes

see also Reference standards

Standing committees, 1989, 160
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State and provincial participation,
committee report, 151
Statistical analysis, designs for
interlaboratory precision experiments:
ISO 5725 vs draft NEN 6303, 34
Statistics, com mittee report, 151
Sterigmatocystin
with aflatoxins, ochratoxin A,
zearalenone in Brazilian foods,
multi-toxin TLC method, 22
in barley by acetylation and LC, 342
Subtilisin ENZYMES, activity in cleaning
products, colorimetric method, 881
Succinic acid, in presence of metal ion,
LC method, 775
Sugars and sugar products
Changes in Methods, 191
M ethods Com m ittee report, 125
referee report, 89
in homolactic cucumber fermentations,
LC method, 52
honey protein, stable carbon isotope
ratio analysis for detection of honey
adulteration, 907
lactose, galactose, and dextrose in grated
cheese, ion chromatographic method
with pulsed amperometric detection,
425
maple sap and syrup from eastern
Canada, heavy metal, pH, and total
solids content, effect of geographical
location, 674
Sulfamethazine
in animal tissues, formation of isomeric
products during diazomethane
derivatization, 515
in milk, directcompetitive ELISA, 447
in milk, LC method, 445
Sulfanitran, in chicken tissues at low ppb
level, LC-electrochemical detection
screening method, 567
Sulfites
in foods, ion exclusion chromatography
vs Monier-Williams method, 266
in foods, optimized Monier-W illiams
method: collaborative study, 470
in foods, simultaneous nitrogen purging
and differential pulse polarography,

476
in grapes and grape products, LC
method, 903

SU|f0namideS,benzene sulfonamides,
pure and dosage forms,
spectrophotometric method based on
interaction with 7,7,8,8,-
tetracyanoquinodimethane, 885

Sulfones, of phorate and terbufos, in
water, capillary GC-chemical
ionization MS confirm ation, 987

Sulfoxides, of phorate and terbufos, in
water, capillary GC-chemical
ionization M'S confirmation, 987

SU|fUF, in fertilizer plant effluents,
inductively coupled plasma emission
spectrometry, 857

Sweeteners, see Artificial sweeteners;
Preservatives and artificial sweeteners

Symposia

meetings, symposia, and educational
programs, com mittee report, 149

on fertilizers: phosphate evaluation and
analysis, introduction, 851

on pesticides in foods, 517
see also M eetings, symposia, and
educational programs
Synthetic pyrethroids, fenpropathrin,
flucythrinate, fluvalinate, and PP 321,
separation and detection by TLC, 512

T-2 toxin
in human blood, deuterated internal
standards with tandem MS method,
807
metabolites in urine, ELISA, 345
Tartaric acid, in presence of metal ion,
LC method, 775
Tea, see Coffee and tea
Terbufos, in water, capillary GC-chemical
ionization M'S confirmation, 987
Test kitS, see Diagnostics and test kits
Tetracycline
in pharmaceutical preparations,
colorimetric method, 242
with oxytetracycline and
chlortetracycline in milk,
simultaneous LC method, 564
Thin layer chromatography
aflatoxins, ochratoxin A, zearalenone,
and sterigmatocystin in Brazilian
foods, multi-toxin method, 22
with bioautography, monensin in poultry
tissues, 735
criteria for detection of analytes in test
samples, 48)
polysorbates in foods, 27
separation and detection of
fenpropathrin, flucythrinate,
fluvalinate, and PP 321, 512
Titrimetric methods, totuene substitution
forbenzene in fat acidity analysis in
grains: collaborative study, 688
Tobacco
Changes in Methods, no changes
M ethods Com m ittee report, 135
smoke, environmental, nicotine in:
collaborative study, 1002
Total Diet Study, FDA pesticides
program: goals and new approaches,
518
Total SO”dS, milk, direct forced air oven
method and AOAC predry method:
collaborative study, 712
lTOXiI’]S, see Aflatoxins; Mycotoxins; Plant
toxins; Seafood toxins
Transactions of AOAC, 113
Tranylcypromine sulfate
diastereomeric purity by PM R
spectroscopy with chiral lanthanide
shiftreagent, 556
enantiomeric purity by PMR
spectroscopy with chiral lanthanide
shiftreagent, 552
Treasurer, annual report, 139
Trichothecenes
deoxynivalenol in wheatand corn in U.S.
survey, 38
T-2 and HT-2 toxins in human blood,
deuterated internal standards with
tandem M S method, 807
Tuberculocidal activity, ot disinfectants,
4.036—4.041, repeal set aside, 65A
Turbidimetric methods, tyiosin in premix
and animal feeds notcontaining urea,
454
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Tonsin, in premix and animal feeds not
containing urea, turbidimetric assay,
454

Use-dilution methods, 4.007-4.011,

revised methods, 205

Validation, see M ethod validation
Vani”in,and related flavor compounds in
vanilla extract, LC method:
collaborative study, 614
Vegetables
substitutes in ground horseradish,
microscopic detection and
identification, 619
see also Processed vegetable products;
and specific products
Veterinary analytical toxicology
Changes in M ethods, 205
M ethods Com mittee report, 135
referee report, 108
Vitamins and other nutrients
Changes in Methods, 194
M ethods Com mittee report, 125
referee report, 91
A and D in multivitamin-mineral
formulations, LC method, 247
C (total) in foods and beverages, ion
exclusion chromatography with
electrochemical detection, 681
D,ininfant formula, LC method, 1007
dietary fiber (total), urea enzym atic
dialysis procedure, 677
lysine in feedstuffs, LC with fluorescence
detection via precolumn
dansylation, 609
microbiological assays, computer
calculation of results, 950
protein adequacy of infant formulas,
amino acid rating method, 622
water-soluble, with caffeine and
preservative in oral liquid tonics,
simultaneous LC, 244
Volatile acid number test, vs enzym atic
acetic acid assay, seafood quality
assessment, 828
Volatile organic compounds, w ater and
soil performance evaluation samples
for analysis of, 823
Vomitoxin, see Deoxynivalenol
Waste materials
M ethods Comm ittee report, 137
industrial sludges, organic solvents in,
liquid desorption of, 1010
oils, semivolatile organic pollutants and
PCBs in, optimized GPC cleanup,
752
Water
acidic herbicides and related compounds
in, capillary GC method with
nitrogen-phosphorus detector, 365
alachlor, metolachlor, atrazine, and
simazine in, simultaneous
determination by isotope dilution
GC/MS, 349
drinking water, total formaldehyde in,
LC method, 835
ground water, dicamba in, capillary
column GC method with M S
confirmation, 840
organic priority pollutants in, one-step
sample preparation for GC-M S, 760
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phorate, terbufos, their sulfoxides and interlaboratory study, 463 in grains, oilseeds, and animal feeds, LC
sulfones in, capillary GC-chemical W aters; and Salt, Changes in Methods, no with post-column derivatization and
ionization M S confirmation, 987 changes on-line sample cleanup, 336
reference samples for performance W ays and means, committee report, 151
evaluation of volatile organic W heat, deoxynivalenol in, U.S. survey, 38 Zinc
analysis, 823 W ines, see Alcoholic beverages in maple sap and syrup from eastern
rice paddy water, carbofuran and Canada, 674
metabolites in, solid phase Yogurt, see Dairy products in oyster tissue, as cause of mouse deaths
extraction and LC method, 845 in official bioassay for paralytic
see also Inorganics in drinking and Zearalenone shellfish poison, 384
ground water; Organics in drinking with aflatoxins, ochratoxin A, Zoalene, in chicken tissues at low ppb
and ground water sterigm atocystin in Brazilian foods, level, LC-electrochemical detection

W ater-insoluble cell walls, in feeds, multi-toxin TLC method, 22 screening method, 567
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