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ROVER
MILL

FROM TWO POUNDS OF
GRAIN TO A

REPRESENTATIVE
ANALYTICAL SAMPLE IN

ONE MINUTE
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EFHOENT:  Simuitaneously Grinds & EASY TOAEAN Gn Be Thoroughly Cleared
Subsanples 2 lbs. Per Minute in Qe Minute

ACOLRATE: Prepares 25 (. Representative HEXBLE Wll Gind Hgh Moisture Com
Anglytical Sanple From5 Lb. uuoi mcc. mud a no uust uenerateu
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VERSATILE: Can Be Used Far Myootoxins, CAPACTY: 100gto151h
Pestiaces, FUMIGAts, ROMER LABS, INC.

ibotics, Drugs, Mitarmins, P.0. BOX 2095, WASHINGTON, MO 63090 Q
Mreral & Prodmete Anelyses (314) 239-3009, FAX (314) 239-2708
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Answer #19
Automated TKN and

Ammonia In70 Sec.
Whether from a free ammonia or
Kjeldahl digest sample, you can
have a nitrogen result injust 70 sec-
onds, using the automated Aquatec
system from Tecator. Aquatec works
by gas diffusion. It replaces automated
TKN and ammonia systems that rely
on phenate chemistry, so hazardous
waste and pH variation problems are
eliminated. Aquatec was used ina
comparison study carried out inthe
development of proposed EPA
methods NOO015 and NO0O018.
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Answer #8

FREE "HowTo™

Information

Choose water analysis systems
wisely. Perstorp Analytical’s experi-
ence in water, wastewater, soil analy-
sis and many other areas includes
the combined expertise of its manu-
facturing companies. When you
work with Perstorp Analytical, you
have the advantage of accessing one
resource that can provide multiple
answers to your needs. An overview
drawn from this expertise is available
inthe FREE Perstorp Analytical
brochure, ‘How To Select Water

Analysis Systems’. For a copy, plus
information about Perstorp Ana-
Iytical’s multiple answers for your
specific needs, circle the number.

CIRCLE 65 ON READER SERVICE CARD

Multiple Needs?

Beverage, food, feed, fertilizer or soil analysis? Water, wastewater or
pesticide in effluents control? Product QC or EPA compliance?

mAnswers

to remote. .

Get The Advantage of One.

weve got more than one right answer!

Wet chemistry, flow injection, ion analysis, NIR through UV to VIS
spectroscopy or fiber optics. From Al to Zn. .
.from raw materials to end product. . .

from lab, to in-line,

".a single, worldwide marketing, support

and service resource—not just a dealer-for the full range of solutions

Talk to our technical rep and ask for a FREE “How to Select. .
Put The Advantage of One to work finding the right answers.

Perstorp Analytical, Inc., 12101 Tech Road, Silver Spring, MD 20904, 1-800-787-0100

oJL¥storp Analytlcal

from our own companies:
Tecator « NIR Systems « Alpkem ¢ Guided Wave. Just call:

-7 8 7 -

1 0 0
” booklet.




An Important New Reference
from AOAC International

Richard Gorham, Editor

Anyone involved in food storage,
processing, distribution or regulation wall
find this fully illustrated book o be the
essatial source of information on food
pest management.

It isa comprehensive compi lation of
the work of leading scientists in the field,
prepared under the direction of the US.
Food and Drug Administration. Starting
wi'th the besics, the hook continues dl the
way through the "state of the art”
techniques being employed today.

Potentiial users include food industry
professionals responsible for or interested
in food sanitation, pest corarol atti quality
assurance, working for food processors,
retaillers, wholesalers, storage fadlities,
importers and eqorters, restaurants and
other food services, food banks; educa-
tioal institutioswith departments of
food science, agriculture and entomology’;
and regullatory agencies.

In addition, itprovides avital resource
for those engaged in proactive efforts
preserve and ensure clean and adequate
worId food syplies.

Contents: Eoology, Preverttion, Survey
and Cormorol, Health Aspects, Regulation
and Inspection and Management of such
pests as microorganisms/decomposers,
mites, insects (cockroadhes, beetles, oring-
tk, moths, flks, ais), and vertebrates
(rodents, birds, and kats); Glossaiy and
Taxonomic and Subject Indexes.

595 pages. Ilustrated. Hardbound.

I1SBN 0-935634-45-5.

Members: $121.00 inUS., $130.00 outside
US.; Non-Members: $1365.00 inUS., $145.00
outside US.

To order: Sendyour name and address, and
payment. AOCAC Intermatioral
acoepts checks (US funds on US
banks aly, pleese) and aradit cards:
VIA, MasterCard or Diners. When
paying by aredit card please include:
type of aradit card, card number,

epiration date and your sigature.
send to: ACAC Intermatiacal-])
3 z Snoe 184
%%1?4? Bridge Road AEMC
McLean VA 22109-0742

Cradirt card orders may also be placed by phone +1 (AB) 522-3082, or FAX +1 (AB) 52-5468.
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NG THEVWAY
MOROLABSCHERATE
* PRE-FILLED < PRE-MEASURED

* PRE-STERILIZED

Elimirate the aggravation, expense and
wasted time of glass dilution bottles. Imagine
no more V\eshlrg preparation and autoclavirg.

i

Our new disposable hottles are Sterile,
inepensive and come pre-filled totestdairy

pharmaceuticals Water).

To arcer, cll your Laboratory Supply
Dastributor. Forafree sam ple, G, witeoruse
the Reader Service Card.

P

S1ID-FVICK,inc.
9 Blackburn Drive Gloucester, MA 01930
1-508-283-1800
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Nominate A Deserving Individual foran AOAC
International Award

Harvey W. Wiley Awardfor the DevelopmentofAn-
alytical Methods— A $2,500 annual award
presated 10 an autstarding saentist or saiatific
team foraslytical antribuia s nan areacf e
et o AOAC Interreticsl. December 1 is the
closing date for nominations for the aurait
yearsanard.

AOAC International Fellow Award— Any member
who hes given at lesst 10 years of neriitorias sar-
vie o AOAC Intarratiasal may be nominated.
Avards are besed on acoumulated svie. Mem-
bers may send letters in support of eligible
caiichies DAOAC Inarataadl. February 15 is
the deadline Taralonitingnominations fatrear—
retyear sanard totre Committtee on Fellons.

Harvey W. Wiley Scholarship

A sniioryear Sdolarship of $1,000, anarded annu-
dly o a juniar ngjoring N an aea of Naest
AOAC Inarataaal. May 1 is the application
deadline for tre arrantyear’s anard. Agplicatian
must be made on official AOAC Intermatiaal
foms, asilkeble upon ragest FronAOAC Interme-
tod.

Formore information ar gplicatonfoms, con-
et Director of Adninistration and Mestings,
AOAC Intaratiodl, 2200 WilsonBoulevard, Suite
4103, Adirgton, VA 22201-3301. Telephore +1
T0/52-3032; fax +1 703/522-5468.

Call for Papersl

Contributed pepers are now being ollicited far tre
106thAmual AOAC Intarratiaal Meetingand Ex-—
positian inGircimatd, OH, August 31-Septenber
3,192

" Febriary 4, 192. . fitkand attor©) atAOAC
Inerretiael

Aprill 1, 192, . astract must be received by
AOAC Intareticdl

For furtrer infomatian, antact Carol Rouse,
Mestings ad Education Gordinator, et +1 (A03)
52- 2, fax +1 TR/52-5463. Or wite AOAC
Inametical, 2200 Willson Boulevard, Surte 400,
Adiington, VA 22201-3301.

Inorter to sdhedule poster s=ssio's, antriluted
peper ad auttor infamatiian must be received by
AOAC Intaratical priatosumissionof astract.
Plesse do ot sad dstradtswirthout faest rotafyirg

tremeetings dgartrent.



Chromatography Today. By C.F. Poole
and S.K. Poole. Rblided by Else~
| Soiee Rblidas, PO Box 211,
1000 AE Arsterdam, The Nether—
lads, 1991. 1026 mp. Prices US.
$147 50/0A. 26.0. I1SBN 0-44-
1617

Chromatography Today provides a
comprehensive coverage of varios
sgaation methods: ges, ligud, thin-
layer, and supercritical fluid-
cdroatogrady, ad epillay electio-
doresis. Farticudlar atiention spaid ©
tre gotimization of trese tedmiges n
tems of kiretic parareters ad reten-
tnedenists. When ttee fedsare
mization becomes amore logical
poess. Saple prgaratian methods
aretraated fully as they freq ety rep-
resmit an integral part of te toEl
aslytical method. Also desaribed are
oAty sigificat amounts of prod-

JAOAC

Books inBrief

wtwhich aregarerally achieved uder
coditios tet are ot idnacal
thoee usad for aslvtical sgaratios.
The most common hyphereted meth-
ok usad far sanple idntification are
disassed from te pargoectine of tre
infomation they yield ad tre requiire-
merts of common interfaes.

Improving Safety in the Chemical
Laboratory: A Practical Guide, 2nd
edition. Edited by Jay A. Young.
Published by John Willey &
S8, ko, WWiley O, Soarset, NJ
088751272, 1991. 406 p. Price
$5.@. 1SBN 0471-530%5-0,

The work of accident prevertion in

te ldoratory begins with faesigh

Disoemiing “‘clese cAliS™ rear aci-

from tuming ino full-Aected mis-

hgos, mishgos tetast iceand morgy,
and which ocoulld result in injury.

Improving Safety in the Chemical Labo-

ratory Ban accidat preventdan hand-
book for the professional in tte

tatshons how todtectad
dimiratettecasss of mis-
haps— and virtally “hezard proof”
ay ldoratory eviramait. improving

dilks, ssfety i'getio s, and tte prae-
ration of a damical hygiae plax- Tar
tre develgorent of a safety-atanced
woriplace. Reflecting, infart, teyo-
graded procedlres now mendated by tte
OSHA Laboratory Standard in tre
Lhited ates, asvell a5 te WHMIS
regulatios N Caneda ad tte COSHH
regulatios in tte Uniited Kiingdam,
this nenest edirtion offars utaralleled
ad p-to-cate guidance on tre fire
naterial on maneging ad lerdling es-
pecially hazardous substances and
persorel protective equiprant.

THE

000 .

The Savant SpeedVac® ESC2000 offers a rapid and flex-
ible method of concentrating or drying the multiple large
volume organic extracts commonly encountered in the
analysis of pesticides, antibiotics or environmental con-
taminates. The SpeedVac ESC2000 effectively removes
solvent and recovers analyte, time after time. Solvent
recovery and environmentally safe disposal is easy as the
unit may be connected to an optional refrigerated trap to
collect more than 90% of the evaporated solvent.

The ESC2000 SpeedVac features:

m A completely integrated system in one compact bench
top unit. No external gas source is required.

m Flexibility, with a wide and growing range of rotors.
Samples from 4 x 500 ml or 6 x 400 ml to 200 x 1.5 ml
are easily accommodated.

m Low cost, very low maintenance design with oil-free
vacuum pump, Teflon® coated vacuum chamber and
corrosion resistant fluid path.

m Rapid sample processing with three user-selectable
drying rates and built-in radiant cover.

m No cumbersome or expensive glassware to set-up or
clean.

m Extremely quiet operation.

m Proven SpeedVac® vacuum concentrator performance.

For complete details, contact: Savant Instruments, Inc.
110-103 Bi-County Boulevard
Farmingdale, NY 11735
(516) 249-4600 m (800) 634-8886

= ‘wf Js;eedVOC
gnvironmen

ESC200

Superior Sample Preparation



New Release FromAOAC International

ASSURANCE
PRINCIPLES

ANALYTICAL
LABORATORIES

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

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

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

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

192 pages. 2nd edition. May 1991. Softbound. ISBN 0-935584-46-3.
Members: $51.00 in U.S., $60.00 outside U.S.
Non-Members: $57.00 in U.S., $67.00 outside U.S.

To order: Send your name and address and payment. AOAC International accepts checks (US
funds on US banks only, please) and VISA, MasterCard or Diners credit cards. When paying by
credit card please include: type of credit card, card number, expiration date and your signature.

Send to: AOCAC International -J
1970 Chain Bridge Road Credit card orders may also be placed by phone

Dept. 0742 + 1(703) 522-3032, or FAX +1 (703) 522-5468.
McLean, VA 22109-0742
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Koehler Illumination Used In Electron

Microscope

The use of the Koehler illumination
principle in the EM 910 transmission
electron microscope (TEM) results in
optimum image contrast and an un-
precedented reduction in specimen
irradiation damage. Although widely
used in light microscopes, the use of
the Koehler principle has never been
achieved in an electron microscope
until now. Thanks to the Koehler prin-
ciple, illumination in the EM 910 is
absolutely homogeneous with the
field of illumination automatically
adapted to the field of view. In the
EM 910, the specimen is located ex-
actly in the place of symmetry of the
condenser/objective single-field lens.
This ideally meets all requirements
for obtaining a minimum beam diam-
eter in high-resolution scanning
transmission electron microscopy
(STEM) operation or in selected area
diffraction. It also allows direct
switching from TEM to STEM opera-
tion. Carl Zeiss, Inc.

Circle No. 378 on reader service card.

Transferpette 8 and 12 Channel Plpets

Lightweight Transferpettes are de-
signed for right or left handed use and
optimum pipetting comfort. The man-
ifold adjusts to the user’s most natural
pipetting position. Volumes are easily
adjusted even while wearing safety
gloves, and all models have a built in
tip ejector. An individual piston for
each channel provides accurate and
reproducible results from one channel
to the next and from one pipetting to
the next. Bio-Rad Laboratories.

Circle No. 379 on reader service card.

Turntable Adds Batch Sampling to
Biochemistry Analyzer

The compactY S 12710 turntable adds
batch and multiple sampling capabil-
ity to the YS1 2700 Select biochemistry
analyzer. The turntable’s 24-position
sample wheel, which accommodates a
variety of tubes and vials, brings each
sample into position so the sipper tube
can aspirate it. The user selects sam-
ple volumes from 5 to 65 pL, assigns
batch ID numbers, and can program

repeat sampling. The printed results
include sample position, date, and
time. The analyzer can be configured
with 1or 2 channels. As asingle chan-
nel unit, the 2700 Select provides 90 s
measurements of dextrose, L-lactate,
sucrose, lactose, galactose, starch, or
hydrogen peroxide. With 2 channels,
it provides 90 s simultaneous mea-
surements o f dextrose and L-lactate or
dextrose and sucrose. YSI Inc.

Circle No. 380 on reader service card.

Semi-Prep LC System Pump

The nucleus of the Varex Semi-Prep
LC system is the Varex “One” pump
that can deal with analytical, semi-
prep, and preparative flow rates (0.1
to 150 mL/min) without changing
pump heads. Operating pressures
from 100-4300 psi can be handled
with flow rates up to 60 mL/min and
pressures of 2700 psi can be accom-
modated at flow rates of around
100 mL/min. To operate multiple sol-
vent gradients with the “One” pump,
the “Econograd” gradient forming
system offers a low cost 4-solvent
PC controlled “add on” capability.
Varex Corp.

Circle No. 381 on reader service card.

Computer Collection and Analysis of
Sieving or Screening Data

Three configurations of the Com-
puSieve System for computer
collection and analysis of sieving or
screening data can be used with any
test-screening or sieving equipment
for samples from afew grams to over
100 Ibs. Most electronic scales or bal-
ances with RS-232 interface can be
connected easily with plug-in cables
provided. Error-free results are plot-
ted, pass/fail decisions are indicated,
and 4-color hard copies of test results
are produced for management review.
Model CPA offers dedicated software
in ROM (on internal chips). It is de-
signed specifically for use under
dusty particle laboratory test condi-
tions. No disk or diskette is needed for
use. Models CP-5 and CP-6 are de-
signed for use with general-purpose
computers. Both come with standard
XT-clone hardware. Model CP-5 of-

Ideal for R&D, QC, scien-
tists, engineers, sample
preparation for analysis
and pilot plant production,
these batch processors
are used for mixing light
to heavy viscosity matter,
powders, liquids with
solids or powders.
Rugged 1/2to 15 HP
motors provide mixing,
blending, homogenizing
and emulsification in a
controlled environment
vessel. Size reduction
can be achieved during
the mixing cycle. Mixing
and size reduction can be
achieved independently
or simultaneously. Some
benchtop models can
also be converted to
continuous feed for size
reduction.

For more information
contact Robert Hughes,
800-824-1646 or

FAX 601-956-5758.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6,1991) 165A



Be Sure Your Laboratory Uses the Best,
Most Current Analytical Methods Available...

pEELLIAL
MEILROUS of

gEFLE
WETHOD
ANAL ANALY

si8

AS5 8

Save Time and Money, Achieve More
Accurate Analysis, and Improve
Your Laboratory’s Reputation

The demonstrated reliability of AOAC
methods prompts their use whenever a
need for analysis arises in regulatory,
research, and quality control activities.
Chemists, microbiologists, and other
scientists depend upon Official Methods
of Analysis of the AOAC because they
know the reliability and reproducibility
of AOAC methods have been demon-
strated through thorough testing by
interlaboratory collaborative studies

in government, industry, and university
laboratories.

The authority of the methods is further
enhanced by AOAC collaboration with
other worldwide organizations.

Take Advantage of AOAC Methods
Availability and Ease-of-Use

Over 1,800 AOAC methods are ready for
your immediate use. The easy-to-follow,
step-by-step format specifies all reagents
and apparatus. And alternative methods
are often provided to accomodate a wide
range of laboratory capabilities.

Each method is referenced for back-
ground and development material, and
contains Chemical Abstracts Service
(CAS) numbers where applicable. Both
chemical and common names are
provided for all drugs and pesticides.

Comply More Easily with
Government Regulations!

Since their inception in 1884, AOAC
methods have been accorded preferred
status in the courts and are often
referred to in national, state, and
provincial regulations and governmental
and commercial specifications.

Be Confident You’re Using the Best,
Most Current Methods Available

As analytical needs change and as
knowledge and techniques advance, new
and revised methods are continually
being validated by AOAC. Between
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editions, these are published in annual
supplements which are sent, at no
additional cost to purchasers of the
most recent edition.

Thus, AOAC’s OFFICIAL METHODS OF
ANALYSIS not only brings you up to
date, it keeps you there!

CONTENTS

Volume I—Agricultural Chemicals,

Contaminants, Drugs
Agricultural Liming Materials
Fertilizers
Plants
Feeds
Drugs in Feeds
Disinfectants
Pesticide Formulations
Hazardous Substances
Metals & Other Elements
Pesticide & Industrial Chemicals
Waters; Salt
Microchemical Methods
Radioactivity
Veterinary Analytical Toxicology
Cosmetics
Extraneous Materials
Microbiological Methods
Drugs
Drug & Feed Additives in Animal Tissues
Forensic Methods

Volume Il—Food Composition
Baking Chemicals
Distilled Liquors
Malt Beverages
Wines
Nonalcoholic Beverages
Coffee & Tea
Cacao Bean
Cereal Foods
Dairy Products
Eggs & Egg Products
Fish & Other Marine Products
Flavors
Fruits & Fruit Products
Gelatin, Dessert Preparations
Meat & Meat Products
Nuts & Nut Products
Oils & Fats
Vegetable Products
Spices & Other Condiments
Sugars & Sugar Products
Vitamins
Color Additives
Food Additives, Direct & Indirect
Natural Poisons

ethods o fA

o fthe AOAC

n aly s.s

15th Edition

In Volumes | & II:

Appendixes: Standard Solutions and
Certified Reference Materials, Laboratory
Safety, Reference Tables. Subject and
Method Number Indexes.

AOAC-For over 100 years, the mission
of the Association of Official Analytical
Chemists has been to provide the ana-
lytical science community with fully
validated standard methods for the
chemical and biological analysis of foods,
drugs, cosmetics, pesticides, fertilizers,
feeds, hazardous substances, air, water,
soil, and any other products and sub-
stances affecting the public health

and safety, the economic protection of
the consumer, or the quality of the
environment.

1200 Pages. 1990. 2 Volumes. Hard-
bound, 185 illus, ISBN 0-935584-42-0.
Binders for supplements are shipped
with the first supplement.
Price—Members: $218.00 in U.S,,
$224.00 outside U.S. Nonmembers:
$242.00 in U.S., $247.50 outside U.S.
Includes 5 annual supplements plus a
looseleaf binder for their storage.

To obtain your copy of OFFICIAL METHODS

OF ANALYSIS, send your order with the
following: your name and address, a check
or Mastercard, VISA, or Diners credit card

information (name of card, card number, and

expiration date) and your signature to

AOAC

at AOAC-J, 1970 Chain Bridge Road,
Dept. 0742, McLean, VA 22109-0742
(703) 522-3032, FAX (703) 522-5468

All orders must be prepaid. Please make checks pay-

able to AOAC, USS. funds on U.S. banks only. Credit

card orders may be placed by mail, telephone, or FAX
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fers 720K 3Viin. floppy disk drive,
while Model CP-6 features a 40 Mb

Maximum Recovery of Mlcrollter with matching 3/4 in. male threads can

Samples be fitted. This facilitates easy pouring

hard disk drive plus floppy capability.
Gilson Co., Inc.
Circle No. 382 on reader service card.

The SCI-VI system was designed to
provide a solution to problems inher-
ent in microliter sample recovery
from microliter volumes. The system
recovers maximum amounts of small

and faucet dispensing of the container’s
contents. Hedwin Corp.
Circle No. 385 on reader service card.

Research Radiometer LightDetector sample volumes that cannot be col-

Operates Underwater lected from standard vials due to large

Metal Parts Washer System

A research radiometer equipped with
an underwater detector head performs
a wide variety of studies in the UV,
visible, and near infrared spectral
range. The IL1700 research radiom-
eter is a portable light measurement
instrument that is auto-ranging to
prevent loss of scale due to unex-
pected environmental changes and
provides direct readings in any opti-
cal units. Featuring “SUD” series
detector heads designed for under-
water operation, they can be used
with a variety of optical filters for
spectral studies from 200 to
1100 nm. International Light, Inc.

Circle No. 383 on reader service card.

wetted surfaces, or where the sampler
needles does not reach the bottom ofa
normal vial. Versatility has been dem-
onstrated with field tests results
showing laboratories extracting 1.0
p.Lfrom 1.5 [xL. Chromacol Ltd.

Circle No. 384 on reader service card.

Small Container for Agricultural,
Sanitary, Industrial Chemicals

A 2Vz gallon polyethylene bottle with
easy dispensing features for agricul-
tural, sanitary, and industrial chemicals
has a 34 in. thread well built into the
screw cap, in which dispensing devices

W ith government regulations on the
rise concerning solvents and cleaner,
the Bio T Parts Washer system is de-
signed to provide safe and effective
removal of cutting oils, greases,
sludge, and other organic residues
from metal parts. The system usesnon-
toxic, non-caustic, and biodegradable
cleaning products. It also has afiltration
system that removes dirt and particu-
lates from the Bio T PartsWash
solution. Monthly service charges are
eliminated because recirculation of the
solution through the filtration system
extends it cleaning power indefinitely.
BioChem Systems.

Circle No. 386 on reader service card.

Hazleton--The Leader In
Nutrient Analysis

Nutrition Labeling

e Macro-Nutrients
e Vitamin Testing
 Mineral Testing
e Lipid Analysis

Animal and Human Studies

e Animal Feeding Studies
e Toxicology
e Metabolism

- Human Clinical Trials

e Carbohydrate Analysis

e Amino Acid Analysis

Residue Analysis b

Special Services

Product Chemistry
e Packaging Studies

e Pesticide Residue Analysis

e Heavy Metal Analysis

("\YHAZLETON

'"LABORATORIES
POS1 OFFICE BOX
MADISON, WISCONSIN 53707

Facsimile 608-241-7227
Telephone 608-241-4471

7545

a CORNING Lahoratory Services Company

CIRCLE 64 ON READER SERVICE CARD
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Essential References for
Food Analysis from AOAC

(O FDABacteriological O Keyfor Identification of

Analytical Manual, 6th Ed
1984,448 pp, Looseleaf.

ISBN 0-935584-29-3.

Members: $63.50 in US,, $68.50 outside US.
Nonmembers: $*0in US., $75 outside US.

Provides regulatory and industry
laboratories with methods for detection
of microorganisms. Includes one FREE
Classification of Visible Can Defects

poster (see below).

Classification of Visible

Can Defects-poster/

pamphlet

1984. 24" x36" chart, in color with photo-
graphs. 1chart: $15 inUS., $20 outside US,;
1pkg. 10 charts: $45 in US,, $80 outside US.
Each additional pkg.: $35 in US.,, $40 out-
side US.

For rapid identification of can defects.

Principles of Food Analysis

for Filth, Decomposition,

and Foreign Matter-FDA
Technical Bulletin No. 1
1981.286 pp. 2nd printing, 1985. lliustrated.
Softbound. 1SBN 0-935584-33-1.

Members: $44.60 in US,, $49.60 outside US;;
Nonmembers: $49 in US., $54 outside US.

Comprehensive laboratory manual/text
on basic concepts of food sanitation
analysis.

FDA Food Additives

Analytical Manual (FAAM)
Volumes land I

Volume [-1983. 2nd printing, 1983. xv + 364
pp. lllustrated. Softbound.

ISBN 0-935584-22-6. Volume |l - 1987.

Xiv + 346 pp. lllustrated. ISBN 0-935584-34-X.
Members: $46.40 per vdl. in US,, $51.40 per
val. outside US.; Nonmembers: $61 per vol.
inUS., $66 per vol. outside US.

Each volume provides methodology for
determining compliance with food
additive regulations.

Training Manual for

Anagltical Entomology in the
Food Industry-FDA Technical
Bulletin No.

1978.184 pp. Looseleaf. ISBN 0-935584-11-0.
Members: $29.75 in US,, $34.75 outside US,;

Nonmembers: $32.50 in US., $37.50 outside
us

With the aid of this text, organizations can
set up their own in-house training.

Mandibles of Stored-Food
Insects

1985. M + 166 pp. lllustrated. 125
photographs. Softbound. ISBN 0-935584-32-3.
Members: $45.50 in US., $50.50 outside US;;
Nonmembers: $60 in US., $65 outside US.

Enables food sanitation analysts to
identify species from all major stored-
food insect pest groups.

0 Animal Drug Analytical
Manual

e 1985. Xi + 352 pp, lllustrated. Looseleaf with

binder. ISBN 0-935584-30-8.

Members: $45.95 in US., $50.95 outside US;;
Nonmembers: $0.50 in US., $65.50 outside
us.

Methods for determining drug residues in
food producing animals and drugs infeeds.

ORDER THESE AOAC FOOD ANALYSIS
PUBLICATIONS TODAY!

To order, simply complete the form below and mail, fax or call
in your order to AOAC. All mail orders mustaccompany a
check, money order or credit card information and must be
mailed to the address below. Phone and fax orders may be
placed by calling (703) 522-3032 or FAX (703) 522-5468.
Please have your VISA or MasterCard ready if calling inan
order or fill out the appropriate information on the order form
iffaxing your order.

AOAC

1970 Chain Bridge Road

Dept. 0742

McLean, VA 22109-0742

Total Book Order $

Al prices include handling and shipping.

O Check Enclosed.

O Charge my O VISA O MasterCard O Diners

Card Number Expires
Signature Date

US funds drawn on US banks only

Send to: (Please Rirt)

Name

Organization

Street Address

Gty

State (Country) Zp

Member No. VM
to qualify for member price.

is required




Sample Splitter for M aterial Sample
Dividing

The Model SP-2.5 Versa splitter has
been specifically sized to accommo-
date the widest possible range of
aggregate or other samples—from
very fine to very coarse. With dimen-
sions of 15,5 x 12,5 x 17.5 in., this
unit bridges the gap between small
and large splitters and provides users
with aversatile tool for the majority of
their sampling needs. Gilson Co., Inc.
Circle No. 387 on reader service card.

Odor-Free Post-Column Reagent

Thiofiuor (N 77-dimethyl-2-mer-
capto-ethylamine hydrochloride) is a
direct substitute for (3-mercap-
toethanol (BME) in the formulation of
o-phthalaldehyde (OPA) reagents.
OPA is used in the post-column
analyses of amino acids, carbamate
pesticides, and glyphosate herbicides.
Primary amines form ahighly fluores-
cent adduct at pH< 9 and ambient

JAOAC

temperature, when reacted with an
OPA reagent containing either
Thiofluor or BME. Unlike BME,
however, Thiofluor chromatographic
grade crystals do not have the charac-
teristic obnoxious odor of BME. Only
2 g of Thiofluor are required per liter
of OPA. Pickering Laboratories.

Circle No. 388 on reader service card.

Polypropylene Inserts for Handling
Samples Sensitive to Glass

Polypropylene inserts that effectively
eliminate problems associated with
the interaction between glass inserts
and certain types of samples are ideal
for use with samples sensitive to
pH changes or ion contamination.
They are also effective with drug or
protein samples that adhere to glass,
as well as infectious/toxic samples
where disposal is complicated by
glass crushing and removal. J.G.
Finneran Associates, Inc.

Circle No. 389 on reader service card.

Gas Generator for TOC Analyzers

The Model 78-30 generator allows
users to produce carrier/combustion
gas for TOC analyzers from any avail-
able compressed air supply. The
generator produces a continuous sup-
ply of carrier/combustion gas
containing less than 0.1 ppm of hydro-
carbons and less than 2 ppm of CO2. It
is a complete system with carefully
matched components engineered for
easy installation, operation, and long-
term reliability. Balston Inc.

Circle No. 390 on reader service card.

mL Micro Test Tube

A2 mL micro test tube is excellent for
handling and storage of small sam-
ples. The tube holds extra volume due
to an extended cylinder and wider
taper, for those applications where the
more conventional 1.4 mL micro test
tube is too small. The 2 mL tube fits
the same centrifuges as the 1.5 mL
tube. Bio-Rad Laboratories.

Circle No. 391 on reader service card.

MICROANALYTICAL ENTOMOLOGY
FOR FOOD SANITATION

James W. Gentry, Kenton L. Harris and James W. Gentry, Jr.

NOW

IN PUBLICATION—LIMITED EDITION

Two hard cover volumes ¢ Over 1500 color photomicrographs

Contains life histories, distribution and keys to identification ofall major

food infesting and contaminating insects; also detailed morphological descriptions

with diagnostic color photomicrographs ofstructural fragments.

e o o

U.S. $250 Pre-publication, U.S. $295 after 31 January 1992
Canadian orders add U.S. $10 ® Other non-U.S. orders add U.S. $100 for shipping

To order send check or money order to:

O.D. Kurtz Associates, Inc.
2411 S. Harbor City Blvd.
Melbourne, FL 32901

For additional information call (407) 723-0151.

CIRCLE 66 ON READER SERVICE CARD
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Meetings

January 16-17, 1992: Pacific
Southwest Regional Section Meeting,
Irvine, CA. Contact: Richard Jacobs,
USFDA, 50 United Nations Plaza, San
Francisco, CA 94102, telephone
415/556-1463.

February 2-4,1992: Southwest Re-
gional Section Meeting, Dallas, TX.
Contact: Donna Montague, 211 S.
Johnson St, Little Rock, AR
72205, telephone 501/686-5140.

February 4-6, 1992: Southeast Re-
gional Section Meeting, Atlanta, GA.
Contact: James Hess, USDA AMS
CSSD, Eastern Laboratory, 645 Cox
Rd, Gastonia, NC 28054, telephone
704/867-3873.

May 1992: Northeast Regional Sec-
tion Meeting, Nova Scotia, Canada.
Contact: P. Christopher Ellis, Rhode Is-
land Department of Health, 50 Orms
St, Providence, RI 02904, telephone
401/274-1011.

June 8-10, 1992: Midwest Re-
gional Section Meeting, Champaign,
IL. Contact: Karen Harlin, University
of Illlinois, Department of Veterinary
Bioscience, 2001 S. Lincoln, Urbana,
IL 61801, telephone 217/244-1569.

August 30-September 3, 1992:
106th AOAC Annual International
Meeting and Exposition. Cincinnati,
OH. Contact: AOAC Meetings Depart-
ment, Suite 400, 2200 Wilson Blvd,
Arlington, VA 22201-3301, telephone
703/522-3032.

Elkins Elected 1991-1992 A0AC
President

Edgar R. Elkins of the National
Food Processors Association, Wash-
ington, DC, became president of
AOAC for 1991-1992 following the
business meeting at the AOAC annual
meeting in Phoenix, AZ, on August 15,
1991.

Elkins has been an active member
of AOAC, serving as a member of
Committee E (Residues) between 1986
and 1988 and as an Associate Referee
for Apple Juice Adulteration, Sodium,
and Tin (Metals). He was aleading par-
ticipant in the Sulfite Task Force
meeting at AOAC annual meetings and
also served on the International Coor-

170A

JAOAC

For Your Information

dination Committee (1977-1986), the
Steering Committee for Laboratory
Accreditation (1982-1983), the Ad
Hoc Committee on Laboratory Accred-
itation (1982-1984), the Centennial
Committee (1983-1985), and the Gov-
ernance Council (1988-1989). A
member ofthe Board of Directors since
September 1988, Elkins served as the
Secretary/Treasurer and as Chairman
of the Finance Committee for the
past 2 years. In recognition of at
least 10 years of meritorious ser-
vice, Elkins was named Fellow of
the AOAC in 1988 at the 102nd
AOAC annual meeting.

Elkins has been with the National
Food Processors Association (NFPA),
the principal scientific and technical
trade association for the food process-
ing industry, since 1961, when he was
initially involved with the determina-
tion of pesticide residues in food
products. Since that time, he has been
involved in all phases of analytical
food chemistry, including environmen-
tal contaminants, heavy metals,
nutrient composition, product/con-
tainer interactions, and problems in
food quality. He currently is heavily in-
volved with pesticides and the risk
assessment process. He also heads an
industry project on the characterization
of authentic commercially produced
apple juice concentrate.

Elkins was named assistant head of
the division of chemistry at the NFPA
Washington Laboratory in 1967, be-
coming head in 1972 and director in
January 1976. He continued in that po-
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sition until 1990 when he was made
Principal Research Scientist.

When asked about his plans for the
Association, Elkins responded: “Goals
for the coming year, and several years
to come, have already been delineated.
Focus group sessions have identified
some important issues that need to be
diligently addressed. The mostimport-
ant one to me is ‘making the methods
validation process more responsive to
user needs.’

“l do not believe that this issue
can be solved to everyones’ satis-
faction by the end of my term as
president, but it will be my top prior-
ity,” he emphasized.

“Increasing membership and mem-
ber services is certainly a priority, and
now that we are AOAC International,
we need to improve our relations inter-
nationally. In this respect, | plan to visit
The Netherlands in November and
attend the second International Sympo-
sium, ‘Protection of Public Health: A
Challenge for Food and Environmental
Analysts,” organized by the AOAC Eu-
rope Regional Section.

“AOAC continues to grow and
evolve as the main source of collabora-
tive studied analytical methods, truly it
should be the association of analytical
excellence internationally.”

Elkins holds aB.S. degree from East
Tennessee State University, and after
graduation, spentthe first 18 months of
his career with the Kroger Food Foun-
dation in Cincinnati, OH, before going
to NFPA. He is amember of the Amer-
ican Chemical Society, and author and
co-author of numerous publications in
the field of analytical food chemistry.

AOAC Board Slate Elected,
Propositions Approved

A new name, new mission state-
ment, and a slightly bigger Board with
staggered terms for its members are
among the items approved by a recent
vote of AOAC membership.

The new name ofthe Association is
“AOAC International”— the scientific
association dedicated to analytical ex-
cellence. The change recognizes the
Association’s already expanded scien-



tific base and confirms the geographic
area the Association operates in.

This refinement of the name of the
Association was approved, together
with three other propositions, by mail
ballots sent to all AOAC members this
past June. From the 865 valid ballots
received, the other propositions
amended the AOAC Bylaws and Arti-
cles of Incorporation as follows:

m The Association’s purpose state-
ments (in the Articles of Incorporation
and the Bylaws) were revised by sim-
plifying, updating, and making them
identical ineach AOAC document. The
new mission statement reads: “The pri-
mary purpose of the Association is to
promote methods validation and qual-
ity measurements in the analytical
sciences.” Also, amore comprehensive
IRS statement concerning exempt sta-
tus compliance was incorporated into
the Articles of Incorporation.

m The number of Directors was in-
creased from five to six, and staggered
3-year terms for the Directors were
adopted. This will increase the size of
the Board from nine to ten members.

m The term of service for the Wiley
Award Committee members was
amended from 2-year to 3-year terms
to bring it into conformance with the
terms of other Association committees.

The following slate of officers,
which the Nominating Committee pro-
posed, was elected for the 1991-1992
year:

President-Elect: Henry B.S. Con-
acher, Health Protection Branch,
Ottawa, ON, Canada

Secretary-Treasurer: Arvid Mun-
son, Phoenix Regulatory Associates,
Ltd., Sterling, VA

Directors: Alan R. Hanks, Office of
the Indiana State Chemist, West Lafa-
yette, IN; Nicole Hardin, Food and
Drug Administration, New Orleans,
LA; Albert E. Pohland, Food and
Drug Administration, Washington, DC;
P. Frank Ross, U.S. Department of Ag-
riculture, Ames, IA; and Alex
Williams, Laboratory of the Govern-
ment Chemist, retired, U.K.

Albert E. Pohland, Associate Direc-
tor for Research, Division of
Contaminants Chemistry, Center for
Food Safety and Applied Nutrition,
Food and Drug Administration, Wash-
ington, DC, is the new Board member.
Active in AOAC since 1969, when he

JAOAC

was appointed Associate Referee on
Confirmative Methods, Pohland is
presently the section editor of theJour-
nal of the AOAC for the Food Con-
taminants and Biological Methods
area. In addition, Pohland has served
on the Committee on Meetings, Sym-
posia, and Educational Programs, the
Constitution (now Bylaws) Commit-
tee, and has been a member of the Joint
Mycotoxin Committee.

Edgar R. Elkins, having been pre-
viously elected, will serve on the
1991-1992 Board as President, as will
H. Michael Wehrwho will serve as Im-
mediate Past President.

1991 Fellows ofthe AOAC

In recognition of at least 10 years of
meritorious service to the Association,
the following individuals received
honors as 1991 Fellows of the AOAC
at the 105th AOAC Annual Interna-
tional Meeting and Exposition in
Phoenix, AZ:

Ruth Bandler, FDA. Associate Ref-
eree (1 method adopted): 1979-1987,
baseline mold counts by blending;
1981-present, chemical method for de-
tecting mold; 1981-1985, becol
sterols; 1990-present, mold by chemi-
cal detection (with George Ziobro).
General Referee (5 methods ap-
proved): 1988-present, analytical
mycology and microscopy of foods.
Member, 1988-present, Methods
Committee F.

Reginald W. Bennett, FDA. Associ-
ate Referee (2 methods adopted):
1971-1987, staphylococcal enterotoxin;
1977-present, Bacillus cereus toxin.
1991 Wiley Award.

Stephen G. Capar, FDA. Associate
Referee: 1976-present, hydride gener-
ating techniques. General Referee (5
methods approved): 1986-present,
metals and other elements. Liaison Of-
ficer between AOAC and International
Dairy Federation.

Lester Hankin, Connecticut Agri-
cultural Experiment Station. General
Referee (1 method approved): 1969-
1982, enzymes. Member, 1974-1980,
Committee on State Participation.

Mary Lee Hasselberger, Nebraska
Department of Agriculture. Associate
Referee: 1979-1983, zinc in fertilizers;
1980-present, screening procedures
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for antibiotics in feeds; 1988-present,
Oxytetracycline in feeds by chemical
methods; 1988-present, Oxytetracy-
cline in feeds by microbiological
methods. General Referee: 1983-
1986, drugs in feeds. Organized 1989
and 1991 Workshops on Antibiotics
and Drugs in Feeds.

Dean Kassera, McLaughlin Gormley
King Co. Associate Referee (2 methods
adopted): 1964-present, allethrin; 1979-
present, piperonyl butoxide and
pyrethrins. Member, 1985-present,
Committee on Membership. Member,
1991-present, Bylaws Committee. Ser-
vice in Copper in Fertilizers.

James F. Lawrence, Health and
Welfare Canada. Associate Referee:
1981- present, brominated oils; 1977-
1981, S-triazine; 1978-1981, anilazine.
Member, 1988-present, Governance
Council. Member, 1987, Chairman,
1988-present, Committee on Mem-
bership. Member, 1988-present,
Methods Committee C. Journal Sec-
tion Editor. Organized 1987 Spring
Training Workshop.

John O’Rangers, FDA. General
Referee: 1978-present, biochemical
methods. Member, 1986-present,
Methods Committee B. Member,
1982- present, Interlaboratory Studies
Committee.

Nominations for these awards were
made by AOAC members, were re-
viewed and recommended by the
Committee on Fellows, and finally were
approved by the Board of Directors.

GeneralReferee Awardto Andrews

The 1991 winner of the General
Referee Award, granted by the Official
Methods Board in recognition of out-
standing leadership and substantial
contribution to method development, is
Wallace H. Andrews, General Referee
for Food Microbiology— Nondairy. In
that capacity, Wallace oversees method
development in some 24 topic areas.

Wallace is employed by the U.S.
Food and Drug Administration, Wash-
ington, DC. He has been actively
involved with AOAC since 1983, serv-
ing “apivotal role in the emerging area
of AOAC adoption of test kit-based
methods,” according to Donald A.
Mastrorocco, chairman of the Methods
Committee on Microbiology and Ex-
traneous Materials.
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M ethods Com mittee Associate
Referee Awards for 1991

Created in 1986, the Methods Com-
mittee Associate Referee Awards
recognize the best Associate Referee in
a committee for a given year. Those
named for 1991 are: Eileen Bargo,
Committee on Drugs and Related Top-
ics; Sungsoo Lee, Committee on Foods
I1; Phyllis Entis, Committee on Micro-
biology and Extraneous Materials;
Michael Ogden, Committee on Feeds,
Fertilizers, and Related Materials;
and Kenneth Edgell, Committee on
Environmental Quality.

Collaborative Study of the Year
Award-1991

The Official Methods Board named
Jeanne Joseph the winner of the Col-
laborative Study of the Year Award for
1991 for “Fatty Acids in Encapsulated
Fish Oils and Fish Oil Methyl and
Ethyl Esters, Gas Chromatographic
Method.” Joseph works for the Na-
tional Marine Fisheries Service in
Charleston, SC.

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.

Wiley Scholarship Award to Student
from Ball State University

The Scholarship Committee named
Pamela Lynn Cooper of Ball State Uni-
versity, Muncie, IN, as the recipient of
the 1991 A0AC Harvey W. Wiley Schol-
arship Award. Cooper is a chemistry
mejor and was recommended by John H.
Meiser, professor of physical chemistry
at Ball State University. Professor Mesier
indicated, ““From her transcript, it is very
clear that Pamela is a superior student.
What should be emphasized is that she is
also a superior person.” Cooper is active
in anumber of campus organizations and
has been on the Deans Honor List
every semester.

Highlights ofthe AOAC Annual

International Meeting

The 1991 AOAC Annual Interna-
tional Meeting, August 12-15,
successfully combined the old and the
new, reflecting both AOAC tradition
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and future directions that have ensured
the success of the Association for more
than 100 years. “This is one of the best
organized meetings | have ever at-
tended,” remarked Jerry Burke of
FDA’s Office of Physical Sciences.

New directions for AOAC were ev-
ident in the session on the AOAC Test
Kit Reviewed and Recognized Pro-
gram, the name change to AOAC
International, which became effective
at the end of the Business Meeting, and
the streamlined AOAC mission state-
ment. The meeting also featured a new
look from beginning to end by present-
ing all awards during the Opening
Session and completely revising the
format of the Business Meeting to in-
clude a luncheon and discussion
session with the Board of Directors and
the membership.

Social events provided the tradi-
tional opportunities for fun and
relaxation and a chance to renew old
acquaintances. But the new look was
evident from the “Margaritas and Ma-
riachi” theme of the President’s
Reception on Sunday evening to the
featured event on Tuesday evening
when country-western performer
Shelly West entertained attendees after
the Cowboy Cookout and dancers ran
the gamut from toddlers to Board
members.

Gene Klesta of Chemical Waste
Management enthused, “The facilities
were excellent from the standpoint of
space. The poster sessions had plenty
of room, and it was easy to walk around
and talk to colleagues and presenters.
This meeting allowed for a great deal
of interaction, not only in the poster
sessions but at committee meetings
and other functions, as well.” More
than 1,000 attendees and guests
were present.

By “Executive Order” from outgo-
ing AOAC President H. Michael Wehr,
everyone from attendees to staff
dressed for comfort. Bermuda shorts
and golf shirts were seen everywhere,
and after the Opening Session on Mon-
day, there were no ties in evidence.

The tradition of providing quality
scientific programs was reflected in six
symposia, ten poster sessions, two
workshops, and a roundtable with top-
ics that ranged from biotechnology and
microbiology to natural toxicants and
supercritical fluid extraction. Poster
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sessions and the Workshop on Antibi-
otics in Drugs and Feeds emphasized
AOAC methods development and
approval. The more than 300 presenta-
tions by scientists from all over the
world offered information on a wide
range of scientific challenges. Bruce
Ames, Director of the National Insti-
tute of Environmental Health Sciences
Center at the University of California,
Berkeley, launched the meeting with
his keynote address, “Understanding
the Causes of Cancer and Aging,” at
the Opening Session.

“We tried to combine good science
with good fun and casual comfort,”
stated Marge Ridgell, AOAC Director
of Administration and Meetings. “It
appears we succeeded!”

Ecology and Managementof
Food-Industry Pests

AOAC International announces the
publication of a new book, Ecology
and Management of Food-Industry
pests, J. Richard Gorham, Editor. This
595-page, fully illustrated hardcover
book is an essential reference manual
for food industry professionals respon-
sible for food sanitation, pest control,
and quality assurance, working for
food processors, retailers, wholesalers,
storage facilities, importers and ex-
porters, restaurants and other food
services, food banks, educational insti-
tutions with departments of food
science, agriculture, and entomology,
and regulatory agencies.

Prepared under the direction of the
U.S. Food and Drug Administration, it
brings together the knowledge of more
than 50 scientists who provide the most
current data on techniques of control-
ling pest populations attacking our
food supply as it moves from the
farmer to the consumer. Topics include
ecology, prevention, survey and con-
trol, health considerations, legal and
regulatory aspects, and general man-
agement principles such as education
strategies for food-pest managers, to
name a few.

Since food is avalue-added product
following harvest, the food industry
places its greatest efforts—as reflected
in the contents of this book—on pest
management during storage, process-
ing, and distribution. The authors seek
to provide the reader with sufficient in-



formation to make responsible and in-
formed decisions regarding the
management of pest populations and to
transform knowledge into action. They
emphasize that only through diversity
in pest control approaches will a qual-
ity food supply become a reality.

Edouard Saouma, Director General,
FAO, Rome, comments in the Fore-
word to the book, “We live in a
...world in which a large proportion
of agricultural production is lost be-
tween the farmer and the consumer,
while millions of people suffer from
hunger and malnutrition, and...sim-
ply starve to death.... Given these
circumstances, the need for expertise
in the ecology and management of
stored-food pests and microorga-
nisms becomes obvious.... This
manual, Ecology and Management
of Food-Industry Pests...is designed
to advance our knowledge in this
vital field.... | heartily recommend it
to your attention.”

This new hardbound 595-page text
can be ordered from AOAC Interna-
tional by sending the following:
purchaser’'s name and address, a
check (U.S. funds on U.S. banks

JAOAC

only) or MasterCard, VISA, or Diners
credit card information (name of card,
card number, and expiration date) and
card holder’s signature to AOAC Inter-
national, 2200 Wilson Blvd, Suite 400,
Arlington, VA 22201. Price is $121.00
in the U.S., $130.00 outside the U.S. for
AOAC International members, $135.00
in the U.S., $145.00 outside the U.S. for
non-members. Credit card orders may be
placed by mail, telephone 703/522-3032,
or fax 703/522-5468.

Methods Adopted FirstAction

As directed by the Board of Direc-
tors, the O fficial Methods Board is
responsible for consideration of meth-
ods for first action approval. The
following methods were adopted first
action at the Official Methods Board
meeting August 10 and 15, 1991, in
Phoenix, AZ, and became official at
that time. These methods wiill be pub-
lished in the third supplement (1992) to
the 15th edition (1990) of Official
Methods ofAnalysis.

B Pesticide Formulations and Disin-
fectants: Testing Disinfectants against

COMING IN THE NEXT ISSUE

DAIRYPRODUCTS

Salmonella choleraesuis, Staphylococcus
aureus, and Pseudomonas aeruginosa,
Hard Surface Carrier Test Method.

B Foods |I: Total Aflatoxin Levels in
Peanut Butter, Enzyme-Linked Im-
munosorbent Assay Method (Biokits).

Ochratoxin A in Corn, Barley, and
Kidney, Rapid Solvent-Efficient Liq-
uid Chromatographic Method.

B Foods Il: Insoluble Dietary Fiberin
Food and Food Products, Enzymatic-
Gravimetric Method (Phosphate
Buffer).

Total, Insoluble, and Soluble Dietary
Fiber in Foods, Enzymatic-Gravimetric
Method (MES-TRIS Buffer).

Glycerol in Wine and Grape Juice,
Liguid Chromatographic Method.

B Microbiology and Extraneous
M aterials: Salmonella in Foods, Col-
orimetric DNA Hybridization
Method— Modification of Method
990.13.

B Feeds, Fertilizers, and Related Ma-
terials: Nicotine in Environmental
Tobacco Smoke, Gas Chromato-
graphic Method— M odification of
Method 990.01.

m Quantitative Analysis of Agricultural and Food Products: A New Instrumental and Computerized Approach— B.S. Lanher

DRUGS INFEEDS

m CI-906 and C1-925 Cyclization in Rodent Chow Using Liquid Chromatography for Detection and Assay— C.H. Spurlock

MICROBIOLOGICAL METHODS

m Evaluation of Methods for Detection of Listeria monocytogenes in Foods: NM KL Collaborative Study— A. Westdd and

M. Peterz

and
TRANSACTIONS OF THE

105THAOAC ANNUAL INTERNATIONAL MEETING AND EXPOSITION

KEYNOTEADDRESS

m Pollution, Pesticides, and Cancer— B.N. Ames

WILEYAWARD ADDRESS

m Biomolecular Temperament of Staphylococcal Enterotoxin in Thermally Processed Foods— R.W. Bennett

PRESIDENT'S ADDRESS
m Risking for Success— H.M. Wehr
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DISCUSSIONS

IN ANALYTICAL CHEMISTRY

Thoughts on the Use of Immunoassay Techniques for Pesticide Residue Analysis

S. MARKLEE and SYLVIA RICHMAN

State of California, Department of Food and Agriculture, Chemistry Laboratory Services, Sacramento, CA 95832

Nearly a decade ago, enzyme-linked immunosorbent assay
(ELISA) was developed for determining trace pesticides. The
method seemed to be fast, simple, highly sensitive, and selec-
tive. Students of analytical chemistry and life science were
fascinated with its potential as an analytical tool. ELISA
seemed to be a panacea for residue chemists.

However, developing ELISA for pesticide residue analy-
sis had several difficulties, such as making the enzyme
system selectively recognize a small organic molecule the
size of 300 daltons rather than 100 000 daltons, and produc-
ing uniform and stable antibody. A decade of diligent work
by many scientists has resulted in producing several commer-
cial ELISA Kkits for pesticide residue.

ELISAis fast: One can perform concurrent analyses using
96-well plates. It is simple to do for certain matrixes using
one of the commercial test kits. It is highly sensitive; in some
cases, it can easily detect levels less than parts per billion. But
it is not the panacea we once thought.

ELISA works well for simple matrixes, such as drinking
or ground water. For a difficult matrix such as fresh produce
or tissue, the sample must be vigorously cleaned up before
the assay can be performed. Without any sample cleanup, re-
sults can be highly misleading. A good example of
misrepresentation using ELISA occurred in a recent incident
with table grapes. A misinformed individual used commer-
cial ELISA test kits designed for ground water analysis to
analyze table grapes without any sample cleanup or appropri-
ate control samples in front of an unsuspecting television
audience. Needless to say, he claimed that the grapes were
full of pesticide residue, which others using more conven-
tional analytical techniques determined was not correct.

ELISA is selective but certainly not as definitive as ana-
lytical chemists require. ELISA often shows cross reactivities

Received January 28,1991. Accepted March 27,1991.

to structurally related compounds. For example, ELISA for
atrazine herbicide will exhibit reactivities to simazine and the
other triazine herbicides. Unless one has prior knowledge of
the chemicals in a given sample, the chemist must further
characterize the sample by other methods.

ELISA is sensitive, yet prone to give false positives. Any
false positive analysis is extremely difficult to contradict be-
cause ELISA can detect levels that other techniques can not
easily verify. The assay, especially as a commercial Kit, is
best designed for a compound-matrix pair analysis. ELISA
can not detect and identify multiple pesticides in a sample.
For example, if one needs to determine atrazine and captan,
2 different ELISA kits must be used.

ELISA, however, is a valid analytical technique for pesti-
cide residues. Panaceas exist only in one’s dreams! At
present, ELISA is very well suited for some selected analyt-
ical applications. ELISA can be transported to the field more
easily than analyses. It is also helpful in regulatory work as a
screening technique followed by conventional analysis of a
small number of samples that show ELISA positives.

However, more development in several areas is needed to
make the immunoassay more applicable to pesticide residue
analysis. More ELISA systems should be developed for pes-
ticides that present conventional methods can not determine
well. There is no further need for demonstrating the abilities
of ELISA with easy-to-analyze pesticides. Affinity solid-
phase extraction columns could be developed for better
sample cleanup using antibodies already developed for com-
mercial ELISA kits. Extremely simple sample preparation
could then be coupled with established conventional analyt-
ical methods.

Most of all, we all need to be more familiar not only with
ELISA, but also with other immunological and bioanalytical
techniques and concepts. The future indeed belongs to bio-
technology and related sciences.
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CHEMICAL CONTAMINANTS MONITORING

Limited Survey of Residual Tetracyclines in Tissues Collected from Diseased Animals in

Aichi Prefecture, Japan

HISAO OKA, YOSHITOMO IKAI, NORIHISA KAWAMURA, and JUNKO HAYAKAWA
Aichi Prefectural Institute ofPublic Health, Tsuji-machi, Kita-ku, Nagoya 462, Japan

Tissues were collected to survey the actual conditions of tet-
racycline antibiotics (TCs) residues in slaughtered animals
that did not pass Inspection at slaughterhouses in Aichi Pre-
fecture, Japan, because of the presence of disease symp-
toms. Tissues were analyzed by liquid chromatography.
Among 271 samples, 49 (18.1 %) were positive for Oxytetracy-
cline (OTC), 5 (1.8%) for Chlortetracycline (CTC), and 5 (1.8%)
for doxycycline (DC), respectively. One sample (cattle kid-
ney) was positive for both OTC and DC. However, tetracy-
cline was not detected in any samples. Percentage
frequencies of TCs residues were 29.1% (37/127) and 15.2%
(22/144) for cattle and hogs, respectively. Kidney samples
showed higher Incidence of TCs residues and 1.5-7 times
higher residual concentrations than liver and miscella-
neous samples.

Tetracycline antibiotics (TCs), which represent oxytetracy-
cline (OTC), tetracycline (TC), chlortetracycline (CTC), and
doxycycline (DC), are commonly used all over the world as
veterinary medicines and feed additives (1, 2). In Japan, over
60% of all antibiotics used for animals are TCs (3), and resid-
ual TCs have been found in organs and muscles of
slaughtered animals (4, 5). Therefore, the survey of such res-
idues in slaughtered animal tissues is one of the most
important duties for a public health agency.

Microbiological assay is used mainly for analysis of resid-
ual TCs in slaughtered animal tissues because of the method’s
good sensitivity. However, because it can not identify certain
TCs and can not determine TCs precisely, an adequate survey
of residual TCs in slaughtered animal tissues has not been
reported so far. In a previous report (6), we described a prac-
tical and simple analytical method for residual TCs in foods,
including slaughtered animal tissues, using liquid chroma-
tography (LC). In this paper, we apply this method for survey
of residual TCs in slaughtered animal tissues and describe the
actual conditions of residual TCs in these tissues.

Experimental

Reagents

(a) Solvents—Methanol and acetonitrile (Wako Pure
Chemical Industries, Ltd., Osaka, Japan).

(b) Chemicals.—Disodium ethylenediaminetetraacetate
(Na2EDTA), oxalic acid, citric acid, and disodium hydrogen
phosphate (Wako).

(c) Water—Distilled and deionized.

(d) CIS cartridge.—Baker 10 C18 (7020-3, J.T. Baker
Inc., Phillipsburg, NJ 08865).

Received October 19, 1990. Accepted March 29,1991.

(e) LC mobile phase.—Methanol-acetonitrile-O.0IM
aqueous oxalic acid solution (pH 2.0) (1 + 1.5 + 2.5).

(f) Extraction solvent.—0.1M Na:EDTA-Mcllvain
buffer, pH 4.0 (33.62 g Na2EDTA + 614.5 mL 0.1M citric
acid + 385.5 mL 0.2M disodium hydrogen phosphate).

(9) Elution solvent.—From C18 cartridge, 0.01M
methanolic oxalic acid solution.

(h) TCs standard solutions.—Mixed TCs. 0.5 pg/mL. All
in 0.01M methanolic oxalic acid solution. Prepare daily.

Apparatus

(&) High-speed blender.—Ultra-Turrax TP/18N (IKA-
Works, Inc., Cincinnati, OH 45240).

(b) LC column.—150 x 4.0 mm id stainless steel column
packed with 10 pm LiChrosorb RP-18 (E. Merck, Darmstadt,
Germany).

(c) Liquid chromatograph.—Model 6A series equipped
with constant flow pump and variable wavelength UV detec-
tor (Shimadzu, Kyoto, Japan). Operating conditions: eluant
at room temperature; flow rate, 2 mL/min; injection volume,
100 pL; detection wavelength, 350 nm.

Sample Collection

Sixty-two cattle kidneys, 45 cattle livers, 20 cattle miscel-
laneous tissues, 66 hog kidneys, 55 hog livers, and 23 hog
miscellaneous tissues were collected as samples. Samples
were taken from 64 cattle and 68 hogs of 1358 diseased ani-
mals (192 cattle and 1166 hogs; during survey period, 39 317
cattle and 1 152 207 hogs were slaughtered) that did not pass
inspection at the slaughterhouse in Aichi Prefecture in Japan
from April, 1985 to March, 1987.

Extraction, Cleanup, and Analysis

The method used it the present study was described in
detail in the previous paper (6); therefore, a brief statement is
given here. A 5 g sample was blended 3 times with 20, 20,
and 10 mL extraction solvent, using a high-speed blender.
The sample was then centrifuged. Supernatant was applied
on C I8 cartridge and cartridge was washed with 20 mL
water. TCs were eluted with 10 mL elution solvent and col-
lected in 10 mL volumetric flask. For determination of TCs,
each sample and the standard solution (100 pL) were injected
into the LC system.

Evaluation of Method Using Spiked Samples

According to the previous method (6), TCs in various tis-
sues spiked at the 1.0 ppm level were determined and
recoveries were calculated. As shown in Table 1, good recov-
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Table 1.

Sample OoTC TC

Cattle liver 87.7 (24 875 (L0
Hog liver 910 (L1) 881 (L6)
Cattle kidney 9.7 27 859 (L0
Hog kidney 81 (12 86.3 (23)
Cattle muscle 916 (25 875 (27)
Hog muscle 928 (14 90.2 (16)

eries and coefficients of variation (CVs) were obtained, and
detection limitswere 0.05 ppm for OTC and TC, and 0.1 ppm
for CTC and DC, respectively.

Results and Discussion

Residual TCs in tissues obtained from 64 cattle and 68
hogs of 1358 sick animals were analyzed by our established
LC method (6). Table 2 shows the frequency of TCs residue
occurrence. Percentage frequencies of TCs residues were
29.1% (37/127) and 15.2% (22/144) for cattle and hogs, re-
spectively. TCs residues in cattle are more frequent than
those in hogs. Among 271 samples, 49 (18.1%) were positive
for OTC, 5 (1.8%) for CTC, and 5 (1.8%) for DC, respec-
tively. One sample (cattle kidney) was positive for both OTC
and DC. However, no TC was detected in any samples. The
residual TCs found most often were OTC, which showed 10
times higher incidence than those of CTC and DC. We con-
cluded that this higher incidence of OTC residue is due to a
greater use of OTC (3).

Of the 128 kidney samples (62 cattle and 66 hogs), 22.6%
(19 cattle and 10 hogs) were positive for TCs (cattle, 30.6%;
hog, 15.1%). Fifteen percent (cattle, 22.2%; hog, 9.0%) of the
100 liver samples (45 cattle and 55 hogs) contained TCs.
Among these TCs positive samples, 20 kidney and liver pairs
were obtained from the sample animal bodies, and 15 pairs
(10 cattle and 5 hogs) contained TCs in both kidneys and
livers. In the remaining 5 cattle pairs, only 1 kidney was pos-
itive for TCs and none of the livers was positive for TCs.
Thus, kidney tissue had the greatest rate of TCs incidence.

Averages and ranges of the concentration of residual TCs
in the positive samples are shown in Table 3. The highest res-
idue was 33.61 ppm OTC in a hog kidney, and the lowest was
0.05 ppm OTC in a cattle kidney. Average concentrations of

Recovery of tetracyclines from animal tissues (6 samples each)

Rec., % (CV, %

cTC DC

796 (29 675 (20)
885 (26) 689 (33)
23 (26) 814 (29
862 (21) 832 (22)
930 (21) 854 (35)
949 (14) 855 (22)

Table 2. Frequency of tetracycline residues In sick
animals

No. of positive samples

Sample No. of samples OTC TC CTC DC
Cattle
Kidney 62 18 0 1 1
Liver 45 9 0 0 1
Miscellaneous 20 3 0 1 3
Hog
Kidney 66 8 0 2 0
Liver 55 4 0 1 0
Miscellaneous 23 7 0 0 0
Total 271 49 0 5 5

residual OTC were 1.62 ppm in cattle kidneys, 0.67 ppm in
cattle livers, 0.29 ppm in cattle miscellaneous tissues,
12.37 ppm in hog kidneys, 3.41 ppm in hog livers, and
3.56 ppm in hog miscellaneous tissues. However, we could
not collect statistics for the concentration of residual CTC
and DC, because the number of positive samples was not suf-
ficient. For both cattle and hogs, kidney samples showed the
highest average concentration of residual TCs, and liver sam-
ples contained TCs at higher concentration than
miscellaneous tissue samples. As described above, 20 kidney
and liver pairs were obtained from the same animal bodies
and the level of concentration of residual OTC and their con-
centration ratios (kidney/liver) are shown in Table 4. Only
Cattle A showed a DC residue in both kidney (4.18 ppm) and

Table 3. Averages and ranges of concentration of tetracyclines In various tissues of sick animals

oTC CTC DC

Sample No. A Range No. Av, Range No. Av, Range
Cattle

Kidney 19 162 0.05-11.04 1 4.80 — 1 4.18 —
Liver 9 0.67 0.06-4.05 1 0.84 — 1 122 —
Miscellaneous 3 .029 0.12-0.53 — — — 3 055  0.53-0.57
Kidney 8 1237  0.22-33.61 2 0.29 0.15-0.43 — — —
Liver 4 341 045-6.51 1 0.15 — — — —
Miscellaneous 7 356 0.24-6.05 — — — — — -
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Table 4. Level of concentration of residual
Oxytetracycline in kidney and liver obtained from the same
animals, and their concentration ratios

orC
Concentration Residue,
ratio ppm
Sample Kidney/liver Kidney Liver
Cattle A ) 0.15 NDa
Cattle B 15 101 0.67
Cattle C 29 0.50 0.17
Cattle D 0.9 0.12 0.14
Cattle E 41 0.69 0.17
Cattle F 110 132 0.12
Cattle G © 0.48 ND
Cattle H © 0.18 ND
Cattle 1 © 0.36 ND
Cattle J 2.9 0.29 0.10
Cattle K ©@ 0.05 ND
Cattle L 2.0 0.12 0.06
Cattle M @ 0.07 ND
Cattle N 4.4 2.58 0.59
Cattle O 20 9.10 4.05
Hog A — ND ND
Hog B 26 136 0.53
Hog C 6.18 2.78 0.45
Hog D 41 26.98 6.51
Hog E 34 21.09 6.14

a ND =not detected.

liver (1.22 ppm) tissue; and only Hog A showed a CTC resi-
due level in both kidney (0.43 ppm) and liver (0.15 ppm)
tissue. Kidney samples showed 1.5-7 times higher concen-
tration of residual TCs than liver samples, except for Cattle
D. Honikel et al. also reported that concentrations of residual
TCs in kidney are 4-6 times higher than those in muscle (7).
Therefore, we concluded that inspection of slaughtered

animal’s kidneys for residual TCs is the most effective means
of monitoring safety of foods.

The present survey revealed that diseased animals that did
not pass inspection had a high incidence of residues (cattle,
29.1%; hogs, 15.2%). The animals also had high concentra-
tions of TCs (OTC, 0.05-33.61 ppm; CTC, 0.15-4.80 ppm;
and DC, 0.53-4.18 ppm). Although this survey has not in-
cluded the meat sample for food, these results may indicate
that our safety is threatened by antibiotics like TCs residues
in food. Therefore, a survey of residual antibiotics for meat
will be needed in the near future.
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An Analytical Survey of Aflatoxins in Tissues from Swine Grown in Regions Reporting

1988 Aflatoxin-Contaminated Cornl

ROBERT D, STUBBLEFIELD, JOHN P. HONSTEAD,2and ODETTE L, SHOTWELL3
U.S. Department ofAgriculture, Agricultural Research Service, National Centerfor Agricultural Utilization Research,

Peoria, IL 61604

A joint project was undertaken by the Food Safety and In-
spection Service (FSIS) and the Agriculture Research Ser-
vice branches of the U.S. Department of Agriculture to
determine the presence of aflatoxins inthe U.S. meat supply
during a drought year. In 1988, high incidences of aflatoxins
occurred in corn grown in regions of the Midwest, Southeast,
and South. Six states were Identified as having serious afla-
toxin contamination in their corn crop: Virginia, North and
South Carolina, Texas, lowa, and Illinois. Swine liver and pil-
lars of diaphragm (muscle) tissues were sampled by federal
FSIS inspectors in plants located in these states. A worst-
case sampling plan was conducted. Samples were taken in
January 1989 from hogs fed corn soon after harvest and in
April 1989 from hogs fed corn originally stored and then fed
In the spring. A modification of the official AOAC method for
the thin-layer chromatography (TLC) determination of afla-
toxins In animal tissue was used to permit quantitation by LC
with fluorescence detection. The official AOAC TLC confir-
mation of identity method was used to confirm all positive
samples with Bi concentrations >0.04 ppb and Mi concentra-
tions >0.1 ppb. Sixty samples in the January group and 100
samples in the April group were assayed. Concentrations of
aflatoxins Bt and Mi in the first group of pig livers ranged
from 0.04 to 0.06 ppb. The Identity of aflatoxin Btwas con-
firmed in all positive samples. Aflatoxin Mi could not be con-
firmed In any of the positive liver samples because the
method was insufficiently sensitive for this aflatoxin. No
positive muscle samples were found. In the second set, 9
positive livers were determined with Btconcentrations from
0.01 to 0.24 ppb and Mt concentrations from 0.03 to 0.44 ppb.
Two samples contained Mi only. None of the corresponding
muscle samples contained aflatoxins. Of the 12 positive
samples, 5 were from lowa, 4 from South Carolina, 2 from
North Carolina, and 1 from Illinois. Aflatoxins were not de-
tected in any of the samples from Texas or Virginia. One sam-
ple from North Carolina contained more than 0.5 ppb total
aflatoxins. Blind recovery studies were conducted by includ-
ing an artificially contaminated liver sample for every 6 sam-
ples assayed, and 1 uncontaminated liver sample for every
18 samples. Recoveries of aflatoxins Bi, Gi, and M, were
71.8%, 73.2%, and 69.8% respectively.

In 1988, numerous incidences of high aflatoxin concentra-
tions occurred in corn grown in certain regions of the
Midwest, Southeast, and South (1). Ajoint project was under-
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taken by the Food Safety and Inspection Service (FSIS) and
the Agriculture Research Service (ARS) branches of the U.S.
Department of Agriculture (USDA) to determine the pres-
ence of aflatoxins in the U.S. meat supply in a drought year.
FSIS has regulatory authority for the U.S. meat supply in fed-
erally inspected plants and is responsible for determining
environmental contaminants present in tissues. When com-
pounds have no established tolerances, such as aflatoxins in
tissues, FSIS may undertake exploratory studies to ascertain
if a problem exists. This study was undertaken for that pur-
pose. The Residue Evaluation and Planning Division of FSIS
arranged for the sample selection from federal inspection
plants located in the regions of specific interest, and the My-
cotoxin Analytical Research group at the ARS’ National
Center for Agricultural Utilization Research (NCAUR) con-
ducted the analysis of the tissues.

A sampling plan was designed and conducted by FSIS (2).
Six states were identified by FSIS as having significant afla-
toxin contamination in their 1988 corn crop: Virginia, North
and South Carolina, Texas, lowa, and Illinois. Swine were
chosen as the test animals because they concentrate aflatox-
ins more than other animals (3). Of the edible tissues, the
liver contains the highest aflatoxin concentration (4). Pillar
of diaphragm (muscle) tissue was sampled simultaneously to
determine if contaminated liver samples had correspondingly
contaminated muscle tissue. Samples were taken twice: in
January 1989, from hogs fed com soon after harvest; and in
April 1989, from hogs fed corn stored originally and then fed
in the spring.

Results of the analysis and confirmation of identity of the
positive samples found in this study are described. Statistical
results of a simultaneously conducted quality assurance
study are also included.

Experimental

Sampling and Sample Preparation

The sampling plan was designed by FSIS and conducted
by their federal meat inspectors (2). Samples were shipped
frozen to NCAUR, where they were recorded, assigned
NCAUR numbers, and stored at 0°C. Before analysis, sam-
ples were allowed to thaw at room temperature overnight.
Tissue samples were ground with a commercial meat grinder
and stored in a covered plastic freezer container at either
40°C, if analyzed within 24 h, or 0°C, if analyzed later.

Methods, Reagents, and Apparatus

The official AOAC method for determining aflatoxins in
meat tissues (5) was used for all assays; however, it was mod-
ified to permit analysis by liquid chromatography (LC) with
fluorescent cetection. The official AOAC thin-layer chroma-
tography (TLC) method for the confirmation of identity (6)
was used for all positive samples. Good laboratory practice
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Table L. Summary of analysis of contaminated pig livers
from states with aflatoxIns in 1988 corn®

Aflatoxin concn Confirmation*
Sample state Bi, ng/g M, ng/g Bi M
Winter pigsO
lowa 0.05 ND Y
South Carolina 0.06 0.04 Y NC
South Carolina 0.05 0.04 NC
Spring pigs0
lowa 0.02 0.03 NC NC
lona 0.04 0.04 Y NC
lona 0.04 0.05 Y NC
lona ND 0.06 — NC
lllinois 0.01 0.03 NC NC
North Carolina ND 0.28 — Y
North Carolina 0.10 0.44 Y Y
South Carolina on 0.22 Y Y
South Carolina 0.24 0.20 Y Y

a As determined by modification of officiai AOAC Method 982.24
described in manuscript.

6 AOAC Method 982.25. Y =confirmed, NC = not confirmed
(minimum detection limits were Bi =0.04 ppb and M =0.1 ppb).

¢ Pigs were slaughtered in either January (winter) or April (Spring)
1989.

was incorporated in this research. All reagents and apparatus
were as specified in references 5 and 6 except for TLC de-
scriptions in ref 5. In addition, the following were added:

(a) Meat grinder.—Hobart model 4162 equipped with
extruder plate containing 1/8 in. diameter holes, or equiva-
lent.

(b) LC system.—SP8800 solvent delivery system (Spec-
tra-Physics, Inc., San Jose, CA 93412); 7125 injector
(Rheodyne, Inc., Cotati, CA 94931); Zorbax ODS C18 col-
umn (4.6 mm x 25 cm) (DuPont Co., Wilmington, DE
19898); RP18 (15 x 3.2 cm, 7 jum) guard column (Brownlee
Labs, Inc., Santa Clara, CA 95050); FS980 programmable
fluorescence detector (excitation, 366 nm; emission, >418
nm) (Kratos Analytical, Ramsey, NJ 07446); and SP4270 re-
cording integrator (Spectra-Physics).

(c) Mobile phase.—Mix 250 mL each isopropyl alcohol
and acetonitrile in 2000 mL graduate. Add water to 2 L mark
to give solvent ratio of 12.5:12.5:75. Degas solution by either
sonication or helium purge.

(d) njection solvent.—Same as () except prepare ratio
of 5:15:80.

(e) silylated vials.—See 986.16 B(f) and 986.16 C(i) (7).

(f) Standard aflatoxins solution.—Prepare solution con-
taining 0.5 pig Bi, Gi, and Mi/mL, and 0.1 pg B2 and G./iTiL,
in acetonitrile-benzene (1 + 9). Store in sealed glass ampules
at 0°C until needed. After opening, store in 1 dram vials fitted
with Teflon-lined screwcaps. Keep in freezer when not in use.

(g) Trifluoroacetic acid (TFA) derivative formation.—
Add equal 200 pL aliquots of hexane and TFA to vials
containing either dry standard aflatoxins (50 pL) (use
silylated vial) or the extract residue. Cap vials with Teflon-
lined screwcaps, shake vials with mixer (Vortex), and heat
vials 10 min at 40°C. Evaporate to dryness under nitrogen.
Save for LC determination.

Table 2. Statistical data for artificial contamination of

swine liver®
Statistic Bi Gi M
Mean, ng/g 0.359 0.366 0.349
SD 0.057 0.056 0.056
CV, % 159 15.3 16.0
Range, high 0.510 0.480 0.490
Range, low 0.270 0.290 0.280
Theoretical, ng/g 0.50 0.50 0.50
Rec. % 718 732 69.8
N 28 14 28

a As determined by method in text.

(h)  Confirmation—Use 982.25 (TLC hexane-TFA spray

method). Method is sensitive for Bi and Mi at >0.04 ppb Bi
and 0.1 ppb Mi.

LC Quantitation

Redissolve dry sample TFA derivative mixture in 200 pL
injection solvent, and dissolve dry standard TFA derivatives
in 1000 pL injection solvent. Mix with vortex mixer to ensure
complete solubilization. Adjust flow rate of mobile phase to
1.0 mL/min. Adjust fluorometer sensitivity to produce Bi
peak height of ca 60-70% full scale for 1.25 ng ¢ -a(Bi TFA
derivative) injection. After LC is adjusted, inject 3 x 50 pL
standard aliquots and 50 pL sample aliquot with precision
syringes. Retention times will be 4-5 min and 6-7 min for Mi
and Bi (TFA derivatives), respectively. Average peak areas
for standards and calculate aflatoxin concentrations from the
following formula:

C =Asl/Asd x Isd/Isl xS x VIW

where C = concentration of sample in ppb; Asl =peak area
of sample; Asd = peak area of standard; Isl = injection vol-
ume of sample in pL; Isd = injection volume of standard in
pL; S =concentration of standard in ng/pL; V = final volume
(including dilutions) in pL; and W =weight sample in g.

Quality Assurance Procedure

To ensure and measure assay reliability, an artificially
contaminated liver sample was included in every set of 6
sample assays, and a blank liver sample was included for
every 3 sets (18 assays). Analysts were not informed of sam-
ple identity; therefore, all samples were treated identically.
This blind analysis gave a quality control assurance to the
assay, and a measure of the recovery of aflatoxins added to
the livers.

Results and Discussion

The FSIS sampling plan was designed to obtain meat sam-
ples in regions known to have serious aflatoxin
contamination in their 1988 corn crop (2). The plan ensured
the greatest probability of finding contaminated commercial
meat when present. Samples were collected during January
and April 1989. The aflatoxin contamination problem in com
was attributed to the major drought incurred over much of the
United States in 1988 (1). Consequently, during the January
sampling period, liver and muscle were collected from swine
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dotairedwhen tre aalysesvere rgeatad.

sted nTeble2. Reoeries tarBi, Gi, andMi were simikr,
71.8h, 73.2%, and 80.8%, regectively. Gi was removed
fram tte gikirg starthrd afte affidet sarples were as-
sayed and itwes ot faurd. Therefare, anly 14 data points
were asilldble farGi, but isrenery sreardy it ©
tet of Bi and Mi. These chta carpare with cita
dotaired nte inaraticsl olldorative study on trevali-
catinofttremethod @). The aefficet ofveriation Bkes
then tre intematiaal study, but tet s normal because
within-leborazary \variation s alvways loner then betwea-
ldoratoy\ariatias. These data aport te aocllusion tret
tre use of LC gentitationwirth fluoresent cetecion for tre
cetermiretion of aflatodrs inmeat tiss e can be s bstituted
Tar TLC gentitation.

The stdy resulits oot tte goal of tte FSIS tetanly
qality meat i goproed Tar tre comercial narketplace.
Bven intevarst-case saario, adragit yar, ad nre-
gias of tre hiited States with known heavy aflatodin
antamiretion (p 1400 pob) nttrecomam, pet7.5%6 of
treddible svine sarples hed aflatodrspresat. Only 3oftte
12 positive saplies hed 01 pob o aflatodrs arnore; te
ramaining 9 psitive sanples hed 0.06-0.1 pob tod afloars.
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DRUGS

Polyvinyl Chloride Matrix Membrane Electrodes for Manual and Flow Injection
Analysis of Chloroquine in Pharmaceutical Preparations

SAAD S.M. HASSAN

Ain Shams University, Faculty ofScience, Department of Chemistry, Cairo, Egypt

MONAA.AHMED

Ain Shams University, College for Women, Department of Chemistry, Heliopolis, Cairo, Egypt

TWotypes of polyvinyl chloride (PVC) matrix membrane elec-
trodes responsive to the antimalarial drug chloroquine have
been constructed, electrochemically evaluated, compared,
and used in pharmaceutical analysis. Type 1 is the classic
PVC model with chloroqulne-tetraphenylborate (TPB) sen-
sor; Type 2 is a coated silver disk without internal filling so-
lution. Both electrode types exhibited rapid linear
potentiometric response to the logarithmic concentration of
diprotonated chloroquine cation in the KT'-KU’M range with
calibration slopes 28-30 mV/concentration decade over the
pH range 1.8-6.2. These electrodes were sensitive enough to
permit determination of chloroquine phosphate at concen-
trations as low as 5 ug/mL with good accuracy and precision.
Determination of chloroquine in various pharmaceutical
preparations using direct potentiometry and potentiometric
titration with NaTPB gave an average recovery of 98.8% of
the nominal values (SD 0.5%). The Type 2 electrode was also
assessed in a flow-through sandwich cell for flow injection
analysis. Results were compared with data obtained by the
U.S. Pharmacopeia method.

Chloroquine [7-chloro-4-(4-diethylamine -1-
methylbutylamino)-quinoline] is the most widely used
antimalarial drug. Determination of this drug by British (1)
and U.S. Pharmacopoeia (USP) (2) methods includes extrac-
tion followed by nonaqueous titrimetric and
spectrophotometric measurements, respectively. Other spec-
trophotometric methods have also been described based on
reactions with fast green and orange Il (3), bromophenol blue
(4), quinones (5, 6), iodine (7), ammonium molybdate (8),
A-bromosuccinimide-acetic anhydride (9), tungstophosph-
ate and tetraphenylborate (TPB) (10), amine
tetrathiocyanatochromate (11), and cobalt thiocyanate (12).
Because ofthe nonspecificity of most of these reactions, prior
extraction of chloroquine is commonly involved in the assay
methods (2, 4, 6, 7, 10, 12). Fluorimetric (13) and liquid
chromatographic (14, 15) methods for determination of
chloroquine have been reported to be more selective than the
assay methods. Gravimetry (16), direct titrimetry with so-
dium dioctylsulfosuccinate (17), and indirect
complexometry, argentimetry, and redox titrimetry after prior
formation of chloroquine-tetrathiocyanatochromate com-
plex (11) have been suggested. These methods are not
sensitive enough to permit measurement of low concentra-
tions of chloroquine; moreover, they suffer from severe
interferences by organic bases.

lon selective membrane electrodes, however, are finding
considerable use for monitoring various drugs (18, 19), and

Received December 20,1990. Accepted January 9, 1991.

theymay havevarias gplicatios inphamecauticall aaly-
5. The nlly electrace systam desaribad fardeterminatian of
chloroquiine was based on the use of chloroguine-
dimnylrgdhtrelee sulfoste ioHair camplex npolywviny
chlarice (PVC) matrix membrane @). This peper presaits
the reponee daadaistics ad gplicatios of 2 types of
chloroquine-TPB PVC membrane electraksstens. Type 1
sshilar o tte dessicPVC membrane model with interral
refarae solutian. InType 2, tte sasor nateriial Bapliad
o tre auter surfae of a sihar dik, providirg an dllkdlid-
State electrak system without intaral referace solution,
similar nrircple oftrecatedwire dlectrasss. Thistyfe b
incorporated ina flov-through potentioetric cl and lets

o ttedynamic festure of flov-injectian aralysis
BA.- These electrake systamsvere evaluatedmencel y ad
with FIA far determinataan of chloroouiire invarias phar-
meceutical preparatia s,

Experimental

Apparatus

(@) Microprocessor meter.— Micrgprooessor |
A1 meter (Orian Research k., Carbriidoge, MA (2139).
Used tomake dll electrack measurarents 25 +#1C.

(b) sensing chloroquine electrodes.— Type 1a1:iType2_

(@Double junction Ag-AgClIl reference electrode =—
Model 90-02 (Oria)- Used in anjuction with sasing
dlorouiire electracss. With 10% mAy KNO3 asautercham-
ber falligsolutio.

(d) Ag-Ag2s solid state membrane electrode.— Model
%-16 Qria)). Used 1o starthrdiize NaTPB with silar ni-
e

@ Combination glass electrode.— Model 91-0L (Cl‘im).
Used st H.

@Flow-through sandwich cell.— Febricated inthis kb-
aaory, esdesribadby Machado ). Electrackbwas asihar
diskaatedwirth chlorognine-TAB PVC menbrane. Gllvas
incoorated inmenifold systemwith injectionvalhve (Om-
nifit, Canbricge, UK) and paristaltic pump (Autodnalyzer
pqa:rt:cranrgpmp Tedmion, Tarrytoan, NY 10890).

Fotential respoee was measured at room tenperature with
tremiagorooesr.

@ Strip-chart recorder.— Lirear 1200 arHeath-Schilunoer—
gar SR-210. Used 1o receive autput from flov-throuch
sadvich cll.

Reagents

QI reegatswere prepared fram reegantgrace demicals
wnlless gecifiad otreraise. Doublly distillled deionizd vatey
wes used thragait)
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Figure 1.

Manifold of single line FIA used for determination of chloroquine; (A) Carrier phosphate buffer, (B) sample valve,

(C) waste, (D) potentiometric cell, (E) peristaltic pump, (F) pulse damper, (G) Orion Microprocessor lonalyzer, (H) recorder, and

(I) reference electrode.

(a) Sodium tetraphenylborate (111) (NaTPB).— 0.0IM n
vater. Prepared, filtaadtvice, and starcardizedby potentio-
netric titratinwith stadard 0.01M sihar nitrate olutin,
wsingAg-Ag2S menbrrane electrake (d) Inanjuctianwith
double juctian elecrak (c).

(b) Polyvinyl chloride, dioctylphthalate (DOP),
tetrahydrofuran (THF).— Aldrich Chemical @., Milwau-
kee, W1 53233.

(c) Phosphate buffer.— 0.0IM, pH 4.5bedground. Pre-

pared fresh and used as carier InFIA.

200

100 1
>

g0
5]

100 1

-200 T T T T T

-7 -6 -5 -4 -3 -2 -1

Log [chloroquine], M

Figure 2. Typical calibration graphs for: (¢) Type 1, and Q)
Type 2 chloroquine-TPB PVC matrix membrane electrodes.

(d) Chloroguine phosphate standards.— 10 "<10"M,

prepared in3.0IM progete buffer-

Chloroquine-TPB lon-Pair

A 50mL alliq.otof0. 01M agueous chloroouirephogdete
was mixedwith 50mL 0.0IMNaTPB. The resulirgprecip-
itttieves fillaal, washed vel lwith tmice-cistilledvater, ad
driied uter vacuum &t 50°C. Elemental aelysis cataof tte
precipitate agreed with the formatian of chlloroquine-TPB
complex AL+ 2.

Chloroquine-PVC Membrane Electrode (Type 1)

A 10 mg portaan of dried chloroquine-TRB aarplex was
thorauchly sheken with 352 mg DOP - plesticdizar ad mined
with 187 mg PVC ponder and 7 mL TH-. This axd<ail wes
usd oprgare ttenestermerbrane (Gem diareter). Didsof
tremerbrane were usd hassanblle tte dlectrak ntteaon-
vantiaell mode by the gereral procedure previasly desariied
@2, D). Inard refarate solubdnwas 0.01M chlaraopire
phosphete-0.0IMKCL L+ D).

Chloroquine-PVC Membrane Electrode (Type 2)

A srall rirgofjolyethylae tubing (LOcm od and 0.5¢cm
lag)was foedwithaalditeon the imersurface ofaRersex
ke (LOcm idand 10cm ko). A distaeof0.4cmwes Ht
betveen tte rirgand tre end of tre tuke. A cleen sithardisk
©O9cmad ad 05mm thidk)was foedwith addite totte
polyethylere twbing 1o form a odirdrical aaty. The Iner
aufaeoftte diskwas soldered thaooperwire of acexial
Gole, therdyy diseasimg with tre intaral refaare olu-
. The tewas inartad, ad tre diskwas polisedwith
sadgper and coated with e sereor aoddaill InTH-, usiing
adrapingpet. The addailvwas added ntreaiatyand tre
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Dhantwas alloned tbevgporate atroom tanperature togive
afast bha of tte aat. This qearatiinwas reated s.adal
tires utdll tte menmbrane fillled tre aaty. The menmbrane
was Hittodry atroom fa2ds.

The sihardisk inoorporated intte Alov-throughsandvich
all used nF1Awas aated by asimilarprocsdre. When te
arfaeoftre sshardiskwas clesredwirth emery ey, ad
anew sasx lajerwas gplied by tte same procdre.

Electrode Conditioning and Calibration

Electraeswere rtoed aftapreearationby soak-
ing for & lkesst 1 day i 0.01M agueous chlloroquire
phosphate and stored in e same solulianwhen ot nuse.
Electraosswere thoroughilywashed wirth ceionizedvater be-
fore use and between measurements, and they were
alibraied s follos: Aliguots of 0.1-10"M  chloroouire
stathrd were trasfarad 1o 100 mL beders. Chloroouine
membrane electraces (Tyee 1ar ), nanjuctin with tte
double juction Ag-AgCl referaxe electrak, were im-
mersed N olutios. Fotlentials were recordsd when steble
reedings 100.2mV vwere dotaired. Fotentzal s loarthmic
aroatration ofchloroouine progdratewas plotted and usd
Tar suos et measurement: of unknoan chlloroouiine con-
airalios.

Determination of Chloroquine in Drugs

Samplepreparation.— I—‘l\.eﬂ:lasxl\erev\eigmdadﬁ'ely
pordered na sl dd An acurately weighed portaan of
ponder eguinalat 10 1 et vas dissolhvad naminimum of
0.0IM progtete huffer sution, pH 45, ad filiaed b a
500 mL cliyation flesk The filssteves diluted o tre mark
with buffer solution and Seken. Gontenits of 5 anpouleswere
mixed ad dden, ad a 1.0mL dligot of te mxture was
tasfanmad tb a 250 mL cAlilyation ik, diluted o temark
with uffer oluion, and deken. Ghloroouire fogdete n
tresediuie estolutioswas determined as cesorted ellow.

Directpotentiometric measurements — i ineeles-
traks (Type 1 ad 2) ad tre double juction Ag-AgCl
referare electrak were Immersed na 50 mL aliq.ot of
dloroouire dnug st olution aontaired na 100 mL beder.
Blectraks vwere alloed o eqilizaewith sirrigad tte
emfhaluesvere recorced ad with tre callxatian
piot. As an altardiie, tre stathrd attirtion (ki) ted-
nigee (18) was used by adding 1.00 mL 0.01M stadard
dloouireprogiate otte dilutetestdng olution, record-
ig tre change In tre electrock potenaal reediings, ad
alaiatirg tre arigirel coontration of chloroguire intre
orug et oo

Potentiometric titration.— Aliquots (5-30 mL) of
dloroouire prosdrate estolutias (@0-001M) vere piet=-
tad Ntoa 100m_beaker . The chloraguire seledtineclectrak
(Tye 1ar2) and adouble juction refarate electraevere
imersed in tte oluion. The soluion wes siired and G-
trated sloMy with starohrd 0.01M NaTPB. The mflectian
point of tte titratin aune crresoods ba 1 + 2 chlorag-
ine-TPB reecticn (L.OmL 0.01IM NaTPB * 2.5/ mg
dlorouire gogdete).

Flow injection analysis.— The Sirgle stream FIA 55
tem shown nFigure 1was usd. The parstaliticpump was
used o celinar 0.01IM pH 4.5 prospratte buffer solutian et

Table 1. Response characteristics for Type 1 and Type 2
chloroquine-TPB PVC matrix membrane electrodes
Parameter Type 1 Type 2
Slope, mV/decade 29.9 +0.7 28.1 £0.5
Intercept, mV 209.7 £ 0.8 343 +0.7
Correlation coefficient, r 0.998 0.999
Lower limit of linear range, M 105 10"5
Detection limit, M 3.2x 10" 3.0 xIO-6
Dynamic response time for
0.001M, s 20 15
Working pH range 1.8-6.2 1.9-6.1
Lifetime, days 30 40

aflovrateof5mi/min. PTFE ttbing @6mm dywas used
fortteflov Ires. The legthof the tubingbetveen tresam-
pligvale ad tte sasing all was 20 an; between tre
pump and e injectionale, tre legthwas 30an. Thesam-
ple loop (300 pL) of tre injecian vahe was fillelad te
valhvewas rotated o allow tte saple o le caaried aut by
tre buffer stream 1o tre flov-throuch cll. The potentaal
response was measured with an Orion Microprooessor
loalyzr. A strip dart recorcer (Linear 1200 or Heath-
Schilurberger SR-210) was used o record sigels. The
aerace pesk height of 5 rplicate rus on each ssiplevas
measured and carpared with a calirataa plot prepared

Results and Discussion

Response Characteristics of the Electrode Systems

Two tyes of PVC natrix membrane electratkss respont-
sietochloroouirevere prepared, evaluated aooording totre
Inermatiaal Union of Pure and Applied Chamistry recom-
mencations (&), ad copared. Both electrack systarns
were faricated fran a ss'sxr axddail arsistirg of PVC,
chlorocuine-TFB, and DOP plesticizar (34 +2 + 64, /).
The fastelectrak model (Type D was made es
cesribed fartre disssicPVC electratss (2, 23). Type 2wes
arstructad ntte form of acoated sihardisk (Lem diane-
) without intardl fillig solutio. The Type 2 electrae
systam sstrotuElly similar o ttaetpreviasily cesorited (5,
), hutasiha-disk Busad ssamerbrane bese rsteed ofa
bldb of silver-aaoL.otive gpaxy resin. The dependence oftte
otentals of Type 1ad 2 electraks on ttecooentratias of
chlloroouire was tested in freshly prepared 10M-I1CTM
pH 4.5 chloroouire phosphate solutios. Results are shon
nHgre2

The mean slqe of tre cAliration plot of tte Type 1elec-
takoer te 10M-10' contration rargeves tpically
299 mv/decade (SD 0.7nm\/decade, n=5).The

g mean skae Tar tre Type 2 model was 28.1 mv/decade
(SD 0.5 mV/decade, n = 5). Lesst I .ares treatmant of tte
SHSOfGEIHgI\SﬁEOQESﬂ’B.

- (@.9+07) kg (hlorayire) + 0.7+ 08), ad
= @105 lg @louire) + @34.3+0.9)
freledrmlasonypes land 2, regectively. The gereral re-

Soose daradaristics of tre electraks, which are compiled
inTable 1, show tret tte performences oftoth electraks are
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ggerally sinilar. The loner limit of cetection Bletiartren
17 tgdhloraguire progadhate/hi. Both ellectrack tyjes do-
tan stebleotential response far0.00M dnloroguire inless
ten20 s Ageing oftemembrranes farup to5weeks didrot
infllece tre potential reorese.

EffectofpH on Performance of Electrodes

Upon protoratian, dhlloroouire gines mono- and dicatio s
depading on e pH of tte solution. On trelesis of tte diso-
aationarstantsofdilaaguire, trefomationofteditesicion
EnostfaadbleapH <8, adacliationplotwithNamstian
slqrecn'resp:rﬂlrgtotteohblydergad cat (@od-
mately 29 V/concentration decak) isdotaired

H+
Ghloroguire-H2» A~
&Ill
(xai 84

Chloroquire-H

7 5 Chloraouine
&II
(Ka210.8)

Responses of Type 1 and of Type 2PVC natrix chlorogu-
ire menbrane electrakss far 0.01 and 0.001M chlarouire
phogdrate solutioswere inesticated atdiffaratpH \allles.
From tre potential+H profiles (Figue J), tsgpaatt tet

increesss due to the formation ofmonobasm SoECies.
Chloroquire n0.01M pH 8-9 phogdate buffer disdlays a
cAlilyation plotwirth a slgee of 40-50 m/oonoantration de-

Potentlometric Selectivity of Chloroquine PVC Membrane

Responses of Type 1and of Type 2 electradssvere examined
intrepresence ofanurber ofarganicand Inenic o s.
Mty aefficet k «' ) datawith fresh electraks in
el egerinatswere clalated by the sgarate solutian
method (18) at tre 0.0IM kel far both chloroguire phos-
prete ad tre narfaats. Reaults presaited inTeble 2 ae
aerages of 3 ceteminatias. The 2 dlectras ettt simikr
resoeeaseqectad, becauseotharebessdontesare s s
akail. Pramecautical ecipiets ad diliants commonly
usad in tte fomulation of dhloroguiire drugs @g., o,
stadh, e, and magnesium Stesrdle) &t cooentralias &
high as 1000-fold exasss over chloroguire have no advere
effecton tre reoorse of tre electraks (k- MA<IO ).

Manual Determination of Chloroquine

Prelimirery work hes shoan tre fesstaility of tte known
addition (pikirg) tedmiqee (18) for determination of
dhlloroouire phogdate inpframeceutical albeks
of 5 pg/mLto 1mg/mL using trePVC membrane electraks
oFTypes 1ad 2. Over tiscartntration ratg, teaerae

903
300
00
109 M
>
E 100+
&)
0] 10231
°4,/‘1 ¢ v‘ w/
N 107 M
o/‘fv \4 v A4
-100 T T T T
0 2 4 pH 6 8 10
Figure 3. Effect of pH on the response of: (¢) Type 1, and

(O)Type 2 chloroqulne-TPB PVC matrix membrane
electrodes.

renery E3B.9% and tre mean stachrd deviation 50.6%
(©=2). (hlorouireves also ceteymined by potentioretric
ttratinwith stardard NaTPB  solutian usiing electracks of
Type 1ar2 sstte indicator electrae. The 2 elecdtrae s
yield almost idntical titration anes, which display ap
inflection bregks (@out 150 mV) atpoints equinvalent o 1+
2 chloroouiine-TRB reection (Figure 4). Results dotaiined by
titratirggooraxinately 10mL sarple arntaining 0.2-5.0mg
dloroguire show an aerage recovery of
9. Mhad amean starcird daviatian of 0. 2% (n=20). These
resiltsdaastrate taton trelesisof itshigh acoracy ad
precisian, the proposad electrack method oould resdlily be
gllied o tte detemination of chloraguine inpramecauti-

al pgaatias.

Table 2. Potentiometric selectivity coefficients for Type 1
and Type 2 chloroquine-TPB PVC matrix membrane
electrodes
[¢]
K Pch,{B

Interference, B Type 1 Type 2
Glycine 15x10"3 2.3 x 103
Alanine 4.7 x 10"3 31x 10"
Glutamic acid 25x10"3 6.1 x 1073
Ethylamine 1.2x 10-8 34 x 103
Butylamine 3.2x 10“3 19x 103
Urea 25x 10“3 2.0x 103
m-Aminophenol 5.4 x 10-3 52 x 10-3
p-Aminobenzoic acid 2.3x 103 32x 103
Maltose 74x 10" 71 x 10"
Glucose 9.3x 10" 51 x 10"
K+ 8.6 x 10-3 22 x 10”3
Na+ 6.3 x 10-3 3.6x 103
Mg2+ 10x 10-3 25x 103
Ca2z+ 11 x 10-3 24« io"3
NH4+ 7.4 x 10-3 4.4 x io"3
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0 2 4 6 8 10

102 M Na ' 1'PB, ml

Figure 4. Typical potentiometric titration curves of: @
10 mL, (¢) 20 mL, and (® 30 mL aliquots of 0.001M
chloroquine phosphate with 0.01 M NaTPB using Type 2
chloroqulne-TPB PVC matrix membrane electrode.

Flow Injection Analysis of Chloroquine

The hich sssrtiMity, fest regose, good slledtmity, ad
reesreble sthillity offarad by tre aoated sithar disk PVC

membrane electrace (Type 2) suggestad inoporatian of s
sgEr naflov-through detector tobe ussd farflow ingectaon
ashsisof dilaroguire. A flovthrough sandwiich potentiio-
metric cetectr, similar 1o et desariibed by Machado (D),
was faricaied norr ldooratory ad used nasirgle streem
Hflow ingectiansystem (Figure 1). Starcard chloroouine phos-
prate olutias G rlicies of each cocatratian) vwere
injected inttedl throuch tre injectionalhe. Atypical dart
recortertrace Bshown inFigure 5. The mean starclrd devi-
ation of the peak helights does not exosed 10, 7%.

Determination of Chloroquine In Pharmaceutical
Preparations

Table 3 presats resulits dotained by direct potentioretry
ad potentioretric titrationofchloroouine nprermecautical
Hilets ad nectios @nules) wsin tre Type 2 dlectrak.
Average remeries of 98.8% (D 0.8%; n =45) ad 9B. I
(S 0.26; n = 45) of tte naniral \aluss are dotaired far
direct potentiaretry (Starchrd acbirtion method) and poten-
tioetric ttrabion with NaTPB, respectively. Results
dotaind far determiretian of chloraouine nsome pharma-
cautical praaratias by FIA show an aerage remwery of
98.7% and amean stadard ceviatian of 0.5% (h=4).

10 1M

10mv

10

AU UUI UL

Figure 5. Typical FIA recorder peaks produced by injection
of standard chloroquine phosphate solutions.

These datavere evaluated by conparisonwith results ao-
tairedby using tte stackrd USP metthod @), whilch involves
treatmant of tre drug et olutionwirth aldlli, edrmd‘
cloroguire bese with dhlaroform, ad
measurament a£343 m. The Fetreals tet ttemeans of
45 rus dotained by directpotentiaretry using tte chllorogu-
ire electrak, when 1o tte USP nethod, are ot
diffaatatre 0.0 sigificne kd. The FHestreaals o
sigificntdiffaaebetieen means andvariances ofrea s
dotainsd by direct potentdoretry, potentoretric titrstion,
FIA, and USP methods (Teble 3). Resulits dotained with tte
USP method @) are kesspracise; ttemean starohrd dbviatian
B10.8% (h=4), canpared 1©040.2-0.5% (h=45) dotaired
wirth the proposed electrack methods.  Electroce systens
besad on tteuse ofchlorocuine-TRB as tteelectraective ma—-
taHE have dorter respoese tires and lager Iike times
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Table 3.

905

Determination of chloroquine in some pharmaceutical preparations using chloroquine-TPB PVC matrix

membrane electrode (Type 2) and USP methods

Chloroquine phosphate, % of nominal30

Pharmaceutical product and

source FIA Direct potentlometry 3otentlometric titration USP method
Dagrinol, tablets

(Alex. Pharm. Co., Egypt) 98.7 £0.5 98.8 0.6 99.0 £0.2 98.5 +0.8
Dagrinol, ampoules

(Alex. Pharm. Co., Egypt) 99.6 £ 0.6 99.8 +0.4 100.0 +0.3 99.8 +0.7
Cidoqulne, tablets

(Cid Pharm. Co., Egypt) 97.1 £0.6 97.0+0.4 971 £03 96.8 0.7
Resochin, tablets

(Bayer, W, Germany) 99.0+ 05 98.7 +0.4 98.8 +0.1 98.7 +0.6
Resochin, ampoules

(Bayer, W. Germany) 98.8 +0.5 991 +0.6 99.0 £0.3 98.9 +0.6
Malarochin, tablets

(El-Nasr Pharm. Co., Egypt) 98.0 +0.6 98.2 +0.5 98.3+£0.3 98.1 +0.6
Chlodichin, tablets

(Misr Pharm. Co., Egypt) 973107 97.4 +0.7 97.9+03 983 +1.1
Delagll, ampoules

(Medimpex, Hungary) 989 0.4 9.1 +0.5 99.2+0.2 98.8 +0.6

The nominal content of chloroquine In all drugs was 250 mg/tablet or ampoule except chlodichin (80 mg/tablet).

Average of 5 measurements.

o those with an electrake system inoporatirg
diloroouire-dinmyirghtrelere sulfaete @).
Inaclusion, tre presant electrake methods offasaaral
adventages. Beside tre anission of the time-consumiing ex-
tractin s, tre electrocenethods aemore precise, directly
gylicble o autonated systars, and ot lidbke © nafa-
acss by tre active Ingadiats, ecipiats, ad diliats
commonly used inchloroouine drnug famulatias.
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DRUG RESIDUES IN ANIMAL TISSUES

Assay of Oxolinic Acid Residues in Salmon Muscle by Liquid Chromatography with

Fluorescence Detection:

Interlaboratory Study

GERMAIN CARIGNAN, LYSE LAROCQUE, ad STEPHEN SVED

Health and Welfare Canada, Bureau ofDrug Research, Drug Residues Section, Ottawa, ON, K1A 0L2, Canada

Gollcborators: K. Cariar; Y. kai; G. Rairear; P.G. Sdemerhom; V. Zitko

A previously developed method that uses a simplified sam-
ple preparation and fluorometric detection of liquid chroma-
tographic eluates for the determination of oxolinic acid in
salmon muscle has been collaboratively studied. Five labo-
ratories participated in the study to analyze, in quintuplicate,
blank salmon muscle fortified at 10, 20, 50, and 100 pg/kg
(ppb), and 2 incurred samples from salmon given feed with
medicated oxolinic acid. The tissue, 2 g mixed with 2 g
Na2S04, is extracted with ethyl acetate and centrifuged, and
the solvent Is evaporated. The residue is partitioned in a mix-
ture of hexane and 0.01 M oxalic acid, and the aqueous phase
is chromatographed using fluorescence detection at 327 nm
excitation and 369 nm emission. Mean recoveries ranged
from 77.2 to 84.5% in spiked samples with reproducibility rel-
ative standard deviation (RSDr) ranging from 11.5 to 18.3%.
Treated salmon were found to contain 8.71 and 53.8 pg/kg
with RSDrof 18.6 and 16.7%, respectively. The correspond-
ing repeatability relative standard deviations (RSDn were
5.8-12.2%, and 7.7 and 6.2%. The method is recommended
for regulatory purposes in Canada.

The rgoidgronth of ageauliture inCanada and inothercoun-
tries hes stinullated tre need far better regulatian of drug
residles inedible tisses of i Qollinic add, aposerful
antiedtarial apt, Busad hageauhture nCaeda. Iitbes-
pecially potent in aning ar preventiing dissseses caused by

S{HEOerrsmla Aeromonas, advibrio. Thechg
sadinisterad adlly, mixed ntte fexd ata recamended
doee led of 12 my/kg per day (Austiin Laboratories, Can-
ab). Very littke i known about iits elimination raie,
egecially a diffaet tepaatures, ad no tolaate ked
hes been estebllided yet inCanada for resides.

A potentally surteblemethod fartre determiretian of ox-
dinic acid resid s insalmon &t tre 10-2000 pyvkg (@)
led hes been develgoad ad evallated nor
lBasasnpllﬁaiedImmsedmaneﬁndbyllaetd
O with detectinby fluoresae @). The reultshave been
fully disossad previasly @). The presant peper desaribes
teraltsofan i ol leorative study cesiged
o\alicie temethod intte 10-100 py/kg (@) race-

Collaborative Study

Five ldoratories received aaopy oftemethod and 2 sts
of inunred sallmon muscle (fine 2 g preneighed saples
a). Salms, 1-2.5 kg, were fed Ellats antaining 0.1%
cdlinicacid far 10 dhys, actte raeof 1% body weidght per
dy. After awithdranal periad of 3-5 das, tre fidhvere

Received January 7, 1991. Accepted May 15,1991.

slaghtered. Inounred sanplle sets were prepared by Lsing
both filss fram a sirgle fish ground toether and carefully
mixed 10 assure unifamity. Enough blark sallimon muscle
was also providad 1o perform practice rus ad reoery
stu:ieset4ciﬂ"ere'tccrrmt|auds(lo 2, 0, ad 10
Q). Clllcoratorswere irstructed toperform dll determi-
raetias nquntplicate. Oolinic acid starcardraterial was
alogplied GatNo. 0-0877, k4084, Sigmna Chemi-
al G., & Lauis, MO 63178). Standard solutias far
arstructirg alirationanves and praparation of iked tis-
se for recovery studies were tre resoorsibility of tre
partidting Hoatay. No geecial instructios vere ginven
o tte inivid Al olioaios.

METHOD

Method Performance:

Studies:

10 p/g led: Ar. rec. =84.5%

S=92; SR=155; RSDr = 10.9%; RSDr = 18.3%
20 p/ig lked: Ar. rec. =84.0%

S=61; SR=96;RSDi=7.36; RSDr = 11.5%
50 pvig led: Ar. rec. =80.0%

S=66; SR=106; RSDr=8.2; RSDr = 13.2%
10 pig led: Av. re. =77.2%

S=44; R=91; RSDr=5.7; RSDr = 11.8%
Inourad salmonnusclle #1: Av. = 8.71 poy/lg

S=067; sSR= 162 RSDr="7.6M; RSDr = 18.62%
Inoured salmonmuscle #2- Ar. =53.80

Y- 3.3; SR=89; RSDr=6.18%; RSDr = 16.66%

Principle
Oolinic acd sedracted from tiss.e by horogenization
with dry ethyvl ataie. The arganiic phese Bevgorated ad
resid e Bpartrtaed between agueous odllic acid and hex-
ae. The agueous phase s chromatographed with
fluororetric datection. BEdractionand tre liouid chromatog-
raty (LO) axditias arebesed onmethod describadby llal
etd. (D, with madrficatias 10 inoesse ssitMvity ad
Fluoraretric detection, desaribad by Horie etdl.
@, saptimizd fornbile reee.

Apparatus

@) Liquid chromatograph — lSooaticpump systam, in-

e, fluororetriic cetector ceblle of monitoring emiissian
a369 nm and ecitation a£327 rm, rexrder, ad nteyatr.
Detector shaulld be gotiimized far both emission and ecita-
tnvaelegth ad duld give a sigalise ratio of >5
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Teblel Recoveryofodlinicecid h@o&@d blarkand cooentrataon found in inounrad salmon musclle

Rec., % Concn found, pg/kg
Call. 10 pg/kga 20 pg/kga 50 pg/kga 100 pc/kga Incurred No. 1 Incurred No. 2
A 102.8 87.6 91.5 81.3 15.60* 61.83
104.8 92.8 76.6 86.3 8.16 53.13
96.8 102.8 85.2 76.4 7.70 63.02
96.8 84.9 75.2 80.3 8.19 53.44
94.3 _— 89.8 813 8.54 56.77
B 65.0 75.2 75.6 75.9 10.07 44.41
68.3 80.5 51.1 67.3 7.91 50.00
751 79.2 64.1 65.1 7.74 49.18
80.6 63.0 73.0 71.4 8.61 52.52
84.9 70.9 71.0 70.0 9.08 52.42
C 92.0 78.3 86.4 86,6 9.04 50.31
78.2 84.6 86.6 76.3 9.65 60.77
81.8 86.4 82.2 851 10.07 53.83
81.8 86.7 86.9 85.6 10.27 60.95
84.9 78.9 82.4 83.7 9.60 60.06
D 56.7 ¢ ¢ 59.7 6.50 40.74
70.4 L L 66.9 5.45 38.77
79.7 —c —° 731 5.62 38.98
60.0 - —° 620 — 43.47
- —° —° — 7.29 45.87
E 82.3 91.0 83.9 845 10.49 61.47
1186 80.3 785 794 9.94 —
95.8 93.1 86.0 901 10.85 65.37
88.6 86.8 85.9 790 9.59 62.36
86.9 92.2 88.9 834 9.93 62.43
Mean 84.5 84.0 80.0 77.2 871 53.80
S® 9.2 6.1 6.6 44 0.67 3.32
SR 155 9.6 10.6 91 162 8.96
R, % 10.9 7.3 8.2 5.7 7.67 6.18
RSDr, % 18.3 1ns 13.2 ns 18.62 16.66

Spiked blank salmon muscle at the indicated concentration.

Outlier as determined by Grubbs test (6, 7). Not included in calculation.

C Not available.

Experimental errors as notified by collaborators.
e srand sr are the repeatability and reproducibility standard deviations, respectively.

1RSDrand RSDr are the repeatability and reproducibility relative standard deviations, respectively.

when 10 ng/mL starchrd alliqLot is injecterl. Detector should
alohave a liresrdynamiic ramge of 8200 g/l

@) Chromatographic column.— Ra,ersed—ﬂeee, ac-
tadecyl-boded dllia, 5 pm greres, 4.6 x 150 mm

Saentific e, Bllefonte, PA 16323, ar equive-

ket colum tet meets auatility reppireats).
Qeratirg caditios: Set flov rae L0 m/min and flueh
systamal hkefore iy stathrds. Flov raiefarrus B
2.0 mL/min at arbient teperature. Huilibate system 1
min between rus. Oolinicacideluiesat3-4 min. As partof
system shut-doan atend of gy, pump mobi le phese thvauch
collum at kst 15 min, then rireewirth metherol 15 min &
2mL/min.

(C) Tissue homogenizer.— Fblytrcnlvbdel PEIY/Hwith
Pt-I0ST prae (diareter 11 mm, Brinkmam Instrurants,

ke, Viestury, NY 11530).

Reagents

QI reegats usad are reggat grace, ar LC grace when
asilble, nkess otrervise secifierl)

(8) Oxolinic acid.— (SigTB, Gt No. 0-(877-)

@) Purified water.-— Distiilled, delianizd (4tDN|S Ml
Q-Systam, Millipore Gap., Bdford, MA Q1730).

(C) Dried ethyl acetate.— Add 50 g a’fWU.B sadium
sifde © 1L eth astate, dir, and Eresetle. Use diear au-
paratantanly. (htrested ethl acstate gives enullsion intte
fird |titonsigp)

(0) Oxalic acid solution, 0.01M.

© oxalic acid solution, 0.01M (pH 3.00).— Adjust
pH of 0.0IM calicacid topH 3.00with 3N NaOH.

M@ Movile phase.— MixX astoitrileredistillednetrarol
@+ Dwith 0.01M oalic acid et ratio of 4:6 st ratioof
aganic nodifiers and odalic acid acoording tochromatog-
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Figure 1. Liquid chromatograms of: (A) 10 ng/mL standard
solution; (B) blank salmon muscle extract; (C) incurred
sample (estimated concentration of 10.49 pg/kg, not
corrected for recovery). Retention time of oxolinic acid, 3.2
min (arrows). Conditions: Ultrasphere ODS, 5 urn, 4.6 x
150 mm id; mobile phase, acetonitrile-methanol (3 + 1)
mixture with 0.01 M oxalic acid solution (3.5 + 6.5); flow,
2.0 mL/min.

raphy Suitability Test, below). Filter through 0.22 pm mem-
brane. Prepare daily and store in glass container.

(9) Standard solutions.— Store all standard solutions
below 10°C. Stock solution is stable at least 3 months, but
diluted solution should be kept no longer than 2 weeks. (1)
Stock solution— 100 pg/mL. Accurately weigh ca 10 mg ox-
olinic acid at room temperature and transfer to 100.0 mL
volumetric flask. Add ca 10 mL dimethyl sulfoxide and swirl
until completely dissolved. Dilute to 100.0 mL with acetoni-
trile and mix. (2) Oxolinic acid solution.— 10 pg/mL.
Measure 10.0 mL stock solution with 10.0 mL volumetric
pipet into 100 mL volumetric flask. Dilute to volume with
acetonitrile and mix. (3) Fortification solution.—1 pg/mL.
Pipet 10.0 mL 10 pg/mL oxolinic acid solution into 100 mL
volumetric flask with 10.0 mL volumetric pipet. Dilute to
volume with 0.01M oxalic acid (pH 3.00) and mix.

(h) Solutions for standard curve.—(1) 200, 100, 50
ng/mL—Dilute 2.0, 1.0, and 0.5 mL, respectively, of 1
pg/mL solution to 10.0 mL with 0.01M oxalic acid solution

(pH 3.00). (2) 20, 10 ng/mL—Dilute 1.0 mL of 200 ng/mL
and 100 ng/mL solutions, respectively, to 10.0 mL with
0.01M oxalic acid solution (pH 3.00).

Preparation of Sample

Add 2.0 £0.02 g thawed muscle tissue, 12.0 mL dried
ethyl acetate, and 2.0 g sodium sulfate to 50 mL disposable
centrifuge tube.

Spike samples at this point for recovery studies. For 10 or
20 pg/kg spiked samples, add 20 or 40 pL fortification solu-
tion, respectively. For 50 or 100 pg/kg spiked samples, add
10 or 20 pL of 10 pg/mL oxolinic acid.

Homogenize contents of centrifuge tube with probe at me-
dium speed for ca 1 min or until well homogenized.
Centrifuge 10 min at 1500 rpm (530 x g).

Rinse homogenizer probe with 12 mL dried ethyl acetate
in 20 x 150 mm disposable culture tube, and reserve rinse for
second sample extraction. Wash probe with distilled water.
Discard water and wipe probe thoroughly before next sample
is homogenized. Carefully decant supernatant from centrifu-
gation into 16 x 125 mm culture tube, and place tube into
well of dry bath at 50-55°C. (For better heat transfer, well
may contain few drops of water.) Rinse gas discharge nozzles
with small amount of methanol and wipe them clean. Place
them above surface of liquid in tubes. Use slow gas flow to
avoid splashing. Evaporate until oily liquid film remains.

Rehomogenize sediment left in centrifuge tube, using
ethyl acetate rinse from above. Rinse probe with distilled
water and wipe thoroughly between samples. Centrifuge
tubes again for 10 min at 1500 rpm (530 X g).

Transfer top layer into appropriate tube that was used pre-
viously to evaporate first extraction. Evaporate until oily
liquid film remains.

Redissolve residue in 16 x 125 mm culture tube, using
mixture of 2.0 mL 0.01M oxalic acid (pH 3.00) and 2.0 mL
hexane. Cap tube and swirl liquid after each addition (vigor-
ous shaking may cause emulsion), ensuring that walls of tube
are thoroughly rinsed.

Centrifuge at 2600 rpm (870 x g) for 10 min. Discard
upper layer and transfer only clear aqueous liquid into tightly
capped vial (LC autosampler vial, if one is used). Sample
preparations are stable 2-3 days in refrigerator.

Chromatography Suitability Test

Inject 200 pL 0, 10, 20, 50, and 100 ng/mL oxolinic acid
standards (0 is control consisting of 0.01M oxalic acid,
pH 3.00). Retention time for oxolinic acid should be 3.5
+0.5 min. Run 5 sets and calculate relative standard deviation
(RSD) at each concentration (RSD should not exceed 20%).

Although RSD of 5-20% is theoretically acceptable, it
may indicate instrumental problems. Standard curve with
peak height (y) vs concentration (x) should have overall R2
2=0.98. Control injection should give no visible peak with re-
tention time same as, or close to, that of oxolinic acid.

Chromatography of Unknowns

Inject 200 pL aliquo:s of standard solutions and sample
preparations. Chromatograph, using one injection of each
oxolinic acid standard solution equivalent to 0,10, 20, 50,
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and 100 ng/mLatbeginning, and one at end of each run. Cal-
culatelinearregression,y = bo + b\x, using peak heights (y,
dependent variable) vs concentration (x, independent vari-
able). From y-intercept (bo, constant) and (b\, coefficient)
of calibration curve, calculate concentration of unknowns,
using the formula:

Yobs —bo
X— &T~

Results and Discussion

All collaborators were able to meet the system suitability
criteria for resolution, reproducibility, and coefficient of cor-
relation. Two of the 5 laboratories reported slightly longer
retention times. One laboratory (D) was using a column of
the same type as the recommended column, except that it was
longer (250 mm), and was also pumping at half the suggested
flow rate, resulting in a longer retention time without signif-
icantly changing the k. This laboratory also used peak areas
instead of peak height, as recommended. When used in acon-
sistent manner, these 2 methods are generally considered to
be equivalent. The second laboratory (B) used a slightly
weaker mobile phase (less organic mixture) to avoid a prob-
lem with peak symmetry.

Although the instructions given to the collaborators spec-
ified that all extracts were to be chromatographed in
duplicate, some of the laboratories submitted single injec-
tions only. Some official methods recommend duplicate
injections on each extract as an instrumental check, whereas
others require single readings only. Thus, for consistency,
only the first value of any duplicate submitted was taken into
consideration for the calculations.

Data from collaborators were statistically evaluated ac-
cording to AOAC guidelines (4). Thus, Youden and Steiner’s
formulas (5) were used to calculate the repeatability (within-
laboratory precision, Sr) and the reproducibility
(among-laboratory precision, SR). Outliers were determined
by using the Grubbs test (6, 7). Table 1 shows the results from
all collaborators for the recovery study and the assays of the
incurred sample, as well as their statistical evaluation. The
mean recoveries ranged from 77.2 to 84.5%, with repeatabil-
ity relative standard deviation (RSDr) and reproducibility
relative standard deviation (RSDr) ranging from 5.7 to
10.9%, and 11.5 to 18.3%, respectively. The overall mean
recovery for the entire range was 81.4%, with RSDr of 8.0%
and RSDr of 13.7%. All within-laboratory mean values are
within the recommended limits of 60-110% for recovery, and
they are under 20% for within-laboratory RSD at levels less
than 100 pg/kg (8). One laboratory (D) reported values for
both incurred samples that were significantly lower than
those of the others. However, inclusion of these results did
not increase the RSDrand RSDr beyond the acceptable lim-
its.

Figure 1 shows typical chromatograms from one collabo-
rator. Oxolinic acid eluted as a symmetrical peak with a
retention time of 3.2 min. The salmon muscle extract did not
reveal any interference.

Collaborators’Comments

All collaborators commented favorably on the method.
Most of them found it straightforward and easy to use.

The suggestion of collaborator D to clarify the residue
redissolution step was accepted. The last sentence of the
paragraph was changed to read: “Cap the tube and swirl the
liquid after each addition....”

The fish samples were packed in dry ice and sent by air,
to be delivered the day after or, in the case of Japan, the sec-
ond day after packing. All samples were still frozen when
they arrived at their destinations.

No optimization of excitation and emission wavelengths
was required according to the original instructions. Neverthe-
less, 3 of the 5 laboratories did so because of the large variety
of available iluorometer types, and this requirement should
be included in the method.

One laboratory commented that the method meets the
Center of Ve:erinary Medicine (CVM) guidelines for recov-
ery and precision for residue levels at 10-100 pg/kg.

Recommendation

We recommend that the LC/fluorometric detection
method described in this report for the determination of ox-
olinic acid residue in salmon muscle be acceptable for
regulatory purposes in Canada.
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Bacillus stearothermophilus Disk Assay for Determining Ampicillin Residues in Fish

Muscle

STEVEN M. PLAKAS, ANGELO DePAOLA, and MICHAEL B. MOXEY
Food and Drug Administration, Fishery Research Branch, PO Box 158, Dauphin Island, AL 36528

The Bacillus stearothermophilus disk assay for penicillin In
milk (AOAC official method) was adapted for the determina-
tion of ampicillin in fish muscle. The method was evaluated
In 2 species of cultured fish: channel catfish and striped
bass. Recoveries of ampicillin ranged from 99 to 104% when
muscle specimens from both species were spiked at concen-
trations of 0.025-1.00 pg/g. The lower limit of determination
(LOD) was 0.025 pg/g. The assay was applied to monitor the
elimination of ampicillin from the muscle of striped bass
after intravascular administration (dosage of 10 mg/kg body
weight). The mean concentrations in the muscle declined
from 1.160 pg/g at 2 h to 0.063 pg/g at 18 h. The half-life of
ampicillin in the muscle was 3.6 h. Ampicillin concentrations
were below LOD at 24 h. No inhibitory activity was observed
in the muscle of control fish.

Several microbiological methods have been developed for
detection of drug residues in foods, most of which are
based on bacterial growth inhibition. The Bacillus
stearothermophilus disk assay has been used extensively to
determine the presence of penicillin residues in milk. Al-
though relatively unsophisticated compared with chemical
methods of analysis such as liquid chromatography (LC), this
assay is rapid and sensitive enough (to about 0.010 pg/mL in
milk) for residue monitoring. The AOAC method incorpo-
rates a confirmatory step (|3-lactamase treatment), which
offers a degree of specificity to this assay (1).

Penicillins are not presently approved by the U.S. Food
and Drug Administration for use in aquatic food species. In
Japan, however, ampicillin is used to treat pseudotuberculo-
sis (caused by Pasteurellapiscicida) in cultured food fish (2).
This disease has caused massive mortalities of both feral (3)
and cultured (4) populations of striped bass in the United
States; therefore, ampicillin may have similar therapeutic ap-
plications in this country. The approval and use of drugs in
food fish necessitates the development of methods for resi-
due analysis and depletion.

The present study evaluates the B. stearothermophilus
disk assay for the quantitative analysis of ampicillin in the
muscle of channel catfish and striped bass (1). Sensitivity of
the assay and extraction efficiency were determined in spiked
muscle from both species. The method was further evaluated
for the quantitation of incurred residues of ampicillin in the
muscle of striped bass.

Experimental

Apparatus and Reagents

Apparatus and reagents were the same as described in the
quantitative disk method for penicillin in milk in Official
Methods ofAnalysis (1), with the following modifications.

Received February 8,1991. Accepted May 10,1991.

(a) Ampicillin (sodium salt).—Used in preparation of
standard curves and dosing of fish (Sigma Chemical Co., St.
Louis, MO 63178). Solutions were prepared fresh daily.

(b) Phosphate buffer (pH 6.0).—Used in preparation of
standard curves and in muscle extraction. Prepared according
to AOAC method (1).

(c) Fish anesthetic (tricaine methanesulfonate).—
(Sigma.)

(d) Homogenizer.—Fish muscle was homogenized with
a Polytron PT 10/35 homogenizer with PTA 10S generator
(Brinkmann Instruments, Inc., Westbury, NY 11590).

Animal Treatment

Striped bass (Morone saxatilis) and channel catfish
(Ictalurus punctatus) were supplied by Southeastern Fish
Cultural Laboratory, U.S. Fish and Wildlife Service, Marion,
AL. These fish were not previously treated with antibiotics.
They were transferred to the laboratory and acclimated in 90
L aquaria at 22°C.

Channel catfish were not treated with ampicillin. Several
fish were euthanized, and muscle specimens were collected
for use in spiking studies.

Eighteen striped bass, mean body weight 570 = 90 g, were
given 10 mg/kg ampicillin. Ampicillin dosing solution
(20 mg/mL) was prepared in 0.85% NaCl. Fish were anesthe-
tized in a tricaine methanesulfonate (0.15 g/L) bath and
weighed before ampicillin administration. The dosing solu-
tion was administered (0.5 mL/kg body weight)
intravascularly by syringe at the caudal peduncle. Control
fish were given the saline solution without ampicillin. Three
fish were euthanized at 2.4, 8,12,18, and 24 h. Muscle spec-
imens were collected and frozen until analysis (within 3
days). Muscle elimination data (2-18 h) for striped bass were
adequately described by a monoexponential equation, using
PCNONLIN software (Statistical Consultants Inc., Lexing-
ton, KY).

Extraction

A 5 g portion of fish muscle was weighed, chopped into
0.5 g portions, and homogenized (speed setting of 6 for 1
min) in 20 mL phosphate buffer. The homogenate was centri-
fuged for 15 min at ca 2000 x g. A 2 mL aliquot of
supernatant was heated at 82°C for 2 min. Solution was
recentrifuged and 90 pL aliquots were analyzed according to
the AOAC method, including the confirmatory p-lactamase
step (1). Supernatant was diluted with buffer if zone of inhi-
bition exceeded range of standard curve.

Standard Curve and Recovery of Ampicillin

Ampicillin stock solution (1 mg/mL) was prepared and di-
luted in phosphate buffer. Control muscle specimens (5.0 g)
were spiked to yield 0.025, 0.050, 0.100, 0.250, 0.500, and
1.00 pg/g. Ampicillin solutions used in spiking were
dispersed over chopped muscle specimens before homogeni-
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Table 1. Recovery of ampiclllin from spiked fish

muscle (pg/g)

Ampicillin ree.

Ampicillin added (mean + SD, N=4)

0.025 0.026 + 0.001
0.050 0.051 * 0.001
0.100 0.100 +0.001
0.250 0.252 + 0.002
0.500 0.512 + 0.002
1.000 1.012 + 0.006

zation. The lowest concentration gave a mean zone diameter
of 16.0 mm, which was considered the lower limit of deter-
mination. Ampicillin recoveries from spiked muscle were
calculated by comparing zone diameters with those of corre-
sponding concentrations of ampicillin in buffer.

Results and Discussion

Ampicillin was completely recoverable (99-104%) from
spiked muscle specimens of channel catfish and striped bass.
A linear relationship was found between zone diameter and
the log concentration. Comparison of regression lines by co-
variance analysis (5) revealed no significant differences (P >
0.05) between fish species; therefore, the recovery data were
combined (Table 1). Data for zone diameter (mm) vs log con-
centration (pg/g) were well described by the following
equation:

zone diameter = 7.95 (log concentration) + 28.8

The limit of determination was 0.025 pg/g. A limit of de-
tection of 0.03 pg/g in fish tissue has been determined by
LC (6).

The inhibitory activities of extracts from spiked muscle
(and from the muscle of treated fish) were completely elimi-
nated by (3-lactamase treatment. None of the muscle
specimens from control fish (striped bass or channel catfish)
produced zones of inhibition. A limited market survey of
farm-raised channel catfish (n =89) also failed to reveal any
inhibitory activity in the edible portions. The assay is consid-
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Figure 1. Elimination of ampicillin from muscle of striped

bass after Intravascular administration (10 mg/kg). Values
are mean *SD of 3 fish/interval.

erably more sensitive to (3-lactam drugs than to other antibi-
otics. For example, equivalent zones of inhibition were
produced when the concentrations of tetracycline were 50- to
100-fold greater than those of ampicillin (7).

Ampicillin was rapidly eliminated from the muscle of
striped bass after intravascular administration (Figure 1).
Mean concentrations (+ standard deviation) declined from
I. 160 +0.041 pg/g at 2 h to 0.063 +0.016 pg/g at 18 h. At
24 h, muscle concentrations were below the limit of determi-
nation. Muscle elimination data were fitted to the following
monoexponential equation:

C, =1.50c01%

where Ct is the muscle concentration (pg/g), and t is the time
after dosing (h). The elimination half-life based on this equa-
tion was 3.6 h. In cows (8) and in humans (9), the half-life of
ampicillin in the plasma is about 1.2 h.

Dosage administered in the present study was within the
effective therapeutic range for treatment of pasteurellosis in
fish, although the drug is typically administered orally (10).
Rate and extent of drug absorption (i.e., bioavailability)
would affect the concentrations in the tissues; however, elim-
ination of a drug is assumed to be the same for oral and
intravascular routes of administration (11). The oral
bioavailability of ampicillin in striped bass has not been es-
tablished. In humans, the value is about 62% (9).

Drugs and other xenobiotics are often highly concentrated
in the bile. Examination of this excretory fluid may be useful
for assessing exposure of a food animal to a given chemical.
In preliminary studies, the disk assay was evaluated for the
quantitation of biliary concentrations of ampicillin. Analysis
of undiluted bile specimens from control fish revealed strong
inhibitory activity that was not eliminated by the heating or
enzymatic treatment steps. In the striped bass study, dilution
(1:10 000) of bile with phosphate buffer eliminated the inhib-
itory activity in control fish. Strong inhibitory activity
remained in bile of treated fish, however, suggesting signifi-
cant biliary excretion of ampicillin. Because of the
nonspecific inhibitors in control bile, this assay may have
limited application for use with this fluid.

The present study demonstrates the applicability of the B.
stearothermophilus disk assay for the determination of ampi-
cillin and its persistence in fish muscle. The method is
sensitive and capable of quantitating active compound. It
may prove useful for the rapid screening of aquaculture prod-
ucts for penicillin drug residues and for ensuring sufficient
withdrawal times after disease treatment.
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Contparison of Automated Liquid Chromatographic and Bioassay Methods for
Determining Spiramycin Concentration in Bovine Plasma

PASCAL SANDERS, GERARD MOULIN, CHANTAL GAUDICHE, BERNARD DELEPINE, and

DOMINIQUE MOUROT

Ministére de I’Agriculture et de la Forét, Centre National d Etudes Vétérinaires etAlimentaires, Laboratorie des
Medicaments Vétérinaires, La Haute Marche-Javené, 35133-Fougeres, France

The performance of a liquid chromatographic (LC) method
for spiramycin measurement in bovine plasma has been
compared with that of a microbiological method. Plasma
samples were obtained from cattle administered spiramycin
intravenously. Comparison tests used were intraclass corre-
latiort (r,), correlation (r), and Student’s paired f-test. For con-
centrations lower than 2.5 IU/mL, microbiological values
wets higher than LC values. This difference in results modi-
fied pharmacokinetic interpretation and might be explained
by the presence of microbiologically active metabolites.

Spirarriycin is a macrolide antibiotic used in veterinary practice
for thé prevention and treatment of animal diseases caused by
Gram-positive bacteria and some mycoplasma (1). Plasma was
assayed by microbiological techniques for pharmacokinetic
studies (1,2). An automated liquid chromatographic (LC) deter-
mination of spiramycin by direct injection of plasma, using
column switching for sample cleanup, was developed and used
fof the determination of spiramycin | in human plasma with a
sensitivity of 50 ng/mL (3).

This LC technique was modified by the use of an auto-
mated LC sample preparation/injection system. The present
study was undertaken to obtain pharmacokinetic data from
treated cattle and to compare results obtained by the LC
method with those obtained by bioassays.

Liquid Chromatographic Method

Apparatus

(h) Liquid chromatograph.—Advanced automated sam-

ple pfOcessor (AASP™ module) with 50 pL injection loop
(AASP-LC module); pneumatic processing station (PrepSta-
tion); AASP cassette C2; Model 5020 liquid chromatograph;

Received December 26,1990. Accepted June 15, 1991.

Model 2050 UV wavelength detector set at 231 nm (Varian
Instrument Group, Sunnyvale, CA 94034).

(b) Lc column.—LiChrospher-100 Rp8 column, 12.5 x
4 mm, 5 pm particle size, 4 x4 mm guard column containing
the same sorbent (E. Merck, Darmstadt, Germany).

(c) stirrer—Heidolf Reax 2.

(d) Rotary stirrer.—\ortex.

(e) Centrifuge.—Model GR4.11 (JOUAN S.A., St.
Herblain, France).

(f) water purification kit—Reagent grade water system
MilliRo, MilliQ (Millipore, St. Quentin Yvelines, France).

Reagents

(@) solvents.—Tetrahydrofuran, analytical grade
(Merck); acetonitrile (Carlo-Erba/Fisons, Valencia,
CA 91355).

(b) ultrapure water—ODbtained from reagent grade
water system.

(c) sulfuric acid.—0.5%. Dilute 0.5 mL sulfuric acid
(Merck) to 100 mLwith water.

(d) spiramycin analytical standard.—Free base
(4133 IU/mg) (Batch CA8408700, Rhone-Merieux).

(e) spiramycin stock solution for LC.—2066.5 IU/mL.
Weigh 50 mg spiramycin into 100 mL volumetric flask, dis-
solve with 5 mL methanol, and dilute to 100 mL with water.

(f) spiramycin working solutions.—Pipet 0.1, 0.5,1, 2.5,
and 5 mL aliquots of stock solution into separate 50 mL vol-
umetric flasks and dilute to volume with water. These
solutions contain 4.133, 20.66, 41.33, 206.6, and 413.3 IU
spiramycin/mL, respectively. Store in a cold, dark place
when not in use.

(9) spiked plasmas.—Add 1 mL of each working solu-
tion to 9 mL antibiotic-free bovine plasma, and mix gently
with a stirrer at 45 rpm for 30 min. These spiked plasmas
contain 0.4133, 2.066, 4.133, 20.66, and 41.33 IU
spiramycin/mL. Freeze at -20°C pending analysis.

(h) Mobile phase.—0.5% Sulfuric acid-acetonitrile (79
+ 21, viv).
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Determination

Extraction—Thaw plasma samples and centrifuge at
5900 x g for 5 min. Load cassette C2 on PrepStation, apply
0. 5 mL 4% acetonitrile to each cartridge, and add 0.5 mL
plasma and 0.5 mL 4% acetonitrile. Drive samples through
sorbent with pressure manifold (Nitrogen 100 kPa). Wash
each cartridge of the cassette with 1 mL 4% acetonitrile and
store in refrigerator (4°C) pending analysis.

Injection—Load cassette into AASP-LC module, pro-
grammed as follows: Purge before injection with four 25 uL
portions of water, purge after injection with twenty 25 p,L
portions; injection valve in “inject position” (valve reset): 1
min.

Cassette cleanup—Before first use, wash each cassette
cartridge successively with 1 mL tetrahydrofuran, 1 mL ace-
tonitrile, and 1.5 mL water. Between each use, wash cassette
cartridges with 1.5 mL 0.5% sulfuric acid-acetonitrile (2 +
1, viv).

Calculations.—Calculate amount of spiramycin from
ratio of peak area observed for sample to peak area of spiked
plasma prepared and applied in the first 2 cartridges of
each cassette.

Microbiological Method

Apparatus and Reagents

(@) Bioassay medium.—Antibiotic medium 11 (Difco
Laboratories, Detroit, M1 48232).

(b) Bioassay plates.— 140 mm diameter (C.A. Greiner &
Sohne, Labortechnik, Frickenhausen, Germany).

C) Steel cylinder.—6 mm id x 8 mm od x 10 mm height.

2(3) Vision system for diameter measurement.—AMS 40-
10 (Systéeme Analytique) with PC 110 computer (Hermes).

(e) Bioassay standards.— Prepare spiramycin stock solu-
tion, 2000 IU/mL, with 100 mL water-methanol (95 +5).
Dilute stock solution with pH 8 phosphate buffer to obtain
concentrations of 2, 4, 8, 16, 32, and 25, 50, 100, 200, and
400 1U/mL. Further dilute these solutions in antibiotic-free
bovine plasma to obtain standards.

(f) Bacterial spores.—Suspend sarcinea lutea, ATCC
9341, in 9 %o saline water to obtain 0.5 optical density at
546 nm.

(g) Plates.—For the first standard curves (0.2, 0.4, 0.8,
1.6, and 3.2 IU/mL), inoculate agar medium No. 11 with
1 mL bacteria suspension for 100 mL medium. Pour 20 mL
inoculated agar into each petri dish and let the agar layer
harden on alevel surface (Method 1). For the second standard
curve (2.5, 5,10, 20, and 40 IU/mL), inoculate agar medium
with 5 mL bacteria suspension for 100 mL medium. Pour
40 mL inoculated agar into each petri dish (Method 2).

Assay

Place 0.2 mL standard test solution in each steel cylinder. For
the first standard curve, allow to prediffuse 2 h at 20°C. Incubate
overnight at 37°C. Use first standard concentrations for samples
expected to be lower than 3.2 IU/mL, and second concentra-
tions for samples higher than 2.5 IU/mL. Test sample undiluted.
If concentration is expected or found to be greater than highest
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concentration of standard, dilute sample with antibiotic-free
bovine plasma to an estimated concentration close to refer-
ence concentrations. Proceed as for standard, filling 5
alternate cylinders with reference concentrations and 4 cylin-
ders with samples. Use 5 plates for each sample. Read
inhibition diameter with vision system, and calculate corre-
sponding concentration. When sample is diluted, multiply by
dilution factor to obtain final concentration.

Experimental

Recovery ofspiramycin Ifrom plasma byL C —For recov-
ery study, 9 cassettes with spiked plasmas (2 cartridges per
concentration) were prepared and injected on separate days.
Before each cassette analysis, 50 p,L working solution
(41.33 IU/mL) was injected into loop of the LC system, and
peak area, AA, was measured. For each concentration 0,
peak area A-was measured. Concentration 7,-was calculated
by the following formula:

Spiramycin 7- (IU/mL) = [(A/ x 50)/(AA x 500)] x 41.33

To calculate recovery (R%), the following fojrpila
was used:

R% = 100 x (Yi/Ci)

Linearity of LC method.—A plot of concentration of
spiramycin found (7,) against the concentration of
spiramycin 1 added (C,) was used to calculate the linear re-
gression equation.

Accuracy andprecision of the microbiological method.—
Method precision and method accuracy were evaluated with
2 seeded control samples for each standard curve (0.5 find
3 IU/mL for the first standard curve, and 3 and 16 1U/mL for
the second standard curve). Each control sample was cjeter-
mined after 4 separate runs of 10 determinations.

Comparison of LC and bioassay methods—Three bul-
locks, each weighing 207 +20 kg, were used. Spiramycin
(Suanovil 20, Rhone-Merieux) at concentrations of 10P 000
and 50 000 1U/kg was injected intravenously, with a 3 weeks
interval between treatments. Blood samples were collected at
regular intervals after administration. Each plasma sample
was assayed twice by each technique. Mean estimations by
microbiological methods (MBi for Method 1 or MB: for
Method 2) and by the LC method (MH) were calculated for
each plasma sample. Statistical evaluation of agreement be-
tween LC and bioassay results for spiramycin concentration
in plasma of treated cattle was determined by calculating in-
traclass correlation (n) (4), correlation (r), and Student’s
paired f-test.

Differences between mean concentrations obtained by
microbiological methods (MBj or MBf) and LC method
(MH) were calculated for each sample. The mean spiramycin
concentration for each plasma sample from the treated ani-
mals was evaluated as follows:

Mean = [(MB! or MB:) +MH]/2

The coefficient of variation (CV) for each value ob-
tained by LC and by microbiological assay was
calculated as follows:

CV =100 x [(7i - 72/V2)/[(7, + Y2)/2]

where 7i and 72 are values obtained for each plasma sample
of treated animals by each method (Bioassay Method 1 or 2
and LC method).
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Table 1. Determination of spiramycin In spiked bovine
plasma by liquid chromatographic methoda
Concn inspiked Mean concn
plasma, IUmL N found, IWmML  Rec, % CV%
041 14 0.331 80.32 17.0
2.06 16 1.698 82.17 51
413 18 3.438 83.19 4.7
20.66 18 17.961 86.91 6.4
41.33 18 36.602 87.17 7.6

a N =number of measurements.
b Mean recovery =84.17 + 7.6%.

Results and Discussion

LC Method

Absorbance was measured at 231 nm as suggested by
Dow et al. (3), who reported that using 4% acetonitrile will
allow spiramycin to be stabilized in plasma. Although the
cycle of rinsing with water after injection was carried out, no
interference was observed, probably because of the use of
AASP, which allows the sample purification to take place on
the cartridge. The cartridge is moistened by the water used at
the beginning of the cycle before the eluant passes. This pro-
cedure permits assays to be performed over a long period
without the cartridge drying out. As the technique is auto-
mated, the apparatus can remain in continuous activity. Also,
preparation on a cassette lengthens the life span of the
guard column.

Recovery of Spiramycin by LC

Recovery from spiked plasmas ranges from 80.32 to
87.17%, depending on the concentration (Table 1). This rise
in the recovery level was observed by Dow et al. (3), who
used an internal standard, whereas we used spiramycin | as
external standard. Only spiramycin | needs to be assayed in
plasma, because the drug formulation administered to ani-
mals contains chiefly this form of spiramycin (5).

Linearity and Precision
The regression line of concentrations observed (Vi) plotted
against the concentrations added (C,) follows the equation:
Yi =(0.8742 x Q) - 0.1074

The regression coefficient is r = 0.9952.

Table 2. Determination of spiramycin in spiked bovine
plasma by 2 microbiological methods (Method 1, low
concentrations; Method 2, high concentrations)9

Measurement Method 1 Method 2

Concn in spiked plasma,
IUmL 05 3 3 16

Mean concn found, IU/mL 051 3.25 313 1567
Rec., % 10130 10842 10431 97.98
V., % 75 7.8 6.00 540

40 measurements by concentration.

Mean concentrations and their CVs are given in Table 1.
The highest CV, 17%, is observed with the lowest concentra-
tion, 0.4 IU/mL. For other concentrations, CVs do not
exceed 8%.

Microbiological Assay

Recovery was between 90 and 110% for each microbio-
logical method. Precision of the microbiological assay was
good; the CV was less than 10% at each control concentra-
tion (Table 2).

Comparison of Techniques

The correlation between mean concentrations of
spiramycin in plasma of treated cattle determined by LC and
those obtained by microbiological assay is described in Fig-
ure 1. A logarithmic scale was used to estimate measurement
dispersion over the entire assay area. The correlation straight
lines of microbiological values (Y) against the LC values (X)
were calculated for each microbiological method, as well as
intraclass correlation (n) and Student’s paired i-test.

Assay ranges for concentrations <2.5 lU/mL (Method
1) —The regression line was as follows:

Y =0.0823 + 1.156 x X d.f =67

The slope does not significantly differ from 1. The inter-
cept does not significantly differ from 0. Intraclass
correlation, however, was 0.91352, with the r\ interval rang-
ing from 0.5070 to 0.9711. Significant differences are
observed by variance analysis and the Student’s paired f-test.
Microbiological assays give significantly higher concentra-
tions than the LC method for the low concentration of
spiramycin in plasma of treated cattle.

Assay ranges for concentrations >2.5 IU/mL (Method
2) —The regression line was as follows:

y= 0.375 + 1.006 x X d.f. =161

The slope is not significantly different from 1. The inter-
cept significantly differs from 0 (p<0.001; Student’s f-test). A
constant error is detected by this statistical method. The intra-
class correlation, however, was 0.9804; the lower limit of n
was 0.9679. The 2 techniques show good agreement for high
spiramycin concentrations in plasma of treated cattle, and re-
sults were not significantly different for the paired
Student’s f-test.

A plot method (Figure 2A, B) showing the difference of
spiramycin concentration in plasma of treated animals (yi -
yi) vs mean (yi Jyi)/2, whereyi = mean result of LC analysis,
and yi = mean result of bioassay analysis. For high concen-
trations under the microbiological standard curve
(>40 IU/mL), large differences between techniques were ob-
served. Such differences can be explained by the dilution of
plasma greater than 40 1U/mL for bioassay or LC in the range
of standard curves. For low standard concentration curves
(0.2-3 1U/mL), bioassay Method 1 gives higher results than
the LC method.

The divergence between correlation (r) and the intraclass
correlation test were explained as follows: Product-moment
correlation r measures the relationship or trend between 2
quantitative variables; intraclass correlation is an index mea-
surement of the agreement of results obtained with different
techniques (4). If high variability in the measurement was
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Figure 1.
concentrations determined by LC method (Y-axis).

observed for a method, differences between intercept and
zero or slope and 1 cannot be significant, although differ-
ences by pairs were significant. Intraclass correlation was
an interesting test for comparison of analytical methods. In
our study, this test detects a difference between bioassay
and the LC method for low spiramycin concentrations in
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Figure 2.

Mean plasma concentration assayed by microbiological methods (X-axis) plotted against mean plasma

plasma. A similar difference between LC and microbiologi-
cal measurements of spiramycin was observed with
spiramycin in human serum by Harf et al. (6). In this study,
results were 5-fold higher by microbiological measurement
than by LC for spiramycin concentrations lower
than 3 IU/mL.
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Figures 3 and 4 show a plot of distribution of the CV for
each measurement of spiramycin concentration in plasma of
treated cattle obtained by LC and by microbiological assay.

LC determinations are less subject to variation than those
obtained by microbiological assay, because 59.4% of the as-
says have a CV less than 2%, whereas this percentage is less
than 25% for microbiological assays. The LC method was
more precise than bioassay methods.

25 -

Pharmacokinetics

The curve of concentrations obtained by each technique
against time for 1 animal is presented in Figure 5. The areas
under the curve (AUC) were calculated from the results by
LC and the microbiological assay. The ratio of AUC esti-
mated by each technique should be close to 1 if there is no
interfering bias. The mean ratio calculated for 3 animals and

D
15 -
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* & X xx;
X >\</>< X X
X Xy X )2
X Vo X
yﬁ?%ay A XX X
01 VXX X*X * XX xXx  x
u I TTT
1 1 D m yi1)
MIRBEQGEC NEN

Figure 4. Distribution of CV against mean plasma concentration of spiramycin In treated cattle plasma, determined by
microbiological assay.



SANDERS ET AL: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6,1991) 917

CONCENTRATION (IU/ML)

T 7
~— R
e
o
[ I N T
48 60 72 B4 96
TIME (H)

Figure 5. Comparison of plasma concentration time curves of spiramycin | determined by LC method (A) and microbiological
methods (o) in a representative bullock after intravenous injection of Suanovil 20 (100 000 1U/kg).

2 trebwith diffaet dosages (50000 and 100 000 1UAQ)
was 1.167. This valle s sigu dfflaetfran 1 =

481,4 ¢+ =5,p0.0D). The evidanee farbiss dring ttecor-
relatinstudy inflleces ttevalle of AUC and tretoial body
desrare, which sromal, because Cl =Dose/AUC. No dif-
faaswere fourd eitter intte estiration of tre fird slaqe
ar ntteestimation of tre distriuionvolures.

The arigin ofbiss caot be eplaired anly by the use of
diluioswhen assayirg hich coentralia s, because \aria-
towas symetricaround O (Figure 2)). Bicessay meesures
potency of plasma far irhibitaan of becterial groath; LC
meesures anlly spiranycin 1 catration. iFaother sub-
state, suchasetaol ite ofgiranycin, hesmiadbiolagical
atmMity, ispresaoe nplasamay eqllain tre differate.

Conclusion

Recovery by tre LC method was grester tten 75% witha
relative startard chviation kess tten 10%. The lireerrageof
aliratnarneswas kargeenough toencampess phamaco-
kiretic stLdy. The recammended precision of determiretian
shauld gererally be kess tren 10%. In edditian, tre LC
method was sinplle, ad sanplle preparatian tine wes ks
tten tret far tte bicessay metihod. Agreement between tte2
tedmigueswas poor far lov aentratios and hed en efflect

on cetermiretion of prameocdkinetdc parareters. Honever,
bicessay estinates tre kiretics of miatbiolagical effect,
wheress LC estimates tre kiretics of tte spiranycin Inole-
alde. Each method provides infomeation tet isdiffaetad
wseful farboth tregrameadckineticianand tedinican. The
presmt LC method should be goorgariiate far the meesure-
ment of spiranycin 1 n plasma because Emeets eral
adiaas faraseljtical methods tretare inteted osutte
prameadkineticiansneads (). dinicias, whose cocem B
the pharmacodynamic effect of tte drug, wall be more
inerssted n tre informatian given by tte miarabiologi-
cl method.
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Analytical Evaluation of the Globulin Proteins of Cottonseed Meals
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A method for the analytical evaluation of the globulin (salt-
soluble) fraction of cottonseed meals has been developed.
Cottonseed of 14% moisture content is stored for 6 and 9
weeks at 50°C. Meals obtained after seeds are defatted with
pet ether are analyzed for nitrogen content, and then ex-
tracted with water. Residues are then extracted with 10%
NaCl to isolate the globulin fraction. This fraction Is charac-
terized by liquid chromatography (LC) and gel electrophore-
sis (LDS-PAGE). Kjeldahl analyses showed no loss of
nitrogen In meals from stored seed compared with those
from unstored seeds. However, a large decrease In NaCl ex-
tractable nitrogen was noted in meals from stored cotton-
seed. LC and LDS-PAGE showed that an alteration of the
globulin proteins occurred during storage, and the method
demonstrated a progressive change in the 11S and 7S com-
ponents of the globulin fraction.

Cott isgroan prircially for isfil, hut tte ssed Ban
nmorat In 1980,5_8milliontos of cottossd
were procuoed inttelninted States, and 3 4milllintosvere
anshed toyieldvageteble aill and meall, with economiic val-
ues of $270 and $290 million, regectively (. Although tte
e Bused prircial ly ssafesd Tarruminent aninells, itcen
e as an inportant protein source N ratiias far nonrumi-
rents, and ithes potential s a source of rutrients farhuman
consurption @. When freshly hanvested cottorsss are
processed, both all and meall are of hiigh g allity; honever,
most of tte ssad must ke stored Tarweeks armonths kefore
itcenbe processad. Duriing trestorege periad, biolagical pro-
s intte ssd are ot domant, and breakooan of ssd
striduresoours tratcauses deteriaration Q). Thils deteriaa-
tion could resit nadverse danges naill and meal g dlity.
A recent ressarch program at Southern Regiaal Research
Ganterwes directed torard preventing thiscteriaration. De-
aressing ail gality can be measured essily by noting
inesss ntte free fatty acid () antentad/or refiniry
Issofttedl. Meal galitymeesurenent, hovever, isbesd
iy on protein antent s determiined by anmodirfied Kjelcshl
is (@) tatmeesures i niragn WN) . Protelin iBes-
timated by nultiplyirg %N by tre factor 625. This method
messures ol nitram, e, protein and norproteinnitrag;
itdoes ot cefire dranges intre protein qality of tre meal
tatmay coor a5 the sead dteriaaies. Olaott ad Fataire
O iicaied ttetmore then 80% of tre nitragm, desiigrated
by diessical norenclature as gldulin poteirs, was olilble
in sodium dlarick. They alo determined tret tareves a
anelatinbetineen tre amount of ttese proteirs ad ttenu-
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tritaeqalityof treneal . Later stLoiesvere directed torard
treedllatin of ad storae (aterad
aldli olble nitrogen fractios) ©). The prircipal gl of
thee studieswas te ion of protein solates having
The dgjective of tte work rported here was to develp a
precse, rpidmethod toevaluate dranges intteproteingLal-
ity of cottorsssd meall tratocoours duriing storage of the ssadl.
Using tre work of Olaott and Fontaire ) as aguick, te
mealswere edractedwithvater, and trenwith sodiumdnlar—

ice. The glooulin fraction was analyzed by licuid

dronatography (LO) and ¢ell electrdoresis (LDS-PACE) -

Experimental

Preparation of Cottonseed Meal Samples

Whole fuzzy cottoresed (00 g) was equilibrated ©© 14%
noisture. Sanplewas dividd into3 equal portias. One por-
tonwes reened Tarttreantrol Oweek staag). The otter
2were placd incdicsad dgless jas na Ghiret equippedwirth
aforod airbloner and tremostatically antrollled tomain-
tain a teparature cfF 50 £2°C. One jarwas removed far
aslsis dfitar 6 wedks, ad te otter was removed aftar 9
wesks. Hrotprooessd inmediately, sarplesvere storedat
0°Cutal arelyzd.

Preparation of Cottonseed Meal

Each sarple ofwhole fuzzy cottorsasd was frazenwirth
liqudN 2 and placed inableder. Cotatsweregivena2 s
hurst a1l pover 1o sgarate tre fuzzy ssd I Biars,
hulls, ad larels.

Cottorsead karrelsvere defattedwinth petetter @021, <b-
\atkarels) by bleding far 2 min in a Stamacher Lab
Bleder 400 (Tekmar @., Gircirretd, OH 45222). Cotents
oftte Stomecher beg were fillead tosgarateal franmeal .
ResidLal meal was washed with 15 mL pet etter tatvaes
adoed o ttefiltce. Afla-egoration ofttesohat, allwes
analyzed farFFA aontant. Meal wes airdriiedoemigitintte
lcboratary edaust hood atarbient tarperature (20).

Preparation of Protein Extracts

Cottoseed meall sanplles were ground wirth a Tekmar
Mill, Model A-10 far2min. A arsistaty sihilarotetof
aflarwes dotaired.

Samples were extracted with distilled vater (81, s<l-
vatneal) n50 mL centrifte tubes by continuous stiniry
for 30 min at arbient tEperature. Contents were atri-
fuged far 0 min & 12000 x g & 20°C. Spamatatt was
discat. Riatsvere edracted intte aantrifuge ttbeswirth
10% NaCll (521, sohventtmeal) by antinuous stimrg far D
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Table 1.  Effect of etorage of high moisture content
cottonseed at 50°C on nitrogen content (%) of defatted meal

Storage, weeks

0 6 9
Total 8.63 8.20 8.58
Soluble8 51.88 10.93 3.49

8 Percent of total nitrogen soluble in 10% NaCl.

min at arbient eperature. Cotants were antrifugd far
Dminat12000xg a2C. Residiewas discarced. per—
retants vere fillaed imrediately, wsing 0.46 and 0.2 pm
Millipore srirnge fillas arragd N see. Rrtias of
100 pL ofeach edractwere dillutedwith LDS-PAGE sanple
uffer (=3 dilubion far tte Oweek saple, 122 fartte6 ad
9week saple), placd ina oilirg vwater bath far 2 min,
aoled, stggeerad, and frazen utill arellyzed by LDS-PAGE .
Remaining portaan of eech edractwes frazen util analyzd
LC.

Analyses

Free fatty acids — FFA cotatofal was determined ac-
aording to Offacial Arerrican Oill Cramists Sooiety (AOCS)
Method Ca 5640 ().

Kjeldahl analyses = }g'elobhl HBI)%V\BFG perfomed
on meals ad protein exdradts aoccording IAOCS Modirfied
Kjeloehl Method Ba 40-87 (7).

Electrophoresis (LDS- PAGE). Cel
anodification of Laemlli @) with 1ithiium docko/l sjﬂe
(LDS) sstatuted farsodiun dodsoyl sulate (355) - Blectro-
proresiswas performed inaHoeffer SE 600 sries\atical
skeb unitwirth poner sypllied by aPS 2500 DC Poner Sup-
ply (Hoeffer Scientific Instrurents, San Araciso, CA
A07). Cordrdas far iswere arstait20mA
per skebwitharuming time of 7 h Gell fomulatianwas 10%
acrylamice with atssliner concattration of 2.7% bis-

1 2 3 4
66K
8=
36K
20K o
24K . ——
2.1K — _-—
. .
Figure 1. Comparison of electrophoretic patterns of

salt-soluble globulin proteins extracted from meals prepared
from unstored cottonseed and cottonseed stored at 50°C. (1)
Molecular weight standard, (2) 0 weeks storage, (3) 6 weeks
storage, and (4) 9 weeks storage.

axylanice. Gelswere stairedwith a0.25% Coaressie Bril-
liantBlue R, 40% metharol, and 7% acsticacid solution.

Liquid chromatography — Aliquots of the extracts
A0 pL) were avlyzd, with no furtter diluian, Lsirg a
Prarmecia Superase 12 colum, 30 cm x 10mm d e
mecia LKB Biotedhrolayy, Pi , NJ (8354). Eluent
was 10% NeCl, pH 7.0,witha0.5mL/min flow re. System
was monitored at 280 nm using a Kratos 770R \aricble
wavelegth detector (3plied Bicsystars, I, Foster Aty
CA 910D). A 286 PC programmed with Lab Callc softvare
was used fardataapisiticnand processing (Gallectic Ind s
trissCrp., Salen, NH 030/9).

Results and Discussion

Oils edracted fran ustored cottorsssd and ssd stored
far 6 ad 9 weeks hed FFA antents of 08, 2.7, and 3.1%,
regectively. This inoresse NFFA inticaisd treksssd hed un-
cergore cetEriaatin during stloage-

The 1ol nitrogen antent of tre 3 cottorssed meals mea-
sured by tre Kjeldehl method showed no differances
(Teble D). GCnver=ely, aftar cottorssadswere stared far6ad
Iwecks, tterewes a draratic ceoreese ntre amount of ni-
trogen edractad fran tremeall with 10% NeClL.

Earlier work hes shown tret proteiins from cottorssd
meals arsist of 3 camporents, 1S, 75, ad 2S5, as deter—
mined by sedinentation acefficats @). Of tres, tre 11S
ad 7S tte primary gldulin protein
fraction (10). Previaus inestigatians with SDS-PAGE
shoned 3 prircipal protein ahnits of tre 11S
These have molecular weigts of 2, 20, and 15K (14, ]2)
The 7S camponent hes 2 principal suounits of 52 ad

46K (1-13).
Reults of LDS-PAGE of tte gldaulin fractio s edracted
fromneal from ssad stoed Tar O, 6, ad 9weeks

arepresanted nAgure L Using ttemethod of Laermlli @),
electrgdoresis results indaatuvation and red.ctian of pro-
ters o teir individal polypeptice shunits. Therefore, for
the electrgdoresis of aottorssad gidaulins, proteinbends n
treraeof52 and 46K sould gyear fartte 7S

ad bands ntterage of 2, 0, ad 15K§wldbepfe&rt
for e 11S aorpoent. Alloving far tre possible Irerat
ara (33%6) NLDS-PAGE, thesebands are regdilly goarant
N tte edract of meal from cottorssad stored far 0 weeks
(ae 2. Lare 3, tre 6 week storae saple, shows sone
disgyearance of tte 7S component and aosidarable kessof
te11S . The sanple stored far 9veeks (Lare 4)
shows a aoplete asence of protein bads. Honever, tre
Coamassie Blue usad far stainirgmay ot detect low ledls
ofprotein presanit intte Btarsaple.

LC (13-15) hes been usd for isolation and fractiacetian
of tre prircipal gldwlirs of aottosad. The elution profille
dotaind far e O week sanple i the experiments rgorted
here (Figure 2) does rot diffa-sigi from trose pre-
viasly docurented (13-15). Peak | corresponds ©© an
aprecate of lage noleaullar weight proteirs, with Pegls 1l
ad ll correspoding o tte 11S ad 7S carponents of tte
gdujrs, regectinely. Kjeldshl aalyses of tte NeCll ex-

tradts indicate trat duriing storage the anount of edractzblle
gidulins decressed dravaticallly: 1.8 mg N/, O wesks;
0.36mg N/mL, 6weeks; and 0.12mg N/mL, 9wedks. There
was alo amarked deareese intte 11S and 7S components
fram tte sanplles storad far 6 and 9vedks.
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Table 2.  Effect of storage of high moisture cottonseed at
50’C on nitrogen content (%) in water- and salt-soluble and
insoluble fractions of cottonseed meals

Storage, weeks

Fraction 0 6 9
Water extract 26 9 8
10% NaCl extract 52 1 4
Residue 5 55 71

Because tterewas no drange ol nitragen aotent of
tremeals preparad fran unstored aottorsssd compared with
meals from stored cottosssd, hut trerewas asigificatre-
duction in tte gldaulin fraction of these mealls, an attenpt
was made 1o determire how the sollhillity of tre gidaulin
“fractaion hed been denged duning starage. A second saresof
sapleswas edradted, asdesoribad e xperimental, utte
g amatant fran tevater edraction ad resides fran te
stedracticvere olledted rattar tren discardsd. Nitrogen
aalyxsswere performed on dll fractios. Because ofttema-—
nipulatios and trasf&s inohead, aoplete remery oftte
nitragen was ot eqected. Honever, 73% ar more of tte
ol nitrogen was aooounted Tar in each of tte sanplles
(eble ). These cataalso rdicate asigificartdance nte
solLhillity of tre proteiins from unstorad cotitorssed
wirth tret from stored s, nitEllly, 78% of the proteinwas
hble; honever, aftar starae Tar 6 and 9 weeks, tre o
lbleproteinwes 20 and 12%, reqectinely. Ayarady, e
e sssd delanades, tre proteirs aggregate togetter toform

nrtrageos irsollble nvater ad st ratter
tten being hydrolyzed o srallll peptaces aramino aoics.

The reesm far tre reduced slit<dlhillity of tre gldoular
proteirs ofmeals from ceteriarated aottorssed ad potentaal
effedts on tre acteal rutritine g ality of tte meal carot be
determined fram trese diia, ad ttis infomatian sbeyod
the soge of this study. The rslits rdicale, honever, tteka
sinple determinatian of tre st olublle nitragen antent of
aottorsdmeal aouldbe usad o idicate deteriaatin of tre
proteirs of cottorssed duriing staae.
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FOOD ADDITIVES

Enzymatic Determination of Free Glutamic Acid in Dried Soups and in Minced

Sausages: NMKL*Collaborative Study
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An enzymatic method for the determination of free glutamic
acid in meat products and dried soups was collaboratively
studied in 11 laboratories. In the presence of the enzyme glu-
tamate dehydrogenase, L-glutamic acid is oxidatively deam-
inated by nicotinamide adenine dinucleotide (NAD) to
2-oxoglutarate. In a reaction catalyzed by diaphorase,
the NADH thus formed converts 2-(p-iodophenyl)-3-(p-
nltrophenyl)-5-phenyltetrazolium chloride to a formazan,
which is measured in the visible range at 492 nm. Fourteen
samples (7 samples of minced sausage and 7 samples of
dried cauliflower soup) with glutamate contents varying be-
tween 0.4 and 16 g/kg were included in the study. Materials
were distributed to participants as blind duplicates and as
split level pairs. The mean relative standard deviation (RSDr)
for reproducibility for the dried soup material containing glu-
tamate between 7 and 16 g/kg was 4.6%. RSDr values for
samples of minced sausage containing glutamate at lower
levels (0.4-1.3 g/kg) were between 12 and 16%.

Glutamic acad ad issitsare camonly usd as flaar en-
hencers inmany prepared foods. Sunray and Pucar @O
cetermined tre glutamic acid antents of 23 freshad D pro-
o foos. Gooantratias of glutamic acid ranged fram
05 g/lg naotiage deese 1063 g/hg Inbeef stodkales. The
max imum cntentofglutanicacadand itssitsnfoodprod cots
srguiaisd nnost auntries; te limitinAnlard B2gAg. This
Imtrefaso tretda antentofglutanicacidand glutarates,
both retuallly counriing and amounts aoded intte frdl food-
suff. To antrol this limit, regulatory and food indstry
Eoatoriesneed idble aalytical nethocs.

The determiretaan of glutamic acid using an amino acid
aslyzr Bratter eqasive ad time cosuning.- The nesd
Tarsinpller and dnegper methods Tar tispurposevwas recog-
nized by the Nordic Committee on Food Aalysis. The
sgestion wes made tret a suteble errymattic method be
testad far cetermiretaion of free glutamiic acid inmeat prod-
utsad ndiedsous Q).

Collaborative Study

Minced sausage and driied caulifloner saupwere selected
as Toad types Tar tte aolladoratine stidy. The folloving

Received January 2,1991. Accepted April 23,1991.

This method was accepted as an official NMKL method at the 44th Annual
Meeting of the Nordic Committee on Food Analysis, 1990.

1Nordic Committee on Food Analysis, Secretariat General, c/o Technical
Research Centre of Finland, Food Research Laboratory, PO Box 203, SF-02151
Espoo, Finland.

7 saplesvere inclucd intte study: () uspilked, homog-
enized material aontaining only tre returally coouming
glutarate of tte sanple tye; @) 2 pairs ofblird d plicates
(Uspikadraterialswith glutarate adoed &3 lbds); and Q)
apair of it led saples (£, 2 rearly idntical raterials
tratdfla-anly lightly naralyte cacantratian) ofunspiked
naterialswith glutarate added insimilar araunts.

Camercial sausagewas dhopped and hamogenizedwath
aMoulirette kitden hanmogenizer. Glutarmate cocantration
of tre minced material was anallyzed by the method ucer
inestigation and fourd 1o be 0. 42 ghg. After acbiitaan of
anounts of monosodium glutarate (MSG) as gxcified in
Table 1, 5 g sarples were weighed into plestic kegs. The
begswere then fraan.

Camercial driad cauliflover soup was ground with a
Bamix kitdhen homogenizer using blades intenced far
Spices. Glutanate concentratiion of the homogenate was
fourd tohe 7.17 g/ig usiing tremetthod under
Sarples of 3gwereveighed noplestichegsadMSG wes
adted teach beg ntreanounts listed nTeble L The begs
were then froan.

The 14 sapleswere nailed toeach of tre 11 ot
iy Hoatries by eqress dllnay. The Horatoriesvere
reoLested o stae the saples frazan before performing sin-
gle ceterminations of L-glutamic ecid acoording o te
method under i The method rstrictios were
sntotre Hoaoriesvel l nadvance toal lovthem toprac-
tie ttenethod.

METHOD

Principle

In tre presaee of tte enzyme glutarate dehydrogerese
GIH), L-glutamic acad so<dacatively desminated by nico-
taremick adenire dinclestaice (NAD) to2-ogilutarate (1).
In tre reection catalyzd by digdhorese (2), tte NADH
formed reduces 2—(D—|aiﬂEM)—3-(oﬂrtrqj”aM)—5—
prenylitetrazoliun dhlorice (INT) to a formazan tet B

sectrgdotaretrically measured i tte visible rage &

492 m.

Lglutamicacid+NAD++H20 GV 12-oaylutarate
+NADH +NH4+ )
NADH + INT +H+digdaaf NAD++ formazan (2)

The eguilibriun of tre fast resction lies far o tre sick of
glutarate. By tragpirgteNADH formed (1) with INT (2),
tre equilibriun Bdigdlaced nfaor of 2ogiutarate.
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Table 1. Collaborative results for enzymatic determination of L-glutamlic acid (g/kg)

Spiked materials

Level 1 Level 2 Level 3
Unsplked
Collaborator material A B A B A B
Minced sausage
1 0.45 0.63 0.74 0.84 0.95 127 143
2 0.40 0.67 0.68 0.96 1,00 144 149
3 0.37 0.58 0.68 0.72 0,76 1.30 1.30
4 0.47 0.80 0.81 0.99 1.06 1.58 158
5 0.30 0.43 0.50 0.56 0.84 112 126
6 0,47 0.72 0.79 0.95 099 140 145
7 0.34 0.51 054 0.75 066 0.97 107
8 0.43 0.70 0.73 0.90 0.93 138 1,40
9 0.43 0.64 0.64 0.82 0.83 125 132
10 0.44 0.65 0.66 0.80 0.77 122 127
n 0.42 0.57 0.60 110 0.75 140 144
Added analyte concn 0.0 0.33 0.33 0.53 0.57 11 11
Dried cauliflower soup
1 6,98 10.62 10.93 14.96 12.32a 14.24 14.77
2 7.70 11.50 11.70 14.10 14.30 16.50 17.10
3 6.90 10.80 11.10 13.10 13.50 15.80 15.90
4 7.70 11.50 11.70 13.70 14.80 15.40 16.20
5 7.34 11.78 11.89 13.80 13.70 15.88 15.07
6 7.15 11.57 1161 14.52 14.56 16.65 16.50
7 7.36 11.29 11.83 13.74 1397 16.46 16.98
8 7.08 11.32 11.78 13.70 13.80 15.73 15.82
9 7.35 11.50 12.70 14.20 14.40 16.20 16,20
10 7.07 10.60 10.67 12.26 12.79 13.24b 10.43c
n 7.66 11.70 11.80 14.20 14.50 17.00 17.40
Added analyte concn 0.0 4.35 4.35 6.96 6.96 9.14 9.57

a Outlying result, Cochran test at p < 0.01.

6 Outlying result, excluded as being paired to a single Grubb's outlier.

0 Outlying result, single Grubb’s test at p< 0.01.

Apparatus and Reagents

Al demicalsmust be of gak. Thevater used
must be coblle-distilled ar demineralized and distilled indll-

dlsss gyaatis.

(@) Meat chopper.— Must have a perforated plate ad
geeniings of rotmore then4 mm.

(b) Homogenizers.— Moulinette kitchen harogeniizer
far sasege; Bamiix kitdhen homogeniizer with spiicss’blace
fardried caulifloer sap.

©) spectrophotometer.— Qvets of 1 cm path legth.
M(lwtsmstbeofarratena’ 1 steble for measurement at

m.

@) Perchloric acid.— IM: Dilute8.6mL 70% WA) per—
dilanicacid o 100mL withvater-

© Potassium hydroxide.— 2M: Dissolve 56.1 g potas-
sium hydraxide invater and dilluie o500 L.

(f) Buffer— (Trietharolanine, 0.2l; potassiun phos-
gete, 0.029V; pH 86): Dissolve 3.75 g trietterolamire
hydrachlorice, 1.25mL TritonX-100, and 0.44gKH2P04 n
80mL vater. Adjust topH 8.6with potassium hydraxiice ©)
anddiluieto 100mL withvater. Buffer ssteblefar2months
atroom tEperature.

@ ~naD.— 6.7mM: Dissohve 60 mg NAD in12mL
vater. Solutian Bsteble fTar 4 weeks atroom tarperature.

(h) INT.— 1.19"M: Dissohe 30mg INT nS0mL vater-.
Solution Bstzble far4 weeks a4°C nttedalc INT Bsn-
gtiheto DL

@Diaphorase (EC 1.6.4.3).— 1ng/lT’L: DiSS)I\,eng
hahilisste Gmg enzyme protein, seecificadtivity80U/mg
protein) n3mL vater. Solution ssteble far4weeks at4<C.

@ cIDH (EC 1.4.1.2).— 10my/L: Use G1DH soluian in

0% (A)ghcarol (Geaficadtivity 120U/mg protein). So-
lution Bsteble far Lyear a4C. A weak qalesoone ardligt

turbidity hes no influaae on enzyme adtMity.

NOTE: @acamercially asildleassa
et kit for L-glutamic acid, Boghriinger Mannheim GmBH,
Mannheim, Germeary.

(K) L-(+)-glutamic acid standard.— 0.136mM: Dissolhe
50mg glutamicacid nca25mL vater. Adjust topH 7.0with
potassium hydraxide (e) and dilute oS0 mL withvater. Di-
e LOmL of ttis soluion t© 50.0 mL withvater. Solutian
nust be prepared fresh before use.

Sample Preparation and Procedure

The amount of Lglutamic acid intte anets shauldbe n
te0.4-14 ug rate. Tharefare, treglutamic acid cocatra-
tion indilluted sanples nust ot exoeed 0.07 g
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(a) Liquid foods.— Filtar turbid solutios. Dilute with
V\amrm ifraessary. Collored solutias need ot be deollo-

(b) Solid foods.— Homogeniize solid and samisollid sam-
ples using gparatLs (a) o (b). Bdract (s Bxaple 2) ar
disohe, regectively, withvater. Al ifrecsssary. Baract
fatty saples with water and allow to aol to dotain ssoara-
o of B AlE. Treat sarples aottaining protein as
cescribed nBxanple L

(c) Example 1.— Determiration of L-glutamic acid n
meat and fish prodlcts Bas follans: Warm perchllariic add,
reegait(d), inaveter bath a70°C far 15 min. Homogenize
5.00 g saple with 15 mL warm icacid fTar 5min.
Mix homogenate with 25 mL perdhloricacid and inoete n
70°Cvater bath far 15 min. Gatrfuge (10 min., 5000 X ),
allect aparatat, and fille Discard fast5 mL filtsead
pipet5.0mL nto20 mL voluretric fled Adjust topH 10.0
with ca 3 mL potassium hydroxice, resgatt (e). Diluie

mark with vater. To dotain qentitative precipitatian of po-
tessiunpEdhlaate, place flsk inichath or refrigpato for

20 min. Alaroold solubiian a4™C. Use dearsolubianfor de-
temiratian; dilute iFrecsssary. When estinatiing dillution
T, tde intbacoountvater antent of saple.

(d) Example 2.— Determiration of L-glutamic acid in
soups and in bouillon cubes s a5 Tollons: Dissolve
2.00 g homogeniized saple inca 100 mL warm vater.,
heat &t ca 70°C for 10 min, and allow t© aol t room
tenperature. Transfer solutian to 200 mL voluretric
flaskand dilute tomark with vater. Shake vell and filla
O sgarate £ In cese of residlal twbidity, filler agpin
through tre same filter pger. Use clear solution for
cetermination; dilute ifrecessary.

Preparation ofAssay Solutions

(a) Blank.— Pipet tre folloving intob arxett 1.00 mL
hiffer, reegat(f); 0.20mLNAD, resgat @); 0.-20mLINT,
reagent (); 0.050 mL digphorase, resgent @); and
1.5 mL vater.

(b) Sample.— Pipet tte folloving Inob anett 1.0 mL
hiffer, reegat(f); 0.20mL NAD, resgat @); 0.20mL INT,
reegat (); 0.060mL digdorase, resgat (@); 0.20mL sam-
ple; ad 1.30mL vater.

When aalyzirg sarples antainirg lov amounts of L-
glutamic acd, use lagar sample wolumes ((p © 1L.0n).
Decrease water volure acoordirgly o resit na ol vol-
ume of3.00mL maret.

Mix carefullly ad reed absorbances at492 nm apirst air
aftar4 min. Record the absorbances ssAll, aosorbanoe of 0-
luin In saple anet; ad A ib, asorbence of solutian In
blakaret.

Add 0.080mL GI1DH, resgmt (@), bhothaiets. Mix ad
allovto stad 10-15 min. Read asorbances. Read aosorb-
ane eery 2 min il acorstant inoesse sdotained. Plot
absorbances agpinst tine and exdtrgolate absorbence valles
1 tre datof tte reection. The aorstant inreese nasorb-
ance (Sick reectia) issbtrected fram trertotal absorbence I
tismamer. , Sbtracttte ineese causd by tre
sick reection from the absorbence aagiven tine. Record
tree asortances asAi, aosorbance of solutian
in sample anmet; and Azb,ahsorbame of soludon N
blark aret.

Calculation

Gllallate diffaraes inabsorbence farsanplle (Ms) and
blank (AAb) as:

Ms -Az2- A\
AAb = A2B- Aib
CGalaulateM by subtracting AAb from AAs:
AA=Ms -M b
The greral fomula far clalaingcontratio s &

VXMW
c = exrfXTx 1000 XM (S/L sample solution)

where V =fird volure (1) naret 3.0nL); v= saple
wvolure (L) naaet 0.20nL); mw = nollecularweigt of
tte aalyE; d = anet path lagth (@n); ad e = dsapian
aefficatofformezan 492 nm (19.9L/mmol cm-1).

Before analyzing saples, deck ad reegpits
by analyzing stardard solutian, resgant (), of L-glutamic
aad. Resultdauldbe 20 £1 /L.

Gillaulate tre conomntration of L-glutamic ecid insanple
@D &Eplevolure =0.20nL) &

3.00 x147.13 —
C 199x1x0.2x 1000 xM

c=0.1M™xM gL

Gllalate cooentration of L-glutamic acid insaple A9)
by nulaplying cocentratian, ©, by tre dilution fector cor-
resooding o tte performed sarple pretreatmatt Q.

Results and Discussion

Resullts raeived from dll 11 particiating ooratries are
Idtad nTable 1 Some kooatories rqoorted reslts calar-
lated on a dry weight besis, and these results were
recalaulatsed for-freshved

Sattical evaluation of tre olldorative study dataves
Gariad aut aooording o tte Inaratiasal Union of Pre ard
Applied Chamistry (1UPAC) 1987 Harmoniized Protocol @).
Precision estiraies were fastcalaulated usirg dll islts re-
ceived, with no audiers removed. The estimates are
presated inTeble 2

AplicatanoftreCochranmaximumveriancetesteg < 001
revealed 1 aitdyirg rest (ollsboatorNo.. 1) fartreirof
blind dplicates of dried cauliflorer sop et tre 14 gAg
lbd. The sirgleGrubb Stetatp < 0.0l flagged 1
@lldoator No. 10) ss autdyirg Tar agdit led sample of
driadsop attre 16 ghg led. The otter belifoftre minves
cesigatad as autlyirg. No otter autlyirg resullts far dried
sapvere cetectad. No atliasvere detected anong trere-
sitsfarminced sasae. The prgoortion of autdying res s,
9%, Bwell below tre recommendation of tte ITUPAC 1987
Harmonized Arotoml, which sststhemax imum a22%. After
reroval of treatias, te pracisin were real-
allated ss el The eslisare presanted inTeble 2

ReorodLcibility relative stardard deviatias (RSDr),
which reflettte\ariatinbetween Hoatriesess alailaied
from tremiinced sausece raterial, were between 12 and 16%.
For ttecantration lked ingestion, 04-1.3gAg, ttese fig-
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Table 2. Statistical analysis of the collaborative study data

Unsplked material Level 1 Level 2 Level 3

Minced sausage3

Av., gkg 041 0.65 085 0.87h 1.33
“True" SDI1 among labs 0.054 0.09 0.39 0.15
SR 0.054 0.10 0.14 0.16
Sr — 0.04 0.10 0.06
RSDr 132 157 159 117
RSDr - 6.2 12.3 42
No. of labs n n n n
Dried cauliflower soup3
Av., gkkg 7.30 11.45 13,38 15.99 16.19*
“True” SDI1 among labs 0.29 0.40 0.56 0.74
SR 0.29 0,51 0.54 0.82
Sr — 0.32 0.31 0.35
RSDr 4.0 45 4.0 5.1
RSDr — 2.8 2.2 2.2
No. of labs u n 10 10
Dried cauliflower soup*
Av., glkg 13.36 15.74 15.67*
“True” SDI among labs — — 0.37 1.40
SR — — 0.73 1.56
Sr - — 0.63 0.68
RSDr - — 5.3 9.9
RSDr — — 4.6 4.4
No. of labs — — n u

3 Outliers excluded.

* Av. obtained for split level pairs (nearly identical materials that differ only slightly in analyte concentration).

¢ Outliers Included.

ures are ratar hich. According o tte Harmoniized Protoool
of an 1UPAC workshop B dalirgwirth tre acatehility of
adlytical methods, an rRso r \ale belov 11.2% would ke
acepteble Tar aelyie coentratio s of gyoroxdinately 0.1%.

Ryssatzhility reltive stathrd deviatias (RSD), which ae
meeares of tre withi \aristion, were good far 2
lbdks (4-6/), buthighfarl led (120).

As eqpacted, ttepracision ofttemethad cal-
alated fran resuits far tre sarplles of driled saupverre better
then thoee callaullated from the miinced sausage naterial.
RrRsDr dglutarate leelsof0.7-1.6/4were betiveen 4.0ad
5.1%. For trhese aalyte coentratias, the precisian ob-
taingd B N agreenent with those derived fram statistical
aslsis of results from ool ldorative studies rresantilg a
wide rance of arelytes, matrbes, and measurement tech-
nicLes ©). For an analyte cooentratian of 1%, tre average
figre B4%. RSDrfardried soysswere <3% atdl lbds.

The precision paraneters of this arymatic method are
aonparable 1o those found in a colldorative study of a
method using autoratiic amino acid aslyzars (@). In tis
study, the amiino acid aarpositians of 7 food proteirs were
detemined N7 Eooatories. RSDr farglutamic ecidveried
between 8.3ad 12.8%. RSDImas < 2.2%.

The aralysis of glutamic acid diffas firan tre determina-
tion of most otter food adblitives because glutarete Ba
returallyacounring component ofbiolagical naterials. Foods

also antaiin enzymes ttatare cgpeblle ofoth degrading ad
producing glutanate. Glutarate coontratias in foods
may, taefae, udergo sbstantial dages intte sen of
tine betveen sanple prearation and arelysis. Bearing tis
nmird, te glutarate remweries ad tre method

were eqectad 1o ke poorer far the “biolagical” saplles of
minced sausae then Tar tre more stable sanplles of dried
sap- The resltsaotfimed thisasaunpan. Origirally, sam-
ples offishpradctswere alsoplamed tobe includd intte
study. Honever, shiping of such sanrplles totte study partic-
ients inareesaebly unchanged datewas difficlit. Because
Tich sbiokapically similar torest, the precision parareters
dotaired fartremeat product sarplesmay alsobe gplliceble
ofhpolcs.

Collaborators’Comments and Remarks

One clldorator sugpested et tre time Tarhomogeniiza-
tian be sortened from 10 1© 5 min. The auttors ae n
oonpliance with this agpestian, and tre method hes been
arended accordirgly.
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A method has been developed for determination of
bisphenol A diglycidyl ether (BADGE) in 3 aqueous-based
food simulants: water, 15% (v/v) ethanol, and 3% (w/v) acetic
acid. BADGE is extracted with C18 cartridges and the extract
Is concentrated under a stream of nitrogen. BADGE Is quan-
titated by reversed-phase liquid chromatography with fluo-
rescence detection. Relative precision at 200 pg/L was 3.4%,
the detection limit of the method was 0.1 pg/L, and recoveries
of spiking concentrations from 1to 8 pg/Lwere nearly 100%.
Relative standard deviations for the method ranged from 3.5
to 5.9%,
based food simulant.

depending on the identity of the spiked aqueous-

Sartirgraterials farcold-arad epoxy resirsaremainly lov
molecular mess epaxy resirs of tre bigdaol A te, which
areaured by alijaticpolyanines ar by polyamine actlcts.
With roon-tenperature arxirg, dartirg naterials are con-
\erted inb ahard prodLctwithiin a few hours. Honever, te
fullly aured resin often antaiirs some unreected Slartirgma-

wH Q.

Bpoxy-based solution coatiings are usad as maintenanoe
ad product finides, marine finides, masonry findes,
striotural steel acatirgs, tark aatigs, alraait finges, ap-
pliae priners, autootive priness, can addmm s,
funiture findes, dligsible-tue aatirgs, aoete-flox
faits, gym and flooramises, sanamises, ec. Epoxy
resirsarealsousad indecorative flargplicatios; asschem-
ically resistant mortars and floor tooping cotpounds; N
printirg rls; nfrictetiggplicatios; ndnal, sugi-

Received June 19, 1990. Accepted February 7,1991.

al, ad prostretic gplicatias; Tar bresking petroleun
aulsias; ad Tar lidweight, denically resisiat foans.
The epaxy resirs are usad as adtiitives far averiety of otrer
plesticraterials, such ssvind and aoylicresirs ad refural
and snttetic ruders @.

Because of itsuse inepoxy fomulatias for laog er aat-
ings on food cas and food storage vesselks, bigdeaol A
dighcidA etter (BADGE,, anoligamer of rlativenolecular
mess 340) santaind in L7 of the Saietific Cominttee
for Food s 19th rgort @), including sUbstances farwhich
some toaclagical data eddt, but farwhiich an acapteblle
chily inteke atolereblechilly inteke aould rotbe estebllid el
Addrtical seecified infomation shauld be fumided. The
Comirttee recopnizss tatpriaiteswill have tobe sethe-
caee oftre large number of abstances nentianed. Qritaria
for sttty trese pririties should incluck aaikbility of ane-
Mical methods, dataon epoaure g, usage and edant of
migratia), hydrolysiscia, elc.

A study oftre demical sieallity of the monomer infood
sinulants shoned tte: it redily , with a rel-
life of ks tren 2 days &40°C @, 5. By ten, monomer
resicLes are difficiit to detect intte 3 aqueausesed fod
simulants uder et aoditias of 10 days & 4A0°C. Thus,
methods far qentitating BADGE &t low ppb leels must
be esteblidel.

As ageEaficmigratian limit in food ar infood sinullant
forttssmonamer, the Cammissiion Directive of the Europesan
Caomunitiies of Febnuary 23, 1990 ©) esteblided amon-
cetecteble \ale when the detection Iimit of tre method B
0. my/kg @aivtical tolerane ircliuckd).

The Arerican Society Tar Testirg and Vaterials provided
tetmethods tret cover g.entitative determiratiion of epaxy
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Figure 1. Molecular structure of blsphenol A diglycidyl
ether (BADGE).

content of epoxy resins (7). However, gel permeation chro-
matography already permits coarse separation of epoxidic
oligomers (8-12), although the best resolution was achieved
with reversed-phase partition techniques (13-17). UV detec-
tion in reversed-phase liquid chromatography (RPLC) is the
best solution for quality control of epoxy resins because of its
low selectivity. Crathome et al. (18) published a remarkable
UV/LC method for determination of BADGE residues in
water. According to this publication, epoxy resins based on
either BADGE or bisphenol F diglycidyl ether were used for
the renovation of water pipes in the United Kingdom; traces
of these compounds in water appear to be due to incomplete
polymerization (18).

In this work we studied the efficiency of methanol in elut-
ing the unreacted oligomer 340, which migrated into aqueous
food simulating solvents, from Sep-Pak C18 cartridges. This
efficiency is evaluated by RPLC with fluorescence detection.
The limit of detection was 0.1 pg/L. Hydrolysis reaction
products are more polar with the opening of the epoxidic
rings, and they do not interfere with measurement (19).

Experimental

Apparatus

(a) LC system.—Consisting of extended range SP8700
XR LC pump, SP8750 organizer, SP4290 integrator with SP
WINNER software V 4.00 (Spectra-Physics, Inc., San Jose,
CA 93412); fluorescence detector, PE LS 40 (Perkin-Elmer
Corp., Norwalk, CT 06859).

(b) Chromatographic conditions.—Flow: 1.5 mL/min.
Elution: 5 min linear gradient from acetonitrile-water (50 +
50) to 60% acetonitrile, 5 min isocratic elution at 60% aceto-
nitrile, 5 min linear gradient to 100% acetonitrile, and 5 min
more at 100% acetonitrile; return to initial conditions in ca
10 min. Injection: 50 pL loop in Rheodyne valve, using a
Hamilton syringe. Column: 15 cm x 5 mm id, stainless steel,
packed with 5 pm Pecosphere CRT CI8 RC. Guard columns:
C18, used to protect packing in analytical columns. Detec-
tion: attenuation factor, 16, with auto-zero; response, 4
(equivalent RC, 98% FS; response time, 2.8 s); excitation
wavelength, 275 nm; emission wavelength, 300 nm; photo-
multiplier voltage, 750 V. Integrator attenuation: 4.

Reagents

(a) Cartridges.—Sep-Pak C18, No. 51910 (Millipore
Corp., Bedford, MA 01730).

(b) Helium and nitrogen.—N-48 (SEO); He used for
degassing mobile phase, N2 for concentration to dryness.

500000
Linear range (pg/L) 20-800
Slope 530.8
Intercept 1818.3 yin
£00000 - Correlazion coefficient 0.9995
Limit of detection (ug/L) 5
Limit of quantification (ug/L) 20
2
=
pk
= 300000 -
3
& 200000 - /
[a =y
~C
=
a2
=
100000 ——
=+
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CONENIRATION OF BAXE (jjgU

Figure 2. Calibration graph with study of the linearity of
response.

(c) Acetonitrile RS.—LC grade (Carlo Erba/Fisons, Va-
lencia, CA 91355).

(d) Water—Demineralized, Milli-Q quality, used as food
simulant (Millipore).

(e) Solvents.—Tetrahydrofuran and methanol (Merck &
Co., Rahway, NJ 07065). Methanol was purified by distilla-
tion. (Note: Tetrahydrofuran is highly irritating and must be
handled carefully.)

(f) BADGE.— CAS No. 001675-54-3 (Epikote 828,
S.P.E. Shell). See Figure 1 for molecular structure. Purified
(>99%) by Shell Laboratories for the Gairesa industry. A
product of similar purity can be obtained according to Paz
Abuin et al. (19). BADGE was used to prepare a stock solu-
tion containing exactly 1% (w/v) BADGE in tetrahydrofuran.
It was stored in the dark in a refrigerator. Dilutions in meth-
anol from this stock solution were prepared daily if needed.

(9) Food simulants.—Ethanol and acetic acid (Merck).

Calibration Curve

A 1 mL aliquot of 1% (w/v) stock solution of BADGE in
tetrahydrofuran was diluted to 100 mL with methanol. A
1 mL aliquot of this solution was further diluted to 100 mL
with methanol, resulting in a 1 pg/mL solution of BADGE
in methanol.

Aliquots of 2, 5, 10. 20, 40, and 80 mL of the 1 pg/mL
solution were pipetted into separate 100 mL volumetric
flasks and diluted to volume with methanol to give concen-
trations of 20 pg/L (limit of quantitation of the calibration
curve) to 800 pg/L (at upper levels the detector signal is sat-
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Figure 3. Chromatograms: (A) External standard of BADGE
concentration at 200 pg/L; (B) spiked aqueous-based food
simulant with BADGE at 4 pg/L to obtain a concentration of
200 pg/L at end of method; and (C) unspiked aqueous-based
food simulant.

urated under the chromatography conditions listed above).
These 6 new solutions were used to construct the calibration
curve (Figure 2). The limit of detection for BADGE satisfies
the following criterion (20, 21):

As-Ab & 3x Sb

where As = average of sample signal (height), Ab = average
of blank signal (height), and Sb =standard deviation of blank
signal (height). The limit of detection for BADGE was 5 pg/L
for the calibration curve.

The limit of quantitation for the calibration curve indi-
cated above (20 pg/L) is calculated according to the
criterion (20, 21):

As-Aba 10x Sb

Precision

A single specimen with a fortified BADGE concentration
of 200 pg/L was chromatographed 6 times. Percent relative
standard deviation for chromatography was +3.4%.

Procedure for Low ppb Levels of BADGE In Simulants

Sample preparation.—Sep-Pak cartridges were prepared
for use by elution with methanol (5 mL) and deionized dou-
ble-distilled water (5 mL). Only new cartridges were used.
Portions of 50 mL aqueous-based food simulant (distilled
water, 15% (v/v) ethanol, or 3% (w/v) acetic acid) were
eluted through a clean Sep-Pak cartridge, using a 50 mL
Luer-Lok glass syringe at a flow rate of ca 3 mL/min. The
cartridge was then eluted with methanol (3 mL) at a flow rate
of ca 1 mL/min. This eluate was concentrated to dryness
under a stream of nitrogen. The residue was then dissolved in
1 mL methanol and chromatographed. Standard, sample, and
blank chromatograms are represented in Figure 3. Chroma-
tograms of the 3 (spiked or unspiked) aqueous-based food
simulants are similar.

BADGE content was calculated from the formula:

R =0.02xC

where R =the BADGE content of sample in pg/L; 0.02 =the
concentration factor o: the Sep-Pak procedure (1 mL/50 mL
=0.02); and C = the concentration (pg/L) obtained from the
calibration curve.

Recovery and precision of methodology.—Spiked solu-
tions of BADGE in different aqueous-based food simulants
at the levels of 1, 4, and 8 pg/L were prepared by diluting a
1 mL aliquot of each of the 50, 200, and 400 pg'L standard
solutions, respectively, to 50 mL with the appropriate simu-
lant. These solutions were assayed twice. Results of these
experiments are presented in Table 1. Average recovery is not
significantly different from 100%, and the method relative
standard deviation (%) ranges from 3.5 to 5.9%, depending
on the spiked aqueous-based food simulant.

Method detection limit.—If the Sep-Pak procedure con-
centration factor is considered (50 mL simulant concentrated
to 1 mL in methanol), the limit of detection of the method is
0.1 pg/L (50 times smaller than the limit of detection of the
calibration, i e., 5 pg/L). This was experimentally verified by
spiking a blank at these levels with BADGE. Also with re-
gard to that factor, the limit of quantitation of the method
is 0.4 pg/L.

Discussion

Crathorne et al. (18) used 500 mL portions of water. This
is slow and cumbersome. On the other hand, laboratory mi-
gration assays use smaller volumes. Moreover, fluorescence
detection, because of its higher selectivity than UV detection,
is amore appropriate technique for detection of low levels of
BADGE. It is interesting to remark that our quantitation limit
for the calibration line (Figure 2) coincides with the method
detection limit required by the Commission Directive of the
European Communities. Our detection and quantitation cali-
bration limits can be decreased 50-fold by using the Sep-Pak
concentration of 100% accuracy, as described in the 2-tailed
test in Table 1, to test the difference between 2 means, regard-
less of the sign of the difference (positive or negative). As far
as we know, no attempt has been reported of using RPLC to
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Table 1. Recovery of BADGE in 3 aqueous-based food simulants
Distilled water Ethanol, 15% viv Acetic acid, 3% wiv

Added, pg/L Found, pg/L Rec., % Found, pg/L Rec., % Found, pg/L Rec., %
8.00 7.78 97.3 7.90 98.8 7.82 99.0

7.67 95.9 134 918 7.38 92.3
4.00 3.74 935 361 90.3 3.90 97.5

3.96 99.0 3.86 96.5 3.72 93.0
1.00 1.03 103.0 107 107.0 0.98 98.0

0.94 94.0 0.98 98.0 104 104.0
A (X) 971 - 97.1 - 97.3
RSD, % 35 - 59 - 43
t* 2.030 — 1.204 — 1.538

Experimental ¢ calculated as follows: t- [(100 - X) XnW/RSD {%)

where Xand RSD (%9 are the average and relative standard deviation under each Rec. %column respectively, and n = number of
observations (n= 6). Theoretical f(a =0.05; DF =5); fd-a/.)=2571 where a =confidence level and DF =degrees of freedom.

determine unreacted BADGE that has migrated from cured
epoxy resins into aqueous-based food-simulating solvents.

Conclusions

The method described above is not time-consuming. It is
recommended for determining BADGE in aqueous-based
food simulants because of its high precision, accuracy, and
very low levels of detection and quantitation.
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FOOD COMPOSITION

Potassium as an Index of Fruit Content in Baby Food Products. Part I.
Banana-Containing and Apricot-Containing Products

ROBERT A. HARVEY and RICHARD C. THEUER

Beech-NutNutrition Corp., Quality Assurance Department, St. Louis, MO 63164

Percentage ingredient labeling has been proposed for baby
foods. We determined whether or not the potassium content
of baby foods could be used to verify the quantity of fruit
when the characterizing ingredients were apricots or ba-
nanas, fruits rich in potassium. Official values for potassium
in fruit (USDA Handbook No. 8-9) did not agree well with ac-
tual analyses. The potassium levels of products of known
composition were accurately predicted from analyses of the
actual ingredients used to make the foods. For banana-con-
taining monofruit products of variable or unknown composi-
tion, potassium analysis led to fruit level estimates
consistent with either the known composition or the label
declaration. For products of unknown composition made
with apricot concentrate, however, potassium analysis led to
fruit level estimates lower than the probable fruit content.
The quantity of fruit in baby foods made with potassium-rich
fruits can be estimated from the potassium content if the po-
tassium value for the fruit Is representative of the actual in-
gredients used to make the product. If potassium analysis is
to be used to verify compliance with percentage ingredient
labeling, there must be statutory specification of the single-
strength fruit level for fruit reconstituted from concentrate.

Percentage labeling of the ingredients in prepared foods has
been debated for almost 15 years (1). A class of food consid-
ered especially appropriate for percentage ingredient
labeling is baby food (1-3). Because most baby foods are fine
purees, the amount of the characterizing ingredient is im-
possible to determine visually.

Discussions of percentage labeling have not addressed the
critical technical issue of how to verify compliance with
stated percentages of principal or characterizing ingredients.
The U.S. Department of Agriculture (USDA) has authority to
review formulations of products containing meat and poultry
and to continuously inspect the products during production.
However, the U.S. Food and Drug Administration (FDA)
lacks statutory authority to inspect a manufacturer’s formu-
lations. Consequently, methods are needed to estimate
amounts of characterizing ingredients in products so that in-
gredient declarations can be verified.

Of the several categories of baby food, “fruits” are the
most popular. Some commercial baby fruit products contain
sugar and starch in addition to the characterizing fruit ingre-
dient. Consequently, neither total carbohydrate nor total
soluble sugar analysis provides sufficient information to per-
mit quantitative estimation of fruit ingredients.

Potassium may be a useful index of fruit content. Certain
fruits, such as bananas and apricots, are particularly rich in
potassium; nonfruit ingredients of “baby fruits,” such as pu-
rified starches, sugar, citric acid, vitamin C, and water, are

January 15,1991. Accepted May 17, 1991.

not. Adding potassium intentionally is unlikely. The highly
acidic nature of fruits makes them easy to process (only pas-
teurization is required for shelf stability in a hermetically
sealed container). This reduces the likelihood or necessity of
adding potassium hydroxide, potassium carbonate, potas-
sium malate, or potassium citrate, alkalizing salts that have
no “telltale” inorganic anion. Adding the chloride or sulfate
salts of potassium would be detectable from ash level and
anion analysis.

The purpose of this work was to test the hypothesis that
potassium is a reliable index of the amount of fruit in baby
foods in which either bananas or apricots are the characteriz-
ing ingredient. Three questions were addressed: (i) Are the
official published reference values for the potassium content
of banana and apricots reliable (4)? (2) Can potassium con-
tent of commercially prepared monofruit and multifruit baby
foods with known percentage composition be accurately pre-
dicted by potassium analyses? (3) Can potassium content of
commercially prepared monofruit baby foods of unknown
composition be used to make reasonable estimates of fruit
levels that are consistent with labeled ingredient declara-
tions?

Experimental

Fresh apricots, bananas, pears, and apples were obtained
from local grocery stores in New York State. Other materials
were obtained from the following commercial sources: banana
puree, Chiquita Brands, Inc.; apricot concentrate, Sabrosa, OR,
and Rich Fruit Pack, CA; pear concentrate, 32° Brix, Sabrosa,
OR; and rice flour, Rivland, TX, and Gulf Pacific, LA. Rice
starch was purchased from a proprietary supplier.

Baby food products were purchased in supermarkets in
New York and Missouri. Seven or more lots of each of the
following products were analyzed in duplicate for potassium
by atomic absorption spectroscopy: Beech-Nut Stage 1
Chiquita Bananas, Beech-Nut Stage 2 Bananas with Pears &
Apples, Beech-Nut Stage 2 Apricots with Pears & Apples,
Gerber Strained Bananas with Tapioca, Gerber Strained
Apricots with Tapioca, Heinz Strained Bananas with Tapi-
oca, and Heinz Strained Apricots with Tapioca.

Five lots of an additional product of known composition,
Beech-Nut Stage 2 Bananas with Rice/Banana Pudding,
were also analyzed for potassium to help validate
the method.

Results and Discussion

Potassium Content of Fruits

The official reference for potassium content of foods,
USDA Agriculture Handbook No. 8-9 (4), lists the potassium
content of bananas, edible portion, as 396 mg%. Analysis of
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Potassium content (mg/100 g) of Ingredients used In strained baby food made with edible portions of bananas

or apricots

Potassium, mg/100 g, edible portion

930
Table 1.

Constituent Official reference9 Fresh fruit
Apricots 296 £51 (18)80 273 +12
Bananas 396 £47 (55)d 346 +£39 (10)
Apples 113+22 (91)8 102 +£28

Pears 125+18 (22)d 102 £23

Rice flour - 7318 (3
Rice starch — 13+1 @

8 USDA Agriculture Handbook No.8-9.

b Brix for single-strength: apricots, 14.3°; pears, 15.4°.

¢ Mean and standard deviation; number of samples in parentheses.
d Raw.

8 Raw, without skin.

10 fresh fruit samples gave a mean of 346 mg%, with a range
of values (288-424 mg%) above and below the official refer-
ence value (Table 1). The mean value for 18 banana puree
samples of the type used in commercial baby food was
315 mg%, 20% less than the reference value.

Four samples of fresh apricots, edible portion, averaged
8% less potassium than the official reference value of 296
mg%. Puree concentrate converted to single-strength puree
contained 13% more potassium than the reference (Table 1).
Baby food manufacturers routinely use apricot puree concen-
trate in products containing apricot. Conversion of apricot
puree concentrate to single-strength puree (14.3° Brix soluble
solids) was based on the standard conversion prescribed in
current federal regulations for other food categories (5). In-
dustry associations recently proposed a single-strength
standard for apricot puree of 14.0° Brix. Converting the con-
centrate according to the proposed standard would yield
a potassium content of 328 mg%, 11% more than the
reference value.

Potassium was determined in fresh pears, fresh apples,
and pear puree concentrate, and results were compared with
the official reference value for these fruits (Table 1). Pear
concentrate was converted to single-strength fruit using the
standard conversion of 15.4° Brix (5). Whether or not the sin-
gle-strength fruit standards established in other food
categories (5) for reconstituting fruit concentrates are appli-
cable to baby food is a regulatory question that must be

Table 2. Potassium content of 2 banana-containing
baby foods (mg/100 g)
Product Found Calculated
Beech-Nut Stage 2 Banana
Pudding 86+9 (58 8614
Bananas, 26.7% — 84
Rice flour, 25% — 2
Rice starch, 3.5% — <1
Beech-Nut Stage 2 Bananas
with Pears and Apples 203+8 (7) 21010
Bananas, 42.1% — 133
Pears, 31.1%6 — 49
Apples, 26.8%c — 27

8 Mean and standard deviation; number of samples in parentheses.
b From 32° Brix concentrate; single-strength is 15.4° Brix (ref. 5).
¢ From fresh apples, edible portion.

Puree From concentratel
_ 33B+21 (3
315+16 (18) —
— 15946 (3

addressed by FDA before requiring percentage ingredient la-
beling.

Prediction of Potassium Level from Ingredients

Banana-containing products.—The potassium content of
Beech-Nut Stage 2 Banana Pudding (containing 26.3% ba-
nana) was accurately predicted from the potassium contents
of its ingredients (Table 2). Stage 2 Bananas with Pears &
Apples is made with 3 fruits: banana (from puree), pears
(from concentrate), and fresh apples. The agreement between
the potassium content calculated from the ingredients and
that found on analysis was extremely good (Table 2). Thus,
the determined potassium content of these 2 banana-contain-
ing products validated the ingredient percentages.

Apricot-containing products.—Beech-Nut Stage 2 Apri-
cots with Pears & Apples is made with, on a single-strength
basis, 45% apricots (from concentrate), 32% pears (from con-
centrate), and 32% fresh apples (edible portion). The total
exceeds 100% because the product is formulated to achieve
a desirable spoon-feeding consistency. The product con-
tained 218 mg% potassium. This value agrees well with the
theoretical potassium content of 234 mg% calculated from
analysis of the 3 ingredients (Table 3). Thus, potassium con-
tent appears to be a valid index of fruit content for products
made with “apricots from concentrate” and it can validate
percentage ingredient declarations.

Estimation of Fruit Level from Potassium Content

Banana-containing products.—Beech-Nut Stage 1
Chiquita Bananas has a variable composition, with the pro-

Table 3. Potassium content of an apricot-containing baby
food made with 3 fruit components (mg/100 g)

Product Found Calculated

Beech-Nut Stage 2 Apricots

with Pears and Apples 218+14 (78 234+13
Apricots, 45%* — 151
Pears, 329%° — 51
Apples, 32%d — 3

3 Mean and standard deviation; number of samples in parentheses.
° From 32° Brix concentrate; single-strength is 14.3° Brix

¢ From 32° Brix concentrate; single-strength is 15.4° Brix (ref. 5).

d From fresh apples, edible portion.
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Table 4.

Potassium content,

Product mg/100 g

Fruit content of monofruit baby foods estimated from potassium analysis

Estimated fruit content, %

Banana-containing products

Beech-Nut Stage 1 Chiquita® Bananas
Gerber Strained Bananas with Tapioca
Heinz Strained Bananas with Tapioca

237427 (13
144 +17 ()
84+14 (9

Apricot-containing products

Gerber Strained Apricots with Tapioca
Heinz Strained Apricots with Tapioca

108+19 (V)
104+18 (7

From official From raw
reference material analysis
60 I6
36 46
pal 27
37 KYJ
35 a

a Mean and standard deviation; number of samples in parentheses. Chiquita is a registered trademark of Chiquita Brands, Inc.

portion of banana puree and water varied to achieve a stan-
dard consistency. No starch or sugar is added to this product.
Potassium was determined in 13 individual lots containing
65-85% banana. Lots were found to contain 192-279 mg%
potassium, with a mean of 237 £27 mg%.

Banana content was calculated by dividing the mean po-
tassium content by either the official reference potassium
value or by the actual analytical mean for banana puree
(Table 4). Banana content of the product calculated from ba-
nana puree potassium content was 75%, which is consistent
with the actual amount of banana puree used to make the lots
that were analyzed.

Proportions of banana in 2 strained bananas with tapioca
baby food products of unknown composition were estimated
from the assayed potassium content of banana puree
(Table 4). Gerber Strained Bananas with Tapioca was esti-
mated to contain 46% bananas, confirming the ingredient
declaration, where “fully ripened bananas” is listed as the
predominant ingredient.

Heinz Strained Bananas with Tapiocawas estimated to con-
tain 27% bananas. This too is consistent with the ingredient
declaration, where the predominant ingredient is “water neces-
sary for preparation” and the second ingredient is “bananas.”

The mean potassium levels found by analysis were similar
to the manufacturers’ latest published values (Table 5).

Apricot-containing products— Gerber Strained Apricots
with Tapioca is made with “apricots from concentrate”; 7 lots

Table 5. Comparison of analytical results with

manufacturers’ published values for potassium (mg/100 g)
Product Published Found
Gerber Strained*

Bananas with Tapioca 150 144 +17

Apricots with Tapioca m 108 + 19
Heinz Strained6

Bananas with Tapioca 80 84+14

Apricots with Tapioca 7 104 + 18

a Gerber Nutrient Values 1990 (55-77 Rev. 190). Gerber Products
Company, Fremont, M.

6 Heinz Nutritional Information per 100 g (BF9509). Heinz USA
Pittsburgh, PA

contained an average of 108 mg% potassium, similar to the
manufacturer’s published value of 111 mg% (Table 5). On
the basis of our analysis of apricot puree concentrate, this
average analyzed potassium content calculates the contents
to be 32% apricots (single-strength basis). This estimate
seems low. A formula published in 1985 for a product similar
to this manufacturer’s then-produced “Apricots with Tapi-
oca” product contained 42% apricots on a 14.3° Brix
single-strength basis (6). Moreover, the label ingredient dec-
laration lists “apricots from concentrate” as the primary
ingredient, which suggests an apricot level in excess of 40%.
This inexplicable discrepancy between the calculated apricot
content (32%) and the expected apricot content (more than
40%) may be due to a change in apricot source (i.e., how
much potassium the apricot contains) or a recent change in
formulation (i.e., how much apricot the product contains).
Converting apricot concentrate to puree with a single-
strength standard of 14.0° Brix would alter the apricot
content estimate very slightly, from 32 to 33%.

Heinz Apricots with Tapioca, made with “apricots,” con-
tained 104 mg% potassium, substantially more than the
manufacturer’s published value of 77 mg% (Table 5). The
analyzed potassium content corresponds to 31% apricots on
a single-strength basis.

Conclusion

Fruit content of baby foods made with fmits rich in potas-
sium, such as bananas and apricots, and labeled with
ingredient percentages can be validated by potassium analy-
sis. Potassium analysis also can be used to estimate fruit
content of monofruit products. However, the potassium value
used for the fruit in question must be representative of the
fruit actually used in the product, and the other ingredients
must be relatively free of this mineral.

Banana puree used in baby food manufacture contains
20% less potassium than the reference value for fresh fruit
given in USDA Agriculture Handbook No. 8-9. The product
“apricots from concentrate” contains 13% more potassium
than the reference value for fresh fruit. Therefore, the kind of
material actually used to make baby food should be analyzed.
Furthermore, the “single-strength” fruit level for fruit recon-
stituted from concentrates, such as apricots and pears, must
be defined.
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Apples and pears contain much less potassium than ba-
nanas. Potassium analysis would be less sensitive and thus
less useful for verifying percentage compositions of products
made with these low-potassium fruits, especially products
made with 2 or more fruits nearly equal in potassium content.

Actual potassium analyses of products, rather than a
manufacturer’s published values, should be used, because we
found that values can differ substantially. Variations in potassium
content due to soil conditions, seasonality, climate, and specific
variety of a fruit are confounding variables to the method.
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A New Approach to the Study of Glucosinolates by Isocratic Liquid Chromatography.
Part I. Rapid Determination of Desulfated Derivatives of Rapeseed Glucosinolates

ALAIN QUINSAC and DANIEL RIBAILLIER
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Liquid chromatographic (LC) analysis of desulfated deriva-
tives of rapeseed glucosinolates has been carried out under
isocratic elution conditions with different CN-bonded sta-
tionary phases. The effects of the eluant composition (water,
acetonitrile, and methanol) with the stationary phase (Zorbax
CN, Lichrospher CN, and Ultrasphere CN) and temperature
(20 and 50°C) are described. An isocratic LC method per-
formed at room temperature using a Lichrospher CN col umn
and water as mobile phase is proposed. The chromato-
graphic analysis can be done in less than 12 min, and It is
easier and less expensive than the traditional gradient mode.
Four commercial samples of rapeseed containing various
quantities of other cruciferous seeds (wild mustard and
stinkweed) as an admixture have been analyzed to determine
the total glucosinolate content. Relative standard deviations
of repeatability of the isocratic and gradient LC methods
ranged from 0.4 to 1.7% and from 2.7 to 4.7%, respectively.
Comparison of the results showed good agreement between
the 2 methods (better than 98%).

Glucosinolates (GSLs) are thioglucosides whose structures
vary mainly by the nature of their R substituents (Figure 1,
Table 1), which can be aliphatic or aromatic. They are found
in every species of the plant family Cruciferae (1), specific-
ally in Brassica. Approximately 10 are found in rapeseed
(Brassica napus). After oil is extracted, a large percentage of
these compounds remains in residues, which are then used in
animal feed. During food preparation or ingestion, GSLs are
easily broken down, leading to compounds with detrimental
and antinutritional characteristics. For this reason, the Euro-
pean Economic Community (EEC) rates different rapeseeds
according to their high- or low-level GSLcontent. Hence, the
amount of GSL found in rapeseed (meals and seeds) is an
important qualification.

Received August 14,1990. Accepted May 2,1991.

For the past 15 years, GSLs analyses have been improved
by chromatographic techniques going successively from gas
chromatography (GC) of GSLs degradation products (2) to
GC of desulfated and silylated derivatives (3-6), and then to
liquid chromatography (LC) of intact GSLs (7, 8) or
desulfated GSLs (DSGSLs) (9-12). DSGSLs are represented
by the abbreviation of the concerned GSL preceded by DS.
Intact GSLs have been determined after purification by ion-
exchange (7, 8), and DSGSLs after enzymatic desulfation of
GSLs on an ion-exchanger (5) (Figure 2).

GSLs were separated by reversed-phase LC with alkyl-
bonded silica and an ior.-pairing reagent chosen to increase
retention and selectivity for the isocratic-mode analysis (7).
Unfortunately, this is a rather inefficient system and, there-
fore, not frequently used. However, DSGSLs determinations
on alkyl-bonded silicas (9-11) give good efficiency and se-
lectivity results, but require a gradient elution (from 0 to 25%
acetonitrile in water) to reduce the vast retention differences.
Although this method was standardized by the International
Organization for Standardization (ISO) and accepted by the
European Communities (12), we felt the need to develop an
isocratic method because it is technically and economically
superior to a gradient mode for this use.

Studies of the behavior of each GSL under various
isocratic conditions offer important information for develop-
ing purification and extraction methods using large quantities
of GSL from different natural products. Our access to indi-
vidual very pure GSLs that could enable researchers to study
their physiological effects on animals and humans prompted
our own work in this area. Our aim was to develop a very
simple isocratic system using inexpensive, nonpolluting, and
rather nontoxic eluants. This would allow laboratories with
LC capabilities to analyze GSLs, without necessarily being
specialized in LC. In this paper, we present an analysis by
isocratic LC of DSGSLs with a CN-bonded stationary phase
and a water only mobile phase. The effects of temperature
and small additions of organic cosolvents were studied on 3
different CN-bonded silicas to optimize analysis times and
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Figure 1. The general structure of glucosinolates.

selectivities. This system was evaluated by determining var-
jous GSLSs in rapeseed.

Experimental

Apparatus

(a) Apparatusfor sample preparation —Laboratory mill
coffee grinder); water bath set at 80°C (Memmert,
chwahach, Germany); vortex st|rrerfor tubes (Biohlock
Scientific, llkirch, France), p propxrlene tubes, 75 X
13mm (Polylabo, Strasbourg France) olystyrene columns,
102 x 8 mm gCat No, 29920, Pierce' Chemical Co., Rock-

ford, IL 6110 centrn‘u&e 5000 rpm, MLW T5 (Bioblock
SC|ent| ic): mmersible fifter, PTGC 1125 (Millipore Corp,
Bedford, M A 01730): 13 mm id glass tube.

by LC ap aratus H|gh pressure gradient LC device:
hﬁode | 64 um ps and dynamic mixing_chamber (Knauer,

Berm Germany |n{ector Model 7125 (Rheodyne Inc.
Cotati, CA 94931) with 20 LlooE column oven, Model
Croco-Cil (Cluzeau Info Laho, Ste Foy la Grande, France):
diode array detector, Model Pol chrom 9065 (Varian Instru-
ment Group, Sunnyvale, CA 94034): spectrophotometric UV
detect orW|th moniochromator, Model 87 Knauer) integra-
tor-recorder C-R3A (Shimadzu, Kyoto, Jag

(C Chromatographic columns— 1 orbax ODS, 10
pm, 250 x 21.2 mm: Zorbax CN, 5 El)m 150 x 4.6 mm (Du-
%ont de Nemours, Wilmin gton DE 19898). (2) Lichrospher
8 end-capped, 5 pm, 125 x 4 mm: L|chrospher CN, 5pm,

Binding of G3L

+
- NH
HO $03 ‘E

Sulfatase

Desulfation of GiL

250 x 4 mm, and Manucart fittings (E. Merck, Darmstadt,
Germany). (3)U|trasphereCN 5 pm, 250 X 4.6 mm (Beck-
man Instruments, Inc., Fullerton, A92634)

Reagents

(a) Sodium acetate, acetic acid, and formic acid.—
Normapur quality (Prolabo).

(bg Imidazole.— Cat. No. 26081 (Serva, Heidelberg, Ger-
many

(c) SephadexandSepharose.— DEAE Sephadex A25 and
DEAE Sepharose CL-6B (Pharmacia, Uppsala, Sweden).

(d) Sulfatase type H1.— Cat. No. 9626 (Sigma Chemical
Co., St. Louis, MO 63178). Purified as follows: Prepare five
102 x 8 mm icn- exchange columns, each containing 0.5 mL
DEAE Sepharose C1-6B gel. To each add LmL 6M imidazole
formate, and rinse twice with 1 mL water. Add 0.5 mL sul-
fatase (10 mg/mL), and wash with 1.5 mL water. Elute
sulfatase with 1.5 mL 0.2M sodium acetate and add eluates
from the 5 columns to a 13 mm id tube. Suppress sodium
acetate with an immersible filter linked to a vacuum source.
When the eluate volume reaches 0.1 mL, add 2.5 mL water
and repeat filtration. Adjust volume to 25 mL with water
(master solution). Store at-18°C and dilute twice before use.

(e) DSGSL standards.—(1) Sinigrin (Cat. No. $330-5 Al-
drich Chemical Co., Steinheim, Germany). (2) Glucotropaeolin
§Cat No. 24758, Merck) (3 )Desulfogluconasturtnn (DSGST)

13) and desulfoglucobrassmm (DSGBS) (14): synthesized by
M.-C. Viaud and P. Rollin (Laboratoire de Chimie Bioorganique
etAnaIythue Orléans, France).

LC solvents.— Use on y LC quality solvents. Aceto-

n|tr| e and tetrahydrofuran (Merck); methanol (S.D.S.,
Peypin, France); demineralized water purified on Norga
nic cartrldge (Cat No. C 1512000, Millipore); and O.ImM
potassium nitrate.

Preparation of Sample

ForLC ofDSGSLs (12).— Extract 200 mg crushed seeds
twice ina75 x 13 mm polypropylene tube with 2 mL boiling
methanol-water (7 + 35)f0r5 min. (The hot solvent treatment
allows GSLs to be completely extracted without hydrolysis
by the endogenous myrosinase.) Centrifuge at 5000 rpm for

Elution of D8GL

-+
HOSO; ' NH
o, I 3 %

HO ) O\

HO S\( H,0 \(

Glucosinolate

&

Figure 2. Enzymatic desulfation of GSL on ion-exchanger.

Desulfoglucosinolate

o)
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5 min, combine supernatants, and adjust volume to 5 mL
with water. At beginning of extraction, introduce appropriate
internal standard (0.2 mLof either 7.5mM sinigrin or 7.5mM
glucotropaeolin; glucotropaeolin was used in this work, but
the choice of internal standard depends on its presence in
seeds and its LC separation from other DSGSLs). Place 1 mL
extract on a 102 x 8 mm ion-exchange column containing
0.4 mL DEAE Sephadex A 25 gel previously regenerated
with 1 mL 6M imidazole formate and rinsed with 4 mL water.
After passage of extract, add 2 successive 1 mL portions of
0.02M, pH 4.0 sodium acetate, and apply 75 pL purified and
twice diluted sulfatase solution to the resin (Figure 2). Incu-
bate overnight and elute DSGSLs with 1.5 mL water.
Reserve for LC analysis.

|
12mn
Figure 3. Chromatogram of standard solution of DSGSLs.
Column: Lichrospher CN, 250 x 4 mm. Eluant, water,
1 mLVmin. Temperature, 2TC. Peaks: 1, DSPRO; 2, DSGNL;
3, DSGNA; 4, DSGBN; 5, DSGTL (internal standard); 6,
DS4-OHGBS; 7, DSGST; 8, DSGBS; 9, DSnGBS.

Preparation of Standard

A standard mixture containing several DSGSLs was pre-
pared in the following way: desulfoprogoitrin (DSPRO),
desulfogluconapoleiferin (DSGNL), desulfogluconapin
(DSGNA), desulfo-4-OH-glucobrassicin (DS4-OHGBS),
and desulfoglucobrassicanapin (DSGBN) (present in great
quantities in rapeseed) were prepared from seed extracts as in
Preparation of Sample. Desulfoglucotropaeolin (DSGTL)
was prepared by enzymatic desulfation of commercial GTL.
DSGST and DSGBS were synthesized by Viaud and Rollin.
Desulfoneoglucobrassicin (DSnGBS) was isolated by semi-
preparative LC of a DSGSLs mixture obtained by desulfating
a large amount of rapeseed extract (NGBS is present in small
quantities in rapeseed).

DSGSLs (ca 25 mg) containing ca 1% DSnGBS was in-
jected into the Zorbax ODS column with the following
gradient elution: 100% water to 50% acetonitrile in water in
60 min with a flow rate of 5 mL/min. The fraction containing
DSnGBS was collected at a retention time of 31.8 min. After
the solvent was evaporated, DSnGBS was dissolved in 1 mL
water, and a 0.3mM solution was obtained.

Determination

Isocratic LC method—Samples were injected onto the
LC system with isocratic elution at 1 mL/min and at room
temperature. The Lichrospher CN column was used with de-
mineralized water as the mobile phase filtered at 0.22 pm.
DSGSLs were determined by UV absorbance at 229 nm. The
correction coefficients for quantitation were determined pre-
viously (11, 12), as follows: DSPRO, 1.15; DSGNL, 1.05;
DSGNA, 1.17; DSGBN, 1.21; DSGTL, 1.00; DS4-OHGBS,
0.29; DSGST, 1.00; DSGBS, 0.30; DSnGBS, 0.21; DSSNB,
1.00; and DSSIN, 1.05 (Figure 3).

Gradient LC method—EEC method (12).

Results and Discussion

Methodology

The R residues carried by GSLs (Table 1), which can be
alkenyl or hydroxy-alkenyl, arylalkyl, and indolyl or
hydroxy-indolyl, are distinguished by their solubility proper-
ties, polarities, hydrophilicity, and hydrophobicity. A
stationary phase of intermediate polarity, such as CN-bonded
silica, was used to elute the different compounds with only
one mobile phase to remain in an isocratic mode.

Chromatographic behavior of bonded silicas, whatever
their polarities, can differ greatly from one another in a given
category, depending on the characteristics of the initial silica
and the bonding techniques used for their synthesis. For this
reason, we studied the properties of 3 CN-bonded silicas with
spheric particles (5 pm diameter), belonging to 2 large
classes (15) called monomeric (Zorbax and Ultrasphere) and
polymeric (Lichrospher). None of the 3 was “end-capped,”
i.e., no postbonding treatment was carried out to inactivate
the residual silanol functions. These CN-phases were chosen
simply because of their availability in our laboratory.

When DSGSLs are prepared in solution in an aqueous
phase, the mobile phases must contain high percentages of
water to avoid loss of efficiency and resolution (16), peak
distortions, and peak splittings due to a too great difference
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Table 1.
Class Nature of Ra
Alkenyl Prop-2-enyl
But-3-enyl
Pent-4-enyl
Hydroxy alkenyl 2-Hydroxybut-3-enyl
2-Hydroxypent-4-enyl
Arylalkyl Benzyl
2-Phenylethyl
4-Hydroxybenzyl
Indolyl Indol-3-yImethyl

4-Hydroxyindol-3-ylmethyl
1-Methoxyindol-3-ylmethyl

& \fariaBle-part of the molecule (Figure 1).

Glucosinolates In rapeseed

Glucosinolate GSL
Sinigring0 SIN
Gluconapln GNA
Glucobrassicanapin GBN
Progoitrin PRO
Gluconapoleiferin GNL
Glucotropaeolin GTL
Gluconasturtiin GST
SinalbinO SNB
Glucobrassicin GBS
4-OH-glucobrassicin 4-OHGBS
Neoglucobrassicin nGBS

b Glucosinolate absent In rapeseed, used as internal standard for chromatographic analysis.
0 Occurs in small amounts In rapeseed but In large amounts in other cruciferous seeds that may be associated In commercial samples.

between the eluant polarities and the solvent injected. This
precaution could avoid a supplementary step in preparing the
sample before injection into the LC system.

Mainly for reasons of miscibility, the choice of the organic
solvent is limited to polar solvents, the most common of
which are methanol (MeOH), acetonitrile (ACN), and
tetrahydrofuran (THF). However, the remarkable differences
in selectivities that may be induced by these different organic
solvents, particularly by THF (17), should be considered. As
is often the case in a hydro-organic medium, the high wetting
power of THF, its total miscibility, and its great affinity for
water cause the THF-water eluants to lead to “induced
peaks” when pure agueous solutions are injected. These vari-
ations take place at retention times near those of the first
eluted DSGSL and make the chromatogram difficult to inter-
pret. Consequently, these studies concern only the use of
MeOH and ACN as water cosolvents.

Choosing the Organic Cosolvent

Table 2 shows the effect of the organic cosolvent (MeOH
or ACN) on an Ultrasphere CN column. The eluting powers
of ACN and MeOH are known to be very different. For ex-
ample, 10% MeOH is needed to obtain the same eluting
power as only 5% ACN. Selectivity becomes excellent with
MeOH to quantitate DSPRO-DSGNL, which is impossible
with ACN. However, a reverse effect exists with the

DSGBS-DSGST pair, which can be quantitated in an ACN
eluant but not in an MeOH eluant. Because of its transpar-
ency inthe UV and its reduced toxicity, ACN was chosen for
further studies.

Comparison of Retentions and Selectivities with 3 CN-Type
Stationary Phases

Table 3 shews the k' capacity factor values of the DSGSLs
contained in the standard solution that was chromatographed
with 2 eluants at room temperature. Table 4, obtained from
the k' values of Table 3, shows the selectivities of some
DSGSLs pairs having possible separation difficulties. Both
Tables 3 and 4 show the advantages and disadvantages of
each of these 6 systems. As in the case of apolar silicas, the
use of ACN reduces retentions. With other previously men-
tioned organic cosolvents (MeOH and THF), the same effect
on the capacity factors may be noted. To separate DSGSLs in
an isocraticmode within a reasonable time span, Lichrospher
(bonded polymeric phase) is more practical than both Ultra-
sphere and Zorbax monomeric phases, especially with
indolyl DSGSLs, where “hydrophobic” interactions in-
crease. The last 2 columns of Table 3 show the vast
differences between Zorbax and the other 2 phases for solutes
that were eluted last. Lichrospher and Ultrasphere phases
show the smallest interactions because the k' values are
clearly smaller than those of the Zorbax phase.

Table 2. k' Capacity factors* and selectivities abwith Ultrasphere CN at21*C. Mobile phase CHaCN or CH30H added
to water
K DSPRO DSGNL DSGNA DSGBN DSGTL DS4-OHGBS DSGST DSGBS DSnGBS
CHXCN, 5% 051 051 0.83 1.32 175 2.23 2.95 3.36 7.60
CH3OH, 10% 0.45 066 0.82 1.30 1.70 2.17 3.12 3.12 7.80
CH30H, 5% 0.52 0,76 0.98 1.67 2.26 2.82 401 410 —
DS4-OHGBS,
a DSPRO, DSGNL DSGNL DSGNA DSGBN DS4-OHGBS, DSGTL DSGBS, DSGST

ch3cn,5% 100 1.63 1.69 127 114
CH3OH, 10% 147 124 1.67 127 100

a k' = (Vr-Vo)/Vo.
b aA,B = k'B/K'A.
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Table 3. k' Capacity factors* and desulfoglucoslnolate elution order6for CN-bonded silicas, room temperature (21 °C)

Stationary phase Eluant DSPRO DSGNL DSGNA DSGBN DSGTL DS4-OHGBS DSGST  DSGBS DSnGBS
Lichrospher CN CH3CN, 5%b 1.35 1.50 1.66 1.94 2.32 2.69 3.03 3.35 5.58
@) @ B @ @) © @) ® ©
Ultrasphere CN CHB3CN, 5%b 051 051 0.83 132 175 2.23 2.95 3.36 7.60
Zorbax CN CHB3CN, 5%b 1.00 1.60 242 5.37 6.73 6.12 16.2 135 60.3
©) (©)] ) )
Lichrospher CN water 1.35 150 172 2.14 2.50 3.01 3.63 3.96 8.30
Ultrasphere CN water 0.64 1.02 1.30 245 3.18 3.59 5.86 541 23.0
® U]
Zorbax CN water 1.93 4,97 7.18 224 26.2 16.5 81.8 53.7 > 160
©® ©® @ (G)] U]
* K= (V,- VONo.
b Inwater.

Our previous studies, aimed at classifying a great number
of bonded silicas according to their hydrophobicity (18),
showed that the interactions with Zorbax phases were consid-
erably hydrophobic. Under these conditions, a Zorbax CN
phase can be compared with the apolar pBondapak C18
phase (Waters) (19, 20). Among the 3 CN phases studied, the
Zorbax phase showed much greater retention in an aqueous
medium than in a5% ACN medium, and weaker retention for
DSGSLs having either a reduced apolar residue (DSGNA) or
a hydroxyl group (DSPRO, DSGNL, DS4-OHGBS). In-
creasing the chain length of the residue by methylene
(Table 1) considerably increases the apolar interactions, thus
helping to raise the corresponding capacity factor (Table 3).

For the Lichrospher CN phase, the retention order of the 9
DSGSLs is identical with either a hydro-organic eluant or
pure water. In the Ultrasphere CN phase, there is only one
elution inversion between the DSGST and DSGBS when a
pure aqueous medium is used. Finally, relative to these 2
phases, the Zorbax CN showed a different retention order in
both a hydro-organic and pure water medium. Moreover, the
hydroxylated indolyl compound (DS4-OHGBS) was more
rapidly eluted.

Temperature Influence

Efficiency varies inversely with the viscosity of the eluant.
Thus, lower efficiencies were observed with pure water in
comparison with the water-ACN (95 + 5) mixture. To avoid

this problem, analyses were performed at higher tempera-
tures. Tables 5, 6, and 7 give details on the advantages and
disadvantages of 50°C compared to 21°C. Except for analy-
ses times practically halved on the Lichrospher or
Ultrasphere columns (Table 7), the elution order remained
the same (Table 5). Table 6 shows that the selectivities were
slightly modified following the stationary phases and
DSGSLs pairs.

When the Ultrasphere column is used, the coelution of
DSGTL (internal standard) with DS4-OHGBS requires an-
other standard. This choice may be made easily because the
preparation of some 20, mostly artificial GSLs (14, 21), using
different synthetic routes, has now been worked out in
our laboratory.

Choice ofan Optimal Method

Our preliminary study clearly shows that an effective
analysis can be performed on Lichrospher CN in less than
12 min, using pure water at room temperature (Figure 3). A
better analysis on Ultrasphere CN is possible; however, it re-
quires approximately 55 min in the presence of DSnGBS, or
less than 15 min in its absence.

Using pure water at 50°C and 1 mL/min on Ultrasphere
CN, analyses may be obtained within 30 min (Figure 4), or
10 min if DSnGBS is net quantitated and an internal standard
other than the GTL is used (Table 6). However, SIN, often
used as internal standard, is not suitable for CN-phase analy-

Table 4. Compared selectivities a8for some desulfoglucosinolates (calculated from Table 3)

Stationary phase

Lichrospher CN
Ultrasphere CN
Zorbax CN

Lichrospher CN
Ultrasphere CN

Zorbax CN

8 a AB=KBKA
b Inwater.

Eluant

CH3CN, 5%b
CH3CN, 5%b
CH3CN, 5%b

water
water

water

c a B,A= 1/a AB=KAKB.

DSPRO,
DSGNL

n
1.00
1.60

n
159

2.57

DSGNL,
DSGNA

122
1.63
151

115
127

146

DS4-OHGBS,

DSGBN

137
1.69
114

141
146

0.74
1,36¢

DS4-OHGBS,
DSGTL

116
127
0.91
1.10c
1.20
113

0.63
1,59¢c

DSGBS,
DSGST

n
114
0.83
1.20°
1.09
0.92
1.08c
0.66
1.52°
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Table 5. K Capacity factors of desulfoglucosinolates at 21 and 50°C for CN-bonded silicas (Eluant: water)

Stationary phase Temperature, °C DSPRO DSGNL DSGNA DSGBN DSGTL DS4-OHGBS DSGST DSGBS DSnGBS

Lichrospher CN 21 135 1.50 172
50 118 118 144
Ultrasphere CN 21 0.64 1.02 1.30
50 0.64 0.89 1.09
Zorbax CN 21 1.93 4.97 7.28
50 132 2.95 4.39

214 2.50 3.01 3.63 3.96 8.30
173 1.99 2.23 261 2.73 4.85
2.45 3.18 3.59 5.86 541 23.0
185 2.30 2.30 4.04 3.80 114
22.4 26.2 16.5 81.8 53.7 -
118 12.7 7.70 35.6 211 -

Table 6. Compared selectivities a* for some desulfoglucosinolates (calculated from Table 5 — Eluant: water)

DSPRO,
Stationary phase Temperature, 'C DSGNL
Lichrospher CN 2 in
50 1.00
Ultrasphere CN 21 159
50 1,33
Zorbax CN 21 257
50 223
8 a AB = KBKA.

b a BA= 1/aAB = KAKB.

ses because of the insufficient selectivities among DSPRO,
DSSIN, and DSGNL.

Evaluation ofthe Proposed Method

Results from our first study illustrate a simple isocratic
method of DSGSLs analysis. The method is 2 or 3 times
faster than the gradient method, it is inexpensive, and it uses
a nonpolluting, nontoxic eluant.

When rapeseed samples are pure, only DSPRO, DSGNL,
DSGNA, DSGBN, DS4-OHGBS, DSGBS, DSnGBS, and
DSGST (Table 1) have to be determined by LC analyses
(Figure 5). Unfortunately, other cruciferous seeds (e.g.,
Sinapis arvensis L. or Thlaspi arvenseL.) may be present as
admixtures in commercial samples, and their specific GSLs
(SIN, SNB) (Table 1) may interfere in the chromatographic
separation (Figure 6). Such samples were analyzed to evalu-
ate our method. Only repeatability and recovery tests
compared to the gradient LC method were performed. Repro-
ducibility studies may be carried out at a later date in other
laboratories to meet the particular needs of an alternative to
the EEC method.

Four commercial rapeseed samples, 2 of which contained
impurities, were prepared according to the method described
above. Each of the resulting DSGSLs solutions was analyzed
5 times by the isocratic and gradient methods. The resulting
differences were caused only by LC separation and peak
measurements. The influence of the SIN and SNB presence
found in seeds by the isocratic method is illustrated in the
chromatogram (Figure 6). Separation of DSPRO, DSSIN,
and DSGNL is incomplete and DSSNB elutes very close to
DSGBN. Even DSSIN and DSSNB were identifiable, as well
as the pollution in the rapeseed samples, but determination of

DSGNL, DS4~OHGBS, DS4-OHGBS, DS4-OHGBS,

DSGNA DSGBN DSGTL DSGST
115 141 120 1.09
122 129 112 1.05
127 146 113 0.92
1.08b

122 124 1.00 0.94
1.066

146 0.74 0.63 0.66
1.36b 1.59b 1.52*

149 0.65 0.61 0.59
1.536 1.65* 1.69b

these individual unresolved GSLs remained imprecise or im-
possible.

The results in Table 8 show that determination of total
GSL content was not affected by isocratic elution. Indeed, the
poorly separated DSGSLs have similar relative response co-
efficients in UV detection. Consequently, peak calculation
errors do not have an important effect on the determination
of total GSL content. Precision is due to very good separation
of the 2 groups of unresolved DSGSLs from the internal stan-
dard (DSGTL) and from indolyl DSGSLs (DS4-OHGBS,
DSGBS, DSnGBS), which have very different relative re-
sponse coefficients.

Repeatability values obtained by the 2 LC methods are
given in Table 8 and, as expected, the best results were ob-
tained by the isocratic method, which generates more
reproducible elution conditions than the gradient method.
This is because the isocratic eluant composition is constant,
thus minimizing ghost peaks, baseline instability, and UV
spectrum modifications (absorption coefficient at 229 nm).

Table 7. Comparative time analysis (min) of DSGSLs
solution — Mobile phase: water, 1 mUmin

Temperature
Column8 21C 50°C
Lichrospher CN 10.9 6.8
Ultrasphere CN 52.8 273
Zorbax CN >180 >125

For characteristics, see Experimental.
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Figure 4. Chromatogram of standard solution of DSGSLs.
(Standard solutions In Figures 3 and 4 are different.) Column:
Ultrasphere CN, 250 x 4.6 mm. Eluant, water, 1 mL/min.
Temperature, 50°C. Peaks: see Figure 3.

These results show that the isocratic method offers a reli-
able determination of total GSL content in rapeseed. Further
evaluations are currently being worked out in our laboratory.

Complementary Studies

These encouraging results led us to perform tests on other
weakly polar stationary phases, such as diol, phenyl, and
trimethylsilyl (TMS), as well as on the more polar stationary
phases, such as amino bonded and bare silicas. Diol silicas
did not lead to sufficient retentions, but phenyl and TMS will
require further studies because of their somewhat different
selectivities. Instabilities of amino silicas, as well as certain
manufacturers’ advice not to use them in strongly aqueous

1

s 7

G

12'mn

Figure 5. Chromatogram of DSGSLs solution prepared
from commercial sample of pure rapeseed. Conditions and
peaks: see Figure 3.

media, discouraged our using them. Bare silicas appear to be
of sufficient interest for further studies because their
selectivities were rather different from those presented in this
work. Consequently, tests are being undertaken on apolar,
fairly polar, or polar columns, and even on bonded or un-
bonded polymeric supports. Hydro-organic or nonaqueous
eluants should indicate the advantages and disadvantages of
each system.

A preliminary study of the chromatography of DSGSLs in
a supercritical phase (SFC) is currently being published (22).
The pros and cons of LC in comparison with SFC will be
emphasized. This work has led to a number of chromato-
graphic data that will be further exploited by chemometric
techniques such as hierarchical ascendent classification, cor-
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Figure 6. Chromatogram of DSGSLs solution prepared

from commercial sample of rapeseed with polluting
cruciferous seeds containing SIN and SNB. Peaks: 1-9, see
Figure 3; 10, DSSIN; 11, DSSNB. Conditions: see Figure 3.

respondent factor analysis, and principal component analysis
(18). These detailed studies could provide laboratories wish-
ing to quantitate any GSLin any GSLs mixture with the most
appropriate method in terms of time and selectivity.

Conclusion

The results of the total GSL content of commercial sam-
ples determined by our method were in good agreement with
those determined by the official method. The dosage, faster
than in gradient analyses, is more accessible for nonspecial-
ists equipped with a minimum LC device, and the choice
among the CN-bonded silicas of the different stationary
phases is now easier. New GSLs synthesized by methods de-
veloped in our laboratory provide the ideal standard for every
kind of analysis, however complex it may be. Hence, our
study, using an inexpensive, nontoxic system with pure
water as the eluant, opens the way to a simple analysis
of GSLs.

Table 8. Comparative results for determination of total
GSL content — (pmol/g) in 4 commercial rapeseed
samples by isocratic and gradient LC methods

Samples
Rapeseed with
LC method polluting seeds Pure rapeseed
A B C D
Isocratic Av.a 271 46.1 19.0 36.6
SD* 01 0.8 0.2 0.4
Gradient Av.a 27.9 46.1 19.0 36.5
SD6 0.9 13 0.9 10

a Calculated with 5 determinations.
b SD = standard deviation, calculated with 5 values.
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Analysis of Trypsin Inhibitors and Lectins in White Kidney Beans (Phaseolus vulgaris,

var. Processor) in a Combined Method

JACQUES P. ROOZEN and JOLAN de GROOT

Agricultural University, DepartmentofFood Science, PO Box 8129, 6700 EV Wageningen, The Netherlands

Buffered saline extraction, affinity chromatography, and
Folln-BSA protein assay were used consecutively to provide
a combined method for analysis of trypsin inhibitors and
lectins in white kidney beans (Phaseolus vulgaris, var. Pro-
cessor). The method was tested by following the decrease of
both antinutritional factors by germination of the beans for
7 days at 20°C. Repeatability coefficients of variation were
2-7.4% for the trypsin inhibitors and 2.2-10% for the lectins.
After 7 days of germination, trypsin inhibitors and lectins
were reduced by 72 and 92%, respectively.

Antinutritional factors (ANFs) are present in beans and have
to be inactivated by processing (heat, germination) to make
the beans more suitable for food and feed (1). In white kidney
beans (Phaseolus vulgaris', PV) the important ANFs are tryp-
sin inhibitors (TIs) and lectins (2), while the beans are
relatively low in tannins.

For analysis of Tls in soya beans, we developed a method
based on trypsin-sepharose affinity chromatography (3). The
advantages of the method are increased sensitivity by con-
centrating TlIs on the column, and increased specificity in
comparison with the assay methods (4). Affinity chromatog-
raphy on porcine thyroglobulin-sepharose has been used for
measuring the lectin content of developing seeds in common
beans (5). According to Felsted et al. (6), porcine thy-
roglobulin-agarose completely binds lymphocyte- and
erythrocyte-subunits of lectins.

In this study, a combined method is evaluated for analysis
of Tls and lectins in PV using affinity chromatography to
save time for sample preparation and possibly lower cost of
reagents.

Material

In cooperation with Ir. F.H.M.G. Savelkoul of the Depart-
ment of Animal Nutrition of this university, white kidney
beans were germinated in wet sand beds for 0.5 to 7 days at
20°C (12 h light/day at the Government Seed Testing Sta-
tion). The sprouted beans were sieved, carefully washed, and
water was removed by filter paper. After freezing in liquid
nitrogen and homogenization in a Waring blender, the crude
bean flour was freeze-dried, ground on a 1 mm sieve, stored
in tightly closed plastic containers at 4°C, and analyzed for
moisture content and crude protein (Kjeldahl-N x 6.25;
Table 1).

METHOD

Principle

Both Tls and lectins are extracted from the sample with a
phosphate buffer (pH 8.0), containing 0.5M NaCl. Tls and

Received January 28,1991. Accepted May 31,1991.

lectins are isolated from the extract by affinity chromatogra-
phy with trypsin-sepharose 4B and porcine
thyroglobulin-agarose, respectively. The amounts of protein
obtained are determined by a modified method according to
Lowry (7) using bovine serum albumin as a standard.

Reagents

All solutions must be at room temperature before pH ad-
justment.

(@) Monobasic potassium phosphate.—0.05M. Dissolve
1.7 g KH2POs and 7.3 g NaCl in water and dilute to 250 mL.

(b) Dibasic sodium phosphate.—0.05M. Dissolve 17.9 g
Na2HP04.12H2U and 29.2 g NaCl in water and dilute to 1 L.

(c) Phosphate buffer (pH 8.0).—To 1L (b), add sufficient
(a) to adjust to pH 8.0. Keep solution refrigerated.

(d) Acetate buffer (pH 5.2).—0.05M, containing 0.5M
NaCl. Add 2.78 mL concentrated acetic acid to 400 mL
water, dissolve 29.2 g NaCl in the solution, adjust to pH 5.2
with 2M NaOH, and dilute to 1 L.

(e) Glycine buffer (pH 3.0).—0.05M, containing 0.5M
NaCl. Dissolve 3.75 g glycine and 29.2 g NaCl in water, ad-
just to pH 3.0 with 2M HC1, and dilute to 1 L.

(f) Carbonate solution.—10% Na:CCs: in 0.5M NaOH.
Dissolve 10 g Na.CUs h 100 mL0.5M NaOH.

(9) Copper sulfate.—5% CuSO”HaO. Dissolve 0.5 g
CuSo4sH20 in 10 mL water.

(h) Tartrate buffer—10% potassium sodium tartrate so-
lution. Dissolve 1 g KNa tartrate'4H20 in 10 mL water.

(i) Copper reagent.—Add 0.1 mL copper sulfate (g) and
0.1 mL tartrate buffer (h) to 10 mL carbonate solution (f).
Prepare daily.

() Folin reagent.—Dilute 1 mL Folin-Ciocalteu reagent
(E. Merck, Darmstadt, Germany, No. 9001) with 1 mL water.
Prepare daily.

(k) Albumin stock standard.—25 mg/25 mL. Transfer ex-
actly 25 mg bovine serum albumin (BSA) (Sigma Chemical
Co., St. Louis, MO 63178, No. A4378) to 25 mL volumetric
flask and dissolve to volume with glycine buffer (pH 3.0).
Transfer 0.6 mL aliquots to 1 mL Eppendorf cups and store
at -20°C.

() Intermediate albumin standard.—50 |ug/mL. Dilute
0.5 mL stock standard solution (k) to 10 mL with glycine
buffer (pH 3.0) (e).

(m) Working albumin standards.—Dilute 0.0, 0.1, 0.2,
0.4, 0.6, 0.8, and 1.0 mL aliquots of intermediate standard
solution (1) to 1 mLwith glycine buffer (pH 3.0) (e) in re-
agent tubes to prepare a standard curve for protein
determination (5-50 pig protein).

(n) CNBr-activated sepharose 4B.—Pharmacia LKB
Biotechnology Inc., Piscataway, NJ 08854, No. 17-0430-01.

() Trypsin.—Dissolve 375 mg trypsin (E. Merck, No.

24581) in 105 mLO.IM sodium bicarbonate buffer (pH 8.3)
containing 0.5M NaCl.

() Glycine-carbonate buffer (pH 8.0).—Containing

0.1M sodium bicarbonate, 0.2M glycine, and 0.5M NaCl.
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Dissolve 8.4 g NaHCo 3, 15 g glycine, and 29.2 g NaCl in
water, adjust to pH 8.0 with 2M NaOH, and dilute to 1 L.

(a) Porcine thyroglobulin-agarose.— (Sigma, No.

T4398). Certified binding capacity is 0.9 mg phytohemag-
glutinin from Phaseolus wlgarisper mL gel.

Apparatus

(a) Trypsin-sepharose 4B colum.—The coupling of
trypsin to CNBr-activated sepharose 4B was performed ac-
cording to the instructions of the supplier (8). A 15 g portion
of sepharose (n) was dispersed in 105 mL trypsin (o). Resid-
ual active groups were removed with glycine-carbonate
buffer (p). The trypsin-sepharose 4B gel obtained was sus-
pended in glycine buffer (pH 3.0) (e) and packed into several
5 mL disposable tips (0 9 mm; 2 mL gels). Trypsin-
sepharose 4B is also available commercially (e.g., Sigma,
No. T4019).

(b) Porcine thyrogldaulin-sepharcse 4B colum.—This
column can be prepared as above. In this study, the commer-
cially available porcine thyroglobulin-agarose (q) was used.
The gel was also packed in 5 mL disposable tips (0 9 mm;
2 mL gels).

(c) Spectrgphotoreter.—DU-62, Beckman Instruments.

(d) Gattrifuge.—Sorvall RC-5B refrigerated superspeed
centrifuge (Du Pont Instruments).

Preparation of the Sample Solution

Extract sample at a 1:50 ratio with phosphate buffer
(pH 8.0) (c). Stir suspension for 2 h at room temperature
(magnetic stirrer) and centrifuge suspension 15 min at 15°C
at 25 000 x g. The supernatant is ready for immediate appli-
cation on both affinity columns. No further handling is
necessary, and there should be no delay.

Isolation of TIs and Lectins

Wash both types of columns with 20 mL phosphate buffer
(pH 8.0) (c) before use. Apply 2-50 mL sample solution to
trypsin-sepharose columns and 1-50 mL sample solution to
porcine thyroglobulin-agarose columns. The volume applied
depends on the amounts of TlIs and lectins expected in the
sample and the maximum binding capacity of the columns.
Be careful not to overload columns.

Eluate both types of columns with 20 mL phosphate
buffer (pH 8.0), followed by 20 mL acetate buffer (pH 5.2)

Table 1. Freeze-dried samples of frozen ground white
kidney beans (Savelkoul, personal communication)

Days of
germination Moisture, % Crude protein, % Color
0 6.9 224 white
0.5 7.8 22.0 white
1 8.8 21 white
2 9.5 227 white
3 9.0 225 gray
4 10.8 235 gray
5 101 239 green
6 111 26.7 green
7 112 256 green

for trypsin-sepharose columns only. Continue to eluate both
Tls and lectins from their columns with 20 mL glycine buffer
(pH 3.0) into 25 mL volumetric flasks and dilute to 25 mL
with glycine buffer (pH 3.0).

Eluate Protein Determination

Add 0.2 mL copper reagent to 1 mL eluate and 1 mL
working standard solutions, respectively. After 15 min, add
0.1 mL Folin reagent while stirring. After 30 min, measure
absorbance (A) at 750 nm using a reagent blank. Prepare
standard curve by plotting concentration (pg BSA/mL) vs A
and interpolate eluates’ protein concentrations (a pg/mL).

Calculation

Calculate mg (TlIs or lectins)/g crude protein as follows:

mg (TI or lectin) / g crude protein = 100g *” ff,, ,

where a =the concentration of TIs or lectins in the eluate
(pg/mL); V\ = volume phosphate buffer (pH 8.0) used to ex-
tract the sample; V. =volume of extract applied to the
affinity columns; g = amount of freeze-dried sample used for
extraction (g); M = percent crude protein of freeze-dried
sample/100.

Results and Discussion

The changes of ANF contents of white kidney beans dur-
ing germination are shown in Table 2. Tls and lectins were
reduced by 72 and 92%, respectively, after 7 days of germi-
nation. During the first day of germination, the ANFs
increased slightly and then gradually decreased until Day 4.
Subsequently, an acceleration of ANF deterioration takes
place, together with a discoloration and an increase of protein
and moisture content (Table 1). The loss of ANFs seems to
coincide with large differences in the physiology of germi-
nating beans (9).

The calibration equations obtained for the Folin-BSA
protein assay differ between A(750) = 0.0073 pg BSA +
0.004 and A(750) =0.0089 pg BSA+0.007, giving 20% vari-
ation; therefore, the calibration has to be repeated for every
series of samples. This is not necessary for the assay of
Sedmak et al., proposed for Tl-protein determination (3).
However, the absorbance of lectins (glycoproteins) in the lat-
ter assay is too low for an accurate measurement. According
to Hartree (10), purified glycoproteins like ovalbumin can be
analyzed by the Folin-BSA protein assay, which was also
adopted by Felsted et al. (6) for lectins.

Comparison of the results of the analyses of lectins in Table 2
shows that during the first days of germination, the assay method,
B, gives 3 times higher values than the affinity method, A. On
Days 5,6, and 7, similar results were obtained by both methods.
Using the extraction conditions for lectins proposed by Felsted et
al. (6) in affinity method A for beans at 0 days, we obtained 80.4
+ 5% mg protein/g crude protein, which is not significantly differ-
ent from die value presented in Table 2. Paredes-Lopez et al. (5)
reported 2% ofthe cmde proteins as lectins in mature beans, while
Sharon and Lis (11) reported up to 10% of the total proteins. This
makes the data (up to 34% of the cmde protein) obtained from the
Department of Animal Nutrition inexplicably high [possibly
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Table 2. Lectins and Tls, determined In 2 extracts of freeze-dried samples of germinated white kidney beans: by combined
affinity method (A), by assay method of Department of Animal Nutrition (B), and by assay method of Hamerstrand et al. (C)
(16), assuming 1 mg Inhibited trypsin =0.5 mg protein Tls, molecular weight = 12 kD (13)

Lectins

A B

Protein, Protein,
Days of mg/crude  No. of mg/crude
germination protein, g replicates CV, % protein, g

0 82.6 7 6.1 2415

0.5 92.7 5 8.6 220.5

1 85.5 5 47 340.7

2 83.7 7 85 196.0

3 85.3 7 10.0 165.8

4 46.4 7 41 127.7

5 35.4 4 7.7 240

6 120 5 5.9 85

7 6.7 3 22 8.0

Method of Hamer et al. (12)

caused by aspecific interactions in the FLIA assay (12)], and
brings our data (up to 9% of the crude protein) within the range
found elsewhere (5,11). In Table 2, the number of replicates is not
equal because of sample availability (larger amounts of extracts
were needed for getting enough purified protein from samples
with lower ANF contents), and because the number of available
affinity columns has been extended during the experiment. Detec-
tion limits for lectins and Tls are, respectively, 2 and 1 mg
protein/g crude protein using a 50 mL extract for each column
application. Lower limits might be obtained by applying more
than 50 mL extract on a column; however, this is not recom-
mended because of chances of microbial spoilage and long
running times.

Overloading of the affinity column material is a main con-
cern when these types of columns are used. During our period
of analysis (6 months), bound porcine thyroglobulin kept its
certified capacity of 0.9 mg lectin per mLgel. Therefore, for
estimating the amount of extract to be applied on the column,
one should assume that 50-75% of the certified capacity is
available. The procedure used for immobilizing trypsin on
sepharose delivered a gel with maximum T1 binding capacity
of 0.45 mg Kunitz inhibitor (soya) protein per mL gel, and
0.31 mg PV inhibitor protein per mL gel. The ratio of these
capacities reflects the ratio of molecular weights: 21 kD
(Kunitz inhibitor)/12 kD [PV, Wu and Whitaker (13)]. From
this result, we concluded that 0.25 mg/mLgel binding capac-
ity is a solid basis for estimating the TI application volume of
the sample extract.

The method is linear for lectins in the range of 0.4-1.6 mg
and for Tls in the range of 0.2-0.6 mg purified protein bound
to 2 mLof affinity column material. In practice, we applied a
1-4 mL extract on 2 mL thyroglobulin-agarose column and
a 2-5 mL extract on a 2 mL trypsin-sepharose column (ex-
tract prepared of native white kidney beans according to the
method described).

The advantages of choosing saline phosphate buffer
(pH 8) as the extractant for the ground PV beans are: (1) The
solvent is suitable for the extraction of both lectins and Tls;
(2) the extract can be applied on the affinity columns without
further handling (3); and (3) both columns are eluted without

Tls
A ©

Protein, Protein,

mg/crude  No. of mg/crude  No. Of

protein, g replicates CV, % protein, g replicates CV, %
24.9 5 6.0 288 2 53
274 5 25 28.4 4 71
26.4 6 29 28.3 6 11
26.7 6 4.3 278 4 6.5
255 5 74 284 4 10.3
20.5 4 22 234 3 74
16.2 6 54 18.0 4 9.8
105 5 2.0 128 3 59

7.0 3 33 7.7 5 52

a viscosity enhancing substance of PV beans tha: can cause
blockage of the affinity columns (6).

The combined method described is only suitable for le-
gume samples containing very low amounts of tannins.
Roozen and de Groot (14) reported the use of affinity chro-
matography for Tl analyses in different kinds cf legumes.
The problem with legumes rich in tannins is that their extracts
turn the column material brown/black and cause it to grad-
ually loose binding capacity. Preliminary results with acid
extractants containing extraction aids like poly-
vinylpyrrolidone or formaldehyde look promising for getting
low tannin extracts. For example, a legume rich in tannins
(Vidafaba, var. Alfred) was ground to flour, 1g of which was
mixed with 1 mL 0.5% formaldehyde solution (15) and left
overnight at room temperature. Afterward, the extraction
method was used at pH 8 (basic) and pH 3 (acid), while both
extracts were applied on trypsin-sepharose columns at pH 8.
The amounts of Tls found were 7.6 (basic) and 7.2 (acid) mg
protein/g crude protein compared to 10.3 (basic) and 9.8
(acid) mg protein/g crude protein without formaldehyde pre-
treatment. An improvement was obtained by adding
formaldehyde to the extraction buffer (0.01%, v/v): 8.8
(basic) and 10.2 (acid) mg Tl protein/g crude protein. Affin-
ity columns used for acid or basic Vida faba extracts without
formaldehyde treatments were useless after 2 runs. More
work is needed to evaluate the yields of Tls and lectins in
acid extracts.
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Thin-layer Isoelectric focusing was applied to the Identifica-
tion of whale (Cetacea) species by using water-soluble sar-
coplasmic proteins of skeletal muscles. Twenty-eight
samples consisting of 4 species (10 samples) of baleen
whales (Mystlcetl) and 8 species (18 samples) of toothed
whales (Odontocet]) were analyzed. Each sample (approxi-
mately 1 g) was electrophoresed with Amphollne PAGplate,
pH 3.5-9.S. The electrophoretic profiles were species-spe-
cific on the 4 toothed whale species that did not have a
marked Intra-species difference, and all 4 baleen whale spe-
cies. However, the profiles were not specific on the 4 other
dolphin species, even though they were discriminable from
the other 4 toothed whale species. Numerical values of pis
and relative peak heights were obtained by densltometric
analysis of the isoelectro-focused protein bands. The bands
were also species-specific for the 8 toothed whale species
mentioned. The values may be applicable to species identifi-
cation without the need for a standard sample, which may
not be readily obtainable. Experiments on test samples of
minke and sel whales showed that bloodletting with ice water
made the densities of Isoelectro-focused bands thinner, al-
though species identification was still possible by using the
inside part of muscles. Heat treatment at below S0°C for 10
min caused little dénaturation; at higher temperatures the
protein bands were diminished in a temperature-dependent
fashion. Therefore, the present Isoelectric focusing analysis
should be applicable to small samples of whale meat, exclud-
ing several species of dolphins.

Whale (Cetacea) species are generally called whales, dol-
phins, or porpoises according to their sizes and shapes, but
are taxonomically classified into baleen whales (Mysticeti)
and toothed whales (Odontoceti) (1). The chemotaxonomic
identification of whale species is required because some un-
certainty remains in the classification of Odontoceti (2, 3);

and, since the International Whaling Commission decided in
1982 to prohibit commercial whaling, the conventional iden-
tification of seafood meat is required to check the use of
whale meat.

Electrophoretic analysis of enzymes in meat and other tis-
sues is a reliable method to identify whale species (4).
However, this method requires standard samples of known
species, which are not easily obtainable. On the other hand,
isoelectric focusing is also a useful and reliable method for
the identification of species of marine products (5-10).
Moreover, we have established the usefulness of thin-layer
isoelectric focusing, which is easy to perform and does not
require species standards once the assay is performed with
them. We have also established numerical values for each
protein band in the identification of species in foods such as
fish and mushrooms (11,12). In this paper, we demonstrate
that thin-layer isoelectric focusing of water-soluble sarco-
plasmic proteins is effective for identifying whale species,
excluding 4 dolphin species.

Experimental

Apparatus

(a) Electro-focusing apparatus—Flat bed apparatus

(Multiphor II); electrophoresis constant power supply
(MacroDrive 5); thermostatic circulator MultiTemp |1 slab
cooling system; electro-focusing strip (cat. No. 1850-911);
sample applicafion pieces (cat. No. 1850-901); cellophane
preserving sheet (cat. No. 1850-221)(Pharmacia LKB Bio-
technology AB, Sweden).
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Table 1.
Sample No. English name
1-2 Fin whale
3-5 Sei whale
6-7 Bryde's whale
8-10 Minke whale
11-12 Sperm whale
13 Baird's beaked whale
14-15 Short-finned pilot whale
16-17 Dali's porpoise
18-20 Northern right whale dolphin
21-23 Pacific white-sided dolphin
24-26 Common dolphin
27-28 Striped dolphin

(b) Densitometer.—Dual-wavelength chromato-scanner
CS-910 (Shimadzu Corp., Kyoto, Japan).

(c) Polyacrylamide gel plate.—Ready-made polyacryl-
amide gel containing Ampholine (carrier ampholytes);
Ampholine PAGplate, pH 3.5-9.5 (Pharmacia LKB).

Reagents

(a) Electrolytes.— 1M NaOH (catholyte); 1M HsPO: (an-
olyte).

(b) pi marker solution.—pi Calibration Kit, pH 3-10,
dissolved in 100 pL distilled water (Pharmacia LKB).

(c) Fixing solution.—57.5 g trichloroacetic acid and
17.25 g sulfosalicylic acid dissolved in 500 mL water.

(d) Destaining solution—500 mL ethanol and 160 mL
acetic acid in 2 L water.

(e) Staining solution.—Solution of 0.46 g Coomassie
Brilliant blue R-250 and 400 mL destaining solution.

(f) Preserving solution.-—Solution of 40 mL glycerol and
400 mL destaining solution.

Preparation of Samples

Skeletal muscles of 10 individuals of 4 species in Mys-
ticeti and of 18 individuals of 8 species in Odontoceti were
examined. English and scientific names and sources of whale
species used are shown in Tables 1 and 2, respectively. The
species of all samples were identified by whale morpholo-
gists upon capture. Sarcoplasmic proteins were isolated from
muscles preserved at -30°C (1 g unless stated otherwise) of
these 28 whales by homogenizing with 20 mL cold (4@C) dis-
tilled water. Extracts were centrifuged at 1600 x g for 20 min
at 4°C to remove debris, and the supernatants were used for
the analysis. In addition, 2 whale meats that were sold as
Dali’s porpoise and sei whale were examined in the
same manner.

Isoelectric Focusing

PAGplates were placed on a cooling (4°C) platform of
electro-focusing apparatus over a thin-layer of kerosene to
ensure good thermal contact. Sample application pieces were
placed midway between anode and cathode. Sample superna-
tants (15 pL) or pi marker solution (15 pL) was pipetted onto
these pieces. Electro-focusing strips were soaked in catholyte
and anolyte. Strips were applied to edges of gels to provide

English and scientific names of whale species examined

Scientific name Suborder
Balaenoptera Bhysal,us Mysticeti
Balaenoptera borealis Mysticeti
Balaenoptera eden Mysticeti
Balaenoptera acutostrata Mysticeti
Physeter macracephalus Qdontoceti
Befardius balrai Qdontocet|
Globicephala macrorhynchus Odontocet]
Phocoenaices dalli Qdontoceti
L|ssodelﬁh|s borealis Qdontoceti
La?en,or ynchus obliquidens Qdontocet]
Delphinus delphis Qdontocet|
Stenella coeruleoalba Odontoceti

electrical contact with platinum wire electrodes. A power
supply was connected to the electrodes and a constant power
of 30 watts (maximum voltage = 1500 V, maximum current
=50 mA) was applied for 1.5 h until equilibrium focusing
was attained. After the focusing, electrolytes were removed
and gels were placed in fixing solution for 45 min and then
in destaining solution for 5 min. Gels were stained in staining
solution at 60°C for 10 min, and placed in destaining solution
overnight, until backgrounds of gels became clear. Stained
gels were placed in preserving solution for 1 h, dried at 50°C
for 40 min, and covered with cellophane preserving sheet.

Densitometry and Numerical Expression ofIsoelectric

Focusing Patterns

Preserved gels were scanned at a sample wavelength of
595 nm and a reference wavelength of 700 nm in a densitom-
eter, using the scanning mode of linear scanning in
transmission mode, beam length of 1 mm, and beam width of
0.05 mm. The pH gradient was graphed from the densitomet-
ric pattern of the pi maker. Isoelectro-focused protein bands
of all whale samples (samples 1-28 in Table 2) were scanned.
About 10 isoelectro-focused protein bands characteristic to
each whale species were selected. The chart of scanned whale
protein bands was set on the gradient calibration curve for pi
markers, and each pi value and relative peak height (RPH) of
these bands were numerically expressed. RPH values were
expressed as the ratios to that of the maximum peak, which
was set at 100.

Results and Discussion

Species-Specificity ofIsoelectric Focusing Patterns of

Sarcoplasmic Proteins

To determine the optimum quantity of sarcoplasmic pro-
teins to be analyzed, we chose sei whale as a test sample.
Figure 1 represents isoelectric focusing patterns of water-ex-
tractable sarcoplasmic proteins of sei whale at various
concentrations. When 1 g meat was extracted with 20 mL
water (50 mg/mL), the major bands appeared dense enough
for further densitometric analysis; the densitometric profile
of this gel is shown in Figure 2. Therefore, experiments were
performed under this concentration.

Figure 3 shows the isoelectric focusing patterns of water-
extracted sarcoplasmic proteins of 4 baleen whale species
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Table 2. Sources of the whales examined

Capture location

Sample No.a  English name Body length, m Sex Latitude Longitude Capture date

1 Fin whale (The coast of Iceland) 1987

2 Fin whale — — (The coast of Iceland) 1987

3 Sei whale — —

4 Sei whale — — (The coast of Iceland) 1986

5 Sei whale — — (The coast of Iceland) 1986

6 Bryde's whale 13.8 Female 11°16'S 93*34'E 1978.11.15

7 Bryde's whale 135 Female 11'49's 94°25'E 1978.11.18

8 Minke whale 6.1 Female 37*12'N 141°24'E 1984.4.1

9 Minke whale 6.2 Male 37°44'N 141*30'E 1984.4.1
10 Minke whale
n Sperm whale 115 Male 31°05'N 133°03'E 1985.11.30
12 Sperm whale 116 Male 31°06'N 133*01'E 1985.11.30
13 Baird's beaked whale 9.6 Female 35°50'N 141°17E 1988.11.4
14 Short-finned pilot whale 47 Female 38°50'N 141°54'E 1984.11.8
15 Short-finned pilot whale 6.4 Male 39°12'N 142*02'E 1984.11.9
16 Dali's porpoise (dalli-type) 188 Male 50'07N 142°45'W 1987.9.4
17 Dali's porpoise I-type) 1.88 Male 50*09'N 142*47'W 1987.9.4
18 Northern right whale dolphin Male 42°16'N 154°28'E 1987.9.23
19 Northern right whale dolphin 2.20 Female 43'37'N 178°03'E 1987.9.15
20 Northern right whale dolphin 1.96 Female 42°16'N 154°28'E 1987.9.23
21 Pacific white-sided dolphin 174 Male 43'37'N 177*53'E 1987.9.15
22 Pacific white-sided dolphin 1.68 Female 43°37'N 177*53'E 1987.9.15
23 Pacific white-sided dolphin 168 Male 43°37'N 177°53E 1987.9.15
24 Common dolphin 155 Female 40°33'N 149°06'E 1987.9.24
25 Common dolphin 172 Female 40*31'N 149*37'E 1987.9.24
26 Common dolphin 176 Male 40*31'N 149°37'E 1987.9.24
27 Striped dolphin — — (The coast of Japan) 1980.11.27
28 Striped dolphin — — (The coast of Japan) 1980.11.27

a Sample numbers correspond to those in Table 1

(sample numbers correspond to those in Tables 1 and 2). The observed, although a few bands of sei and minke whales
4 species gave species-specific patterns, indicating that this showed different densities in each individual. Furthermore,
assay is effective for identification of each species. With re- all baleen whales had a sharp band of pi 5.60, which was not
gard to intraspecific variations, no marked difference was  detected in any toothed whales except sperm whale (Fig-
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Figure 1. Isoelectric focusing patterns of various 0 ! 2 3 4cm S 6 7 8 9
concentrations of sarcoplasmic proteins of a sei whale. Meat
was extracted with 20 mL water. Concentration In g/20 mL: Figure 2. Densitometric pattern of isoelectric focusing of

(1) 0.1, (2) 0.2, (3) 0.5, (4) 1.0, (5) 3.0, (6) 5.0, and (7) 7.0. M: pi sarcoplasmic proteins shown in Figure 1, lane 4. The
marker. Sample size: 15 pL. numbers above peaks indicate pi values.
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P1
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Figure 3. Isoelectric focusing patterns of sarcoplasmic
proteins of 4 baleen whale species. Sample numbers
correspond to those In Tables 1 and 2. M: pi marker.

ure 4). This band, therefore, may be useful for the prelimi-
nary identification of baleen whales.

Figure 4 represents protein profiles of the 8 toothed whale
species, where sample numbers are the same as in Tables 1
and 2. Profiles of sperm whale, Baird’s beaked whale, short-
finned pilot whale, and Dali’s porpoise (dalli-type) were
species-specific and were useful for species identification.
On the other hand, the profiles of dolphins, i.e., northern right
whale dolphin, Pacific white-sided dolphin, common dol-
phin, and striped dolphin, were too similar to use for the
identification of their species, even though these profiles
were characteristic for toothed whales. With regard to intra-
specific difference, no remarkable difference was found in
any of the species, although some individual variations were
found in the densities of a few bands of the short-finned pilot
whale and common dolphin. Furthermore, the protein band
of pi 6.05 was commonly found in toothed whales examined,
with the exception of sperm and Baird’s beaked whales, sug-
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[2 2]
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Figure 4.
those in Tables 1 and 2. M: pi marker.

gesting that the pi 6.05 band might be useful as a preliminary
marker for the identification of toothed whales.

Numerical Values for Bands In Isoelectric

Focusing Patterns

Because standard samples of whale meat can not be ob-
tained at present, establishment of numerical values of pis
and densities of protein bands in isoelectric focusing patterns
might be required for the practical application of this method.
Table 3 indicates the numerical values of pis and RPHSs cal-
culated from the patterns of 12 whale species shown in
Figures 3 and 4. Listed numerical values of pis and RPHSs are
the results of a single determination. Table 4 shows the vari-
ations in numerical values of pi and RPH for sarcoplasmic
proteins of sperm whale (sample 11 in Table 2). Variations in
numerical pi values were small, with relative standard devi-
ations (CV%) below 1%. On the other hand, numerical
RPH values showed higher variations. For the identification
of whale species by these numerical values, the comparison
of the main pi values of an unknown sample with those of an
authentic sample in Table 3 may be more important than ref-
erence RPH values. Therefore, these numerical values in
Table 3 may be applicable to the identification of whale spe-
cies, except 4 dolphin species (samples 18-28), by the
isoelectric focusing method. After obtaining the densitomet-
ric pattern of an unknown sample, the numerical values in
Table 3 can be used to find out the corresponding pi value(s),
RPH of which is 100 or nearly 100, and then to determine the
other pi values.

Identification of Unknown Whale Species of Two Kinds

of Meats on the Market

Figure 5 represents the isoelectric focusing patterns of sar-
coplasmic proteins of 4 authentic baleen whale species
(samples 1, 4, 6, and 8), 8 authentic toothed whale species
(samples 11, 13, 14,16,18, 21, 24, and 27) and 2 unknown

bl il
s i

Isoelectric focusing patterns of sarcoplasmic proteins of 8 toothed whale species. Sample numbers correspond to



Sample
No.

10

13
14
15

16

Table 3. Numerical values of protein bands of isoelectro-focused sarcoplasmic proteins of 12 whale species on pH gradient (3.5-3.S) polyacrylamide gel

English name

Fin whale

Fin whale

Sei whale

Sei whale

Sel whale

Bryde’s whale

Bryde’s whale

Minke whale

Minke whale

Minke whale

Sperm whale

Sperm whale

Baird's beaked whale
Short-finned pilot whale
Short-finned pilot whale

Dali's porpoise (daJ”-type)

RPH

RPH

RPH

RPH

RPH

RPH

RPH

RPH

RPH

RPH

RPH

RPH

RPH

RPH

RPH

)

RPH

4.80
39
4.80
41
4.80
45
4.80
41
4.80
28
4.80
82
4.85
76
4.75
28
4.85
54
4.80

4.75
17
4.80
16
4.75

5.05

5.05
18
4.90
18

5.55
56
5.60
28
5.35
43
5.35
24
5.35
55
5.60
61
5.60
24
5.55

5.60
100
5.60
46
5.05
14
5.10

6.85
10
6.05
18
6.05
16
5.10

6.90
13
6.90
22
5.60
100
5.60
100
5.60
100
6.90
14
6.90
16
7.20
25

7.30

5.60
13
5.60

7.10
65
7.35
15
7.35
14
5.20
10

Numerical values of isoelectro-focused protein bands

7.15
26
7.15
23
7.20
43
7.20
10
7.20
18
7.20
56
7.20
50
7.65
50
7.65
35
7.60
35
6.80
21
6.85
21
7.20
12
7.55
5
7.50
17
6.10
17

7.40
100
7.40
100
7.35
25
7.35
12
7.35
27
7.40
19
7.40
18
7.90
100
7.90
7
7.90
100
7.15
28
7.15
29
7.25
19

7.70
7
7.15
17

7.65
48
7.65
34
LZQ
82
Z7Q
83
LZQ
75
7.50
26
7.50
19
8.25
51
8.25
29
8.25
3l
7.25
70
7.25
62
7.30
23
7.90
15
7.90
24
755
62

8.00
38
8.00
49
7.80
97
7.80
37
7.80
32
ZZQ
67
Z-7Q
66
8.30
a4
8.30
27
8.30
29
7.45
20
7.50
14
7.50
18
8.15
83
8.15
100
7.70
52

8.25
46
8.25
28
7.95
25

7.85
100
7.85
100
8.60
29
8.60
73
8.60
34
7.55
49
7.60
48
7.60
54
8.20
42
8.20
20

8.60
52
8.60
78
8.60
52
8.30

8.20

8.50
100
8.50
78
8.25
24

8.90
30
8.95
44
8.90

8.60
32
8.60

9.00

9.00
98
9.00

9.00
47

"W3HD "TVYNV '440 "00SSV T "1V L3 VINIHSIMN
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Sample
No.

17
18
19
20
21
22
23
24
25
26
27

28

English name

Dali’s porpoise (da//l-type)
Northern right whale dolphin
Northern right whale dolphin
Northern right whale dolphin
Pacific white-sided dolphin
Pacific white-sided dolphin
Pacific white-sided dolphin
Common dolphin

Common dolphin

Common dolphin

Striped dolphin

Striped dolphin

A
RPH

A
RPH

A
RPH

A
RPH

A
RPH

A
RPH
A
RPH

A
RPH

A
RPH
A
RPH

P
RPH

A
RPH

4.80
11
4.85
14
4.85
16
4.80
17
4.90
8
4.80
13
4.85
13
4.75
18
4.75
18
4.75
27
4.80
32
4.80
33

5.00
7
5.05
10
5.05
8
5.05
10
5.10
4
5.05
4
5.10
9
5.05
18
5.05
10
5.10
8
6.10
10
6.10
16

Table 3.

5.15
10
5.15
7
5.20
6
5.15
7
5.20
5
5.15
4
5.20
10
5.15
14
5.15
9
5.20
2
7.50
25
7.50
34

(Continued)

Numerical values of isoelectro-focused protein bands

6.00
17
6.10
12
6.10
15
6.10
16
6.10
18
6.10
17
6.10
15
6.10
17
6.10
15
6.10
18
7.70
13
7.70
13

7.10
10
7.10
7
7.10
9
7.10
10
7.60
46
7.55
48
7.55
28
7.10
8
7.10
7
7.10
7
8.15
100
8.15
100

7.50
21
7.55
4
7.60
47
7.55
54
7.75
15
7.70
12
7.70
21
7.55
53
7.55
8
7.50
45
8.20
17
8.20
28

7.65
42
7.70
25
7.70
26
7.70
28
8.15
100
8.15
100
8.15
100
7.65
27
7.65
28
7.65
28
8.35
20
8.35
34

7.90
1
8.15
100
8.15
100
8.15
100
8.25
18
8.25
23
8.25
18
8.15
100
8.15
100
8.15
100
8.45
20
8.45
45

8.15
100
8.20
18
8.25
20
8.25
17
8.40
37
8.45
30
8.40
23
8.20
20
8.20
30
8.20
2
8.50
25
8.50
72

8.20
26
8.40
33
8.40
34
8.40
26
8.50
18
8.50
29
8.50
28
8.40
38
8.40
36
8.35

8.50
40

8.95
63

Sample numbers correspond to those in Tables 1 and 2. pi: Isoelectric point. RPH: Relative peak height (maximum peak height = 100). Samples 1-10: Mysticeti. Samples 11-28: Odontoceti.

Major peaks characteristic to each species are underlined.
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Table 4. Variations of isoelectric points and relative peak heights9

Numerical values of isoelectric points and relative peak heights

n a b
pi RPH A RPH
1 475 30 5.60 24
2 475 18 5.60 18
3 4.75 23 5.55 23
4 4,70 18 5.60 14
5 4.80 18 5.60 12
X 4.75 2 5.60 18
ov,% 0.74 25 0.40 30

A

7.30
7,30
7.25
7.20
7.20
7.25
0.69

Cc

RPH A
56 7.95
66 8.00
42 7.90
72 7.90
68 8.00
6l 7.95
29 0.63

d
RPH

100
100
100
97
100
99

14

A

8.45
8.45
8.40
8.50
8.50
8.46
0.49

949

RPH

80
74
7
100
100
86
15

9 Whale species: Sperm whale (sample 11 in Table 2). a-e: Main peaks of sarcoplasmic protein bands, pi: Isoelectric point. RPH: Relative
peak height (maximum peak height = 100). x: Average. CV,%:. Relative standard deviation. Measuring unit: 0.05 pi.
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Figure 5. Isoelectric focusing patterns of sarcoplasmic proteins of 4 authentic baleen whale species, 8 authentic toothed
whale species, and 2 unknown whale species. Baleen whale species: 1,4, 6, and 8. Toothed whale species: 11,13,14,16,18,
21, 24, and 27. Sample numbers correspond to those in Table 2. Whale meat sold as Dali’s porpoise: 29. Whale meat sold as

sel whale: 30. M: pi marker.

14 16

18 21

24 27

M

29

e

30 m

Table 5. Numerical values of protein bands of isoelectro-focused sarcoplasmic proteins of 2 whale meats on the market
on pH gradient (3.5-9.S) polyacrylamide gel9

Sample
No. Whale meat sold

29 as “Dali’s porpoise” p 485 500 515 555
RPH 14 8 18 12
30 as “sel whale” B 500 515 610 755
RPH 30 25 28 30

605 715 750

26

7 12

770 815 825

12

9 pi: Isoelectric point. RPH: Relative peak height (maximum peak height = 100).

whale species. These sample numbers correspond to those in
Table 2. Sample 29, sold as the meat of Dali’s porpoise, gave
a focusing pattern similar to that of sample 16 (Dali’s por-
poise). Sample 30, however, which was sold as the meat of

100 30

765 815
4 100
340 850
24 16

Numerical values of Isoelectro-focused protein bands

8.25

16

8.50

71

9.00
45

sei whale, was identified not as sei whale but as toothed
whale because its focusing pattern did not resemble that of
sample 4 (sei whale), but did resemble those of samples 18,
21, 24, and 27 (toothed whale). A good identification of
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Figure 6. Isoelectric focusing patterns of sarcoplasmic

proteins after bloodletting. Whale species: a-d, minke whale;
e-h, sei whale. Condition of bloodletting: muscles (about 100
g) were soaked in Iced water for 20 h. Positions of muscles:
aand e, outside; b and f, shallow inside; c and g, deep inside;
d and h, control (no bloodletting). M: pi marker.

whale species may be possible by comparison of isoelectric
focusing patterns of unknown species with those of authentic
whale species on the same gel.

Table 5 indicates the numerical values of pi and RPH cal-
culated from the isoelectric focusing patterns of samples 29
and 30 in Figure 5. Sample 29 was identified as Dali’s por-
poise from the numerical pi values with RPHs of 6.05 (26),
8.15 (100), and 9.00 (45) with reference to samples 16 and 17
in Table 3. Sample 30 was sold as the meat of sei whale, but
it was identified as toothed whale from the numerical pi val-
ues with RPHs of 6.10 (28), 7.55 (30), 8.15 (100), 8.25 (30),
etc., with reference to samples 3-5 and 18-28 in Table 3.

These results, using the numerical values, indicate that
identification may be possible even when authentic samples
are not available.

Effects of Bloodletting and Heat Treatment

The method may need to be applicable to samples
treated with bloodletting, because whale meat is often re-
ceived after bloodletting with ice water that occurs before
transporting. Therefore, we examined the effect of blood-
letting, using minke and sei whale samples. As shown in
Figure 6, bloodletting made the bands thinner, particularly
on the samples from the outer surface of muscle. However,
the samples from deep inside muscle showed almost the
same densities of bands as those of nontreated samples,
indicating that the muscles located deep inside are valid
for this assay even after bloodletting. This result also sug-
gests that water-soluble proteins to be analyzed are, at
least in part, of blood origin.
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p! )
3.50/
4.55

20/ .

o

. 8 5—

.55\

. 85~

o o o

® @

Mt 2 3 4 5 6 7 8 9

Figure 7. Isoelectric focusing patterns of sarcoplasmic
proteins of a minke whale after heating for 10 min. Heating
conditions: 1=5°C, 2 =30°C, 3 =40°C, 4 =50*C, 5 =60°C, 6 =
70°C, 7 =80°C, 8 =90°C, and 9 = 100°C. M: pi marker. Band-like
lines indicated with an arrow are artifacts.

We next tested the effect of heat treatment of whale meat,
using a minke whale sample, because actual samples to be
assayed have sometimes been heat-treated. As shown in Fig-
ure 7, heat treatment for 10 min below 60°C had no effect on
isoelectric focusing patterns; at 60°C or higher, particularly
above 70°C, it caused disappearance of the bands, indicating
that this method is not applicable to such high temperature-
treated meats.
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MYCOTOXINS

Use of the Mycosep Multifunctional Cleanup Column for Liquid Chromatographic
Determination of Aflatoxins in Agricultural Products

THOMAS J. WILSON and THOMAS R. ROMER

Rémer Laboratories, Inc., PO Box 2095, Washington, MO 63090

A liquid chromatographic (LC) technique has been devel-
oped that uses the Mycosep™ multifunctional cleanup (MFC)
column. MFC columns provide a rapid 1-step extract purifi-
cation. They are designed to retain particular groups of com-
pounds that may create Interferences in analytical methods.
At the same time, MFC columns allow compounds of interest
to pass through. In the method presented, test samples are
extracted In a blender with acetonitrile-water (9 + 1). A por-
tion of the extract is forced through an MFC column de-
signed especially for analysis of numerous mycotoxins.
Analytical Interferences are retained, while aflatoxins pass
through the column. Aflatoxins Bi and Gi are converted to
their hemiacetals by heating a mixture of purified extract and
water-trlfluoroacetic acid-acetic acid (7 + 2 + 1) at 65°C for
8.5 min. An aliquot of this mixture Is analyzed by isocratic LC
with acetonitrile-water mobile phase and fluorescence de-
tection. A detection limit of less than 0.5 ng/g for aflatoxin o~
was obtained. Average recoveries greater than 95% total af-
latoxins (Bi, B2 Gt, and G2 and coefficients of variation of
less than 3% were obtained. The method was successfully
applied to the following commodities: corn, almonds, pista-
chios, walnuts, peanuts, Brazil nuts, milo, rice, cottonseed,
corn meal, corn gluten meal, fig paste, and mixed feeds.

Since the discovery in the 1960s of the carcinogenic effects
of aflatoxins (1), awareness of the widespread occurrence of
the mycotoxin in agricultural commodities has increased.
Today, there is great concern over the regulation of aflatox-
ins. Numerous countries have set stringent regulatory
demands on the level of aflatoxin permitted in imported and
traded commodities (2). Because of increased demand
to lower acceptable levels of aflatoxin in foods and
feeds, testing procedures must become more sensitive and
more accurate.

Method development strategies have been refined as the
knowledge of aflatoxins increases. Problems such as extrac-
tion efficiency and adsorption losses encountered during
extraction and purification are well recognized. On the basis
of this knowledge, a method was developed that eliminates
many of the problems associated with older methods.

The method uses a new extract purification with a multi-
functional cleanup (MFC) column. New MFC technology
offers several advantages over other cleanup procedures. Ad-
vantages include speed, simplicity, solvent efficiency, and, in
some cases, increased recovery and lower cost. Furthermore,
the method was developed to prevent losses during cleanup
and to eliminate all drydown and analyte adsorption steps,
when irreversible adsorption of aflatoxin to surfaces
may occur.

Received March 19,1991. Accepted May 10,1991.

Experimental

Apparatus and Reagents

(a) Blender.—With 250 mL blender jar and cover (War-
ing Products Div., New Hartford, CT 06057, No. 7011S
and MC3).

(b) Filterpaper.—25.5 cm, qualitative grade 362 (Baxter
Healthcare Corp., McGraw Park, IL 60085).

(c) Pipet—Capable of delivering 1-5 mL, with tips
(Baxter, No. P-5055-14 and P-5055-58).

(d) Culture tube.—15 x 85 mm borosilicate test tube
(Baxter, No. T1290-5)

(e) Multifunctional cleanup (MFC) column—
Mycosep™ No. 224 cleanup column (Romer Labs, Inc.,
Washington, MO 63090).

(f) Pipet.—Capable of delivering 200 pL, with tips (Bax-
ter, No. P-5055-36A and P-5055-41).

(9) Syringe.— 1000 p.L, graduated, glass (Unimetrics
Corp., Shorewood, IL 60436, No. TP5001).

(h) Derivatization vial and cap.—Screw cap vial, 2.0 mL
capacity, Teflon lined cap (Baxter, No. B7791-2 and B7503-
I L]

(i) UV spectrophotometer.—Spectronic 21 (Bausch and
Lomb Instruments).

(j) Water bath.—Capable of maintaining 65 +2°C,
(Sears, 5 cup, Counter Craft Hot Pot).

(k) Sample injection system.—Syringe loading sample
injection valve with 50 pLloop (Rheodyne, Inc., Cotati, CA
94931, Model 7125).

(D LC pump.—Capable of delivering 2.0 mL/min
(Shimadzu Scientific Instruments, Columbia, MD
21046, LCBA).

(m) LC column.—10 cm x 4.6 mm id, 5 pm, RP C8
(Brownlee Labs, Inc., Santa Clara, CA95050, No. 0711-0003
and 0715-0014).

(n) Fluorescence detector.—Model RF-535 (Shimadzu).

(o) Extraction solvent.—Mix 900 mL reagent grade ace-
tonitrile (Baxter) with 100 mL distilled water.

(p) Derivatization solution.—Mix 10 mL reagent grade
trifluoroacetic acid (Sigma Chemical Co., St. Louis, MO
63178) with 5 mL reagent grade glacial acetic acid (Fisher
Scientific, Pittsburgh, PA 15219) and 35 mL distilled water.

(q) LC mobile phase.—Mix 800 mL LC grade acetoni-
trile (Baxter) with 3200 mL distilled water. Degas.

(r) Crystalline aflatoxins.— Sigma.

Preparation of Standards

Aflatoxin spiking standards were prepared from crystal-
line material. Two spiking standards in acetonitrile were
prepared, one at 5 pg;mL (4:1:4:1 Bi:B::Gi:G:), and the
other at 50 pg/mL (7:1:3:1 Bi:B::Gi:G2) total aflatoxins.
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Figure 1. Schematic diagram of extract purification step.
Left: Mycosep MFC cleanup column before use (A), and
culture tube containing sample extract (B). Right: Column
inserted into culture tube. Aflatoxin is represented by (+), all
other symbols represent undesired components of extract.
Undesired components are retained by packing material (C),
and aflatoxin passes through and remains in purified
extract (D).

Concentrations of standards were verified by UV absorption
spectrophotometry as described in the AOAC official method
for aflatoxin analysis (3). An aflatoxin reference standard
was prepared by diluting the 50 pg/mL spiking standard to
0.036 pg/mL with acetonitrile. This reference standard was
used to calibrate the LC system.

Test Samples

A 50 g test sample of each aflatoxin-free commodity was
prepared. Each commodity was considered aflatoxin-free if
it was found to contain less than 0.5 ng/g of any individual
aflatoxin as determined by thin-layer chromatography
(TLC). Both unspiked and spiked samples were tested. All
spiked samples were prepared by adding the appropriate
amount of spiking standard to 50 g dry commodity sample

(done in triplicate) before extraction. Corn, peanuts, pista-
chios, almonds, and Brazil nuts were spiked at 4 ng/g total
aflatoxins 4:1:4:1 Bi:B2:Gi:Gz. Corn, milo, milled rice, com
meal, and corn gluten meal were spiked at 20 ng/g 7:1:3:1
Bi:B2:Gi:G:. Milo, milled rice, corn meal, and corn gluten
meal were also spiked at 300 ng/g 7:1:3:1 Bi:B::Gi:G2. A
500 g finely ground sample of naturally contaminated com
was mixed well and split into ten 50 g test samples.

Extraction

Weigh 50 g test sample into 250 mL blender container.
Add 100 mL acetonitrile-water (9 + 1). Blend 2 min on high
speed. Filter and collect 5 mL filtrate.

Extract Purification

Transfer 5 mL filtrate to 10 mL culture tube. (Optionally,
transfer 1.8 mL extract to 10 mL culture tube and add 3.2 mL
acetonitrile-water (9 + 1) and vortex.) Push flanged-end of
Mycosep MFC column into culture tube until ca 0.5 mL ex-
tract is purified. Schematic diagram of the extract
purification method is shown in Figure 1.

Derivatlzation

Add 200 pL purified extract and 700 pL derivatizing so-
lution to derivatization vial. Cap and mix well. Place vial into
65°C water bath for 8.5 min with solution level in vial below
water level in bath. Cool vial with cold water.

Quantitation of Aflatoxins by LC

Set flow rate at 2.0 mL/min and fluorescence detector at
360 nm excitation and 440 nm emission. Calibrate integrator
with triplicate injections of 0.036 pg/mL reference standard.
Set response to equivalent of 42, 6,18, and 6 ng/g aflatoxins
Bi, B2, Gi, and G2, respectively. Inject ca 100 pL of sample
solution directly into LC system with 50 pL sample loop. Ap-
proximate retention times for aflatoxins Gi (Gza), Bi (B:a),
G2, and B: are 2, 2.8, 6, and 8 min, respectively.

Safety and Precautions

Protective clothing, gloves, and eye wear should be worn
when performing this or any method for analysis of aflatox-
ins. Care should be taken when working with all reagents. Be
certain to read Material Safety Data Sheets for aflatoxins and
all reagents. All laboratory glassware and plasticware should
be soaked in a 0.525% NaOCI (10% household bleach) be-
fore disposal. (Do not use NaOCI in areas where aflatoxin
analysis is performed.)

Results and Discussion

This test procedure was designed to provide an accurate,
precise, sensitive, rapid, and versatile quantitative method for
the determination of individual aflatoxins. Use of an MFC
column greatly simplifies extract purification for analysis of
aflatoxin. The Mycosep MFC column removes analytical in-
terferences from acetonitrile-water (9 + 1) extracts, yet it
allows aflatoxins to pass through. The 1-step, 10 s process
results in a purified extract with more than 90% of the ana-
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Figaxe 2. Chromatograms of aflatodnfiee @ am, ©
comneal, © coomglutenneal, O o, © cottossd,
puttry feed, © pearuts, @ almonds, @ pistachics, @
Bal nuts, © figpeste, O milld i, and () almonds
Soiked with 4 ny/g ot aflatodns @411 GiBi:GB)
Peaks 1, 2, 3, and 4 are derivatized aflatoxin G,

cernatizd aflatoan Bi, affatodan G2, and aflatodan B2,

reectinvely. (V) represents detector bese lirewith no
sarple injectsd.

Mial interfaates removed. Remaining inerfaetes ean
essilybe ssarated from affatodnsby LC.

The prgrietary padking naterial in the Mycosep MFC
colum arttairs bolh lipghilic (rorpolar) and dargad
(i) active gies. Lipghillic Sites remove s ad otter
nonpollar interferances such as xarthophylll pigrents.
Charged sites arsist of both dipolar and anioredae
gies ttet remove proteinecsaus cotpounds, cartdnydrates,
ad otter polar interfaratss.

The packing naterial of tre Mycosep MFC colum B
housed In a pliestic filla e with a rudoer flate on tre
lorer end (Figure 0. In tte anter of tte flae Baporas
it Above tre poraus fritisa 1-way \alhe. When treped«ed
filatue Bpushed Nbaaltue e, te nider flageae-
assatigtsalwith tteglessvall oftreadltue tile. As tte
MFC colum pushed furtter ino tte adtture tike, saple
edract s forcad through te porous i, through te 1-vway
\al\e, and through tre pecking naterial - The purified edract
sheld nteresenoiroftteMFC colum. The soluiancan
thenbe trassfaredby pipet arby pourirmgwith teMFC col-
umn sill ntealtue e,

The MFC colum diffas fram tre affinity colums ad
solid phese edrection (SE) colums tret have been used

Tar aflatodn edract purificaion (4-6). Both te
affinitycolum and the SPE collum clearnyos refLire 3stgs
foredract purification: retain aflatodn on pecking neterial
ofttecolum, wash anay urcksireble compounds, and elute
campounds of inaest. An MFC collum cleanup reguiress
aly 1 stepwirth nowash areluion sohatts.

The Mycosep MFC collum usad in thismethod wes de-
siged for tre purification of acstnitrile-vater O+ D)
edradts far tre aslysis of oer 10 myootaxins. The MFC
colum offas much more \asdility tten tre affinity col-
um, which sssledtivefaraflatodrsaly. SPE columscan
be used fartte irdivid Al arellysis of sevarall myaotoxains, kut
each myaotoxiin reopires diffaat cleanyp I

With MFC tacholay, ineasible acsoptian or prena—
ture eluian fram tre cleanyp colum selimiratad. Both of
these phenamena may aocour with SPE and affinity colum
dearys. Recovery of aflatodrs from treMycosep MFC B
significanty higher then the goecified and dosenved remvery
of aflatoars fram affinity colums ©). Recovery of totdl aF-
latodrs through the Mycosep MFC colum s typically

above 9.

The darivatization method here Bamdifica-
tion of a prooedure desaribed by Hitchins et dl. @), ad i
elimirates tre drydon stgs nief. 4 and otter

methods @) Trerefare, tre kess of aflatoan fran acsorption
on tre sufae of tte deriatization vial Brno lager acon-
amn. Also ntrework by Hitthirs et d., adrydomn step B
performed on trepurifiededract. The reside sdissolvadby
smication inovater—-trifluorcecetic ecid-aceticacid B8+ 1
+ D ad held a55°C far 15 min. We foud tet, with tre
hait us=d nte cleanp methad, te
drydonn stepaouldbe elimirated and the dervatizirg olu-
i added directly o tte purified etract. HitEllly, ressarch
wes codcted 1o cetermire te resctian tine necessary ©
insure camplete derivatization at 55°C with water-
trifllotasticacidacsticacid B+ 1+ ).We fourd tettte
criatizationwas aonplete in lessthen 12 min farstarchrds
antainirg si80 ppb Bi ad Gi (L ng of each todn). How-
e, we wartted 1o redlice tre derivatization te. Thiswes
accamplished by using water-trifluorcecetic acid-ecstic



954

Tablel Aflatodncottatt (h) nﬁazsrmb}oglgﬁfm, peerl(itjs_ m@ FIC%WS

WILSON & ROMER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6,1991)

, and Bl ruts (=3 spikedvith

Commodity Com Peanuts Pistachios Almonds Brazil nuts

Extract3 A B C A B C A B C A B C A B C

Bi 170 174 185 162 156 166 168 150 150 142 159 148 155 151 164

B2 041 040 042 039 039 D3 041 0.36 0.39 044 0.39 040 0.38 039 0.40

Gi 170 160 184 164 161 171 141 144 168 134 144 164 170 156 17

G2 034 040 o041 044 037 034 034 032 0.36 0A1 0.39 036 040 038 031

Total 415 414 452 409 393 406 384 362 3.93 361 381 388 403 384 4.06

Av. total 4.26 4.02 3.80 3.77 3.98

SD 0.22 0.08 0.16 0.14 0.12

cv % 5.08 212 4.20 3.72 3.00

Rec., % 106.5 100.5 95.0 94.2 99.5
Composée statistics for the 15 extracts

Av. 3.97

SD 0.23

cv % 5.72

Rec., 99.2

3 Each extract was analyzed in duplicate and the result indicated is an average of the duplicates. Av. = average; SD = standard deviation;

CV =coefficient of variation; and Rec. = recovery.

at:|d(7+2+ D astredrnatizatinagatand inessing tte
resction tenperature 10 66°C, which redLoed tre tine of re-
atiln o 85 min fartte sare keds. The dyoratograchic
pesks dotained fraom this reectian mixture were sligtdy
broadened. We also discovered that using water-
trifluorcecstic acid-acstic ecid G+ 3+ D) reaults In
le pesk broedniing.

\astility of tre MFC method sehibited in Figare 2
This figreantairnschrometogrars of 13 diffaetaflaodn-
freecomodities. Also shown sttebese Irefatredstector

with no sanple injected and faran almond sanplle spiked &
4 g ol aflaodrs (4:1:4:1 B iR :Gi:&). Com gluten
meal and figpestevere analyzed using tre goticral dilutio
Diluting tre edract reduces tre inerferae leed on tte
cleanp colum, which resulits inan inproved cleanyp far
difficiit saples. All chroratograns, exogpt far fig peste
gre X), show no sigifiat inerfaacss a te dle-
todn retet tines. Some sl pesks ae presat actte
aflatodnBi ad Gi retentiontimes indhraraetogramns 2C ad
Z, com gluten meal and poultry fed, regectinely. fttee

Table2. Aflatodncotant (o) h%sar%ofm milio, milled e, com neal, and com gluten meall 3 (h="3) spiked

o affatoars (7131 BiR>Gi-®)

Milled rice Corn meal Corn gluten meal
A B C A B C A B C
1142 1181 1210 1145 1168 1154 10.83 11.47 1142
163 158 1.60 144 162 156 145 168 164
440 496 5.10 472 472 474 422 490 4.08
160 164 170 180 182 164 166 162 171
19.05 19.99 20.05 1941 19,84 19.48 1816 19.67 18.85

19.85 19.58 18.89

0.74 0.23 0.76

371 118 4.00

99.2 97.9 94.5

Composite statistics for the 15 extracts

Commodity Corn Milo
Extract® A B C A B C
Bi 1038 1111 1096 1116 11.20 11.08
B2 146 155 143 162 167 148
Gi 483 528 524 508 504 505
Ge 162 170 155 186 172 174
Total 1829 1964 1918  19.72 19.63 19.35
Av. total 19.04 1957
SD 0.69 0.19
cv, % 3.60 0.99
Rec., % 95.2 97.8
Av. 19.35

0.56
cov, % 2.92
Rec., % 9.8

3 Corn gluten meal was analyzed using the optional dilution described in Experimental.
6 Each extract was analyzed in duplicate and the result indicated is an average of the duplicates. Av. =average; SD = standard deviation;

CV = coefficient of variation; Rec. = recovery.
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Tablel Aflatodnantent (o) hﬁmwl&d‘rﬂb milled ricz, com meall, and com glluten meal* (h="3) piked wirth
g

ol afletodrs (7131 Bi R Gi-@)

Corn meal Corn gluten meal
C A B C A B C
170.8 1722 1678 166.7 1656 1700 17238
24.6 25.3 24.2 24.3 23.7 235 241
78.7 75.4 731 724 718 69.8 72.6
24.4 24.8 24.2 241 24.0 24.3 241
298.5 2977 2893 2875 2851 287.6 293.6
291.5 288.8
5.44 4.37
1.87 151
97.2 96.3

Composite statistics for the 15 extracts

Commaodity Milo Milled rice

Extract6 A B C A B

Bi 1565 1608  159.8 1734  167.7

b2 28 232 2,1 247 243

Gi 732 749 756 788 766

Ge 222 233 234 244 239

Total 2747 2822 2819 301.3 2925

Av. total 279.6 207.4
4.25 4.50

cov, % 152 151

Ree., % 932 9.1

Av. 289.3

SD 7.80

v, % 2.70

Ree, % 96.4

B Corn gluten meal was analyzed using the optional dilution described In Experimental.
Each extract was analyzed In duplicate and the result indicated is an average of the duplicates. Av.

CV = coefficient of variation; and Ree. = recovery.

pesks are inteyaled as eitter Bi ar Gi, honever, they resilt
nksten05y/gy rta‘léetes.ﬂemmrammﬁri'g
pesteshons no sigiifiat inerfaatesattre ettt tines
ofaflatoars Bl and B2 . Interfarates can be sqparated fram
aflatoarsGi and G2 by daenging themobi le phese (ecstmi-
trilevater) ratiofrom 20:80 o 17-83.

Detection limits far irdivid el aflatodrs ae at kst 05
/g indll comodirties testad. Results Tar sanples spiked &t
4 g o aflatods @141 Bi:R:Gi:) ae shon n
Table 1, ad a typical chraratogram sshown inFigare 2
Siked almaok). Irdivid el toxdn leels caladate © 1.6
/g Tar aflatodrs Bl ad Gi, and 04 ry/g Tor aflatodrs B2
and G2 .The detection limitof aflatoanBi iInmost commod-—
itis Bestinatad tobe below 0.5 ny/g (Teble D). Detection
limits for irdividLal aflatodrs can be inproved by i
treeditation and emission settirgs on tre detector tole goe-
aficfartre irdivid el todn of naet.

The acauracy of tremethod Besteblidad by data nTa-
bles 1-3. Test samples soiked a4, 20, and 300 ny/g o
aflatodrs yielded an aerage recoeryof97 6. Recovery
variad dightly (aefficet of veriation (CV), 1.19%) be-
tween comuodities and spike ledks. The precisionfar piked
saples B also documented from Tebles 1-3. The aerage
CV B2.7%, ad its lorest for individlal comodirties a
high lbdks. FAigure 3 shoas astachrd equinalat 120 ng/gy
ad asaple spiked actresane led.

The lirearrage ofttemethod (ithout tre gptaaral dillu-
ta)wes inesticatad. We found tret the resoose remained
Iirear fran 0.5 10200 /g far- tre aflatodrswhen theywere
analyzed sinultereasly. This conrespoos to 2.8 ad 1100
pg ofeach todn. Aflatoxin leeks astsice of tisraevere
rot testerl

Precision far of returally contaminated com
saples Bdocumented nTeble4. CV faraalyasof 10 in-
dividLal edrats 152.85 and 3.68)% far aflaloarsBi ad B2,

=average; SD = standard deviation;

T
A B
[
S
0
9
a 2 2
o
©
Q
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z
R 1 1
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O Tlme(mln)10 O Time (min.) 10

Figure 3. Chromatograms of (& aflatoxin standard
aunalattosanple antaining 20 /g o aflaoars, ad
® aflatodan-free com sarple spiked with 20 /g oA
aflatodrs (@411 GiBi:GZB). Peaks 1, 2, 3, ad 4 are
ceratizd aflatoan G, derivatizd aflatoan Bi, aflatodn
G2 aﬁaﬂaomBZ,reernely
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Tebled. Aflatodanaottent

aotaminated com sapl

Extract Aflatoxin Bi Aflatoxin B2

1 66.9 4.29

2 65.4 4.29

3 65.6 4.39

4 63.5 4.22

5 64.9 4.47

6 62.2 4.22

7 68.3 474

8 63.6 455

9 64.4 4.46

10 63.0 443

Av.a 64.8 441

SD 1.85 0.16

v, % 2.86 3.68

a Av. = average; SD = standard deviation; and CV = coefficient of
variation.

. The methad proved 1o be rgpid with aonplete
aahsistine of kesstten 21 min.

Other Applications of the Mycosep MFC Column

The Mycosep MFC columwas suioessfully usd inar
ldoratory for purification of edracts 1o be analyzed far
deoyninaleol, T-2todn, Eiulin, sterigratoo,stin, andsev-
adl other myootoxins.

In actiitsan, aur laoratory was suoessful sing tte LC
cleanp columwirth postoolum bramine derivatization far
ashsis of aflaodars. We have also gplied the Mycosep
MFC column for TLC aalysis of aflatoxins (unpub-
lidelda).
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OILS AND FATS

Monitoring Aldehyde Production During Frying by Reversed-Phase Liquid

Chromatography
RALPH H. LANE

University ofAlabama, DepartmentofHuman Nutrition and Hospitality Management, Tuscaloosa, AL 35487-0158

JANIS L. SMATHERS

M ississippi State University, Mississippi State Chemical Laboratory, MS 39762

Aaolein (Zqrgeeel) and otter lov molecular vweight: allce-

hydes (LMWAs) formed by degrecation ofthe fryirgmediium
(trighycarices) were nonitored by ligud chraretography
(O during preparation of frid 1es. LMWA aontentts of
catirgs fran axdfish and of doughnuts and treinolatiles
that coiill with steam are nonitored by trgpig tre va-
pors and distillate from the food matrix ina 2,4~
dintbrgdayihdrazire solution. The resulitirg hydrazones
and then into atonitrile for LC aalysis. The hydrazones
are sgarated and guentified on a C18 reverseddese col-
umn withacetnitrilevateras ttentbile fese. LMWAS are
aonfimed by ges chramatography/hess goectraretry. No
differarewas fourd nLMWA aontant incoatangs from fish
fillEsnadat 182 or 4°C. Cake doughnuts vere higer n
aoolein aontent then yesst+aisad doughnuts prepared
ucer simillar aadiitias. Aresness of tre fryirg medium,
fryirgtine, and batch size did ot seem to influae LMWA
production fram doughruts. Results irdicated tretmost of
the LMWAs formed adistallled with steam during fryirg
ratter tren rerainimgwith e food Iten

Hydrolysis of tre fryarg medium (rghycarices fram aninel
£t vaptable dks, ar dortenirgs) with subseg et dehydra-
‘tian of glycerol et tanperatures encounterad duriing fryirg
(163-200°C) produces aaolein () and otter low molecular
weight aldehydes (LMWAS). Acrolein s anutagen, a
dliorhiatr, ad a lachvymator @). Ingredientscommon 1O
comercial ttarand breeding systers may  irdiredtly leed
‘o aaolein prod.ctian infried foods. Sodium bicariorate, a
leaanirg of alible aatirgs, may ssonify art
of tte fryirgmedium yaeldirg free fatty acads and glycaral,
whiich dehydrates to form aaoleindurirg fryrg. Other com-
poents of catling systans (tedrase, whey, and dried skim
milk), which areadded toac=lerateVai l lardbroaning, may
inoreese aaoleinand otter LMWA prodictian dunirg fryirg
aocoording to Otto and Baltes Q).

Gas ch (GO) wes usd o dstexmine vgpor-
prese LMWAs i egire edasts @). Reoatly, aGC
method G)was rgoorted fararelysis ohvegpor-ese aaolein
formed fran heatarg of food grace ts. Selim @) rgorted
low ke cetection ofpropicaldehnyde by liguidchraratog-
raphy (LC). Others investigators have used LC as an
adivtical tool fTor sserationand g.entitataan of LMWAS n
biolagical sanples () and tdoeom soke @). Because oftte
potential toadtyofaaoleinand otter LMWAS , this inesti-
gation was undertaken to develop methodology far

Received January 28,1991. Accepted May 31,1991.

qeatatating LMWAS  associated wirth deep ot fryirg of
food iters.

Berimental
Apparatus

@ Liquid chromatograph.— Model 2010 pump with
Rheodyne 2082 ijectar antaiinirg 20 pl logp (arden In-
strurentGrawp, umyale, CA 3.

(@©) variable wavelength detector.— Model 2080, st at
254 nm and 0.08 absortence units Tl salke (arian).

(C) Computing integrator.— Model 3310a (Ha/vlett—
Padkard @.,, PaloAlto, CA 94303).

(@ chromatographic columns.— MicroPak MCH-5-n—
&P, 5pm x15cm x4mm d reversaddese C18 colum
(&aia)), ad5pm RerisarbR P 18 precolum (Raiinin Irstru-
ment @., c., Wobum, MA (1801).

(e) Gas chromatographIimass spectrometer.— I—‘lmigan
mass goectroreter Model 4510 equipped with INCUS cata
system and interfacad © Fimigan ges chromatograph
migen Gop., Grairetd, OH 45242); apilllary colum,
B-5, (0m x0.2mm o, 1.0pm). Temperature program:
150°C far0.5min, heat ©200°C a15m/min, heatto320°C
a8m./min, and hold farSmin.

Reagents

@ solvents.— LC grade (Asher Siarntific, Pitishuth,
PA 15219) and deicnizedvater (Bamstead NANOpure,, Bos-
m ’\/A ’

(@) I\)/I obile phase.— Acstonitrilevater G+2,ar 1+ D).
Add gagxiatevolures astonitrile and vater fol laned by
degpssing and iy

(c) Extracting solvents.— Isooctane (cautdian: Highly
flameble) ad a=toitrile (Gution: Todc. Avwid antect
with dnand ees).

@ extracting solution.— 0.0IN HC1. Dissolve 2 mL
coned HCL i LOL water and adjust topH 2.

©® 2.4-Dinitrophenylhydrazine (DNPH).— Dissohe
0.5 ghydrazine n100mL 6N HC1.
(f) 2,4-DNPH derivatives.— Aoccording tottemethod of

Srirer et d. ©), disohe 0.4 g hydrazire n2 mL coned
H 2S04 follloned by dropnvise adtirtian ofwaterwith svirlirg
until soluin sBanplete. Add hydrezire oluian © 059
aaolein ar otter lov molecular weight aldshyde n20 mL
aladol with surlirg. Raoystalliz hydrazore by dissoivirg
Nn30mL hotaladol ad fillaig
©) 2.4-DNPH standards.— -\eigh 05 g eech

ad dissohe N 50 mL atonitrile. Dilute © 5 pg/inL
with acstonitrile.
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RECORDER RESP
»

s

MINUTES

Figure L. Chromatograms of standard 2,4-dinitro-
prenylhydrazones of @ formaldehyde, @) acetallcehyce,
© axden, @ propiaalddyce, ad @ hutyralddhyce.
Mobille phases: A, acstmitrile-vwater G+ 2); B, ace-
toitrilevater U+ D).

MINUTES

Figre2. Chromatogram of vepor-hese camponents of
Tadat 182°C. Mbile pese, astmitrllevater

G+2. 2,4-DNPH derivatives of @ formaldehyde, ©

acetaldhyce, © aaden, and @) propiaralddhyce.

Procedure

(otain froan adhish Allssfran afoostore and aut o
portasaeraging 3.1 X 7.6x 1L.4cm msizadweighinga
23 g.CCHth&E infhand chiplbattar (10) ade 7 4 por-

tas In ttemostatically antrolled 6 gt cGgecity Presto
pressure cocker (Vodel KEO3AT, Eau Claire, W) fillletwath
25 L freshChef-lay Fourable Clear Ay Ricelad Foods,
kc., Sutigart, AR) antainirg, acoordig o tre |HA, par-
tially hydrogenated and winterized soybean aill with
polyglyaarol estars, and dimethylipolysiloane added for
fredressand o reduee Toeming. luiliae ma oo 1R ar
204°C etatmogderic pessure. by avother sstof 4 saples
in tte same kind of aill praviasly usad Tar frying breedd,
Tfreshboilapartson 8 oocesiaswithina2 year pericd ad
relda2C. Dplicate difryirg
mm;east—ram:rdde antainiry
danical leaairg, amdlrgtoaslanbrd recipe foryesst
raissd doughruts (D). For demically leavered pradlots,
slstitute 11.0 g double actirgbeking poader artaining o-
dium bicartorate ) a5 the bese, and monocalcium
phosdhate monohydrate (CaHPCUN FO) and sodium alu-
minum sulfate (Na2So4 "Al(S04 ) a6 ecics far 7 g padkece
ofyesst narigirel recke. Ay prodcts inbatdesof2and 4
a1 Ctar2ad4min nfryirg cesribeddne.
Replicate dl fryirg 4 tives. Qollect \olatiles
enitted durirng firyarg of yesstaised and cake doughruts by
arectingvater cooled cooersar o vat goening Npres-
sure cooker Id and submerging tip of condenser in
2,4-DNPH solution [reecat €)1

Blerd 10 g fried iten n 150 mL 0.0INHC1 far3min &
hiigh geead. Place 100 mL hamogenate n250 mL round bot-
tom flaskwirth ground glless fittirgs. Attach vater cooled
condenser and distilll 50 mL condensate into 250 mL
Erlermeyer flesk antaining 25 mL trgping soluaan [re-
aEt @) ad 25 mL isooctare. Star aorstantdly during
dtilltion. Gontinue stinirg far 30 actirtiaral min aftardis-
o sanplete. Trasfar mixture to 125 mL sgaatory
furel ad allov las tosgadae. Withdraw agueouss lar
ad edractwith two 10 mL portias isoctae. Carbine dl
Isctae edradts N 125 mL sgaatory furel ad edract
twicewith 10mL astonitrile. Corbine astoitrikeedradts
ad dilutetovolure Nn25mL voluretric flesk Withdraw 20
pL for LC asalyais. Campute irdividal LMWA atat ss
ratio of saple pesk area tostarthrd peak aea. Bqress 24~
DNPH darmatives as free aldehyoe value by nukaplyirg by
goorgpriate fector: formaldehyoe, 0.142; acetaldehyde,
0.1965; aadlein, 0.237; and propiarelldenyde, 0.244.

Results and Disaussian

To sinullate initiEl acidiic cadirtians associated with di-
(H 2, tre fried itemsvere blended N0.0INHC1

ad distilled with steem 1o effact ssparatian of LMWAS
from tre food matric. Aldehydes antaining up o 3 car-
bons were sgarated by this method (Figures 1 and 2).
Because aaoleinwas tre primary aldehyde of nlaest, we
determined codirtias tretwould maximize its remery.
Production of the 2,”-DNPH adduct of earolein by tre
Selimmethod 6) yieldsd amaximum value of 91% after
30 min of stimirig. Sy partiticed tre garingly solu-
ble aaolein add.ct as it formed fram tre agueous prese
[reegait @] I iIscodtare. Incressig e rate of -
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rirg, thevolume of trgping solutian, and the reactian
time did not improve treyiekl

Recovery of an aaolein stachrd by the distillabion
method tretwes used o sgarate te LMWAS fram e fod
matrix irdicated tet esstially dll tre aaolein distilied
within the fast50 mL of cocrsate colletad. Recovery of
aknown gentiity (0.8 pg) of tre aaolein stacard vieldd
amean\alue (N = 4) of 79%, whereas adoughnut homoge-
rete goikedwith tre starcard vielded a recovery of 90%.

An actitrilevater G+ 2) mobile prese, a5 aupested
by Selim ¢),was usd ity farL.C ssoaratianofLMWAS .
As tre inestication procesckd, honeverr, we found acetoni-
trilevater (1 +1) produced grester resolutian betveen
axolein and propicnaldehyce (Higare D), which diffarby a
nolecularweight of 2 (/z: CH2: CHCH - NNHCeH3(\C2p+
= 236 ad CH3CH2CH :NNHCeH3(No2 )+ = 23). This ad-
Justment provided beseline sgoaration between aaolein
ad propiaaldahyce.

ities of residal aaolein ad otter LMWAS ofpre-
pared, fried itenswere detexmined by LC and confarmed by
GC/MS (Tebles 1and 2 and Figure 3). Because propianalce-
hyde was found only In traee (<0.1 ppm) gentiies n
damically leavened proolcts (fishaoatings and cale dough-
n), adwas utktectable inyesst-leavarad dogmuts, it
was anitted from Tebles 1and 2. Teble 1 atairsmeans (N
=2) frantte LMWA aalysss of fishaatirgs. Therewere
no diffaratess NLMWA aontent (e >0.06) of coatirgs fram
breeded, fried adfishfilllaswvhen grouped by firyirg tenper—
aure ar al fredress (). Aedress, as measured by fiee
fatty acid antent of old and fresh dils, was 0.55 and 0.30%,
reqectively. Thismay acoount far tte gparant similarity in
axolein antet, because tre free fatty acid values sene a5
an rdirectmeasure of ghyaarol aailisble Tar cehydration ©
axoleindurirg fiyarg-

Formaldehyde ad acstaldayde means (N = 4) ofyesst=-
raised dougnutswere higer (P <0.00D) ttencale dougruts
(Teble 2. This spraebly aresdtofformalldehyoe ad ac-
etallcehyce formation by yeest respiration during proofing of
tre dough. Mean aaoleinartant ofdougrutsvere ashigh
&09ppm farcae dougruts (Teble 2). When grouped by
e (esstarde), asattid diffarae (P <0.00) naao-
len antent vas found between means far cake (0.7 ppm)
ad yesstvaisd (02 ppm) dougruts. This differae B
praebly a res it of tre sgopnification of reutrall £, which
composed tre frying medium, by NaHCo3 found intte
denical leavening system of ke doughuts. No diffa-
ances (P>0.06) naaolein prod.ction edisted betveen tfe
(estar cae) with regect o fryirg tine arbetch sie. Be-
caee relaiely low ledls of aaolein and otter LMWAS
were foud In , Tried products (Tebles 1 ad 2),

qentitatiian ofF LMWA \olsulesenrttajdnrgprqﬂaum
ofyesstand cale doughnutswas attenpted.

During tre fryirg of dougruts, sbstantiallly more allce-
hyoes axdistilled wirth water vepor then ramained with tre
far both types of dougruts, ranging up 1©0.02 my/batch.
Vapor-phase acetaldehyde cormtent was negligible
(<0.01 nmy/bath) with cake doughruts, but ranged framo.02
10 0.8 my/batch wirth yeesttaised doghruts. Veporhese
axolein alues raged fran 0.6 1o 0.3 my/batch duriirg
fryirgofcake dougruts, and frano.02 ©00.06mybatch far
tat was negligible (<0.01 my/batch) with yesst+aisd

Tablel Mean LMWA antent of coatiings fram
(Iriﬁshﬁllssﬁ‘leja::ls’z °Cftr4m|n
nfreshand used
182°C 204'C
LMWA Fresh Used Fresh  Used
Formaldehyde 0.3 0.3 0.3 04
Acetaldehyde 10 0.% 0.8 11
Acrolein 01 — — 01

Trace =<0." (lower level of detection).
Table2. Mean LMWA aotanit —aisd and
cake doughnuts 1'r(|%f';|ﬂ a)t(ﬁe%st

Mean LMWA content, ppm

Fry time, Batch
Type min size8 Formaldehyde Acetaldehyde Acrolein
Yeast 2 2 0.2 11 01
Yeast 2 4 0.4 19 0.3
Yeast 4 2 } 16 0.3
Yeast 4 4 1.30 13 0.2
Cake 2 2 — — 03
Cake 2 4 — 0.6
Cake 4 2 — — 0.8
Cake 4 4 0.2 01 0.9

8 Number of doughnuts per batch.
Trace =<0.1 (lower level of detection).

dogruts, hut ranged from 0.2 ©0.07 ng/batchwith cake
dogruts. Neitter batch siz2 Qor 4 dougruts) ror lagth
offry tire 2ar4min) seemed 1o influance LMWA proclic-
0. Moisture evgooratian during frying produoed vigoras
budblling at the condenser tipsuiarerged intre trgping o-

among
by inoessing trevolume and tre rate of simrgof tte trgp-
ping solution s tre frying gperation proceeded were
usuoeessiul. These reaulits, honever, demonstrate tet
gesaterantectwith LMWA s may be associatedwirth ircivid-
wals prapaning fried itans rathar then those consumiing than,

S,

UnN b

mmm il J[ il Ul 4\ G

Agarel Nbssspech*tmofped@ Q:ing)cbtaerjfron
doughnuts friied at 182°C. GC/MS acodirtians described
neex
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Acoording to data in tte Merck Index (13), eqoosure ©
vaorese LMWAS presmtsagrester risktrenaotectwath
tre liqgudor oliddresss. Moreover, theCoaypatioral Safety
and Health Stardards for air antzmirents D geafiess a
treveigtted aerage (TWA) faraaoleinof0.25mg/m3ad
adottemeqoaure Iimit (STEL) of0.8mg/m3 Ranges ob-
taired fonvgpor-hese aaolein inthis inestigabion rdicaie
trat aadlein antantmay gooroach trese establided linits
given ttemuch lager batch sizes assoaiated with commer-
cial doughnut production. These data indicate thet
nmonitoring LMW A \olatilles entted during g.entity fryirg
geeratiasmay be needed o insure tre safety of those -
vid.els enployed infood saviee Eallities.
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

Liquid Chromatographic Determination ofParaquat and Diquat in Crops Using a Silica

Column with Agueous lonic Mobi le Phase

TINAM. CHICHILA and STEPHEN M. WALTERS

Food and DrugAdministration, Pesticides and Industrial Chemicals Research Center, Detroit, M 148207

A method was devellaped farthe determinatian of paragLett
) ad diget Q) Ihhichnoisture food ages. Saples
were digested with6M HCI, and the herbicideswere Isolated
TfrantredigsstusingH-antrol led siliasolid phese edrac-
101 The analytesvere then determiined by laalnirg ligid
chramatography with a silia aalytical colum, sodium
dillarice as tre lovaIng reegat, and astoitrike as tte
agenicnodifier. A diode array UV absorbance cetectorwas
used tosinultarneassly g.entafy PQ and DQ attteir reoec-
temaximum absorencevwaelegtis, 257 and 310m. Av-
erae remveries of PQ and DQ stadhrds fran 4 diffaat
crgos Tartified a 0.01-0.50 ppm  leels ranged fran 0.3
0 104.8h.

Paragat (PQ) ad diget (OQ) are effective gareral weed
killas. These herbicidss are ragistarad in tte Lnited Statess
faravaniety of gplicatios, inrcluding tte antrol ofweeds
on ordard floos throughout tre groving ssesm, sspreplant
weed killas far many agss, as praanest desiccants on
ags suth as potatoes, and Tar aguaticweed antroll (@, 2).
DQ sfomulated ssdichlorice and dibranice slits, while PQ
s fomulated as dimethyl sulfate ar didhlorick slits Q. PQ
adDQ areverywater llble, ronvoliatile, ttemally Sbke,
adsteble naad. DQ isknown todsgracke sloMy etpH le~
elsgeatartten9 Q. PQ hydolyzsapH ledlsgeatartren
12 (D.PQ andDQ aretoactohumans ad terefledsfran
aate and dymic human eqposure have been well-doau-
mented @, 5. Most instances of poisoning involve
nenacsl Ingsstion of coontrated comrercial praldis.
Honever, trare sttepotential farhuman eqoaure oPQ ad
DQ nttegareral populadonthrough residieson food ags.
Because PQ and DQ edastesdoubly darged calianicge-
aes nsolutian, they are proe to saptne Neradics ad
presmtunioe asiyical daellass. PQ ad DQ have been
analyzed nmany tyes of ratrdes using awide \ariety of
aslytical tedmiges. Cel filration cleanup ad iavex-
dace ligd mrmamgraj”y (©) ©; C18 boded sila
olidhese edractin (§°E) and reersadHdese IcH@Inyg
LC @, ad ioHmirirgsohatedraction follored by pyrol-
yais ges chramatograay (B) have been used TarPQ and DQ
cetermiretias nhuman urire and serum. Simon and Taylor
O =0l tre herbicidss fram vell water using Sl SPE
ad reersecdese IoHaing LC with post-colum reec-
tonad UV cetection. Nagayama et . (10) used a catin
ictredate resin o e tre avlvtes fran potatces ad
ananino-bonded siliacolum fafiral sgaation. Worobey
@ usd Sl SPE follonad by reverssddese ioHaEINg
LC on apolymer-bessd colum farpotatoss. Bryme-linked
imunosorbent assays have been devellgped Tartte detexmi-

Received December 1,1990. Accepted March 27,1991.
Stephen M. Walters died in August 1991 from leukemia. This work is
dedicated to his memory.

mticgngQ in human eqooaure samples (D) ad npote-
1o=s (@)

Attisting, regulatorynonitoringofPQ andDQ resides
nfood ags srot rautrely because of te un-
aaility of iede, rupd, and sasitive methodology
arereble toauch adtio. Intre presant study, anulairesid e
procecurevas sought fartre determirestionofPQ andDQ n
seral aop natres & leels raging from a low of
0.01 ppm (saremirg leed) up oad inchudirg e U.S. En-
viramental FrotsctinAgency (BPA) tlaane lkedsfartte
agsseledtad farstigy. An SPE cleenup usingH-oontrol led
diliaves foud e most effective fartre oltinof PQ
adDQ navarety of agss because of ishigh saple ca-
pecity and selectivity for these quatermary ammonium
aarpounds. The SPE cleanup tedmige desoribed Banad-
gptation and modification of amethod previ Cesibed
by Worobey @). The utillity of siliafor tte LC aslysis of
anines and gq.atermary ammon i um compounds hes been dis-
cussed In numerous papers (13-18). For te LC
cetermiretion of PQ ad DQ, a siliacolum ussd with so-
diun chlorice as an IcHaAINg reecant nacetitrilevater
&5 tre mbile phese providad raoid, effiaat, and sslectine
Sgaratian of these compounds N a edradts. Sinulta-
neous determinatdan of PQ and DQ was achieved usig a
dicck arayUV dtetr.

METHOD

Reagents

@ solvents — Metharnol and acstoatrile (Qmisolv, EM
Sciae, Gilstoan, NJ (827).

©) Lc grade water— Cotained fromaMilli-Quater pu-
rificatnsystan (illipoe Grp., Bedford, MA Q1730).

© sPE solutions — Prgpare agueaus soluiaswith LC
g’aij\HIH'.SolutionA, 1M |'C|;Solution B, 25mMM NaOH;
solution C, 0.IM HCI mnethaol; solution D, nettanol-
6.5MHCI (7+ 3.

@ Lc mobile phase — Dissohve 5.0gNaCl n600 mL
LC gracevater previasly edjusted topH 2.2with 1M HCL..
Add 400 mL axtonitrile, mix, and filerusirgMillipore type
DV, 0.6 pm nylarhilias. Before Lee, degesby seargirgwath
heliunvhile stimirgsohantwith negretic dina-

(e) Reference standards — PQ didiloncead DQ dibro-
mide were dotained fram EPA, Restacidss ad Irdlstrial
Chamicals Rgoository, Research Triaple Park, NC 27711
Use plesticnare ar silanizd glassiare far pregaratdan of
statard olutia s, ad use methanol es diluent throgout
Pregare 100 ng/pl stodk solutaan of eech startird. Prepare
mixed starohrd solutian by sarial dillution of carbined dli-
qLots of stock solutias o firal cocentratian of 0.1 ng/pl
far eech conpound. Store dll starchrds under refrigarataon

ad eqilirate a room tamperature before e, Pregare
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working reference standard solution by evaporating a 1 mL
aliquot of mixed standard solution to dryness at 50°C under
a stream of nitrogen and dissolving the residue in 1 mL LC
mobile phase.

(f) Micro laboratory cleaner.—International Products
Corp., Trenton, NJ 08601.

General Apparatus

(a) High-speed homogenizer.—Polytron Model P T 10/35
with generator No. PTA 20TS (Brinkman Instruments,
Westbury, NY 11590).

(b) Vortex mixer.—Scientific Products, McGraw Park,
IL 60085.

(c) Centrifuge.—Must accommodate Corning 50 mL
centrifuge tubes; 2000 rpm minimum, with swing-out hori-
zontal rotors.

(d) Filter paper.—Sharkskin analytical paper, 5.5 cm
(Schleicher & Schuell, Keene, NH 03431).

(e) Polypropylene containers.—Corning 250 mL beakers
and 50 mL centrifuge tubes with conical bottoms (Fisher Sci-
entific, Springfield, NJ 07081).

()] Filters.—For SPE, use 20 pm porous polyethylene

frits (1 1/16 id, Analytichem International, Inc., Harbor City,
CA 90710). For sample filtration before LC analysis, use
Nylon Acrodisc 13 mm disposable filter unit, 0.45 pm pore
size (Gelman Sciences, Ann Arbor, Ml 48106).

(9) pH indicators.—ColorpHast pH indicator strips with
pH range 0-14 (EM Science).

(h) SPE apparatus.—Visiprep SPE vacuum manifold
with Teflon solvent guides (Supelco, Bellefonte, PA 16823),
75 mL polyethylene reservoirs, reservoir adapters, and
400 mg Adsorbex silica SPE cartridges (EM Science).

LC System

(a) Pump.—SP8700 solvent delivery system (Spectra-
Physics, San Jose, CA 95134).

(b) Injector.—Waters U6K (Waters Chromatography
Div., Millipore Corp., Milford, MA 01730).

(c) Column.—Du Pont Zorbax silica analytical column
(25 cm x 4.6 mm id) with Du Pont reliance guard column
hardware kit and Zorbax silica guard cartridge (1.25 cm x 4
mm id) (Mac-Mod Analytical, Chadds Ford, PA 19317).

(d) Column oven.—Model LC-100 (Perkin-Elmer Corp.,
Norwalk, CT 06856).

(e) Detector—HP 1040M diode-array UV/VIS adsorb-
ance detection system (Hewlett-Packard Corp., Palo Alto,
CA 94303).

LC Operation

Set column oven temperature to 40°C and equilibrate sys-
tem using helium sparged mobile phase at 1.0 mL/min for 15
min or until reproducible retention times for PQ and DQ are
achieved (ca 5 and 5.6 min for DQ and PQ, respectively).
Thoroughly rinse system with 20% acetonitrile in water be-
fore shutting down system for extended periods, e.g.,
overnight. Maintain slow flow (0.1-0.2 mL/min) when sys-
tem is not in use for shorter periods, to prevent salt
deposition. Program diode array detector for PQ and DQ
quantitation at maximum absorbance wavelengths of 257 and
310 nm, respectively. Adjust sensitivity of detector so that

100 pL working standard solution (10 ng of each analyte on-
column) produces 20% full scale response. (This was
achieved with a setting of 0.01 AUFS using the specified sys-
tem.)

Sample Preparation

Prepare sample composite using a food chopper. Weigh
10 g of sample into 100 mL Pyrex test tube (33 x 159 mm).
Add 10 mL6M HC1 and homogenize with Polytron mixer (ca
0.5 min). Rinse probe irmn.o test tube with ca 10 mL water. Di-
gest sample for 1 h in a water bath at 100°C. Cool and filter
digest with suction through sharkskin paper in a 6.3 cm
Buchner funnel into a 250 mL vacuum flask. Rinse test tube
and funnel 3 times with a total of ca 50 mL water. Transfer
sample to a 250 mL polypropylene beaker, and rinse flask
with ca 10 mL water. (Acid digests may be stored under re-
frigeration.) Immediately before SPE cleanup, add 4 mL50%
NaOH (w/v) with swirling and adjust filtrate to pH 9 by drop-
wise addition of 50% NaOH and, subsequently, 10% NaOH.
Transfer filtrate to two 50 mL polypropylene centrifuge tubes
and centrifuge (2000 rpm, 15-20 min). (Note: After pH ad-
justment of samples, proceed without delay to minimize
possible degradation of DQ.)

SPE

Insert a 20 pm frit into 75 mL polyethylene sample reser-
voir and place on top of SPE cartridge using an adapter.
Condition cartridge with 20 mL water, 5 mL Solution A,
20 mL water, and 15 mL Solution B at a flow rate of ca
4 mL/min. Determine apparent surface pH of the silica sor-
bent by measuring pH cf last ca 1 mL of Solution B eluate
using ColorpHast pH indicator strip in a test tube. If eluate
has not reached a pH between 9 and 10, continue to wash
cartridge with 1 mL aliquots of Solution B, measuring pH as
before. Do not allow silica sorbent to run dry between these
washes. When apparent surface pH of the silica sorbent is
between 9 and 10, transfer pH-adjusted sample supernatant
to cartridge. Using a vortex mixer, thoroughly mix insoluble
residue remaining in centrifuge tube with 10 mL LC grade
water previously adjusted to pH 9, centrifuge for 15 min, and
add supernatant to cartridge. Adjust vacuum to allow sample
to elute at ca 1 drop/s. After sample elution, wash cartridge
with 20 mL water, 20 mL methanol, and 5 mL Solution C.
Let Solution C elute to near dryness to clear the sorbent and
solvent guides of eluting crop compounds. Discard sample
eluate and washes. Elute analytes with 10 mL Solution D into
a clean, HC1 rinsed, unsilanized 100 mL round-bottomed
flask. (Note: Because of limited space in SPE apparatus, final
eluate can be collected ir. test tubes or other appropriate con-
tainers and transferred to round-bottomed flasks, rinsing with
methanol.) Evaporate to ca 1 mL using avacuum rotary evap-
orator at 90°C. Evaporate remaining sample to dryness in a
100°C water bath under nitrogen. Dissolve residue in 1 mL
LC mobile phase, using sonication if necessary. Filter
through 0.45 pm porosity membrane.

LC Determination

Inject 100 pL sample solution into LC system. Compare
chromatographic response (peak retention times, heights,
and/or areas) with that of standard solution and calculate res-
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idue amount. Standard peak responses established for screen-
ing analysis are equivalent to ca 0.01 ppm of PQ and DQ. If
levels found in sample significantly exceed the screening
level, prepare standard solutions with higher concentrations
to give peak responses within 25% of those of sample. The
estimated limit of quantitation is 0.005 ppm. Diode array
scans of respective peaks provide qualitative information
if desired.

Results and Discussion

SPE

Silica is one of the most polar sorbents available for SPE.
Under aqueous conditions, however, silica exhibits primarily
cation exchange selectivity. The cation exchange capacity of
silica is dependent on several factors, including pH (19). In
general, this capacity increases with increasing pH. For this
reason, under basic conditions quaternary ammonium com-
pounds are highly retained on silica. The most critical aspects
of the SPE procedure were found to be the pH adjustment of
the crop digests and the apparent surface pH of the silica sor-
bent before sample application. Figure 1 shows the effect of
the sample pH before SPE on the recovery of PQ and DQ
from fortified potato digests. Below a pH of 9, recoveries for
these analytes began to decrease, particularly for DQ. In this
same study, however, standards taken through the method in
the absence of crop matrix gave recoveries ranging from 91
to 101% for both PQ and DQ over the entire pH range tested.
The presence of crop coextractants necessitated conditions
that favored increased capacity of the silica sorbent. Because
DQ degrades slowly at pH >9 (10), the method was opti-
mized using a sample solution pH of 9 and an apparent silica
surface pH between 9 and 10. Recoveries for PQ and DQ
were found to be somewhat low and irreproducible if the ap-
parent silica surface pH was >10.

The SPE cartridges were easily obstructed by sample fines
that were not filtered or centrifuged out of solution. This
problem was alleviated by introducing the 20 pm frit into the
sample reservoir. The increased surface area of this frit (ca 27
mm id) resulted in a less dense accumulation of sample fines
that would otherwise plug the smaller frit (ca 9 mm id) of the
SPE cartridge.

SPE methodologies generally employ preconditioning
washes before sample application for the following reasons:
solvation or wetting of the sorbent to ensure reproducible in-
teraction of the sorbent with analytes (20), removal of
contaminants, or preparation of the sorbent bed to accom-
plish specific retention mechanisms such as ion-exchange.
Because the samples described in this methodology were in
an aqueous solution, water was used as the initial solvating
wash. Solution A (1M HC1) effectively removed contami-
nants from the silica sorbent before sample application, while
the necessity of the basic wash has already been described.
The solvated sorbent bed should not be allowed to run dry to
ensure compatibility between the sorbent environment and
the sample. Once the analytes of interest are retained, drying
of the sorbent does not present any problems (20).

The final sample volume before SPE cleanup was approx-
imately 100 mL. The possible effect of this volume on
analyte recoveries was not studied in any detail. However,
recoveries were found to be equivalent for samples that were
occasionally diluted to volumes exceeding 100 mL (i.e., as

100 T
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[~}
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Figure 1. Effect of sample solution pH on the recovery of PQ
and DQ from potato digests using silica SPE cleanup; PQ & DQ
were fortified at the 0.5 and 0.1 ppm levels, respectively.

much as 200 mL). The sample volume did not appear to have
any significant effect on recovery; therefore, additional aque-
ous washings in the sample preparation step greater than
100 mL are permissible.

Methanol was employed to remove water from the sorbent
before the application of the wash with Solution C (0.1M HC1
in methanol). Final recoveries were found to be low (< 50%)
and irreproducible for both PQ and DQ if residual water was
not removed from the sorbent before the application of this
acidic wash. Apparently, even a slight increase in water con-
tent in the methanolic acid wash was sufficient to partially
elute the analytes. With the removal of residual water, the
acidic wash could be applied with no detectable losses of PQ
or DQ. The acidic wash effectively removed most of the sam-
ple coextractants from the sorbent before analyte elution,
resulting in longer guard cartridge life and cleaner chromato-
grams.

Methanol was included in the final eluate to facilitate
evaporation. In the final eluate (Solution D), 2M HC1 was
found to efficiently elute PQ and DQ. Vacuum and high tem-
perature (90°C) were required to evaporate the eluate
efficiently. Under these conditions, however, the final eluate
could not be taken to total dryness because of the high (30%)
aqueous concentration. Therefore, the last 1 mLwas taken to
dryness at 100°C under nitrogen.

Several different brands of silica cartridges were evalu-
ated in the development of the SPE method. In general, all of
the brands tested (Prep Sep, Sep-Pak, Bond Elut, and Ad-
sorbex) gave equivalent recoveries for PQ and DQ standards
alone and from fortified potato digests at the tolerance levels
of 0.5 and 0.1 ppm for PQ and DQ, respectively. However,
several factors should be considered in selecting a silica car-
tridge other than the 400 mg Adsorbex cartridge for the
isolation of these analytes: The sample capacity, adjustability
of apparent surface pH, and retentive characteristics of dif-
ferent cartridges are not necessarily equivalent under the
conditions of this methodology. For instance, Prep Sep car-
tridges (Fisher Scientific), which contained only 300 mg of
silica sorbent, showed analyte loss via breakthrough with po-
tato digests fortified at levels exceeding the tolerances
(1.0 ppm for PQ and 0.2 ppm for DQ). Bond Elut cartridges
(500 mg, Analytichem International, Inc.) demonstrated
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greater retention of PQ, which necessitated an increased vol-
ume (15-20 mL) of final eluate. This particular sorbent also
required an increased volume of basic conditioning wash (ap-
proximately 30 mL) before sample application to adjust the
apparent surface pH to the desired value. From a practical
standpoint, the various SPE cartridges available may not be
universally adaptable to commercially available manifolds,
sample reservoirs, etc. (For example, at the time of this study,
Waters Sep-Pak cartridges were not available in a configura-
tion that was conveniently adaptable to the Supelco
vacuum manifold.)

The silica SPE cartridges can be reused. Because silica is
physically stable between pH 2 and 8, the cartridges should
be stored with an apparent surface pH between these values.
This can be accomplished by rinsing with approximately
150 mL water. A final 10 mL rinse with 10% methanol is
done before storage. However, trace amounts of PQ and DQ
(particularly PQ) may be retained on the sorbent even after
the final elution step. Obviously, cartridges that were used for
reagent blanks or crop samples in which no analyte was de-
tected could be reused with reasonable confidence. The
actual number of times that the SPE cartridges can be reused
was not investigated in detail. However, in the course of this
study, some cartridges were used at least twice. The reuse of
cartridges should be practiced with discretion.

PQ and DQ can be adsorbed onto surfaces such as glass,
particularly under alkaline conditions. This can be a trouble-
some source of contamination. For this reason,
polypropylene containers were used when samples were in
alkaline solution. Although these containers are disposable,
they have been reused after soaking in a Micro solution, rins-
ing with dilute HC1 (approximately 1M), water, and ethanol.
Silanization of glassware was not incorporated into the
method because of the acidic final eluate that dissolved the
silanizing reagent from treated glass. Recoveries were found
to be equivalent for both PQ and DQ using treated and un-
treated sample flasks. However, glassware (particularly the
round-bottomed sample flasks) should be rinsed with water,
soaked overnight with 6M HC1, and then rinsed with water
and ethanol. Worobey has described a similar procedure (3).
These flasks, or the plasticware, should not be scrubbed or
scoured with anything that might score the surface
(e.g., brushes).

lon-pairing Chromatography

The LC system described by Nagayama et al. (10), which
used an amino-bonded column, sodium chloride, and a ter-
nary mobile phase consisting of methanol, acetonitrile, and
water for the determination of PQ and DQ in several crops,
was also evaluated in the course of this study. Multiple, com-
peting retention mechanisms were apparently involved with
this system, as retention times were not reproducible even
after equilibrating for more than 2 h. The silica column sys-
tem developed in the present study was equilibrated in
approximately 15 min.

Reversed-phase ion-pairing LC is frequently employed to
achieve separation of ionic compounds (21), including qua-
ternary ammonium compounds. Typically, these systems
employ ODS-bonded silica and long-chain alkylsulfonate
salts as ion-pairing reagents. The ion-pairing process is de-
pendent on many factors, including pH and ionic conditions.
Reversed-phase ion-pairing LC using sodium dodecylsulfon-
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Figure 2. Effect of acetonitrile concentration in mobile

phase on retention (in terms of capacity factor, k). Mobile
phase contains 42mM NaCl, and pH of water fraction is 2.2
in each case.

ate and an ODS column was evaluated for the determination
of PQ and DQ following their isolation by the SPE procedure.
Peak splitting was observed with DQ using this system. It
was concluded that competing chloride ions present in the
SPE residue precluded the use of reversed-phase ion-pair-
ing LC.

Greving et al. (13) demonstrated that quaternary ammo-
nium compounds, like protonated bases, form stable ion pairs
that can be chromatographed on silica using inorganic halide
salts as ion-pairing reagents in anonaqueous, methanolic mo-
bile phase. We evaluated a similar system, using silica and
nonaqueous acetonitrile with sodium perchlorate as the ion-
pairing reagent. In this system, PQ and DQ were
chromatographed as symmetrical, well-resolved peaks
whose retention times could be controlled by the concentra-
tion of added salt. However, sample residues after SPE were
difficult to dissolve in neat acetonitrile, necessitating the in-
troduction of water into the mobile phase. In addition, the
chromatography of PQ and DQ was irregular and ir-
reproducible because of the chloride ions present in the
sample residues; the chloride ions apparently competed with
the perchlorate ion-pairing process. At this point, substitution
of perchloric acid for HC1 in the final eluate of the SPE
cleanup was considered to achieve a uniform anion content.
However, this was not attempted because of the unstable na-
ture of perchloric acid.

Acetonitrile was used as the organic modifier in the pro-
posed LC system because it demonstrated greater elution
strength (22) and produced symmetrical peaks for both PQ
and DQ. Methanol, on the other hand, produced relatively
broad and tailing peaks for both analytes.

The effects of acetonitrile concentration on capacity factor
(k") are shown in Figure 2. Concentrations between 30 and
50% afforded resolution of the analytes from early eluting



CHICHILA & WALTERS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6,1991) 965

257 rm

Time (min )

T ime (min. )

310 n B

Time (min.)

310 m ~ B

T ime (min )

310 m ~

cL

E 5 10

Time (min )

Figure 3. LC-diode array UV chromatograms displayed at 257 nm (PQ determination) and 310 nm (DQ determination) for
analysis of potato fortified at screening level. A and B, standard mixture (10 ng each of PQ and DQ); C and D, potato control;

E and F, fortified potato (0.01 ppm each of PQ and DQ).
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Figure 4. LC-diode array UV chromatograms displayed at 257 nm (PQ determination) and 310 nm (DQ determination) for
analysis of corn fortified at tolerance levels. A and B, standard mixture (50 ng PQ and 20 ng DQ); C and D, corn control; E and

F, fortified corn (0.05 ppm PQ and 0.02 ppm DQ).

crop matrix peaks, adequate resolution of PQ and DQ, and
symmetrical peak shapes. At concentrations of <30 and
>50%, however, increased retention was accompanied by
band broadening and tailing.

Before incorporating the 0.1M methanolic HC1 wash,
which removed the majority of salt from the sorbent in the
SPE cleanup, NaCl in the sample residues caused ir-
reproducible analyte responses because the final
concentration of salt in the dissolved residue was greater than
in the mobile phase. This effect was controlled by increasing
the concentration of NaCl in the mobile phase (e.g., 280mM).
However, this was not desirable because of the potentially
corrosive effects of excessive NaCl on LC hardware. The al-
ternative was to eliminate or reduce the salt concentration in
the sample residues. Because a small amount of NaCl is
likely to be present in the final sample eluate, the salt concen-
tration specified in the method (85.5mM) was selected to

compensate for any possible effects of the residues on chro-
matographic consistency and to achieve optimum efficiency.
Corrosion from NaCl in the mobile phase at this lower con-
centration was not encountered with routine maintenance of
LC hardware and thorough rinsing of the system.

The pH of the mobile phase also influenced the retention
and peak shape of PQ and DQ in the proposed LC system. In
general, alterations in pH affect the protonation of basic an-
alytes and the ionization of silanols, both of which affect
retention (15). Because PQ and DQ maintain constant posi-
tive charges, however, they are not directly affected by pH.
Hence, the extent to which ionization of silanols occurs is, in
part, responsible for the retention and peak shape of these
analytes. With increasing pH, retention increased and peak
shapes deteriorated. Without pH adjustment (apparent pH of
mobile phase approximately 4.5), retention times were not
reproducible. Efficient and reproducible chromatograms
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Figure 5. Diode array UV detector spectra obtained at
chromatographic maxima for PQ and DQ. A, standard mixture
(250 ng PQ and 50 ng DQ); B, potato fortified with 0.5 ppm PQ
and 0.1 ppm DQ; C, asparagus fortified with 0.01 ppm each of
PQ and DQ.

were achieved by adjusting the water used in the mobile
phase to pH 2.2.

Several silica analytical columns from different manufac-
turers were evaluated for this method. The Du Pont Zorbax
silica column produced the most symmetrical peaks of those
columns tested. Columns packed with different batches of
this silica produced identical chromatograms under the con-

Table 2.
Paraquat
Crop Added, ppm Av. rec., % CV, %
Potato 0.01 88.7 (12)a 137
0.50* 89.0 (9 16
Corn 0.01 1048 (g 114
0.05* 9.4 (g 32
Turnip 0.01 986 (g 12.6
0.05* 915 (3 3.7
Asparagus 0.01 853 (3 4.8
0.50* 895 (9 2.7

a Humbef'clf—samples is in parentheses.
* EPAtolerance level.

Table 1. Recovery of standards
Standard Added, pg Av. ree., % cv, % N
PQ 01 96.8 4.8 5
PQ 5.0 93.7 2.9 9
DQ 01 90.7 6.6 5
DQ 10 83.5 5.0 9

ditions of the method. The columns were stable with repeti-
tive usage; a single column was subjected to approximately
1000 injections of sample and standard solutions before
showing a notable loss of efficiency. New Zorbax columns
with new guard cartridges typically produced >5000 theoret-
ical plates per column using the formula:

N =5.54 x (retention time/peak width at half high height)2

for both PQ and DQ. Efficiency lost after repetitive injections
was restored by replacement of the guard cartridge until sig-
nificant analytical column deterioration occurred.

The LC-diode array detector system produced linear peak
area responses for both PQ and DQ over the range of 2-500
ng using a constant injection volume of 100 [tL. The correla-
tion coefficient for both analytes was 0.999.

TYpical UV diode array chromatograms of standard and
sample solutions are shown in Figures 3 and 4. The diode
array detector allows simultaneous detection of PQ and DQ
at 257 and 310 nm, respectively. PQ and DQ are adequately
resolved and separated from early-eluting sample co-
extractants in a single chromatographic run of less
than 6 min.

Diode array UV spectra provided additional qualitative
data for PQ and DQ in sample injections as shown in Fig-
ure 5. Maximum absorbance at the correct wavelengths for
PQ and DQ are discernible even at the low screening level of
0.01 ppm in crop extract.

Recovery of Standards

Recoveries of standards in the absence of crop matrix are
given in Table 1. Fortifications of 0.1-5 pg were equivalent
to levels of 0.01-0.5 ppm in 10 g of crop. Determinations
were made on sets of either 2 or 3 fortified reagent blanks that
were analyzed on different days over a period of 2 weeks.
Average recoveries ranged from 90.7% for DQ at 0.01 ppm
to 96.8% for PQ at 0.01 ppm. DQ recoveries were typically
somewhat lower for both fortified reagent blanks and
crop samples.

Recoveries of paraquat and diquat from fortified crops

Diquat
Added, ppm Av. rec., % CV, %
0.01 826 (12 118
0.10* 86.8 (9 4.3
0.01 86.2 (6) 7.8
0.02* 853 (g 5.9
0.01 793 (3 34
0.02* 804 (3 38
0.01 848 (3 5.0
0.50 842 (9 22
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Recovery from Fortified Crops

Average recoveries for PQ and DQ in 4 crops are given in
Table 2. Crop samples (10 g) were fortified with 1 mL ali-
quots of appropriately diluted standards in methanol and
allowed to stand overnight under refrigeration. Samples were
fortified at levels ranging from 0.01-0.5 ppm and, in most
cases, were analyzed in groups of 3. The relatively high co-
efficients of variation (e.g., for 12 determinations of PQ and
DQ at 0.01 ppm in potatoes) reflect day-to-day variability for
runs made on several different days over a period of several
months. The variability for determinations made concur-
rently (i.e., sets of 3 samples) are <5%. Individual recoveries
ranged from 71.7% (DQ in potatoes at 0.01 ppm) to 120.1%
(PQ in corn at 0.01 ppm). Average recoveries ranged from
79.3% (DQ in turnips at 0.01 ppm) to 104.8% (PQ in com
at 0.01 ppm).

Conclusion

The method described provides a rapid, specific, multi-
residue assay for the determination of PQ and DQ in several
high moisture crops. Reproducible recoveries were obtained
for both analytes using a pH-controlled silica SPE procedure.
lon-pairing LC using a silica column and sodium chloride as
an ion-pairing reagent in a reversed-phase eluent provided
sensitivity at a screening level of 0.01 ppm and good selec-
tivity for the analytes in crop extracts. UV diode array
detection provided simultaneous determination of PQ and
DQ with qualitative analysis. The application of this method
to other high moisture crops and to dry products such as
wheat and dry beans is currently under investigation.
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Improved Method for Determination of Polynuclear Aromatic Hydrocarbons

in Pharmacopoeial Paraffin and Mineral Oils

AZlZ GEAHCHAN, I. LE GREN, PAUL CHAMBON, and RENEE CHAMBON
Laboratoire de Toxicologie, Faculté de Pharmacie, 8, avenue Rockefeller, 69373 Lyon, France

An Improved method has been developed for quantitative de-
termination of polynuclear aromatic hydrocarbons (PAHS) In
pharmacopoeial paraffin and medicinal white oil samples.
This new method combines 2 liquid-liquid partition and ad-
sorption chromatography procedures with a 2-step purifica-
tion on Sephadex LH 20 and liquid chromatography with
fluorometrlc determination. Selective elution of PAHs results
In absence of background fluorescence. The minimum de-
tectable level ranges from 0.2 ppt for benzofluoranthene Iso-
mers to 200 ppt for acenaphthene. Recoveries of PAHs
added at 7 ppm varied from 92.1 to 111.4%. When avariety of
medicinal white oil samples were analyzed by this Improved
method, 27 PAHs were identified, including 11 suspected
carcinogens. Their Identities were confirmed by capillary
gas chromatography.

Polynuclear aromatic hydrocarbons (PAHs) of great struc-
tural variety occur in the environment from many different
sources. Because of their carcinogenic activity, PAHs are
among the most intensively studied compounds in environ-
mental samples. A number of these compounds, as well as
their derivatives, are potent carcinogens (1). They can occur
in fresh and used lubricating oils, cutting oils, waxy distil-
lates, raffinates, and medicinal oils (2). A number of
fully-refined petroleum products, with a potential trace level
content of PAHSs, constitute ingredients of many cosmetics,
such as cold creams, cleansing creams, lipsticks, massaging
oils, baby lotions or creams, and suntan oils (3).

Several analytical methods for PAHs in environmental
samples and petroleum oils are reported in the literature (4-
9). Few methods are described for PAH determination in
medicinal white oils and paraffin (3, 10-13). Monarca et al.
(3) extracted PAHs by frontal elution chromatography, puri-
fied the PAHs present in the aromatic concentrate on
aluminum oxide, and concentrated the front fraction and
chromatographed it on glass plates precoated with acetylated
cellulose. After the spots were visualized by UV and scraped
off, PAHs were determined by fluorescence spectrophotom-
etry. Colin et al. (11) and Colin and Vion (14) used frontal
elution chromatography with a 2-step purification including
adsorption chromatography and partition chromatography.
Concentrated extracts were analyzed by liquid chromatogra-
phy (LC), and fractions collected from the LC column were
analyzed by high resolution Shpolskii fluorometry (15).
Grimmer and Bohnke (16) determined PAHSs by gas chroma-
tography, using different concentrated fractions
chromatographed on Sephadex.

In this paper, a modification of the described methods (4-
6) for determining PAHs in mineral oils is reported. The
extraction (see Figure 1) was slightly modified by changing
solvent ratios in the extracting mixtures. The degree of puri-
fication was greatly increased by combining adsorption
chromatography with a 2-step liquid partition on Sephadex.

Received November 8,1990. Accepted May 29,1991.

The 20-150 mL fraction collected was concentrated and di-
rectly analyzed by LC with fluorometric detection. LC
allowed a good and selective separation of more than
20 PAHSs, with no interference from endogenous compounds.

Experimental

Reagents

(a) Solvents.—Reagent grade dimethylformamide,
isopropanol, dimethyl sulfoxide (Carlo Erba, Paris La De-
fense, France); distill in glass apparatus before use. Pesticide
grade cyclohexane, n-kexane, acetone, and toluene (SDS,
Peypin, France). For LC elution solvent, use chromato-
graphic grade acetonitrile (SDS) and quartz bidistilled water.

(b) Sodium sulfate.—Na:So 4, analytical grade (E.
Merck, Darmstadt, Germany).

(c) Silica gel.—35-70 mesh (Merck).

(d) Sephadex LH 20.—(Pharmacia, Science Park, Cam-
bridge, England). Column 1: Add 10 g Sephadex LH 20 to
50 mL acetone and outgas. Transfer to 150 x 20 mm glass
chromatographic column and allow Sephadex to settle. Drain
off excess acetone. Pour 200 mL stationary phase (water-
dimethylformamide (DMF), 15 + 85) onto column to replace
acetone. Let column equilibrate 24 h. Pour 50 mL n-hexane
onto column. Column 2: Add 10 g Sephadex LH 20 to 50 mL
acetone and outgas. Transfer to 150 x 20 mm glass chroma-
tographic column and allow Sephadex to settle. Drain off
excess acetone. Pour 200 mL isopropanol onto column to re-
place acetone. Let column equilibrate 24 h. Pour 50 mL
isopropanol onto column.

(e) Internal standard.—Benzo(b)chrysene (Community
Bureau of References, Commission of the European Com-
munities). Prepare 1 mg/mL solution by dissolving 100 mg
benzo(b)chrysene in 10C mL toluene.

(f) Polynuclear aromatic hydrocarbons.—Acenaphthene,
acenaphthylene, and benzo(g,h,i)perylene (EgaChemie,
Steinheim, Albuch, Germany); fluorene, fluoranthene, and
coronene (Janssen Chimica, Beers, Belgium); benzo(e)py-
rene, benzo(b)fluorene, and cyclopenta(d,e,f)phenanthrene
(Aldrich Chemical Co., Milwaukee, WI 53201); anthracene
and phenanthrene (Prolabo, Paris, France); dimethyl-2,3-
naphthalene, methyl-3-pyrene, dimethyl-3,6-phenanthrene,
and methyl-2-anthracene (Fluka, Buchs, Switzerland); py-
rene and methyl-3-cholanthrene (Eastman Organic
Chemicals, Rochester, NY, 14650); benzo(a)anthracene and
perylene (Koch-Light Laboratories, Colnbrook, Buchs, En-
gland); chrysene (Schuchardt, Miinchen, Germany);
dimethyl-7,12-benzo(a)anthracene (Sigma Chemical Co.,
St. Louis, MO 63178); benzo(b)fluoranthene,
benzo(j)fluoranthene, benzo(k)fluoranthene,
dibenzo(a,h)anthracene, anthanthrene, indeno(1,2,3 cd) py-
rene, and cyclopenta(cd)pyrene (Community Bureau of
References, Commission of the European Communities).
Prepare all stock solutions in toluene at 21 mg/mL. Keep in
dark, frozen at -20°C. Pipet aliquots from stock solutions into
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100 mL volumetric flasks and dilute with toluene to make
final working solutions (see Table 1; 93 mL toluene was used
instead of 100 g PAHSs-free mineral oil).

Warning: Some PAHSs are carcinogens. All operations in-
volving handling of PAHSs or their solutions should be carried
out with disposable rubber surgical gloves in ventilated en-
closures. PAHSs are degraded by UV light. Avoid exposure of
samples, extracts, and standard solutions to sunlight.

Apparatus

(a) Gaschromatograph.—HRGC Fractovap Model 4160
gas chromatograph (Farmitalia-Carlo-Erba, Paris, La De-
fense, France) equipped with flame ionization detector and
on-column capillary column injection port. GC column:
fused silica, 25 m x 0.32 mm id, CP SIL 5 CB (Chrompack,
Les Ulis, France), with 0.11 pm film thickness. Operating
conditions: Temperature program as follows—initial, 80°C;
programming rate, 3°C/min; final, 270°C. Carrier gas flow,
hydrogen, 4 mL/min at 80°C. Capillary detector, 300°C: hy-
drogen flow 30 mL/min, air flow 400 mL/min. Detector
make-up gas, hydrogen at 30 mL/min. Data collection, digi-
tal integrator with least squares capability.

@®) Liquid chromatograph.—Model 200 programmer, bi-
nary gradient with 2 Model 414 T pumps (Kontron
Instruments, Everett, MA 02149) equipped with Model 7010
syringe-loading sample injector (Rheodyne Inc., Cotati, CA
94931) and coupled to Model SFM 3 spectrofluorometer (ex-

Sample: ail (10 g
I DVF (B or DVBO (O
| H20

| Cyclohexane

(discard)
Cyclohexane
HAP

Silica gel
| Cyclohexane

0-15mL 16-75 mL

(discard)

Sephadex LH
| o-Hexane

0-65 L
(discard)

66-300 L

Fr"c!ctionation
Quantitative estimation

METHCDS B &C

Different extraction and cleanup procedures described by Grimmer and Bohnke (4) and Grimmer et al. (5,6).

citation 305 nm, emission cut-off filter >415 nm) (Kontron).
Operating conditions: flow rate, 1 mL/min; column tempera-
ture, ambient; eluant system, acetonitrile (A) and water (B).
Gradient program: hold at 60% B for 7.5 min; from 60 to
100% B in 60 min; from 100 to 60% B in 0.1 min; hold at
60% B for 5 min, then start injection. Column: 250 x 4.6 mm
id, stainless steel packed by slurry technique with 5 pm Ultra-
sphere ODS (Beckman Instruments Inc., Fullerton,
CA 92634).

(c) Computing integrator.—Hitachi-Merck 2000 and
HP3390A (Hewlett-Packard Co., Palo Alto, CA 94303).

@) classware.—Clean with 30% nitric acid, and wash
twice with quartz bidistilled water.

Sample Extraction

See Figure 2. To 10 g mineral oil in 500 mL separatory
funnel, add 50 pL internal standard solution, 80 mL cyclo-
hexane, 80 mL DMF, and 100 mL water. Shake 3 min and
allow layers to separate. Drain lower layer into second sepa-
ratory funnel, add 80 mL water and 180 mL cyclohexane,
and repeat extraction. Allow layers to separate and discard
lower layer (water + DMF). Wash cyclohexane layer twice,
using 30 mL water. Discard washings. Filter cyclohexane
layer over anhydrous Na2SC>4, and concentrate to ca 1 mL
with rotary evaporator under reduced pressure in water bath
at 40°C.
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Table 1. Concentrations (pig/10 g) of various PAHSs in
standard mineral oil
Standard
stock
solution
added to
PAHs-free
Concn, mineral oil,
Analyte ug/10 g uLa
1. Phenanthrene 91.84 918.4
2. Anthracene 3.24 32.4
3. Fluoranthene 0.52 5.2
4. Pyrene 5.00 50.0
5. Methyl-2-anthracene 5.03 50.3
6. Methyl-9-anthracene 311 311
7. Dimethyl-3,6-phenanthrene 10.1 101.0
8. Benzo(k)fluoranthane 0.02 0.2
9. Perylene 1.02 10.2
10. Benzo(a)pyrene 0.58 5.8
11. Benzo(e)pyrene 4.32 43.2
12. Benzo(b)fluoranthene 0.02 0.2
13. Benzo(a)anthracene 0.41 4.1
14. Dibenzo(a,h)anthracene 0.59 5.9
15. Methyl-3-pyrene 7.8 78.0
16. Benzo(a)fluorene 6.27 62.7
17. Methyl-3-cholanthrene 0.11 11
18. Dimethyl-7,12-benzo(a)anthracene 0.22 2.2
19. Anthranthene 0.02 0.2
20. Indeno(1,2,3,cd)pyrene 0.29 2.9
21. Internal standard (50) —
22. Coronene 0.74 7.4
23. Benzo(g,h,i) perylene 0.44 4.4
24. Chrysene 8.2 82.0
25. Cyclopenta(c,d) pyrene 111.0 1110.0
26. Benzo(j)tluoranthene 1.0 10.0
27. Acenaphthene 220.8 2208.0
28. Acenaphthylene 111.0 1110.0
29. Benzo(b)fluorene 9.9 99.0
30. Cydopenta(d,e,f)phenanthrene 43.6 436.0
Total 696.39

a Toluene (93 mL) was used instead of 100 g PAHs-free mineral oil
for the preparation of the final working standard solution.

Chromatography of Sample Extracts on silica Gel

Shake 6 g silica gel with ca 20 mL cyclohexane, transfer
to 300 x 10 mm chromatographic column, and drain cyclo-
hexane by gravity. Transfer concentrated extract to top of
column. Rinse evaporation flask with two 1 mL portions of
cyclohexane and add to same column. Add 100 mL cyclohex-
ane to column. Discard first fraction (0-10 mL), and collect
fraction from 10 to 100 mL. Concentrate eluate to 1 mL in
rotary evaporator under reduced pressure at 40°C.

Chromatography of Sample Extracts on Sephadex LH 20

Place residue on top of Column 1. Rinse flask twice with
1 mL n-hexane saturated with water-DMF (15 + 85). Elute
with 300 mL/i-hexane equilibrated with same mixture. Dis-
card first 20 mL and collect 20-300 mL fraction. Evaporate
eluate almost to dryness in rotary evaporator under reduced
pressure. Dissolve residue in 1 mL isopropanol. Transfer dis-
solved residue to top of Column 2. Rinse flask twice with
1 mL isopropanol and elute with 150 mL isopropanol. Dis-
card first 20 mL and collect 20-150 mL fraction. Evaporate

Sample: Mineral oil (10 g)

DMF 80
H20 100
Cyclohexane 80
IS (Benzo(b)chrysene
i Cyclohexane (discard)
DMF

H2D
I Cyclohexane 180

— 1 DMF + H20 (discard)
Cyclohexane
H2 (two 30 mL portions)
-4 m H2 (discard)
Cyclohexane
Fliter over anhydrous Na2S04
Iconcentrate to 1mL.

HAP
Silica gel (6 g)
Cyclohexane (100 mL)

10-100 mL
concentrate to 1 mL

0-10 mL (discard)

Sephadex LH 20
J owmF tH0
n-Hexane (300 mL)

0-20 mL
(discard)

20-300 mL
concentrate to 1 mL

Sephidex LH 20
Isopropanol (150 mL)

0-20 mL
(discard)

20-150 mL
Evaporate to dryness
dissolve in methanol or
toluene (LC or GLC)

Figure 2. Extraction and cleanup steps as described

insam ple Extraction.

to 1 mL in rotary evaporator under reduced pressure, and then
to dryness under nitrogen stream at 37°C. Add 1 mL metha-
nol and retain for LC.

LC and Capillary GC

Aliquots of 20 pL organic layer were subjected to LC with
fluorometric detection. For capillary GC, 0.5 pL residue dis-
solved in toluene was injected.

Standard Preparation

To 10 g PAHs-free mineral oil (paraffin, French Codex,
purified and pretested), add all 29 PAHs-mineral oil samples
with respective PAH concentrations (see Table 1). Add 50 pg
benzo(b)chrysene and continue as in Sample Extraction. For
recovery study, prepare sample at 7 ppm level of total PAHs
by adding 90 g PAHs-free mineral oil to 10 g spiked sample
as described above.

Results and Discussion

Sample Extraction

Initial methods reported by Grimmer and Bohnke (4) and
Grimmer et al. (5, 6) were reviewed (see Figure 1). Method
A was found to be less selective than B and C, although re-
coveries for methyl-2-anthracene, indeno(l,2,3,cd)pyrene,
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Table 2. Recoveries of 13 PAHs obtained by 3 different
methods (A, B, and C)a
Method

Analyte A B C
Phenanthrene + anthracene 3 53 28
Fluoranthene 100 100 39
Methyl-9-anthracene 115 36 8
Methyl-2-anthracene 97 43 100
Benzo(a)anthracene 0 14 39
Benzo(f)fluoranthene 33 14 38
Indeno(1,2,3,cd)pyrene +

benzo(g,h,i)perylene 28 16 15
Dimethyl-7,12-benzo(a)

anthracene + benzo(k)

fluoranthene 22 10 49
Benzo(a)pyrene 115 12 23
Methyl-3-cholanthrene 100 100 100

8 Methods are described in Figure 2.

and benzo(ghi)perylene were higher (Table 2). Recoveries
for all other PAHs were similar, and ranged from 12 to 100%.
Errors arising from bad recoveries were avoided by adding a
known amount of internal standard to unknown samples and
to purified and pretested liquid paraffin spiked with different
PAHs. Stable emulsions formed during the partition step in
all methods. Good separation of aqueous and organic layers
was obtained by increasing the water and DMF in the extrac-
tion mixture.

Extract Cleanup

Many oil components, mainly heterocyclic aromatic com-
pounds, are extracted with PAHs and interfere with
quantitative fluorometric determination. Interferences from
such impurities were avoided by combining column chroma-
tography on silica gel with 2-step column chromatography on
Sephadex LH 20. Selective elution with «-hexane and
isopropanol resulted in absence of background fluorescence,
which allowed direct coupling of LC and fluorometry.

Resolution of PAHs on LC Column

Different column packings for LC were tested. Ultra-
sphere ODS gave the best results; high resolution of more
than 20 PAHs was observed (Figures 3 and 4). Compounds
with similar retention times were identified by capillary GC
(Figures 5 and 6).

Precision, Detection Limit, and Recoveries

Precision of the modified method was verified with the
results obtained from 10 determinations of a pretested min-
eral oil. Spiked samples were prepared atthe 7 ppm level of
added total PAHs. Phenanthrene, cyclopenta(c,d)pyrene,
acenaphthene, and acenaphthylene were used at relatively
high concentrations because oflack of sensitivity. Recoveries
for 29 PAHs ranged from 39% for benzo(a)pyrene to 103%
for methylcholanthrene. Relative standard deviations ranged
from 1.8% for benzo(j)fluoranthene to 7.9% (n = 10) for
phenanthrene and anthracene (Table 3). Total recoveries (es-
timated by the internal standard method) ranged from 92.1 to

15

g 11-12

2

4

29
20 23

AN A

Figure 3. Liquid chromatogram of 30 PAHs on column
packed with 5 *m Ultrasphere ODS (see details in Table 1).
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Figure 4. Liquid chromatogram of extracted white mineral
oil sample (see details in Table 1).

111.4% (n = 10), with amean of 7.02 ppm and arelative stan-
dard deviation 0f5.29%.

Lim it of detection ranged from 0.2 ppt for different
benzofluoranthene isomers to 200 ppt for acenaphthene. The
method was sensitive enough to detect trace amounts of
PAHs in various samples subjected to analysis in our labora-
tory.

Application to Medicinal White Mineral Oils

Six white mineral oils were analyzed by the described
modified method. Results are reported in Table 4. Twenty-
seven PAHs were identified, and 11 suspected carcinogenic
PAHs were quantified. No correlation between individual
PAH concentrations was observed. Benzo(a)pyrene, in-
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Figure 5. Gas chromatogram of 30 PAHs on CP SIL 5 CB capillary column (see details In Table 1).
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Figure 6. Gas chromatogram of extracted white mineral oil sample (see details in Table 1).
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Table 3. Recoveries of 29 PAHs from 10 replicate

analyses3

Analyte Rec., % RSD, %
Phenanthrene + anthracene 72.8 79
Fluoranthene +

cyclopenta(d)pyrene 102.0 6.8
Pyrene 931 6.7
Methyl-2-anthracene 101.0 59
Methyl-9-anthracene 100.5 6.1
Dimethyl-3,6-phenanthrene +

chrysene 90.8 59
Benzo(k)fluoranthene 69.0 4.3
Perylene + benzo(e) pyrene +
benzo(b)fluoranthene 78.0 51
Benzo(a)pyrene 491 40
Benzo(a)anthracene 39.7 39
Dibenzo(a,h)anthracene 68.0 34
Methyl-3-pyrene 87.2 44
Benzo(a)fluorene 93.1 28
Methyl-3-cholanthrene 103.0 49
Dimethyl-7,12-benzo(a)anthracene 96.2 39
Anthranthene 98.4 3.7
Indeno(1,2,3,cd)pyrene +

benzo(g,h,i)perylene 54.0 44
Coronene 9.1 21
Benzo(j)fluoranthene 99.7 18
Acenaphthene 91.6 26
Acenapthylene 931 28

3 Mineral oil sample (10 g) was spiked at 7 ppm: 650 pg total
PAHSs + 50 pg internal standard benzo(b)chrysene.

deno(l,2,3,cd)pyrene, benzo(g,h,i)perylene, perylene,
benzo(e)pyrene, benzo(k)fluoranthene, and pyrene were

present in all samples.
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Table 4. PAH residues In 6 white mineral oil samples

Analyte 1
Phenanthrene + anthracene 4400
Fluoranthene + cyclopenta(cd)pyrene3 240
Methyl-9-anthracene —
Pyrene 726
Methyl-2-anthracene —
Benzo(a)fluorene 854
Dimethyl-3,6-phenanthrene +

chrysene + benzo(a)anthracene3 —
Methyl-3-pyrene —
Benzo(j)fluoranthenefl —
Perylene + benzo(e)pyrene3+

benzo(b)fluoranthene3 1120
Benzo(Kk)fluoranthene3 45
Dimethyl-7,12-benzo(a)anthracene3 —
Benzo(a) pyrene3 142
Dlbenzo(a,h)anthracene3 90
Indeno(1,2,3,cd)pyrene3 +
benzo(g,h,i)perylene 14
Methyl-3-cholanthrene3 40
Anthranthene 3
Coronene 76
Acenaphthene —
Acenaphthylene —

3 Suspected carcinogen.

38.4
22500
29.6
45.5
173
40.8

30.2
49
145

54.7
0.08
2.04

2.04

0.82
0.41
0.08
0.82

Analyte concn in mineral oil sample, pg/kg

3 4 5 6
— 1064 128
— — 87100 166610
56 233 602 80
267 333 255 80
— 161 141 38
— 161 135 31
280 912 3143 716
659 275 129 59
9 55 65 38
33 155 398 438
— — 18 29
13 10.2 51 —
58 22.5 55 9.6
- — - 18
22 6.1 49 18
— — 12 35
— - 0.2 25
— — 0.4 9.6
— — 151

287
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Analysis of Organochlorine Pesticide Residues Using Simultaneous Injection of Two

Capillary Columns with Electron Capture and Electrolytic Conductivity Detectors

MARVIN L. HOPPER

Food and Drug Administration, Total Diet Research Center, 1009 Cherry St, Kansas City, MO 64106

A system has been developed that will allow low level
screening of 31 organochlorine pesticide residues using si-
multaneous injection on 2 dissimilar capillary columns. An
electron capture detector was attached to a DB-1701 column,
and an electrolytic conductivity detector in the halogen
mode was attached to a DB-5 column. Chlorinated pesticide
amounts ranging from 0.05 ng for y-BHC to 1.5 ng for
decamethrin can easily be quantitated and confirmed. The
system can be used In either the column programmed mode
or the isothermal column mode. Good reproducibility was
obtained for Injections In both modes. This system can eas-
ily be retrofitted to any gas chromatograph using on column
or split/splitless injectors.

The U.S. Food and Drug Administration (FDA) initiated the
Total Diet Study (TDS) in May 1961 (1). TDS continually
monitors levels of various selected nutrients, toxic elements,
industrial chemicals, and pesticide residues in table ready
foods. This information is used to reconstruct the daily intake
of these substances for specific age/sex groups. The study
provides baseline information that is used to identify trends
in the food supply and in diets over time. This information
assists FDA in identifying potential public health problems.

The food items of TDS are most often examined by using
one or more multiresidue methods. These methods were de-
veloped for this purpose over the years and are described in
the FD A Pesticide Analytical Manual, Volume | (PAM 1) (2),
which is compiled and issued by FDA. All fat samples (>2%
fat) are extracted by PAM I, sec. 211, which involves mixed
ether extractions and cleanup with gel permeation chroma-
tography (3). The nonfat samples (<2% fat) are extracted
with acetonitrile according to PAM I, sec. 212. A final Florisil
cleanup (PAM I, sec. 252) is used with all fat and nonfat sam-
ples before the confirmation and quantitation steps.

TDS screens 234 food items at low ppb levels for organo-
chlorine industrial chemicals and pesticide residues. This
screening level can easily be achieved with 6Ni-electron cap-
ture detection (ECD) by injecting 100 mg sample equivalents
into columns with different polar phases. Confirmation and
guantitation of chlorinated residues at these low levels are
also possible with electrolytic conductivity detection
(ELCD) in the halogen mode. ELCD is specific to com-
pounds containing halogen elements and does not respond to
most nonhalogenated compounds. ECD responds to chlori-
nated compounds and many nonhalogenated compounds
present in complex sample matrixes. Thus, each detection
method responds to chlorinated compounds, but each offers
slightly different specificity. Confirmation and quantitation
can then be obtained using different columns and detectors.

Dual-channel capillary gas chromatography (G C) systems
that use different column phases and detectors have been de-

Received February 14, 1991. Accepted May 5, 1991.
Mention of trade names and suppliers is for information only and does not
imply endorsement by the Food and Drug Administration.

veloped (4-6). These systems inject 2 capillary columns si-
multaneously, using 1 injection port. The 2 columns are
connected to the split/splitless injection port through a 2-
hole ferrule.

This work describes a dual-column capillary GC system
that can be used with conventional packed column injection
ports. Low level quantitation and confirmation of organo-
chlorine industrial chemicals and pesticide residues are
achieved on this system by using acolumn programmed run
after making a simultaneous flash on-column injection (7)
into a retention gap connected to a glass “Y " splitter. The
splitter is connected to 2 dissimilar phase capillary columns,
with an electron capture detector attached to one column and
an electrolytic conductivity detector with a special cell at-
tached to the other.

The work includes statistical results on injection repro-
ducibility using a column programmed run and an isothermal
run. Incurred residue results obtained for samples analyzed
with the dual-column capillary programmed run and the cur-
rent individual column isothermal method w ill be presented
for comparison.

Experimental

Principle

Quantitation and confirmation of organochlorine indus-
trial chemicals and pesticide residues in samples are achieved
using the PAM | extraction and cleanup procedures plus in-
jection into a dual-channel GC system as previously
described. The gas chromatograph initiates the 2-step linear
program, the autosampler, the electrolytic conductivity de-
tector vent, and the integrators attached to each detector.
Quantitation and confirmation of each peak are determined
after comparison against the retention times and areas of ex-
ternal standards injected on the system.

Apparatus and Reagents

(a) Dual-column capillary system.— Shown in Figure 1.

5880A gas chromatograph equipped with “ Ni-electron cap-
ture detector (Hewlett-Packard Co., Palo Alto, CA 94303);
Model 4420 electrolytic conductivity detector in the halogen
mode with special cell containing a0.127 mm (0.005 in.) sol-
vent orifice (O.l. Analytical, College Station, TX 77841);
Model 7672A autosampler (Hewlett-Packard); Model SP
4270 integrator (Spectra-Physics, Inc., San Jose, CA 93412);
Model HP 5880A gas chromatograph Terminal 1 and a
packed column injector (Hewlett-Packard). Integrator and
terminal were operated at 1 cm/min chart speed with an at-
tenuation of 2 for the integrator and 7 for the terminal.

The injection port is modified by installing a precut on-
column liner (6.25 mm or 1/4 in. port, 210-1066, new
version, 210-1070) with an installation Kit C (J&W Scien-
tific, Inc., Folsom, CA 95630). A plug of presilanized glass
wool (2-0409) is inserted in the on-column liner just above
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Figure 1. Components used in the dual-column capillary system.

the restricted end and a precut column inlet liner (2-0540,
Supelco, Inc., Bellefonte, PA 16823) is inserted at the top.
On-column liner is installed in the injector with a special
adaptor (220-1120, J&W Scientific, Inc.) and a double bev-
eled graphite ferrule. The restricted end of the on-column
liner is installed so it will be at the bottom of the injection
port. All components are contained within the injector, which
is operated at 230°C.

One end of the retention gap (3 m x 0.53 mm id, pre-
silanized, uncoated fused silica, 1602535, J&W Scientific,
Inc.) is inserted into the on-column liner restriction through
the bottom of the special adaptor and held in place with a
graphite ferrule and nut. The other end of the retention gap is
connected to the common leg of a quick-seal glass “Y” split-
ter (4797, Chrompack B.V., Delft, The Netherlands). One leg
of the splitter is connected to a30 m x 0.32 mm id, DB-1701
bonded phase fused silica capillary column (123-0732, J&W
Scientific, Inc.) with 0.25 pm film thickness. The other leg of
the splitter is connected to a 30 m x 0.32 mm id, DB-5
bonded phase fused silica capillary column (123-5032, J&W
Scientific, Inc.) with 0.25 pm film thickness.

The DB-1701 column, with aflow rate of 1.6 mL/min hy-
drogen (ca 39 cm/s) is connected to the electron capture
detector with amake-up gas fitting (103462, Scientific Glass
Engineering, Austin, TX). The electron capture detector uses
5 % methane in argon as the make-up gas, with a flow rate of
72 mL/min at 350°C. The DB-5 column, with a flow rate of

1.5 mL/min hydrogen (ca 41 cm/s), is connected to the elec-
trolytic conductivity detector using the above make-up gas
fitting and 27 mL/min of hydrogen make-up gas. The electro-
Iytic conductivity detector is set with a base temperature of
270°C, afurnace reaction temperature of 950°C, and a hydro-
gen reaction gas flow rate of 48 mL/min. All hydrogen
supplied to the HP 5880Agas chromatograph and electrolytic
conductivity detector is first conditioned through a hydrogen
purifier (Model 560, AADCO, Clearwater, FL 34625). Cell
flow rate of the electrolytic conductivity detector is 6 pL/min
n-propyl alcohol. This flow rate is achieved by using a 390 x
0.8 mm id Teflon bypass solvent tube with the pumping sys-
tem. Attenuation of the electrolytic conductivity detector is
set at “H” x 1, with the signal output cable connected to the
1V terminal, which is in turn connected to the SP 4270 inte-
grator signal input. The vent is set full clockwise, which
provides ca 2 min of venting.

Keyboard terminals of the “Inj A” button on the SP 4270
were interconnected to the external events valve 7 connectors
on the HP 5880A gas chromatograph with wires a and b.
Wires were soldered to the keyboard terminals. The Model
4420 electrolytic conductivity detector vent was intercon-
nected to the external events valve 8 of the HP 5880A gas
chromatograph with wires ¢ and d. The connection involved
unsoldering one end of resistor 33 of the vent circuitry and
removing that end from the printed circuit board. Wire c was
soldered to that end of the resistor. Then, wire d was soldered
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to the printed circuit board where the resistor was unsoldered.
Valves 7 and 8 on the HP 5880A gas chromatograph signify
connections for computer controlled switch closures.

A run table is programmed to operate the integrator (valve
7), the vent (valve 8), and run stop. The integrator is turned
on at 0.00 min, when valve 7 is turned on, thus closing the
switch contacts. The integrator is turned off at 0.05 min,
when the contacts are opened. The vent is turned on at 0.07
min, when valve 8 is turned off, thus opening the switch con-
tacts, and turned on at 0.10 min, when the valve 8 switch
contacts are closed. An integrator report for the electrolytic
conductivity detector is generated by turning valve 7 on at
44.00 min and off at 44.10 min. The stop-run command, at
50.00 min, generates an ECD report, stops the current pro-
grammed run, and initiates the starting of the next
programmed run.

The HP 7672A autosampler parameters were set for a 4.8
pL injection from a 10 pL syringe, 5 prewashes, 5 filling
pumps, and 5 postwashes. The first and last sample vial and
injections per vial were set for each series of samples or stan-
dards.

(b) Fatty sample extractants.—Extractants were cleaned-
up on an Auto-Prep 1002B gel permeation chromatograph.
The gel permeation chromatograph is equipped with a 60 x
2.5 c¢m id column (Analytical Bio-Chemistry Laboratories,
Columbia, MO 65205), slurry packed with 33 g Bio-Beads
SX-3 resin (200-400 mesh, Bio-Rad Laboratories, Rich-
mond, CA), and compressed to a bed length of ca 20 cm. The
eluting solvent was methylene chloride-hexane (1 + 1, v/v)
pumped at a flow rate of 5.0 mL/min with an operating pres-
sure range of 8 to 11 psig. The gel permeation chromatograph
was set up with a 12 min dump, 16 min collect, and 0 min
wash cycle.

(c) Pesticide standards.—Prepared from 1 mg/mL stock
solutions of 10% acetone in isooctane. All standards were
obtained from the Pesticide and Industrial Chemicals Repos-
itory, Environmental Protection Agency, Research Triangle
Park, NC 27711.

(d) Solvents.—USP 95% ethanol and pesticide grade
methylene chloride, n-hexane, diethyl ether, petroleum ether,
acetonitrile, acetone, and isooctane were used in the proce-
dures.

(e) Sample preparation.—Fatty and nonfatty food items
used in this study were obtained from TDS. Each item was
initially prepared according to package instructions and com-
mon recipes found in American households (8). A few of the
recipe items prepared for TDS include homemade beef and
vegetable stew, lasagna, and meat loaf. Large quantities of
each prepared item were ground or blended into acomposite.
Each composite represents items purchased from 3 different
locations within a specific region of the United States. The
United States is divided into 7 regions by FDA, which are
systematically sampled.

Programmed Run

A programmed run was developed that best resolved 31
chlorinated pesticides routinely encountered in TDS. A 2-
step linear temperature program was found to be the most
efficient for separating chlorinated pesticides on both col-
umns. Each GC runis cycled through a 2-step linear program
beginning at 110°C for 1 min, ramped to 190°C at 15°C/min,
held for 0 min, then ramped to 270°C at 3°C/min, and held at

this temperature until the 50 min stop-run command is initi-
ated. The programmed run gave optimum separation on the
DB-1701 column without coelution of pesticides. Less effi-
cient separation was achieved on the DB-5 column, where 10
analytes coeluted. The DB-5 column did not separate
dicloran and quintozene, DCPA and [,p-dicofol, octachlor
epoxide and heptachlor epoxide, endosulfan 1 and c/s-chlor-
dane, and endosulfan sulfate and p,p'-DDT. Confirmation
may not be established in instances where these analyte pairs
are present. The Florisil cleanup procedure (PAM I, sec. 252)
used in the sample analysis helps separate pesticides into dif-
ferent eluates eliminating several coelution possibilities. All
coeluting pesticides above, except for DCPA and p,p-dicofol,
can be separated with the Florisil cleanup procedure into
fractions A and B. The Florisil procedure splits the pesticides
into fractions A, B, and C. The concentration of each chlori-
nated pesticide standard, retention times of each pesticide
standard for each column, and numerical elution order of
standards on the DB-1701 column are presented in Table 1.

A study was conducted to determine the reproducibility of
peak areas and retention times for the 31 organochlorine pes-
ticides using the 2-column system with a 2-step linear
program. The autosampler was used to make five 4.8 pL se-
guential injections of 2 mixed standards. The mixed
standards gave complete separation for each pesticide and
eliminated any coelution of pesticides. Reproducibility of the
standards is presented in Tables 2 and 3.

Isothermal Run

A study was also conducted to determine reproducibility
of the peak areas and retention times for 8 organochlorine
pesticides using the 2-column system in the isothermal mode,
where combined column flow rates are a10 mL/min and the
column oven temperature is held at 200°C. All other GC con-
ditions were held constant while the autosampler was used to
make five 4.8 pL sequential injections of a mixed standard at
3 different concentrations. Compounds were selected be-
cause their elution profile is a good indicator of how other
organochlorine compounds would behave on this system.
Reproducibility of the standard injection is presented in
Table 4.

Analysis Comparison forincurred Residues

Eluates from samples analyzed in TDS containing in-
curred organochlorine pesticide residues were reanalyzed on
the programmed 2-column simultaneous injection system.
Quantitation and confirmation were determined using
external standards injected on the system. Results for in-
curred residues found in 17 TDS samples are presented in
Tables 5-8.

Discussion

This dual-capillary system is installed on an HP 5880A
gas chromatograph but can easily be retrofitted to almost any
other gas chromatograph. The HP 5880A packed column in-
jector requires Kit C, while the majority of the other packed
column injectors on the market require Kit A. The adaptor
that holds the precut on-column liner is the only difference in
the 2 kits. Routine maintenance of this injection system is
simplified by the ease with which the on-column liner can be



HOPPER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6,1991) 977

Table 1. Elution order of pesticides
Retention time,
min/col
Peak Conen,

Compound No. pg/mL DB-1701 DB-5
Pentachlorobenzene 1 0.002 6.93 10.42
Tecnazene 2 0.003 791 11.73
HCB 3 0.003 8.47 13.38
Pentachloroanisole 4 0.002 8.72 13.52
a-BHC 5 0.006 9.21 12.74
Quintozene (PCNB) 6 0.004 9.63 14.29
y-bhc 7 0.010 10.21 13.72
Heptachlor 8 0.005 10.70 16.16
Dicloran 9 0.010 11.21 14.14
Pentachloroaniline 10 0.005 11.48 15.28
Pentachlorothioanisole n 0.004 11.65 17.09
Chlorpyrifos 12 0.030 12.62 17.49
DCPA (dacthal) 13 0.005 1302 1784
Octachlor epoxide 14 0.050 13.17 19.18
p,p-Dicofol 15 0.010 1341 17.74
Heptachlor epoxide 16 0.020 13.67 19.06
Endosulfan 1 17 0.010 14.66 21.12
frans-Chlordane 18 0.010 14.80 20.05
c/s-Chlordane 19 0.020 15.10 20.70
frans-Nonachlor 20 0.010 15.20 20.90
p,p'-DDE 2 0.015 15.52 21.76
Dieldrin 22 0.030 16.02 22.00
Endrin 23 0.030 16.82 22.76
p.p'-TDE 24 0.020 18.80 23.96
Endosulfan II 25 0.020 18.95 23.67
p,p'-DDT 26 0.030 19.53 25.20
Endosulfan sulfate 27 0.020 22.29 25.64
p.p'-Methoxychlor 28 0.100 22.67 28.05
c/s-Permethrin 29 0.200 26.64 32.68
Cypermethrin 30 0.200 30.98 35.92
Deltamethrin 3 0.300 36.73 43.06

disassembled and cleaned. While disassembled, the precut
column inlet liner and glasswool contained in the on-column
liner can be replaced, thus removing septum material and
sample residues.

Extended use of the injection system requires replacement
of the retention gap, which is accomplished by grasping the
common leg of the glass “Y” splitter with one hand and the
retention gap with the other hand. Exert force in the opposite
direction while holding the polyimide seal (dark ring) of the
compression fit over a small flame and separation will occur
upon heating. The glass “Y” splitter can then be reused with
anew piece of retention gap. Sometimes, small pieces of the
polyimide are left in the constriction. These can be removed
with a fine wire or small needle. The same technique can be
applied to changing columns.

With the flash, on-column, simultaneous injection system,
large injections can be used in conjunction with a pro-
grammed mode or an isothermal mode without changing any
injector components. Large injections can be used with this
injection system because of the combined internal volume of
the on-column liner and the 0.53 mm id retention gap. This
internal volume accommodates solvent expansion, which al-
lows simultaneous injections to be made into the 0.32 mm id
fused silica capillary columns. Maximum resolution and sen-
sitivity is obtained in the programmed mode because the

Table 2. Relative standard deviation (%) of area and
retention times for 5 Injections of mixed standard using
2-step linear program

Simultaneous injection3

ELCD
ECD (halogen mode)
DB-1701 col. DB-5 col.
Retention Retention

Pesticide Area time Area time
HCB 35 0.08 8.9 0.20
a-BHC 10 0.08 5.4 0.19
Y-BHC 0.9 0.10 4.9 0.21
Chlorpyrifos 0.6 0.09 7.4 0.16
Heptachlor 04 o1 5.6 021
p,p-Dicofol 7.2 0.07 27 0.16
Heptachlor epoxide 0.7 0.08 6.2 0.18
frans-Chlordane 0.7 0.08 7.6 0.17
c/s-Chlordane 0.7 0.10 3.0 0.16
frans-Nonachlor 0.8 0.07 6.1 0.17
Dieldrin 10 0.10 6.1 0.17
Endrin 2.2 0.08 94 0.18
p,p'-DDT 20 0.08 10 0.15
p,p'-Methoxychlor 26 0.06 31 0.14
c/s-Permethrin 31 0.06 6.0 0.10
Cypermethrin 54 0.04 3.6 0.09
Decamethrin 6.7 0.07 71 011

3 4.8 pL injectec with autosampler.

Table 3. Relative standard deviation (%) of area and
retention times for 5 injections of mixed standard 2 using
2-step linear program

Simultaneous injection3

ELCD
ECD (halogen mode)
DB-1701 coal. DB-5 col.
Retention Retention

Pesticide Area time Area time
Pentachlorobenzene 9.4 0.06 15 0.12
Tecnazene 21 0.00 2.2 0.16
Pentachloroanisole 18 0.07 7.0 0.14
Quintozene (PCNB) 11 0.05 2.7 0.12
Dicloran6 — — — —
Pentachloroaniline 2.0 0.04 3.0 0.14
Pentachlorothioanisole 2.0 0.04 3.0 0.12
DCPA (dacthal) 16 0.06 19 0.14
Octachlor epoxide 41 0.06 53 0.12
Endosulfan | 18 0.07 1n 0.14
p.p'-DDE 21 0.07 6.3 0.15
p.p'-TDE 34 0.08 6.2 0.10
Endosulfan I 11 0.08 6.6 on
Endosulfan sulfate 4.0 0.06 14 0.12

4.8 pL injected with autosampler.
Not determined because of low response at 0.01 pg/mL

capillary columns generate the most theoretical plates in this
mode. Also, awide range of compounds can be analyzed at
one time in the programmed mode.

The simultaneous injection system (Figure 1) is reproduc-
ible for programmed runs of 4.8 pL injections of
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Relative standard deviation (%) of area and retention times for 5 Injections of mixed standard

using isothermal run*

Table 4.
Standard concn,
Pesticide pg/mL Area
1x dilution
a-BHC 0.060 10
ybhc 0.100 0.8
Heptachlor 0.100 10
Chlorpyrifos 0.300 0.8
Heptachlor epoxide 0.200 11
c/s-Chlordane 0.200 0.8
Dieldrin 0.300 23
Endrin 0.300 0.2
1/5 x dilution
a-BHC 0.012 34
V-BHC 0.020 10
Heptachlor 0.020 16
Chlorpyrifos 0.060 0.8
Heptachlor epoxide 0.040 27
c/s-Chlordane 0.040 0.7
Dieldrin 0.060 23
Endrin 0.060 04
1/10 x dilution
a-BHC 0.006 7.6
ybhe 0.010 0.9
Heptachlor 0.010 16
Chlorpyrifos 0.030 10
Heptachlor epoxide 0.020 26
c/s-Chlordane 0.020 0.8
Dieldrin 0.030 6.4
Endrin 0.030 10

S Column oven temperature = 200°C.
4.8 pL injected with autosampler.
C Combined individual flow rates from both columns = 10 mL/min.

organochlorine pesticides. Relative standard deviation
(RSD) of the peak areas for ECD in Tables 2 and 3 are very
good for low level amounts of pesticides injected per column.
RSD for peak areas of ELCD in the halogen mode is not as
good as ECD, but is still very acceptable for low level confir-
mation. The large variation of RSD of the area for/y?-dicofol
can be attributed to poor peak shape. Chromatograms ob-
tained for a programmed run of mixed standards from ECD
and ELCD with the special cell are shown in Figures 2 and 3.
Peak numbers in Table 1 correspond to peak numbers in
Figures 2 and 3.

The simultaneous injection system can be used in the
more conventional isothermal mode, which will give good
resolution and sensitivity for a less complex analysis. The
isothermal mode is achieved in the injection system by in-
creasing the combined column flow rates to 10 mL/min or
greater, and adjusting the oven temperature to 200°C. Results

Simultaneous injection6

ELCD
ECD (halogen mode)
DB-1701 col.c DB-5 col.6
Retention Retention
time Area time
0.28 2.6 0.40
0.14 2.8 0.20
0.13 28 0.00
0.05 32 0.00
0.14 39 0.08
0.06 42 0.08
0.08 41 0.07
0.08 54 0.06

— 5.4 —
— 23 —

— 3.3 —
— 2.2 —
— 25 —
— 2.2 —

— 17 —
— 29 —
— 32 —
— 31 —
— 33 —
— 3.8 —
— 3.7 —

in Table 4 for five 4.8 piL sequential injections of a mixed
standard demonstrated that the isothermal mode can be used
for the quantitation and confirmation of organochlorine pes-
ticides. RSD for retention times and peak areas for 3 different
concentrations of 8 pesticides are good. The high RSD for
dieldrin was caused by an interfering peak. Results also show
that ELCD with the special cell performed well at the 3 stan-
dard concentrations that cover the range needed for ppm and
sub-ppm pesticide analysis. The ELCD special cell was
found to be approximately 1 to 1 1/2 times more sensitive
than the regular production cell. The only difference between
the ELCD special cell and the regular production cell is the
size of the solvent orifice. The ELCD special cell has a
0.127 mm (0.005 in.) solvent orifice, as compared to a
0.254 mm (0.010 in.) solvent orifice for the production cell.
TDS routinely analyzes food items for organochlorine
pesticides in the ppm and sub-ppm range, according to the
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Table 5. Analysis comparison for Incurred residues (ppm)susing 2 different columns

individual injections

Item Pesticide residue6 EC
Milk p,p'-DDE 0.0020
Low fat milk p,p'-DDE 0.0009
Chocolate shake p,p-DDE 0.0040
Evaporated miik p,p'-DDE 0.0020
Cheddar cheese p.p-DDE 0.0310
HCB 0.0020
Lamb chop HCB 0.0010
Octachlor epoxide 0.0004
p,p'-DDE 0.0180
Dieldrin 0.0005
Breaded, fried shrimp Pentachloroanisole 0.0001
oc-BHC 0.0003
Chlorpyrifos methyl 0.0010
p,p'-DDE 0.0010
Cooked fish sticks Chlorpyrifos methyl 0.0040

a Single determination.
All residues were quantitated against external standards.
¢ Confirmed on a different column but not quantitated.

procedures contained in PAM I. Preanalyzed sample eluates
from food items in TDS were reanalyzed with the simulta-
neous injection system. Results in Tables 5-8 for 17 food
items show, in most cases, good agreement between the orig-
inal TDS individual column analysis and the reanalysis using
the simultaneous injection system. Results of the simulta-
neous injection system with ECD and ELCD with the special

Isothermal Programmed

simultaneous injection

Confirmation Confirmation

EC or ELCD EC ELCD
0.0020 0.0014 0.0014
0.0009 0.0008 0.0009
0.0050 0.0030 0.0030
0.002C 0.0020 0.0020
Conf.c 0.0180 0.0220
0.001 0.0012 0.0007
Conf. 0.0008 0.0013
Conf. 0.0004 0.0004
Conf. 0.0190 0.0260
Conf. 0.0010 0.0008
0.0002 0.0001 0.0001
Conf. 0.0003 0.0005
Conf. 0.0008 0.0010
Conf. 0.0006 0.0010
Conf. 0.0030 0.0040

cell also showed good agreement in most cases. Results for
the simultaneous injection system were determined by com-
paring area counts of sample peaks to area counts of external
standards injected in the system. Some inconsistencies in
sample results can be attributed to the level of quantitation
and to sample matrix effects that are also observed in packed
column chromatography. Variabilities from approximately

Table 6. Analysis comparison for incurred residues (ppm)9using 2 different columns

individual injections

Item Pesticide residue6 EC

Peanut butter Pentachlorobenzene 0.0007
HCB 0.0007
Pentachloroanisole 0.0009
Quintozene (PCNB) 0.0004
Pentachloroaniiine 0.0010
Pentachlorothioanisole 0.0004
p,p'-DDE 0.0010
Dieldrin 0.0010
Chlorpyrifos 0.0060
Heptachlor epoxide 0.0003

Peanuts Pentachlorobenzene 0.0030
HCB 0.0007
Pentachloroanisole 0.0020
Quintozene (PCNB) 0.0006
Pentachloroaniiine 0.0050
Pentachlorothioanisole 0.0010
p,p'-DDE 0.0010
Chlorpyrifos 0.0040

9 Single determination.
6 All residues were quantitated against external standards.
¢ Confirmed on a different column but not quantitated.

Isothermal Programmed

simultaneous injection

Confirmation Confirmation
EC or ELCD EC ELCD
Conf.1 0.0007 0.0006
Conf. 0.0005 0.0005
Conf. 0.0006 0.0004
Conf. 0.0003 0.0003
Conf. 0.0017 0.0020
Conf. 0.0006 0.0005
Conf. 0.0039 0.0060
Conf. 0.0030 0.0030
Conf. 0.0060 0.0040
Conf. 0.0006 0.0006
Conf. 0.0020 0.0020
Conf. 0.0008 0.0020
Conf 0.0010 0.0003
Conf 0.0003 0.0002
Conf 0.0030 0.0040
Conf 0.0010 0.0010
0.0020 0.0030 0.0020
Conf. 0.0030 0.0020
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Table 7. Analysis comparison for Incurred residues (ppm)ausing 2 different columns

Isothermal Programmed
individual injections simultaneous injection
Confirmation Confirmation
ltem Pesticide resldue* EC EC or ELCD EC ELCD
Boiled spinach p.p'-DDE 0.0150 Conf.c 0.0130 0.0200
Dieldrin 0.0030 Conf. 0.0086 0.0060
c/s-Permethrin 0.0110 Conf. 0.0210 0.0220
frans-Permethrin 0.0120 Conf. 0.0093 0.0096
Collards DCPA (dacthal) 0.0540 Conf. 0.0310 C.0850
Pentachloroaniline 0.0003 Conf. 0.0002 0.0006
p.p-DDE 0.0100 Conf, 0.0140 0.0360
Dieldrin 0.0009 Conf. 0.0009 0.0010
c/s-Permethrin 0.0110 Conf. 0.0110 0.0140
Raw celery Dicloran 0.0280 Conf. 0.0257 0.0400
p.p'-DDE 0.0060 Conf. 0.0014 0.0020
Endosulfan 1 0.0060 Conf. 0,0020 0.0026
Endosulfan I 0.0040 Conf. 0.0075 0.0040
Endosulfan sulfate 0.0060 Conf. 0.0070 0.0080
Cauliflower DCPA (dacthal) 0.0003 Conf. 0.0004 0.0004
Dieldrin 0.0002 Conf. 0.0004 0.0003

All residues were guantitated against external standards.

§ Single determination.
Confirmed on a different column but not quantitated.

30-45% are not uncommon far sample amalyses In tte
low ppb led @. The higer lked of dickaran fourd inraw
clary Besily qentitated and anfimed.

Conclusion

The sinultaneaus Injection systemwirth programmed rin
hes shoan tret itisavichle system farg entitatirgand aon-
Tarming ppm and sub—ppm resides in saples

prepared usirg PAM | procedures. Sinultaneous injection
inodiffaatoolum pesssand cdetectors reduoss trepossi-

hility of e idntificatio s causad by matrix inarfaaos.
Each colum, inmost sss, givesadiffaateluiantinre far
tre same campound. ELCD isessatial ina dal-oolum,
dual-cetector systembecause itsmuch lkesssasitive toma-
trix inerfaaes tenECD; traeiae, kiuter redloss tte
dence of fake itificaios. This systemalloss te o
ratory to quantitate and confirm iwide range of
orgarocllorine pestacice resid eswirth one injectiowitihout
sigifientdy inoessirg tre tireand ast of arelysis. Furtter
tnesavingscanbe achieved by autorating tresinultzreos

injsctinsystan.

Table 8. Analysis comparison for Incurred residues (ppm)ausing 2 different columns

ltem Pesticide residue* EC
Raw tomato Endosulfan 1 0.0020
Endosulfan Il 0.0070
Endosulfan sulfate 0.0080
Tomato sauce Endosulfan 1 0.0020
Canned spinach p.p'-DDE 0.0120
c/s-Permethrin 0.8670

4 Shngle determinafion.
* All residues were gquantitated against external standards.
¢ Confirmed on a different column but not quantitated.

Isothermal
individual injections

Programmed
simultaneous injection

Confirmation Confirmation

EC or ELCD EC ELCD
Conf.c 0.0027 0.0029
Conf. 0.0090 0.0110
Conf. 0.0098 0.0130
Conf. 0.0009 0.0011
Conf. 0.0100 0.0130
Conf. 0.6000 0.9150
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Figure 2. ELCD (halogen mode) chromatogram of 31 chlorinated pesticides on DB-5 column.
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Figure 3. ECD chromatogram of 31 chlorinated pesticides on DB-1701 column.
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Multipesticide Determination in Surface Water by Gas Chromatography/Chemical
lonization/Mass Spectrometry/lon Trap Detection

GREGORY C. MATTERN, #JUDITH B. LOUIS,2and JOSEPH D. ROSEN3
Rutgers University, Cook College, Department ofFood Science, New Brunswick, NJ 08903

An Improved method for the determination of trace levels of
pesticides In surface water has been developed and was
used to analyze 20 target pesticides In New Jersey. Pesti-
cides were extracted from 2 L water samples, using a mixture
of XAD-2 and XAD-7 resins, and were determined by gas
chromatography/chemical lonization mass spectrometry
with lon trap detection. Average recoveries (performed In
triplicate at the 1 ppb level, except for captan and
chlorothalonll at 5 ppb) were between 75 and 113%, with an
average coefficient of variation of 9%. Most of the pesticides
(alachlor, atrazine, butylate, carbofuran, chlorpyrifos,
diazlnon, fonofos, Isofenphos, metolachlor, metribuzin,
parathlon, and simazine) had limits of detection (LODs) of
0.005 ppb or lower, while some (carbaryl, cyanazine,
fenamlphos, linuron, pendimethalln, and terbufos) had LODs
between 0.005 and 0.05 ppb. Captan and chlorothalonil had
LODs of 1 ppb. Of 31 samples analyzed, 29 contained one or
more of the following pesticides: alachlor, atrazine, carbaryl,
chlorpyrifos, cyanazine, diazlnon, isofenphos, linuron,
metolachlor, and simazine In concentrations between trace
(<0.025 ppb) and 5.48 ppb.

Most methods fartte aralysis of pesticices invater, auch s
EPA method 508 far argprochloriire pesticicss (D), uee I
uid/liqid edraction. Sarplles are edractedwith e
dlaride, coantrated, and thenanalyzed by ges chraraitog-
raphy (GC) with electron capture detection. Limits of
cetection (LODs) rage fram 0.0015 pob far chlordare ©
5 ppb for chlorcbarzilate. Another method for a-
ganonitrogen and organophosphorus pestiicices uses a
nirtrogendhosdorus detector and msmesl]nalEDILOD be-
tween 0.075 ppb farsinezine and 5.0ppb farmevinphos Q.
Soveral pesticacts, ircludirg linuon, gerezire, cartofuran,
ad ataryd, reguire ligud chraratography (LC) nmethods
for teir detemiretion.
I%ffrﬂy olicHteseedraction (SE) was used toedract
fran vater. These methods are more
rapldaﬁeom)nlcal then liquicHliquid edraction methods
G- Honvever, tte SPE ides allov anly a limited
anunt of sarple tobe Leed, and thisdeoressss e sasitiv-
ityof tre asdlysis. XAD resirs have also beenwiicely usd
for nultdresidle pesticice exdtraction fraom vater (B-10).
These resirs can edract a wide \ariety of pestiadss, at,
depending on the amountt of resin ussd far the edraction,
late sarple volues can be aallyzd. To avoid using ava—
riety of element selective detectors for detection and
qentitation, relatively ineqpasivemass gectroetars, suh
&6 tte mass slective detedtor, have been usd for nula-

resicle pesticice analysis (11,12). Selected ion nonitoring
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(SIV) Bragpired todotain the desired sssitivity. The dissd-
vantace of this tednige Bttatanly relatively few loscan
be mnitorad, thus limitirg tre number of pesticidss ttatcan
be determined atore tine. Ion trgp detectian (IMD), on e
atter had, hes autstardirg irterant sssitivity when goer-
ated in tre full scen mode, and itdoes ot require SIM
tedmiges. Rrairmetd. (13) used o trgp detectiavhess
Sectraretry 1o cetermine s2varal herbicidss insurface ad
groundvaters. Fulll scan electron inizationgectravnere ob-
taind for kesss tren 1 ng of e campounds.. Detection Iiniits
were in tre rae. Tandem mass gpectraretry
(MS/VS) wes alsoused (), ad LODs as low as 0.1 pob
were dotaired. Bven etter s eitivi SCreening pUnposes
canbe dotaired by qerating te 1D inttedemical ioniza-
o @) node, sswe have darostrated far nulairesid e
pestacick determination infiuits and vaetebles (05,16).

Inthisstudy, pesticideswere exdtracted from surfacevater
using XAD-2 and XAD-7 resirs ad were analyzed by
GC/CIMS withan intrgp ety

Experimental

Reagents

(a) Pesticide reference standards.— (U.S. Bwiramental
ProtecticnAgency, Research Triaglle Park, NC 27711.)

@) Sodium sulfate, methylene chloride, methanol, and
water.— High puriity anhydrous sodium sulfateand LC grace
nethylere dilarice, nettarol, and vater (Hdar Saatific

., Pitisuth, PA 15219).
© Fluorene.— (Aldrich Chemical G., Milvaukee, WI

(d)-XAD-Z andXAD-7 resins.— yelc, k., Bllefote,
PA 16823.

Samples

Thirty-ae sapleswere cllected from rivas abharias
points In New Jaey. Sarples inrcluke 3 from tte Sauth
Branch RaritenRiNer, 5 fran tteMaiin Branch RaritenRiNer,
7 from te Rier, 4 fran tre Millstoe Riner,
3 fram tre Matchaponiix Brodk, and 9 fram the Loner Mine
HillRnar. Inactitian, “ trargaortatinbllanks” of doublle dis-
tllavater were trargaorted fram tre laooratory o 3 of tre
ollectingtesand bedk. Theywere thenaralyzad as resgat
blarks. No pesticicsswere foud intteeblais.

Instrumentation

(a) Gas chromatograph.— Model 3400 (Varian Irstru-

ment Grayp, Amyalle, CA A0 interfacd ban intrap
cetector NClmode (AMIgeNMAT, San Jose, CA) and con-

trdlled by an 1BM R/AT. The aallyses and qentitatios
were performed with Fimigen ian trgp softvare Version
315, A gitlesson-oolum injedtar beld &t 50& was usd,
ada2m x0.5mm ddeectivated fusd sliaprecolum
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Figure 1. Total lon chromatogram of standard solution
containing 10 ng/pL of pesticides determined in surface
water, and 20 ng/pL Internal standard: butylate (1), fluorene
Internal standard (2), simazlne (3), carbofuran (4), atrazine
(5), terbufos (6), dlazlnon (7), fonofos (8), chlorothalonil (9),
metrlbuzin (10), carbaryl (11), alachlor (12), linuron (13),
cyanazlne (14), metolachlor (15), chlorpyrlfos (16), parathlon
(17), pendimethalin (18), Isofenphos (19) captan (20), and
fenamlphos (21). X-axis, scan number; Y-axis, total ion
Intensity.

was fitiedbetween tre injedtorand Gpilllarycolum, A 15m
X0.Z5mm dDB-5 fussdsiliacpillaycolum (L pm filn
thideess) @& W Saentific, Follsan, CA 95630) was tem-
perature programmed from 80 10260°C at20°C/Mmin. Garier
gs()\elatywes 25a1/5, and tteryectiovoluneves 1.
A 15cm srigenesdieves used farttean-colum jedtios.
(b) Mass spectrometer — Qoerated inthe Cl mode usirg
ishutare reegant ges ata source pressure tetcave a 271
ratio farnv/z 43 tonvz 57. The fillarentvoltage and anatt
were 70eV and 80 pA, resectively. Electronnuitiplier gain
was 1x 106.Scan ragewas 100-400 amu a1l s/ Trans-
fer lire and manifold temperatures were 250 and

220°C, reqectinely.
Table 1. Average recovery (%) of pesticides from surface
waters
Pesticide Ree, %A cv, % LOD, ppb°
Alachlor 105.0 124 0.005
Atrazine 83.0 8.6 0.005
Butylate 101.1 114 0.005
Captan 74.8 28 1.0
Carbaryl 97.9 85 0.05
Carbofuran 80.4 4.4 0.005
Chlorothalonil 90.9 10.2 1.0
Chlorpyrlfos 86.7 174 0.005
Cyanazine 85.0 10.9 0.05
Diazinon 103.8 14.0 0.0005
Fenamlphos 113.0 13 0.05
Fonofos 108.6 4.0 0.005
Isofenphos 815 8.8 0.005
Linuron 98.7 14.9 0.05
Metolachlor 102.5 14.6 0.005
Metribuzin 91.3 139 0.005
Parathlon 109.3 34 0.005
Pendimethalin 88.9 121 0.05
Simazine 81.0 37 0.005
Terbufos 84.3 8.6 0.05

% At the 1 ppb level, except 5 ppb for captan and chlorothalonil.

Coefficient of variation: each analysis performed in triplicate.

C Limit of detection: as detectable in 1.0, 0.05, 0.005, or 0.0005
ppb spikes.

Preparation of Calibration Curves

A 50 pg/mL stock solutian was prepared by dissoivirg
25 mg of eech referae starchrd n500 mL dichlorareth-
ae. Stok soluinwas sy diluted, and tre guaqariate
anount of ntardl starchrd stodk solubionwas acbid. Stan-
card olutios trenaontained0.1,0.5,1.0,5.0,10.0, add 20.0
ng/pL each pesticck, and 20 ng/pl of tre fluoree inardl
stathrd. Al pestacidss ooulld be dbtected 0.1 ng anaool-
umn exagpt far cgptan and dhlarttelanill 05 y). The
stardard solutiaswere anallyzed ind plicate ateach conoen-
tration leel. Peak aress were dotained from mass
chramatograns of each analytesentitation o Response
fadors @eaof pesticc/area of inardl starcard) were cal-
allated by the aomputer. Linear callibratian aunes were

with lirear conrellation aeffiaaents between 0.5
@rare) ad 0.9 (petolachlor and parathia).-

los usaed far detection and guentitationvere as follons:
aladhlar, vz 238; atrazire, W/z 216; hutdate, nv/z 218;
Gptan, vz 234; catard, vz A2; cardofuran, wz 22;
cdhlaottelonil, vz 267; dllappifcs, vz 32; oaezire,
m/z 241; diaziron, vz 35b6; faremiphos, vz 34; fluoeae,
'z 167; faofcs, vz 247; isofayos, vz 245; lrum,
vz 249; netolechllar, vz 284; metribuzin, vz 215; para-
thin, vz 22; pardinettalin, Wz 282; sinezire, vz A2;
and tatufics, vz 18.

Extraction Procedures

Restiicidss were edtracted from water usiing XAD-2 ad
XAD-7 resirs. Before each sample aelyais, a30x 1cm
dless Chraraflex columwas fillledwith 5 g offooth XAD-2
and XAD- 7 resirs, pedeed tigtly, and plugged atlotheds
with glesswool . Solhvertsvere pumped through the colum
wsing a stainkess Fed tark pressurizad with niriaen. The
columwes fstcoditicnadwith 300 mL each ofrethylere
chlarice, metterol, andvater. Samplevater L) was then
pumped thraugh tre colum at a rate of 75-100 ml/min.
Tank presaure reguired farthis flov ratewas a 25 sig. Pes-
tads were eluted fran colum with 300 mL methylere
chlarice. The eluatewas alledted, and 25 pl of 0.4mg/mL
flurae nard starthrd stock solubionwas added. The o-
luticmwas aried over anhydrous sodium sulfate ad
atratsd ©0.5mL inaKuderma-Danish cocntratoran
astean kath. These edradswere analyzed by GC/CIMS.

Recovery Studies

Recovery studiesvere performed fareech pesticice et te
1pob led, ecgptfaraptenand dlaottelonil Gb)- The
ggoriate volure of pesticice stock olutionwas added O
2 L sampled vater, which was then edracted as desaribed
ane. Rsticice comtratia s presant in tre fird ediadts
were dotaired by tre irstrurant softvare, ad relative re-
soonsss of each pesticice were gplied o tre clilratin
anes. Correspoding cocentratias () of pesticicss in
weter sasrplesvere alaldatedby dviding tre concentration
inng/plL by tre caall coentration faotor resultirg fran
tre edraction. This fedor 54000, because 2 L vater was
arontratsd 005mL firel edract

Sample Analyses

Samples were analyzed by GC/CIMS, with asohatnn
between each sanple 10 asare tte absance of any resid el

pesticice. After GC/CIMS aslysis, the computer searded
far each pesticick at tre conrect retentian time (15 9) by
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Figure 2. Mass chromatograms of selected pesticides at

the 0.05 ppb level In surface water. X-axis, (upper) scan
number and (lower) retention time; Y-axis, Intensities of
guantitation lons.

mess chraretography oftte So.entdtabiion o The
mass goectrun ofeach pesk (ifresant) was compared totre
statard Cll spectrun fartratpesticice intte ssarchprogram.

Restiicicks found were quentitated by tre computer. Gaffir-
matiion of some pestiicices aoulld be dotained by aarparing
tremass chraratograns of treanfimation ias o ttemass
chranatogram of tre qentitation ion at tte eect reteion
time of the pestiicick. These pestiicidess aould be anfimed if
tre Na sty s of tte aslyteSngjor iasvwere within
20% ofknown intersity retics. A Tull-sean Cll mass spectrum
ould also be dsened. Gonfirmation ias used vere as ol-
lons: aladhkar, vz 240 and Z/0; atvazire, vz 218; his/fdte,
vz 155; cgten, vz 2%, 122, ad 235; atard, vz 145;
carlofuran, vz 165; dhllootrelanil, n/z 265 and 20;
d\lorpyrlfcs m/z 350 and 3B4; cyaezire, vz 214;
isofados, vz 287; lirum, m/22518r’d53 rre!olahl(r
m/z 286 ad 232; netribuzin, m/z 198; padimethalin,
vz 264 ard 212; sinezire, vz 24; tatufcs, nv/z 108, 233,
26, and 190. Diazinm, feremiphos, Taofts, and parathion
gae no sigiificant fragrentatian; traefare, they hed no
anfimation 0s.

Sensitivity Determinations

Restiicick freewater sanples were spiked attre 1.0, 05,
0., 0.0, and 0.0006 ppb ledls o cetermire LODs. For
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Figure 3. Mass chromatograms of selected pesticides at
the 0.005 ppb level in surface water. X- and Y-axes as In
Fig. 2.

e 0.006 and 00006 pob spiked sanples, firal edradtsvere
ancentrated to 100 (. For apesticice tobe aosiicerad de-
tedzble, itsness chromatogram hed 10 be distirpuideble
frombedground, and tre chraratogram hed tohave asigel
toroise ratioof 5.
Results and Discussion

Resticicss tageted far determinatian in surface vaters
were dosenbecause of telirprevi damorstrated ruoff
daillity, widespreed Lee nNew Jaey, and treirpotentaial hez—-
ard 1© human health. Figure 1 shows the total In
chromatogram dotaired fram GC/CIMS aalysis of a stan-
chrd soluicnanntaining 10 ng/plof the 20 pesticicess and 20
ery studies at tre 1 ppb leel G ppb for cgptan and



MATTERN ETAL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6,1991) 985

@

109 19m

3054

YT[I rr‘r‘r) L !Arvv Tr T - ’ T

300 b} 1]
1! 6:41 g2l 1e:01

Figure 4. Mass chromatograms at m/z 305 of an unsplked
surface water sample (upper trace), and the same sample
spiked with 0.0005 ppb diazinon (lower trace). X- and Y-axes
as in Fig. 2.

dilaottelmil) ae given in Teble 1. Recoveries were be-
tneen 75 ad 113%, with an average aefficatofariation
of 9. LODs inaurfacevatervere ks then 0. B b, ex—
apt far cgpten and chlorotbellonill, which hed an LOD of
1 ppb. Alachlor, atrazire, butylate, carbofuran,
chlorpyrifos, diazinon, fonofos, isofenphos,
netolachlor, nmetribuzin, parathian, and sinezire were
all detectable at the 0.005 ppb leel. The LOD of
diazimnnwas lessthen 0.0006 pb. Figure 2 diglaysmess
chroratograns dotained fram aralysis of avater saplle
soiked et the 0.6 ppb led. Mass chramatograms of pes-
tiads ina ikedvater sarple atthe 0.006 ppb leel ae
shown inFigure 3 The upper traee of Figure 4 shows
amass chromatogram for an unspiked surface water
saple a&anvz 3B. The loner trae of Figure 4 shons a
chranatogram of the same sarplle spilked wirth 0.0006 ppb
diazimn.

Reults of tre pestiicice aalysis of New Jarsey surfae
vaters ae sumarized inTeble 2. A total of 29 aut of 31
saples aalyzed artained ane or more Leels
foud raged from trace (<0025 b)) ©5.48 g, es Tol-
los: aladkar, trae @), 0.8, 0.06, ad 0.13 po; atrazire,
tra= ©),0.03@,0.04,0.06,0.06 @,0.07 ©,0.8@,0.14
©, 0.15,0.18, 0, 0.3, ad 0.6l pb; cata, ttae D,
023, 056, 0.33, 0.9, and 5.48 pb; dlapyrifcs, trae ();
oaezire, trae (), 0.06 @, ad 0.07 pb; diazinm, trae
O, 0.4, 0.5, 011, 021, 022, ad 1.11 pb; isofapos,
0.10ad 0.61 pdbo; liruran, 0.07 and 0.25 yo; metolachiar,
trae @), 0.8 @, 0.04 @, 0.06 @, 0.8, 010, 0.11, 0.13,
0.21,0.3,0.45,0.80,1.74, and 2.70d; ad sivezire, trae
©,0.04, 0.6 @,05, ad0.2h..

The XAD edracticmmethod canedractawide \eriety of
pesticidss, including the triazire harbicicss, abrazire,
oaezire, netriluzin, and sinezire; the acetamice ad ani-
Ireharbicicks, aladhkar, retolachllar, and padinettalin; tte

Table 2. Pesticides found during analysis of 31 surface
water samples

No. positive
Pesticide findings Found, ppb Av., ppb8
Alachlor 12 trace-0.13 0.014
Atrazine 25 trace - 0.61 0.087
Carbaryl 6 trace-5.48 0.220
Chlorpyrifos 1 trace 0.001
Cyanazine 4 trace - 0.07 0.007
Diazinon 7 trace- 111 0.057
Isofenphos 2 0.10-0.61 0.023
Linuron 2 0.07-0.25 0.010
Metolachlor 20 trace - 2.70 0.227
Simazine 13 trace - 0.32 0.029

8 Assuming trace = 0.025 ppb.

carbamates, hutylate, carbaryl, and carbofuran; the
phenylurea herbicide, lirum; the organgphosphates,
dlapyrifos, diezinn, feremiphos, faofos, isofaydos,
parathian, ad ta’mfas; ad ﬁemlscnellarmspesuwlas,
cpten ad dilarottalonil. Prelimirery studies usirg anly
XAD-2 resin resuited in low reeriies Tar tre more pollar

iads, achaste and dlaotrelonil.
XAD-7, which hes a higrer affinity far polar argenic com-
pounds, gave significantly higher recoveries of the
pollar pesticiks.

cbtect pg qentities of demicals inconplex marbes. Be-
caee of ecllet ssaItiMity In tte TUll scanmode, SIM B
uresssary. The method srot limited intte number ofpes-
ticidss tret can ke determined, as lag as each pestiicice can
be edracted by X2D-resin, chramatographed by cld, ar
ocolum nyectianCC, ad icnizedby Al Aralysis ofedradts
with tre Intrip detectar gave el lent sssrtivity farmostt
of the pesticides studied. Except for captan and
dlaottelmil. dl pesticdss were cetectable a0.06 pob ar
kelov. Most pesticicss were detecteble between 0.06 ad
0.0006 . Inaoparism, plblishad EPA methods reslitin
tre folloving higer LODs: alachlor (0.38 ), arazire
(0.13 p), butylate (0.15 pb), diazinon (0.5 pb),
feramiphos (LO ), metolachlor (0.7 ), netrilazin
(©.15 gb), ad sivezire (0.075 gb). In atitian, EPA re-
quires LC methods far liruran (LOD, 0.5 ), oaezire
(LOD, 0.3 ), cataryl (LD, 2.0[b), ad cartofuran
(LD, 1L5gD).

In caclusian, we have derostrated tret
XAD edracticn coypled with GC/CIMS with 1TD provides
argod, sEEitihve, and acurate method farthe determinatian
of pesticices nsurfacevater.
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Separation and Determination of Diesel Contaminants in Various Fish Products by
Capillary Gas Chromatography
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Food and Drug Administration, 50 United Nations Plaza, San Francisco, CA 94102

A semiquantitatlve capillary column gas chromatographic
method is described for the determination of diesel fuel con-
tamination in various canned seafood products. The diesel
contaminants are separated from the fish sample by steam
distillation, with little carry-over of interfering Intrinsic mate-
rials such as fish oils. The diesel fuel is extracted from the
condensate with n-hexane, and the extract is analyzed on an
SPB-1 fused silica capillary column. The efficiency of recov-
ery of diesel fuel added to canned seafood at levels of 40-
400 ppt ranged from 72 to 102%. With the additional step of
concentrating the hexane extract, the sensitivity of this pro-
cedure may be increased at least 10-fold. This procedure can
detect the differences among diesel fuel grades No. 1,2, and
5, and variations within diesel grade No. 2, and thus may be
useful In determining the type of petroleum contaminants
present in various canned fish products.

The recmtal sall inAlaskenvaters ad tte problens asso-
catedwith storirg fishnext to diesel el on boats have led
o tre pssthillity of cotamination of fish with petroleum
pralots. Ik, atarolgoticanalysss (Sellirgofsaples
by atedmician traired to cetect ad ickntfy atrs), waally
aimed at cetectirg food o, have detected adors
tret resarble those of petroleum distilllEss insome camed
fich saples. Honever, demical testirg of petroleum con-
tamirents infood sanpleshesbeen inpossiblewithanatly
aailble potomls.

Qrrady, no dffical arelytical methods far detectirg
ad/or anfiming petroleum aontamiretion infshareaail-
dile, and a litaaturerevievdidrotraeal any rgpidarsinple
methods Tarcoductaing such aalyss. Most of treaalvical

Toudwere those used by ttepetroleun i stry
9, tre U.S. Bviromattal Protection Agency ©), tte
U.S. Goest Guard (10,11), ad otters (12) o antafy ad
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N'so with the San Francisco State University, Department of Biology, San
Francisco, CA 94132.

2 Also with the University of Arizona, Department of Chemistry, Tucson,

AZ 85721.

match aill sall sarples ar dessify unknown aruce alls ().
There were, honever, afew published artadies dealigwirth
the evaluation of petroleum contaminants In various
foos (14-16).

To edract petroleum cottamirates fran food saples,
Famington and Meyer (14 mixed tte sanples with argenic
hatsachasdethy eter, then steem ditilliad tre edract
o dotain a\olatile hydrocarbon fredtion. Other methods in-
cluk of sapleswirth aladolickOH (4 ar
aladolicNaOH (15) toelmirate interfaratss fran Ik,
follonvad by partiticirgofhydrocarbos and usgponificble
Ics o a mpolar ohatt such as heae. Other tach-
nigLes used 1o ssarate tre petroleum hydrocartos fram
aexdrected lpds irciuce colum and thinHlayer chrarettog-
rgphy (TLC), irdmMidLallly ar maonbination @, 1).

The gplication ad relatie erits of varias aelytical
methods used 1o daracteriz petroleum hydrocarbans
bntafy al salksarauk abkwere publised reatly inre-
viensby Bentz (D) and Clarkand Jurs (13). Hitesand Bieman
@) adKarger etd. (18) suoessiullly used ligud chrome-
tography 10 sgarate and detect aramatic hydrocarbons.
Blumer etd. (19) usad el permeation chraretography far
tre aslysis of hich nolecular weight carponents of petro-
leum N marine samles. IR, UV, and fluorescence
gectrosayy, TLC, aﬁgasmrmatograﬁy(@) by itdf
a‘nmrblral]mvvlmrrasssmmetry(m) aredo
among trearaliytical methods most commonlly sLggested. On
trelesisoftteadvatages and limitatio s of eech ted i e,
GC was dosen as ttenost auiteblemethod farargpidexam-
iretianof petroleum antamirents.

Onl-cerinved petrolleum Tels are highly corplex mixtures
of alydatic and araratic hydrocarbos, alkaes, rgotteres,
and alkylated aroratic compounds (). A ges chrarato-
graph equipped with coillary colum can searate tte
salurated hydrocarbos ggraxinetely in tre ader of teir
boilirg points (1,11) .. Because diesdl fleklsmay arntainover
a hundred diffaret hydrocarbon compounds, tre use of a
tarperature program entences GC - resolutian, and can pro-
duce a “firger rint” unique 1 tre partiaular petroleun
proolct being analyzd. The typical petroleum chrarato-
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Figure 1. Schematic diagram of steam distillation apparatus: A, 3 L boiling flask for generating steam; B, 500 mL 2-neck
distillation flask holds 50 g fish sample and 100 mL water; C, heating mantles; D, pressure relief valve; E, thermometer; F

condenser; and G, separatory funnel.

gram antains anurber of dominant pesks conrespoding ©
a homologous sries of straigt dain @ -) alkaes, Ina-
seersd wirth a large number of peaks correspoding ©
usaturated paraffirs, isgpraoid hydrocarbos, and aro-
matic . The size and relatine abundance of tte
n-allkare pesks depends on tre type of fidl aalyzd. The
atire st of peaks arise from abroed beselire pesk (enve-
kg®), caused presuneblly by tre inootplete resolutian oftte
petrolaumpesks.

Experimental

Apparatus

(@) GC apparatus.— PerkinElnmer Sigma Model 2000
equipped with flare inizatian detection (FID) system ad
ackpted far SPB-1 fusd silia apilllary colum, 30 m X
0.2mm o, with filln thideess of 0.5 pm @Qyelo, o
Bllefonte, PA 16823). Querating codiittios: hitiel colum
teperature, 60°C. Hold 5 min, program to inoreese &
5°C/miin 1© 220°C. Hold 5 min. Maintain ingectar at230°C,
ad detector a Z70°C.. Adjust sarple il o 1250, with
heliunm amiarenterirng il 20 nl/min. SstFID atten-
N o 26, and dart goeed 105 aviin. Sethydrogen
flovtoFID at 150 mL/min and airat 100 mL/min.

(b) Integrator.— Model 427 (Beckman Irstrurats, .,
Fullatn, CA 963).

(c) Blender.— Csterizer Model $48-51A, 1/2 hp notor,
sta“Ligefy,” with 16 az gless bleding antairer.

(d) Steamdistillation apparatus.— See Figure 1 Assem-
bly crsistsof 3L iler flaskheatedwithmrentde, comected

10 1 neck of 500 mL 2-neck distiliation flesk heated with
nentde. The toillar flask providss steam et aorstant rae ©
procuce arstant rate of distilition. Each hestirgmentde B
oomected 1o itsown \ericble poner syply. Second neck of
dstilbtionflask Boomected toaotrser, and 500 mL sep-
aatonfurel reehes ddilbe.

Reagents

(@) Hexane.— Glass dstilledgrace (EM Sciae, Gills-
ton, NJ (BX7). A 5 pL sanple cooentrated 11 or 101
shows anlly ane peekwhen analyzed by GC.

(b) Sodium sulfate.— Resgertgrack, athydraus, ganular
(Vallingade, e, X Laiis, MO &313).

(c) Sodium chloride.— Saturated olution.

(d) Diesel standards.— Diesel No. 1 and No. 5 grace
were dotainsd from Seldon Cill Gap., Fairfield, CA. Five
dieel No. 2 samplleswere dotained fraom Chevron Gill Gap.,,
Richmond, CA. Dissolve 2 g petroleum stacard in100mL
nHeare. Dilute 10 mL intb 100 mL «hexane 10 yield
2mg/mL startard.

(e) GCstandards.— Homologous sriesofn-alkare stan-
darts from n-undecare (-h) o nelasare (HC0) ad
nHriccsae (-Cx3) (Sigma Chemical G., & Lauis, MO
&3178). Add 5-10 mg each starthrd to 100 mLn-hexane o
tretno 2 pesks have more tren 3:1 ratioofreidts, and gt
5 pL sschroratograchic stardard (ot shonn).

(H Cannedfish samples— Samples were dotaiined fram
acamercial soucss in tte San Aatiso, CA, ad Ssttle,
WA, aress fram January 1984 to Decerber 1980.
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Figure 2. Chromatograms of diesel fuel standards: A,
diesel fuel No. 2 (0689-5C); B, diesel fuel No. 1; C, diesel
fuel No. 5; and D, kerosene. In this figure and Figure 4,
elution time In min is printed to the right of the
corresponding peak, and Identified n-alkane peaks are
labeled by name or an asterisk.

Procedure

Add 50 g fishsaple, 50 mL vater, ad, when soikirg,
20-220 mg diesel fiel tobleding antairer. Bled 2min &
room taperature (21-24°C).. Using anidel saiuls, tasiar

Table 1. Relative abundance of n-alkanes
in 5 grade No. 2 diesel standards*

n-Alkane 7413-6 7383-15 7384-27 7415-33 0689-5C
n-Cu 9 8 4 9 10
n-C12 7 7 2 7 7
n-Ci3 5 5 1 5 5
n~C14 3 2 3 2 2
«-Ci5 1 1 5 1 1
n-Cie 2 3 6 3 3
n-Ci7 4 4 7 4 4
n-Cie 6 6 8 6 6
h-C19 8 9 9 8 8
n-C20 10 10 10 10 9

1 is the most abundant; 10 is the least abundant.

homogenatte 1o 2-nedk distilllation flask (Rigure IB). Rimse
bleding antairerwith 25 mL vater, add rirssdnaterial 1
dtilltionfleskwith adof gatulla, and add 100mL water ©
distilition e Steam dtill until ca 150mL liguidcolledts

in sgaratory furel. Bxtract dtille 3 tines each with
25 mL «heare. Pass conbined edracts through gless col-
unmn O5x 1 n ) paded with 2 in. athydrous sodiun
sifae to rerove any ramaining vater. Gllect edract n
100 mL voluretric fleskand add freshnHhexane towolue.
Column s packed as Tollos: irsart gllass wool plug
above colum stan, and pack dry sodium sulfate on
of glass wool by tgping colum on a padded aurface;
sodium sulate does not need to be rinsed with hexarne
before or aftapadking.

Inject 5.0 pL. fish sample edract MO GC gyaratis ad
nnteperature progran. Aftercolum bes re-ailiratied o
60°C, myect5.0 pL dieel No. 2 stathrd, and corpare tre2
croratograns. This lirking ofsamle ad stadard will
allovproper idntificaionom-allkarepedks ntteevant et

draratogrgphic aadiias €9, Gpilkary colum legth)
have danged dligtly betieen rus camied aut on diffa—
atds.

IFtre sanple chramatogram hes pesks correspading ©
diel fiel, hut pesk heights are < 5% full-sale deflection,
wmerrtratewrplebye\m)ratlmtolomL using a
Rotavepor a£35°C uder vacuum.. Inject 5.0 pL. sarple ad
conpare chranatogram with thet of petroleum starchrd.
Qentfy anount ofpetroleumantamination infishsarples
by camparing h9|gls (a*ams) of adaminant «alkare pesk
insarple ad stathrd. For eample, iftte cotamirent B
diesel No. 2, us=n-Qu, nds, ar«Ci6peds. Incassswhere
relative aoundance of «alkares Bmarkedly diffarat be-
tneen saple and statad, the oA of idntafied «alkae
peak heights ratter tten tte heigtof asirgle pesk Sould ke
treesis of g antitation.

Calculation

Galaulate peroent contamination as folllons:
Reromnt aoteminatdian (WAN) = (100PspC st) 1 (PsiC spK )

wherers, adr st ae tre besss of gantitation (refarae
«alkare pesk Feidts ar oA nalkare pesk Feigts) ntte
Tih saple ad stathrd olutian, regectinely; cs« Btte
anount of diesel stardard per 100mL hexane 029); csp B
tre number of grams of fidh sarplle added 1o the distilltin
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Figure 3. Top: Chromatogram of an extract of canned
aibacore spiked with 200 mg diesel No. 2 fuel. Bottom:
Chromatogram of unspiked canned aibacore extract from
same source as used in top. Elution time is Indicated on the
X-axis.

flask (50 g); and K is the amount by which the fish sample
extract has been concentrated (1- or 10-fold).

Results and Discussion

A number of extraction techniques were investigated before
steam distillation was chosen. Headspace chromatography was
attempted, but did not yield material suitable for GC analysis.
This technique is limited by its inability to recover the less
volatile components of diesel fuel, and because the yield of
the more volatile components is too low for routine GC anal-
ysis. A second technique, blending fish with hexane followed
by saponification, also was not useful. It did not adequately
resolve fish oils from the diesel standard, and recoveries of
diesel fuels were very low.

To attempt to identify the type of petroleum contaminant
found in fish samples, chromatograms of several different pe-
troleum fuels (Figure 2) were compared to that of a series of
homologous «-alkane standards ranging in size from n-Cn-
n-Czs (not shown). In all cases, n-alkane peaks elute in order
of increasing size with increasing time. Differences in reten-
tion times of corresponding «-alkanes in this figure and all
subsequent figures are due to the slight shortening of the cap-
illary column when it is refit onto the GC system. This type
of analysis can detect differences among diesel oils No. 1, 2,
5, and kerosene, and variations within diesel No. 2. With re-
gard to the latter point, diesel No. 2 shows a series of
dominant peaks corresponding to «-Cn-«-Czo and «-Cz3, and
varying amounts of unsaturated paraffins, isoprenoids, and
aromatics (Figure 2A). On the basis of the relative abundance
of «-Cii-«-C20 (Table 1), all 5 diesel No. 2 standards can be
distinguished. The chromatogram of diesel No. 1 (Figure 2B)
is distinguished from that of diesel No. 2 by dominant peaks

Table 2. Recoveries of diesel No. 2 Invarious canned
fish samples
509

sample, Rec., Rec.,

Species of canned fish added, mg mg %2)
Chunk yellow f n tuna in oil 207.7s 209.0 100.6
103.9s 106.1 102.1
20.8s 17.3 83.2
Grated tuna in oll 203.3s 200.6 98.7
101.7s 1011 99.4
Sardines in tomato sauce 207.7s 191.6 92.2
103.9s 104.2 100.3
Sardines in ail 207.7s 189.9 91.4
103.9s 92.4 88.9
Mackerel in all 203.3s 197.8 97.3
101.7s 98.0 96.4
Milk fish in ail 200.2s 154.2 77.0
100.1s 72.0 71.9
Chunk blue fin tuna in oil 219.7* 219.7 100.0
109.8* 93.2 849

Aibacore in water 221.4* 212.7 9.1
110.7* 107.7 97.3

* Diesel No. 2 (0689-5C).
* Diesel No. 2 (7383-15).

corresponding to the series n-Cn-«-Ci6, the absence of «-al-
kane peaks larger than «-Ci6, and the existence of many
additional peaks probably corresponding to unsaturated par-
affins, isoprenoids, and aromatics. Diesel No. 5 (Figure 2C)
differs from diesel No. 1 by having relatively higher levels of
«-alkanes, having «-Ci. rather than «-Cis and «-Cis as its
dominant «-alkane, and having additional peaks correspond-
ing to «-Ci7 and «-Cis. The chromatogram of kerosene
(Figure 2D) is similar to that of diesel No. 1, but has a rela-
tively lower abundance of peaks corresponding to
unsaturated paraffins, isoprenoids, and aromatics.

The steam distillation/GC technique was first tested with
fish samples considered uncontaminated by organoleptic
analysis that were spiked with diesel No. 2. Diesel No. 2 was
chosen because it is the fuel of choice for most commercial
fishing boats. A chromatogram obtained from a 50 g canned
aibacore sample spiked with 200 mg diesel No. 2 is shown in
Figure 3 (top). The pattern of peaks obtained from the spiked
sample corresponds closely to that of the diesel No. 2 used
for the spiking (Figure 2A). A chromatogram of an unspiked
sample of the same fish (Figure 3, bottom) shows a flat base
line and only a few small peaks that do not correspond to the
diesel No. 2 standard. This indicates that GC analysis of die-
sel contamination is not complicated by interference from
intrinsic substances such as fish oils.

A summary of the analysis of 17 fish samples spiked with
0.04-0.4% (w/w, 40-400 ppt) diesel fuel is presented in
Table 2. Recoveries of diesel fuel ranged from 72 to 102%.
For each sample, all identified «-alkane components were re-
covered with similar efficiencies (86-104%). By
concentrating the sample extract 10-fold, a corresponding in-
crease in the sensitivity of contaminant detection is found. A
further check on the reliability of the GC analysis is per-
formed by injecting varying sized samples of standard diesel
solutions. A plot of «-C16 peak height vs amount of diesel
standard injected was linear within the 0.1-2.0 mg/mL range
(not shown). These findings indicate that the steam distilla-
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Figure 4. Chromatogram of canned albacore extract
euspected by organoleptic analysis to be contaminated by
diesel fuel.

tion/GC procedure yields results that are semiquantitative
in nature.

An example of a chromatogram of an unspiked albacore
sample that tested positive for diesel contamination by organ-
oleptic analysis is presented in Figure 4. Because of the low
yield of material on initial GC analysis (not shown), the n-
hexane extract of this sample was concentrated 10-fold. The
pattern of major peaks corresponds most closely to that of
diesel No. 2 (Figure 2A). However, we cannot be certain of
the identification of this contaminant, and we cannot rale out
additional sources of contamination. When individual
peak heights are normalized to the totals of n-Ci.-«-C.0peak
heights in each chromatogram, n-Cu-n-Cu are relatively
underrepresented and n-Cis-n-Cio are relatively over-
represented in the fish sample. Likely causes of these
differences are: (1) differences in the original compositions
of the standard and contaminating diesel fuels, (2) weather-
ing of the contaminating fuel, and (3) degradation of the
contaminating fuel in the canning process. Comparison of the
n-Ci6 peaks of the spiked and contaminated samples indi-
cates that the level of diesel contamination is approximately
0.03% (w/w, 30 ppt). The same result is obtained when the
totals of n-Ci.-n-C.0 peak heights are compared for the 2

chromatograms. Although we did not determine the limit of
detection of our procedure, increased sensitivity may be
gained by a combination of further concentrating the sample,
injecting a larger sample volume, and increasing the sensitiv-
ity of the FID.

In summary, this paper presents a simple capillary GC
procedure for detecting and approximating the quantity of
diesel contamination of various canned fish products. It may
be used to complement organoleptic analysis of these prod-
ucts, and may reveal the type of contaminating petroleum
fuel.
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GC/MIP/AED Method for Pesticide Residue Determination in Fruits and Vegetables

KEH-CHUH TING and PENG KHO

State of California, Department of Food and Agriculture, Pesticide Residue Laboratory, 169 E. Liberty Ave,

Anaheim, CA 92801

This research describes the results of a gas chromatogra-
phy/microwave induced plasma/atomic emission detection
(GC/MIP/AED) method performed on a Hewlett-Packard
5921A system for pesticide residue analysis in fruits and
vegetables. A total of 6 experiments were conducted: (1) sen-
sitivity and linearity studies for elements S, P, Cl, and N by
analyzing dursban; (2) a study of instrument response to Cl
concentration in pesticide molecules; (3) organochlorinated
pesticide recoveries; (4) organophosphate pesticide recov-
eries; (5) carbamate pesticide recoveries; and (6) investiga-
tion of metallic pesticides with plictran and vendex as
standards. The rank according to sensitivity and linearity
was found to be as follows: S-181>P-178>CI-479>N-174. In-
strument response to the concentration of chlorine atoms In
the pesticide molecule was linear, with a correlation coeffi-
cient of 0.89. Recoveries of organochlorinated pesticides
were 91.7-109.3%, with the exception of citrus, whose recov-
ery was affected by coeluting interferences. Organophos-
phate recoveries were 73.2% or higher, except for the cygon
oxygen analog, which degraded In the GC system under all
circumstances. Carbamate recoveries were inconsistent
quantitatively; however, the information generated from ele-
ments N and S were useful for qualitative confirmation of
other methods, such as LC postcolumn derivatization analy-
sis. Overall, the GC/MIP/AED method is powerful for qualitative
confirmation in pesticide residue analysis. The instrument’s
capability of acquiring multi-elements (Cl and P) selectively
and accurately is an alternative method for organochlorinated
and organophosphate pesticide residue analyses. In addition,
the GC/MIP/AED system is easy to use, simple to maintain, and
its chromatograms can be interpreted by any chromatography
analyst without much prior training.

Spectrochemical analysis is not new; it was first reported by
Talbot in 1820 (1). Gas chromatography (GC) with atomic
emission detection (AED) is one type of spectrochemical
method; however, the incorporation of a microwave induced
plasma (MIP) generator and a photodiode array is a creative
approach for analyzing many volatile compounds. With
multielement analysis capability and 3 dimensional spectrum
display, the GC/MIP/AED system is the first instrument that
possesses the flexibility to be both general and selective. As
a result, the primary test and the confirmation can, in princi-
ple, be accomplished together.

Since the 1985 California watermelon crises (2) and the
1988 CBS 60 Minutes report on alar tainted apples, the pes-
ticide residue monitoring program has attracted enormous
publicity. As aresult, food safety has become afocal issue on
the national agenda. The consensus of the U.S. Congress
Technology Assessment Team (3) is that development of a
greater number of methods for examining pesticide residue
in food crops is essential; the methods must analyze perish-

Received November 9,1990. Accepted April 21,1991.

able commodities faster and/or have lower detection limits to
better assess the trace contaminates.

In November 1989, a joint project was teamed by the
Hewlett-Packard Co., Neely Sales Region in Fullerton, CA,
and the California Department of Food and Agriculture
(CDFA), Anaheim Chemistry Laboratory. Hewlett-Packard
supplied the instruments, including the HP 5921A atomic
emission detector, HP 5890A gas chromatograph, work re-
lated accessories, and maintenance services. The Anaheim
Chemistry Laboratory staff provided the plan, location, and
work force fcr research experiments. The objectives were to
gain a fundamental understanding of GC/MIP/AED opera-
tion and to explore the feasibility of adapting this technique
to our existing pesticide residue analysis program.

Experimental

M aterials and Reagents

(a) solvents.—Pesticide grade (Fisher Scientific, Pitts-
burgh, PA 15219).

(b) standards.— (U.S. Environmental Protection
Agency, Pesticide and Industrial Chemical Repository.)

(c) Hydrobromic acid.—48%, ACS grade (Spectrum
Chemical Mfg. Corp., Redondo Beach, CA 90278).

(d) Filterpaper.—Sharkskin (Schleicher & Scimeli, Inc.,
Keene, NH 03431).

Apparatus

(a) Solid phase extraction.—Bond Elut C18 (An-
alytichem International, Harbor City, CA 90710).

(b) Food chopper.—Model 8181-D (Hobart Mfg. Co.,
Troy, OH 45374).

(¢) Homogenizer.—Omni-Mixer (Du Pont Co., Bio Med-
ical Division, Newton, CT 06410).

(d) centrifuge.—Model CS (International Equipment
Co., Needham Heights, MA 02194).

(e) water bath.—Model WBT-100, equipped with ther-
mostat (Bamstead Still & Sterilizer Co., Boston, MA 02132).

(f) Atomic emission detector—Model 5921A (Hewlett-
Packard Co., Avondale, PA 19311-0900). Parameters:
window purge flow, 30 mL/min; ferrule purge flow,
40 mL/min; liquid nitrogen flow, 2 L/min; transfer line tem-
perature, 230°C; cavity temperature, 283°C; cavity water
temperature, 63°C; and solvent dump on and off, 0-2 min.

(@) Gas chromatograph.— Model 5890A (Hewlett-
Packard Co.). Parameters (Experiments 1-3): Column, Ultra
2 (Crosslinked 5% Ph Me Silicone), 25 m x 0.32 mm x 0.52
m film thickness (Hewlett-Packard Co.). Temperature pro-
gram: initial temperature, 200°C; hold 2 min; ramp rate,
10°C/min; final temperature, 280°C; hold 2 min. Column
flow, 1.95 mL/min; septum purge, 2.29 mL/min; split vent,
45 mL/min; injection mode, splitless; injection volume, 2
pL. Parameters (Experiments 4-6): Column, HP-1 (Methyl
Silicone Gum), 10 m x 0.53 mm x 2.65 m film thickness
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Table 1. Four element GC/MIP/AED responses to dursban
at 9 levels by peak area

Net wt, ng Cl-479 S-181 N-174 P-178
0.20 —a - —
0.20 — 28.45 — 13.85
0.20 — — — —
0.20 — — — —
0.62 _ 80.82 — 47.39
0.62 38.48 61.38 — 46.40
0.62 — 71.98 — 51.62
0.62 — 62.03 — 46.08
0.98 — 74.14 — 113.68
0.98 — 75.56 — 117.48
0.98 44.06 96.60 — 121.57
0.98 — 109.35 — 94.89
2.06 18.58 207.82 — 265.50
2.06 62.64 196.10 — 280.91
2.06 20.87 177.35 — 254.70
2.06 53.60 242.57 — 296.07
6.58 112.50 1104.15 — 1389.30
6.58 124.75 1073.37 — 1199.70
6.58 110.71 1137.09 — 1235.75
6.58 115.24 1187.10 18.29 1234.78

10.30 169.51 1733.38 33.20 2162.00
10.30 146.36 1786.97 64.31 2286.46
10.30 173.14 1694.24 32.90 2240.46
10.30 140.66 1667.62 — 2262.06
24.70 359.08 4526.77 189.69 6828.48
24.70 343.63 4465.99 106.03 7153.63
24.70 359.86 4558.13 186.29 6760.64
24.70 357.14 4529.97 97.35 7214.91
32.96 520.15 6158.63 139.14 10362.00
32.96 483.60 6244.26 143.42 9697.59
32.96 496.13 6123.55 142.28 9456.53
32.96 498.34 6370.24 197.11 9674.06
41.20 644.67 — — —

41.20 537.81 7929.60 96.28 —

41,20 533.21 10765.00 131.89 —

41.20 556.96 8088.60 91.17 —

Constant 20.41 -138.29 -5.51 -422.7

Std err. Y 26.12 84.58 35.97 320.82

R2 0.985 0.998 0.714 0.993

No. Obs. 26 28 12 28

Degree of

freedom 24 26 10 26
X coeff. 13.73 190.82 5.28 302.85
Std err. X 0.35 135 1.06 5.13

No response in low levels or erroneous value In high levels.

(Hewlett-Packard Co.). Temperature program: initial temper-
ature, 100°C (66°C for Experiment 6); hold 0 min; ramp rate,
17°C/min; final temperature, 270°C; hold 5 min (3 min for
Experiment 6). Column flow, 12 mL/min; septum purge,
2.29 mL/min; split vent, 45 mL/min; injection mode, split-
less; injection volume, 4 pL.

(h) Auto sample.—Model 7673A (Hewlett-Packard Co.).
(i) ChemStation.—Model 5895 (Hewlett-Packard Co.).
(j) Printer.—Think Jet (Hewlett-Packard Co.).

Preparation of Sample

Experiment 3-Organochlorinated pesticide residue anal-
ysis. Chop and mix vegetable or fruit in food chopper. Weigh
50 g sample into 1 pt Mason jar. Add 100 mL acetonitrile to
jar and blend 2 min with Omni-Mixer. Let solics settle for a
few minutes. Pour top aqueous phase through sharkskin filter
paper and collect filtrate in 4 oz glass bottle. Add ca 15 g
NaCl to bottle. Cork and shake bottle vigorously for 1 min.
Place bottle in centrifuge for 2 min at ca 1500 rpm. Pipet
40 mL of top acetonitrile layer into 100 mL beaker and evap-
orate to near dryness in 100°C water bath with gentle air
stream. Let final evaporation to dryness occur at ambient
temperature. Transfer sample completely with isooctane into
2 mL volumetric flask and add isooctane to volume.

Experiments 4 and 5-Organophosphate and carba-
mate pesticide residue analyses. Incorporate Bond Elut C18
(ca 0.3 g) solid phase cleanup step into the above sample
preparation procedure to minimize interferences. Add
cleanup step after separating aqueous phase from solid with
sharkskin filter paper. Pass aliquot through C18 cartridge pre-
wetted with water-methanol (1 + 1) under slight vacuum (ca
50 mL/min). Continue succeeding procedures as de-
scribed above.

Results and Discussion

The HP 5921A GC/MIP/AED system has only recently
been introduced for commercial use. Every operator must
first understand the capabilities of the instrument to be able
to develop a legitimate method. Therefore, Experiments 1
and 2 were designed to be basic instrument studies that in-
cluded the sensitivity, linearity, and elemental response as
criteria. Experiments 3-5 were pesticide residue recovery
studies carried out by fortifying pesticides and metabolites
into 5 groups of produce. Experiment 6 was an investigation
of metallic pesticide (e.g., plictran and vendex) analyses
by GC/MIP/AED.

Experiment 1-Sensltlvity and Linearity Study

In general, the elemental composition of pesticides is C,
H, O, Cl, P, S, N, and/or others. The first 3 (C, H, and O) are
also building blocks of every living organism, including the
tissues of fruits and vegetables. Therefore, C, H, and O can
be called common elements among both human-made pesti-
cides and naturally existing plant tissues. These elements are
of little advantage or interest in pesticide analyses by a selec-
tive detector because coeluting natural components of the
sample make identification and quantitation impossible. The
remaining elements (Cl, P, S, N, and others) nay be called
functional elements because the potency or toxicity of pesti-
cides is often generated by functional groups containing
these elements. Usually, plant tissue contains little of these
elements in conjugated form, or macromolecules; therefore,
they can be separated easily from pesticides of small molec-
ular size by a chromategraphic column before detection and
quantitation. For this reason, pesticide analysts use selective
detection exclusively, such as: electron capture detection
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Figure 1. Multielement chromatogram of dursban by
GC/MIP/AED displaying retention times (min): CI-479, 5.045;
S-181,5.037; N-174,5.038; and P-178, 5.045.

(ECD), electrolytic conductivity detection (ELCD), flame
photometric detection, thermionic nitrogen/phosphorus de-
tection, and fluorescent detection with liquid
chromatography (LC) for determining CI, P, S, and N in pes-
ticide residue on food crops. One typical pesticide residue
that contains 4 functional elements (Cl, P, S, and N) is
dursban (commonly referred to as chlorpyrifos). For this rea-
son, most pesticide analysts like to use dursban as the
reference compound for the development of various meth-
ods. Dursban was also chosen as the reference compound in
this experiment.

A total of 9 levels of standards (0.1, 0.31, 0.49, 1.03,
3.29, 5.15, 12.35, 16.48, and 20.60 pg/mL) were made
from 0.93 mg/mL dursbhan stock. For AED element and
wavelength selections, CI-479, S-181, N-174, and P-178
were activated. Each level of standards was acquired 4
times consecutively to obtain statistical information. The
results are presented in Table 1. Rather than concentration,
the values in the table are expressed in net weight (ng),
which was calculated by multiplying the standard concen-
tration (ng/pL) by the injection volume (2 pL). The values
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of the elements CI-479, S-181, N-174, and P-178 in Table 1
areexpressedastheareaprintoutgeneratedbytheinstrument
in response to each level of standard. The dashes in the table
indicated no response in lower level standards due to lack of
sensitivity. Forhigher level standards, the dashes indicate er-
roneous valuesbecause ofoverload.

In terms of sensitivity and linearity, the 4 elements ranked
as follows: S-181 >P-178 > CI-479 > N-174 as shown in
Table 1. S-181 was not only the most sensitive, it also had a
wider linear range (0.62-41.20 ng). P-178 ranked second; its
area values were nearly 1/3 less than S-181 in the lower ng
levels (0.20 and 0.62 ng). The linear range of P-178 was also
smaller (0.62-32.96 ng). Cl-479 ranked third; the linear
range could not be determined in this experiment because the
higher level did not reach the maximum. N-174 was least
sensitive; in addition, its linear dynamic range was narrower
(10.30-32.96 ng) in comparison to the others. In Table 1, the
correlation coefficients derived from linear regressions be-
tween areas and concentrations reveal the following ranking
by atomic species: S-181 (R = 0.998), P-178 (R = 0.993),
Cl-479 (R =0.985), and N-174 (R = 0.714). Figure 1 shows
that the 4 elements are determined together. Retention times
are printed on top of the peaks and are almost identical. The
effect of multielement identification is displayed.

Experiment2-The Response of CI-479 to
Organochlorinated Pesticides

This experiment was conducted with one question in
mind: Did AED respond to element concentration of
chemical compounds in a linear function? The demonstra-
tion of the response from Cl in this trial can be assumed to
be similar to the response of other elements.

In this experiment, organochlorinated pesticides with
1-7 chlorine atoms per molecule were chosen. The pes-
ticides chosen were vegadex (1-C1l), botran (2-C1),
dyrene (3-C1), bravo (4-Cl), PCNB (5-C1), endrin
(6-C1), and heptachlor (7-0). The total amount of pes-
ticide injected into the GC/MIP/AED system varied
from 8.20 to 11.58 ng. The area values of 10 replicates
are presented in Table 2.

To demonstrate the relationship between CI concen-
tration and area response, the data were processed with
the following equations:

Table 2. GC/MIP/AED CI-479 responses (area) to 7 organochlorinated pesticides

Area

Cl, Concn,

Pesticides No. ng A B C D

Vegadex 1 9.82 9624 22957 9834 8336 90.08
Botran 2 1118 238.48 367.47 230.69 206.46 213.34
Dyrene 3 11.32 17411 257.36 19231 199.42 201.14
Bravo 4 11.58 356.38 487.25 368.15 335.29 323.74
PCNB 5 8.2 31572 413.69 280.11 249.61 251.64
Endrin 6 11.64 233.09 241.82 251.6 231.75 222.79
Endrin breakdown —a 86.15 7536 6851 91.20 60.29
Endrin breakdown - 10340 79.47 68.00 66.89 70.30
Added areas — 422.64 396.65 388.11 389.84 353.38
Heptachlor 7 9.38 469.81 551.14 44454 425.98 415.20

Not applicable.

F G H | J Mean  SD RSD
9585 79.94 11555 123.77 9051 11032 41.75 37.85
227.96 185.27 232.48 200.49 211.03 231.37 47.98 20.74
190.79 170.90 233.75 18951 187.83 19971 2520 1262
323.53 348.93 340.60 274.40 317.87 347.61 5253 1511
27284 230.28 246.94 263.73 27276 279.73 4981 1781
218.35 189.88 242.63 248.94 236.07
76.10 4421 6623 7854 8243
6621 71.04 76.25 7856 102.24
360.66 305.13 385.11 406.04 420.74 382.83 3351 875
432,58 38321 448.20 411.60 441.12 44234 4263 9.64
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Table 3.

Response,
Pesticides Cl, No. Cl, % area/concn
Vegadex 1 16 11.23
Botran 2 34 20.69
Dyrene 3 39 17.64
Bravo 4 53 30.02
PCNB 5 56 32.89
Endrin 6 60 3411
Heptachlor 7 66 47.16

Cl% = number of Cl atoms in the pesticide x atomic wt
(35.451) x 100%/pesticide molecular wt Q)

Area response = average of 10 replicate area
values/amount of pesticide injected (ng) (2)

The linear regression was calculated between the percent-
age of Cl and the area response in Table 3. The correlation
coefficient was 0.89, which is a high value for this relation-
ship. The response of the GC/MIP/AED as a function of
percent of Cl atoms in the pesticides is clearly linear. Note
that the sum of 3 areas was used for endrin because this pes-
ticide decomposes on a hot injector. Figure 2 shows the 7
organochlorinated pesticides and the endrin-break-
down products.

Experiment 3-Organochlorinated Pesticide Recoveries

Note that the previous experiments did not involve real sam-
ples; in other words, they were not subjected to coelution
interferences from sample matrixes. Experiment 3was designed
to evaluate the selectivity, sensitivity, and overall applicability
of CI-479 in pesticide residue analyses with complicated ma-
trixes like those found in fruits and vegetables.

This experiment was of 2-way factorial design because
pesticide residue recovery studies in food crops are affected
by 2 factors. The first factor is the difference between various
pesticides; the second is the variance among crops. A total of
14 pesticides and metabolites were fortified into 10 commod-
ities that were grouped into 5 classes: leafy vegetables, roots,
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Figure 2. Chromatogram of 7 organochlorinated pesticide
standards by element-wavelength CI-479 of GC/MIP/AED.

Liner regression of area response (area/concn) to Cl concentration

Best fit Regression output
Constant -2.44
7.97 Std err of Y est. 4.37
19.68 R2 0.89
22.94 No. of obs. 7
32.05 Degrees of freedom 5
34.00 X coefficient(s) 0.65
36.60 Std err, of coefficient 0.10
40.51 Y =-2.44 +0.65X

fruits, citrus, and spices. The percentage recovery data are
presented in Table 4 and the chromatogram is shown in Fig-
ure 3. The statistics on the right side of the table evaluate the
accuracy and precision of each pesticide among fruits and
vegetables. The statistics below the table measure pesticide
recovery difficulties within each commodity. The dashes rep-
resent the recovery data below 69%; these data were
excluded from statistical calculation.

The results and statistical data on the right of Table 4 show
that the percentage recovery among all commodities range
from 91.7 to 109.3%. Considering that the procedure was car-
ried out without any kind of cleanup, the recovery data are
good. Poor standard deviation in dursban and thiodan sulfate
(15.38 and 30.63, respectively) indicated that the spiked lev-
els (0.07 and 0.16 ppm, respectively) were low. Therefore,
the AED could not avoid the noisy background effect of ma-
trix interference. The data suggest that cleanup may be
needed for low level pesticide residue determination. The sta-
tistical data found in Table 4 show that there are a lot of
inconsistencies in pesticide residue analyses among different
fruits and vegetables. Lemon was a difficult sample for
GC/MIP/AED analyses, as was obvious by the number of
dashes. Not surprisingly, tangerine also had problems. The
GC/MIP/AED system was apparently subject tc more inter-
ferences from citrus than any other produce.

Experiment 4-Organophosphate Pesticide Recoveries

Results from Experiment 1 suggest that P-178 in AED is
more sensitive than CI-479. In addition, the results of Exper-
iment 3 suggest that cleanup may be needed during testing of
low level pesticide residues in food crops. On the basis of this
information, Experiment 4 was designed for the testing of
lower level pesticides than Experiment 3. With the cleanup
step, anoticeable amount of plant pigment was trapped in the
CI18 solid phase; consequently, the filtrate became a lighter
color. Because organophosphates are more polar than or-
ganochlorinated pesticides, acetone, instead of isooctane,
was used to transfer each sample into a2 mL volumetric flask
in the final sample preparation step.

The recovery results are presented in Table 5 and the chro-
matogram is shown in Figure 4. Percent recoveries for both
pesticides and commodities are 73.2% or higher, except in
the case of the cygon oxygen analog. This metabolite of
cygon is unstable and degrades very rapidly in the presence
of sample residue deposits located in the injection port. Better
recovery results were achieved by placing a clean glass insert
in the injection port. Therefore, the low recovery of this com-
pound was not a result of a loss of sensitivity or. the part of
the AED apparatus.
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Table 4. Recoveries (%) of organochlorinated pesticides In produce
Leafy vegetables Roots Fruits Citrus Spices Statistics
Spiked Red
amt, leaf Green Chili

Pesticides ppm Cabbage lettuce Carrot Potato Apple Nectarine LemonTangerine onion pepper Mean SD RSD
Vegadex 049 1049 1119 965 984 96.7 99.3 21 99.8 1172 1001 1017 72 71
PCNB 0.24 96.3  107.3 919 981 965 1029 1056 108.5 N1 949 9.6 57 57
Ronilan 051 116.1 112.6 1075 1089 106.2 116.4 96,5 116.7 1279 1145 1123 79 7.0
Heptachlor 019 1082 111 109.2 106.8 952 1036 87.8 935 1123 106.7 1034 79 7.7
Dursban 0.07 1134 1229 86.9 109.3 855  103.9 79.7 21 1199 1206 1034 154 149
Dacthal 0.51 107.3 1215 989 1112 915 1099 989 1021 1119 1122 1065 83 7.7
Thiodan 1 0.24 959 1144 1011 108.3 94.7 98.6 —2 1082 1039 1238 1054 94 89
Endrin 027 1015 1217 107.7 1106 948 1126 —a 104.6 1216 1088 1093 88 81
Thiodan II 026  103.7 1138 103.6 938 929 1029 —a 77.6 92.3 102.8 982 103 105
Thiodan so4 016 1427 1468 1032 986 1208 75.7 —a —a 713 715 1038 30.6 295
Permethrin C 0.52 932 1057 923 911 83.3 97.5 821 96.3 9.1 107.3 947 78 83
Permethrin T 0.55 87.6 1065 923 872 80.8 95.5 84.9 83.1 93.9 100.2 91.7 73 79
Cypermethrin C  0.27 1088 1229 1116 975 914 96.8 - 781 109.2 957 1013 132 130
Cypermethrin T 027 1204 1173 1049 1004 90.1 1144 69.3 90.1 1082 86.2 1001 153 153
Mean 107.1 116.9 1005 1014 94.3 102.1 105.8 103.2
SD 132 101 73 15 95 9.8 143 132
RSD 123 8.6 73 74 101 9.6 135 128

a Recoveries below 69%. Excluded from statistical calculation.

The statistic results in Table 5 unveil some difficulty in
analyzing citrus by GC/MIP/AED. Grapefruit had the lowest
average recovery (75.0%) with the highest standard devia-
tion (39.7).

Another problem is the tailing of the P-178 chromatogram
peaks. This is an inherent characteristic of the AED (4). P-
178 peak shape can be improved by increasing the helium
makeup gas flow; however, tailing peaks cannot be totally
eliminated. Therefore, unlike the last experiment, peak
heights rather than areas were used for quantitation. Thus, the
results noticeably improved.

Because most organophosphate pesticides are also thio
compounds, S-181 was activated for confirmation (see Fig-
ure 4). As was described previously in Experiment 1, S-181
was the most sensitive wavelength, but S-181 peaks might
also be subject to interference from other sulfur containing
compounds, such as onions and the brassica (cole) leafy veg-
etables. The S-181 mode should, therefore, only be used for
confirmation purposes in these cases.

Experiment 5-Carbamate Pesticide Recoveries

In general, carbamates are thermolabile and incompatible
with GC analyses. Therefore, LC with postcolumn
derivatization (5) is always the first choice for this group of
pesticide residues. However, any good method may occa-
sionally fail; consequently, a second (or confirmation)
method should be established to guard against uncertainty.
Carbamates are esters of carbamic acid, and many of them
also contain sulfur atoms in their structure; therefore, both
N-174 and S-181 were activated during the testing process.
Because nitrogenous compounds are polar in nature, metha-
nol was used to transfer the carbamate sample into a 2 mL
volumetric flask in this experiment. As expected, the quanti-
tative results in Tables 6 and 7 are unacceptable with or
without the cleanup step. The poor showing of the quantita-
tive data may be due to several reasons. (1) The N-174 mode
lacks sensitivity, as was learned in Experiment 1. The spiked

pesticide levels are too low for consistent AED analyses. (2)
The N-174 mode lacks selectivity. It is very susceptible or
vulnerable to the presence of carbon in plant tissue. (5) Car-
bamates are thermolabile. They partially degrade in the GC
oven before ever reaching the AED. (4) Most fruits and veg-
etables contain nitrogenous moieties, the coelution of which
interferes with carbamate analyses.

Although N-174 had a quantitatively poor showing in car-
bamate recovery data, the GC/MIP/AED system is still a fast
and powerful tool for confirmation. The system is especially
suited for compounds with 2 or more distinguishable ele-
ments, such as the nitrogen and sulfur atoms in aldicarb
sulfone and methiocarb (Figure 5). The information gener-
ated by this method is complementary to LC postcolumn
derivatization analyses.
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Figure 3. Chromatogram of green onion with spiked
organochlorinated pesticides and metabolites by CI-479
of GC/MIP/AED.
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Table 5. Recoveries (%) of organophosphate pesticides in produce
Leafy vegetables Roots Fruits Citrus Spices Statistics

Spiked

amt, Green Chili
Pesticides ppm Cabbage Lettuce Carrot Potato Apple Grape Orange Grapefruit — onion pepper Mean SD RSD
Cygon oxygen 0.30 46.9 55.8 479 59.7 400 380 38.6 51.2 69.8 456 494 96 195
Cygon 0.12 A1 928 1063 79.7 1062 635 918 37.6 453 86.0 80.3 228 284
Diazinon 002 1365 877 1369 824 62.0 109.7 156.6 101.2 1752 1563 1205 354 294
Parathion 0.05 93.6 821 982 70.6 895 86.3 106.7 781 89.2 934 888 97 110
Malathion 003 1049 1061 1275 1249 817 964 140.3 116.5 845 1218 1105 182 165
Dursban 004 1109 96.4 117.7 1029 1009 104.2 144.4 159.2 1069 1378 1181 203 17.2
Supracide 002 1057 1184 1015 1056 706 1122 113.7 78.3 99.2 1039 1009 144 143
Ethion 0.05 92.6 89.2 937 853 100.6 101.8 100.5 70.2 815 104.7 920 102 11
EPN 020 1070 95.3 745 69.6 739 676 52.5 304 703 908 732 206 282
Phosalone 020 1029 1005 888 77.9 433 859 56.1 274 62.5 103.0 748 251 336
Mean 99.5 924 99.3 859 76.9 86.6 100.1 75.0 88.4 104.3
SD 21.2 15.6 245 187 222 225 38.8 39.7 336 287
RSD 21.3 16.9 247 2138 289 260 388 52.9 379 275

Experiment 6-Metallic Pesticide Investigation

Because chemists have been able to synthesize new com-
pounds around active metals, the use of metallic pesticides
has been on the rise. Most metallic pesticides are nonvolatile
and are impossible for an ordinary GC system to detect.
There is no simple method that can be used to analyze this
group of compounds in produce. For example, plictran
(tricyclohexyl tin hydroxide) and vendex (di[tri-2, 2-
dimethyl-2-phenylethyl tin] oxide) must react with HBr to
prepare a brominated derivative (6). The derivatives can then
be analyzed by GC with halogen sensitive detectors, such as
the ECD or ELCD. A resulting signal is detected from bro-
mide, but no information is received about metallic Sn.
Regardless, this is still the best method for today’s primary
test; however, a problem appears when confirmation is re-
quired. The available method for confirmation relies upon
atomic absorption spectroscopy (AAS) in testing for Sn.
However, the presence of vast amounts of Sn in the environ-
ment may interfere with a nonspecific AAS method.
Experiment 6, therefore, demonstrated the superiority of
using GC/MIP/AED for the analyses of these compounds.

The chromatograms of plictran and vendex are presented
in Figures 6 and 7, respectively. Each figure consists of 2
chromatograms; the top is Sn-303 and the bottom is Br-478.
The retention times are printed on top of the peaks. The peaks
from Sn-303 and Br-478 elute at almost the same time. On
the basis of the information from 2 distinguished elements,
the chance of misidentification is very slim.

The operation of the photodiode array in the AED hard-
ware must be thoroughly understood. The array is not a fixed
unit; it moves up or down vertically depending on the wave-
lengths of the elements to be acquired. If the distances of the
2 wavelengths are within 24 nm, the 2 elements are detected
simultaneously. Otherwise, the elements are scanned sepa-
rately with 2 or more consecutive GC injections. The entire
operation is controlled by the AED computer in
the ChemStation.

In the case of plictran analyses, the distance in wave-
lengths for Sn-303 and Br-478 is 175 nm. Hence, the data are
acquired by 2 consecutive GC injections. The peak retention
times, which for Sn-303 was 3.849 min and for Br-478 was
3.712 min, were nearly the same. Again, the peak retention

times for vendex, which for Sn-303 was 12.289 min and Br-
478 was 12.160 min, are close, but not identical. Small
discrepancies in retention time were a normal aspect of
GC/MIP/AED analysis throughout the entire study.
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Figure 4. Chromatograms of grapes with spiked
organophosphate pesticides and metabolite by S-181 (top)
and P-178 (bottom) of GC/MIP/AED. Notice tailing peaks in
P-178 chromatogram.
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Table 6. Recoveries (%) of carbamate pesticides In produce (without cleanup)

Fruits

Citrus

Apple Cantaloup Orange Lemon

184.6
88.0
333.6
41.0
394.1
168.0
201.6
137.6
68.2

85.3
95.7
66.0

144.7
97.5
97.8
29.0
29.7

a

163.8
289.8
137.3
167.5

189.6
68.1
359

Spices
Green
onion Parsley
135.6 30.3
106.0 1082.1
241 596.6
124.2 735
92.3 44.0
964 365.3
43.7 465.8
453 1275

Mean

105.2
2195
133.4
128.4
197.0
103.0

Statistics

SD

68.2
322.6
127.6
210.1
140.9

535

RSD

64.8
146.9
95.6
163.6
715
51.9

Leafy
vegetables Roots
Spiked
amt,

Pesticides ppm Spinach Lettuce Carrot Yam
Aldic sulfone 171 95.7 2254 171 64.8 107.9
Bendiocarb 2.88 588 829 28.7 4204 69.0
Carbaryl 2.84 — 57.2 28.4 — 25.2
Methiocarb 3,18 — 32.8 318 — 353
Propoxur 285 150.3 448.9 285 1175 320.6
Pirimicarb 0.64 1173 1936 6.4 95.8 112.0
Mean 1055 1735 235 1746 111.7
sSD 384 1417 98 1653 108.4
RSD 36.4 817 417 94.6 97.1
a Not determined.

Conclusion

The GC/MIP/AED system is a powerful multielement an-
alyzer. Because of its 3-dimensional spectrum display,
GC/MIP/AED possesses the flexibility to be both general and
selective. In many cases, the primary test and confirmation
can be accomplished together; consequently, half of the op-
eration time for an entire analysis may be saved. In
comparison to gas chromatography/mass spectrometry, the
instrument is simpler to operate, easier to maintain, and its
chromatograms can be interpreted by an analyst without
much prior training.

On the basis of pesticide recovery data, this method has
demonstrated its accuracy, reproducibility, and simplicity;
therefore, it is considered to be an alternative method for or-
ganochlorinated and organophosphate pesticide residue
analyses. Although the method is not recommended for quan-
titative carbamate pesticide residue analysis, it is a simple
and fast confirmation method for LC postcolumn derivatiza-
tion analysis. One superb feature of the instrument is its
capability to detect metallic pesticides, such as plictran and
vendex. More research studies should be focused in this area.

Overall, GC/MIP/AED is a powerful instrument to have
for identification because of its unique ability to provide mo-

lecular elemental composition information (7). During the
course of this study, a reference regarding LC/AED (8) has
come to my attention. Therefore, many new developments
associated with AED can be expected in the future.
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Figure 5. Chromatograms of head lettuce with spiked
carbamate pesticides by S-181 (top) and N-174 (bottom)
of GC/MIP/AED.
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Figure 6. Chromatograms of plictran by element-wavelength
Sn-303 (top) and Br-478 (bottom) of GC/MIP/AED.
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Figure 7. Chromatograms of vendex by element-wavelength
Br-478 (top) and Sn-303 (bottom) of GC/MIP/AED.
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Food Chem 2,&

%—E PL, ,» R (m J. Chromatogr. 5I7,
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PESTICIDE FORMULATIONS

Separation of Clethodim Herbicide from Acid and Photodegradation Products by Liquid

Chromatography

LINFORD N. FALB, DAVID C. BRIDGES, addALBERT E. SMITH
University of Georgia, Georgia Station, Department ofAgronomy, Griffin, GA 30223-1797

Clethodim, (£,£)-(x)-2-[1-[[(3-chloro-2-propenyl)oxy]imino]
propyl]-5[2-(ethylthlo)propyl]-3-hydroxy-2-cyclohexen-1-one,
is stable In acetonitrile, but the Inclusion of water Induced deg-
radation In the dark. Addition of acetic acid to the mobile phase
did not Increase degradation; however, It did Improve peak
symmetry and liquid chromatographic (LC) separation, with
the optimum resolution at 0.75% acetic acid. The extinction co-
efficient for clethodim at 254 nm did not change in acetonitrile
with addition of water or acetic acid. The LC detector re-
sponded linearly to clethodim in the 0.7-400 ppm range. Sep-
arate solvent gradient programs (40 min each) were developed
for separation of acid degradation products (ADPs) and the
photodegradation products (PDPs). The Inclusion of cobalt or
silver nitrate to the mobile phase did not improve separations.
A minimum of 31 and 19 products formed during photolytic
and hydrolytic degradation of clethodim, respectively. PDPs
were more polar than ADPs. Reproducibility of this method
was considered to be acceptable for separation of ADPs and
PDPs of clethodim.

Qcldeanadianes are bicective compounds arigirally dis-

ocovered I irsedts. Many homologs of this class have

Clethadim sslectinely kil grassss in broedleaf ags ().

Reld triskwith clethodim and otter gcldneanaediae her-

bicidss resuited N inosistat efficny, which ispossibly
Tyt

related o rsthillity of teactive im, 2-
[1—(eﬂnxy|m|no)butyl]—5—[2 (ethylthio) propyl]
2-ocldeaen-l-ae, avther gcldeae-1,3-

dlme herbicice, undergoes degracation @, J), includig
photooegrachition. Clethodim isalsodegraced naoueaus so-
lutionby acid ad Iidt. Clethodim degrachetion inoreesd s
solutian pH deareesd, and dotolysis was more rgpid ad
more anplete then hydrolysis. The praviasly usd liguid
draratogrgphic (LCO) method did ot acegately ssarate
dll degracbtion prodLcts @). Therefore, we develgoeed anLC
method far the ssparation of both acid degracetion pradlcts
(ADPs) and photoosgrachtion produicts (FDPs) of cllethooim.

Experimental

Apparatus

(@) Liquid chromatograph — WWaters (Mllipore Cap.,
Badford, MA 01730) systam of 2Model 501 sol-
vent delivery systens, Model 700 Satellite WISP
autosanpler equippedwith 200 pL sarplle lop e, sys-
tem interfae nodule, ad Model 484 tureble aosorbance
cetector sstat 25 nm (O.5AUFS) . Aralytical colum: 25¢cm

Received March 8,1991. Accepted June 27,1991.

x 4.6 mm id, containing 5 pm Hypersil C18 (Applied Science
Labs, State College, PA 16804).

(b) pH meter.—Model 701A/digital ionalyzer (Orion
Research Inc., Boston, MA02129), with research grade com-
bination pH electrode (Fisher Scientific, Pittsburgh,
PA 15219).

(c) solvent filtration apparatus.—Mlillipore glass filter
holder with TVpe HV, 0.45 pm membrane (Millipore). Pyrex
1 Lsuction flask. Aspirator pump, Model 7050-00 (Cole-Par-
mer Instrument Co., Chicago, IL 60648).

(d) Plastic film.—No. 9076 (Nugget Distributor, Stock-
ton, CA).

Reagents

(@) Lc solvents.—Acetonitrile, LC grade; glacial acetic
acid, analytical grade (J.T. Baker, Phillipsburg, NJ 08865).
Filtered through 0.45 pm membrane and degassed with son-
ication 15 min.

(b) Lc water.—Deionized, distilled, filtered, and
degassed as above solvents.

(c) Cobaltnitrate (2.0%), silver nitrate (0.1 and 2.00/@.—
Analytical grade (Baker), aqueous solutions filtered and
degassed as for LC solvents.

(d) Clethodim stock solution.—10 000 ppm in acetoni-
trile, in actinic volumetric flask.

Solvent Effects

Stock clethodim aliquots were diluted to 100 ppm with
appropriate solvent (Table 1) and pH was measured.
Clethodim was diluted directly in LC vial and injection oc-
curred within 1 min after mixing. The vial, wrapped in
aluminum foil, remained in LC autosampler and was assayed
repeatedly over the time course. Injection volume was 20 pL,
with mobile phase of acetonitrile-water (1 + 1) or dilute ace-
tic acid delivered at flow rate of 1.0 mL/min. Many solvent
programs were investigated. Addition of 2% cobalt nitrate or
0.1 or 2.0% silver nitrate to mobile phase did not improve
peak resolution. The following linear gradient program was
selected: 30-65% acetonitrile in 20 min, held at 65% for 12
min, returned to 30% in 1 min, and re-equilibrated with ca
2.33 column volumes of solvent.

Methods Development

Stock clethodim aliquots were diluted to various concen-
trations (100-1000 ppm) with acetonitrile-0.75% acetic acid
(1 + 1, v/v). To determine the influence of acid on clethodim
degradation, clethodim was diluted with solvent in the LC
vial. The foil wrapped vial remained in the autosampler for
the reaction time periods (Table 1). To determine the influ-
ence of light cn clethodim degradation, 10-20 mL clethodim
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Table 1. Effect of solvent composition on detector response (x103 to clethodim (|’= 30.9)aand clethodim recovery
following degradation In the dark
R (min)
Reaction Clethodim
SolventB pH time, min 133 18.2 30.9 ree., %
Detector response

ACN: H20 55 0 128 +0.4 19.6 +0.6 216 +6 100

45 13.0 £0.5 61.6 £0.9 180 +6 83

90 13.0+0.6 889 1.3 158 +6 73

135 13.0+0.5 104 +3 146 £5 68

180 131 +0.5 m +4 141 £5 65

ACN: 2.6% HAC 3.18 0 131 +02 20.0 £0.6 223 2 100

45 131 +0.2 62.8 £1.5 185 +3 83

ACN: 1.4% HAc 3.25 0 128 +0.2 20.4 £0.5 220 £5 100

45 12.6 +0.6 62.0+23 185 +2 83

ACN 5.0 0 110 0.1 17.0+0.2 221 +2 100

45 111 0.1 176+ 13 220 £2 100

a tR = retention time.

b ACN = acetonitrile. HAc = glacial acetic acid. Ratio of ACN-water aqueous was 1:1.

was diluted with sohent 1o a cocentrataian of 1000 pam,
placed na 100 mL Pyrex bedker, covered wirth plestac fil,
and placsd nanligt (@ 1000W/m2s) et Griffin, GA (Hi-
tuock 3B3.4°N) fonarias tine periacs duriing Uly (Teble 2).
Follovming eqooaure O I, aportionwas pipetted o an
LC vl ad essayed usirg an LC ijectinvollure of 0 ar
200

Linearity, Sensitivity, and Reproducibility

Instruretegoee Irerity ad sasitmity were deter-
mined by methods used todetermire tre iInflllee ofacidan
clethodim degrachtaan, eospt tre clethodim cooantrataan

ranged Up 10400 ppm.. Methods far determiining method re-
palabliyvere tte sare, eogpta20mitest solubowas
inated nPyrex @ ddes.
Datavere colledted and processedwirth Maxxiima 820 soft-
ware (Dynamic Solutaas Cap., \attua, CA 93003) viaa
interface modulle (Villipore) between the cetector
adanNEC APC IV/Ponermate 1 aouter.

Results and Discussion

Solvent Effects

Clethodimeluted at30.9min andwas steble nastonitrile
wirth no degracetian duriing 45 min ntte cerk (Teble 0). Ap-

Table 2. Detector response (x103) to clethodim (R= 31.2)aand ADPs separated by LC (acid method) following several
treatment periods In 2 experiments

R (min)
Exp. Time 113 147 16.0 26.6 27.0 27.6 31.2
1 Oh 18+ 06 140.4 31 £1.5 73105 7.2+0.3 1310 470 +15
1 18+ 06 2.010.4 97+ 6 72105 6.8+0.6 11 0.6 377+ 12
2 19+0.6 25+0.2 1288 7.410.2 6.7 £0.4 9.8 +0.2 33718
4 19+06 3.9 0.1 143 +6 7.410.2 6.4 0.2 9.4 10.1 314 8
8 19+ 0.0 6.810.1 141 +7 71 0.2 6.1 +0.2 91 +0.2 312+6
1day 20+1 18+1 156 +7 6.4 £0.4 5.4£0.6 8.4 +0.3 308 + 13
2 2+1 36 13 161 + 13 5220.5 39+04 7.710.1 306 +17
4 2643 a1 +20 178 + 19 0 0 51 +0.4 269 +5
8 28+1 99 +4 203 £8 0 0 46 £0.1 245 +8
2 oh 2+1 16 +0.1 423 7605 6.7 0.2 13+0.5 552 + 17
1 20+1 2110.1 119+8 7.710.3 6.4+1 10+0.5 449 +9
2 21 +0 2.810.1 153 +2 7.440.3 62102 8.9 +0.1 396 +8
4 21 +0 3.910.1 170+ 9 71 0.3 5.90.2 81 +0.4 364 +3
8 21 +0 6.510.3 162+ 1 5.8 0.2 37101 8.720.3 356 +9
1day 22 0 16+ 1 191 +2 7.020.1 53+02 7.7+0.4 353 £5
2 23+1 3212 199 + 10 5.6 +0.3 3910.2 7.310.4 343 +2
4 24 0 66 5 170 +8 4.8+0.6 3.0+0.6 61 0.5 306 +2
8 5+1 123 + 12 149 £ 6 3411 0 48+0.3 244 3

tR = retention time.
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Figure 2. Chromatogram of PDPs of clethodim showing
separation by LC with UV detection at 254 nm.
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Figure 3. Chromatogram of ADPs of clethodim showing
separation by LC with UV detection at 254 nm.

proxamately 17% clethodim degracation ooourred over 46
minwhen clethadimwas placed nagueous astonitrile. Ad-
drtaon of lowv crontvatia s of acetic acid did ot inoresse
tte degrechation rale conpared 1o the degrachition rale n
water alae over a45 min periad @ LC rnwas 40 min).
Over amuch laertime periad (1), inoressad acidity re-
sulted in inoressad cllethodim degradatian @) Although low

1m

asticacadamatratias (L4ad2.66) ddrot inreesette
cegracbition raie ovex tte ot tam, they did inprove pesk
symetry ad resolutia. The optiimum acetac acid concen-
tratnwas C.73%; lonver cocantratias resulted N poor
peak resolutian, and higher cocentratia s did rot affect res-
olutdan. Higher acetic acid conocartrations incressed
clethodim degrecataon during Idg—term nultqole—r]e:ucn

LC sgaatias (Cata not irchuod). Therefore
studieswere coducted usimg 0. 75 aceticacil.

Clethodim eosorlbanoe was ot affected by tte 4 sohat
systars &0 h (Teble ). Sighficant acid degradation of
clethodim die ot seem 1o coour duniing LC processiig be-
case dsorbance in astitrile was egal o tre otter 3
sohat systans at= 0. Clethodim degracetion resulied in
an inreee of tre prodlct at R = 18.2min. The exarctian
axfficat of tre product exoseded tret of clethodim et
24 m.

Acid and Photoproducts Method Development

During develgarentoftremethod fardstermining ADPs,
avater-acstonitrile sohant systam resulted ininproved 1es-
olution of peaks a& R= 26-28 min, while a dilute
astonitrile-acstic acid sohant systan gave tre best resolu-
o of tre pesks & R= 13-20 min. Therefore, asohat
systemofacetmitrile-0. Bhasticacadwas used tosgarate
both ADPs and PDPs.. The irciusionof adalit nitrate (26) ar
shanitrate O 1ar2.0%) totrediluleacsticacid Sohvantdid
rot affect peak resolution. A 6-step gradientwith avericolle
How raemethod and a4-stepgredientwith astaticflow e
method, using acetonitrille-0.73% acetic acid, were devel-
oped for ssparation of ADPs and PDPs, respectively

D

The early elutirg polar campounds of PDPs did ot see-
raevell usig tre acidmethod. Solution volures necsss
of 10mL ina 100mLbeaker resubted inpoor LC sgaatia s,
irdicating tret inoressing reectian vollure resulted N de-
creesed photodegradation. However, 20 mL clethodim
reedlily degraced in shallov i dides @ cm diarete).
This differatewas praeblly due 1o tre diffarential aoessi-
hilityof UV ligttotre clethadimnoleaules. Flow raiewes
24 ni/min. Clethodim eluted st tR= 31.2 min inboth pro-

gars.

Using tte sohentprogrars (Figure 1), 31 pedkswere sp-
arated folloving protocatalysis (Figare 2), ad 19 peds
were sgarated folloving ecid catalysis (Fgare ). More
pesks eluted sooer (5-10min) NPDPs then nADPs, pos-
sibly indicating increased polarity for PDPs. This
aordoorates eerliarevidance nwhich actirtion of pure ace-
toitrile © agqueous solutias of PDPs caused some
precipitation, but subsen et adbirtian of vater olubillizad
tre pecpitaie @).

Linearity, Sensitivity and Reproducibility

The detector resporded lirearly tocletihodim intte 1-400
ppm rae. Detector respoese at 0.5 ppm garerated anly
random bedground roese. A clethodim cooentratian of 0.7
ppm yieldad adetector responee goraxinetely 2 timesbeck-
goud. Therefare, lover and upper detection linits of 0.7
and 400 pom, regectinely, were esteblided (Chla ot -
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Table 3. Detector response (x103 to clethodim - =31.2)aand PDPs separated by LC (photomethod) following several
treatment periods In 2 experiments

Exp. Time, h 5.8 63 6.7
1 0 0 0 0
1 34 +6 3306 29#1
2 112 + 13 20 +2 19+2
4 499 +30 155+ 17 157 16
6 822+ 118 335+69  348+73
2 0 0 0 0
1 26 +1 26401 23101
2 84 +10 15+1 14+1
4 409+30 12046 121 +7
6 690+23  263+13 26814

s tR = retention time.

Raorad cibility was determined by conparing tre stan-
card cbviation of tte mean as a paroant of tte mean. The
rgaad cibility of analyzirg clethodim and ADPs (Teble 2)
was eclet, withaeragess of kesstten 5% ntte 2 eqeri-
ments using the ADPs gradient program (Figure D).
Clethodim retention tire (R = 31.2) gereally varied kes
then3%. Assuming ttettresame campoundsvere presatin
tre rlicaies of trested olutia s, tre fol loMing deenatias
were mede: (1) Retention tine of anly ae ADP (R=14.7)
shoned sigiifict\aridility, 11 and 6% in tre 2 eqeni-
metts, repctively; @ retendan tine of PDPs varied
sllg‘tlyrrore with oaallariatimaeragig 8 ads» N
tre 2 eqerirets using te PDPs program; and (3) ane PDP
R= 2149 gave amoderate leel of variation (10%)
(Tble 3). The Slidtly higerariaticwith PDPs was prob-
aoly caused by digtheriatios neviramental cadirtias
during resction. The method rerad cibility wes aorsiicered

R (ir)
11.0 11.3 16,4 214 312
0 0 18+0 31 £3 426 +8

18+1 19+1 112+ 6 129 +20 156+ 11
37+2 3B+l 178 £5 125 +8 121 £8
753 72 £2 299 +6 68 +2 66+ 1
77 £5 76 £5 300+ 17 3215 31 +2
0 0 18+5 333 439 +4

16 £0.5 16+5 97 +2 161 + 14 147 £ 15
34+0.5 35+1 162 +3 148 + 14 113+7
62 £ 10 60 +9 272 £ 20 69 £13 73 3
65 +2 64 +2 286 +7 29 +2 3515

0 be aoogptable for sgaration of clethodim and ADPs
and PDPs.
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SEAFOOD PRODUCTS

Liquid Chromatographic Determination of the Processing Aid 4-Hexylresorcinol
in Shrimp

1003

JOAN M. KING, ARTHUR IMcEVILY, addRADHA IYENGAR%*
Opta Food Ingredients, Inc., 64 Sidney St, Cambridge, MA 021392

A rapid, sensitive, liquid chromatographic (LC) method has
been developed for determination of residuals of the pro-
cessing aid, 4-hexylresorclnol, on shrimp meat. An aqueous
homogenate of shrimp meat is extracted with ethyl acetate
followed by precolumn preparation on a silica Sep-Pak car-
tridge. LC determination is preformed with a Nova-Pak C18
column, with UV detection at 214 nm. Sensitivity was 0.006
ng, and recovery from shrimp meat samples of known 4-hex-
ylresorcinol addition was 94%. Shrimp treated with 4-hexyl-
resorcinol under the recommended dip protocol had mean
residuals of 1.18 ppm, with a standard deviation of 0.13 ppm.

4-HeyAresarcirol Ban effective processing aid fartre irhi-
bitinofshrimpmrelancsis (bladgot) nboth kooratoryad
field trisks indll gecies testad (@, 2). The compound isapo-
tent geecafic irhibitar of the shriinp enzyme polyharol
axidese, which catallyzss the formation of prearsars of
bledspotfamation. The irhibrtortes thepotential forgpli-
catian inany foad systam nwhich egyratic broaning B
prdblenatic, such as gples, potatoes, avocacks, and crtain
Juics. A 1 min dip ino 50 ppm 4eydresacirol inssa
waterwith subssguent storage on aushed e irniitsblack-
gt formation on shriinp farup 1 14 days, atypical storage
time fa-freshshriinp on bats. Bgerimental protoolsusig
Ul 4reylresorcirnol shoned tret shrinp trested
under reconmended dip protoools hed mean resides of
si ppm Q.
4+HeyAresorcimol use intte food il sty reguires ae-
Micamethodology forratire testirgof rested sanples. An
AOAC dfficil method far titration of 4Hexydresarcirol in
drugs hes been pblished @); honever, sasItivity of tre
methad sinedenate fardeterminatian of low 4-hexyliresor—
cirol residals on the ediblle portion of shrinp. This
recsssitated develgament of amethod wirth grester sssitiv-
ity for detection and quentitation of 4HeyAresarcirol on
shrinpneat.

Experimental

Apparatus

(a) Liquid chromatography system — Saries 400 (Rarkin

Elmer Gap.,, Noralk, CT 06359) fitiedwith Model 7125

200 pL injection lop (Recdyre, o, Gtatd, CA 931D),
1SS-100 autosanpler with 200 pL. injectian lop, and LC 0

biogectrgdotaretricUV detector sstat 214 nm and inte—

faced 10 a Kaypro 2361 computer with Omega 2 oftvare,
version V.50 (Rerkin Elrer).

Received February 15,1991. Accepted May 10,1991.
1Address correspondence to this author.
2 Formerly Enzytech Food Ingredients.

©) column.— Redial-Pak Nova—Pak C18 cartride ol-
um, 8 x 100 mm Grtricte, 4 pm prtide siz (Vllipre
Gap., Milfod, MA Q1757), aomected o precolum fille
Upchurch Saetafic, e, Cak Harbor, WA 98277) equiipped
with 0.5 pm stanlessstel it

© Homogenizer. — Polytron Model PT 10/35
KinereticaAG, LittauHuzem, Svitzerlad) equiippedwith
20mm prde.

Reagents

LC grace Q. T. Baker
Sigma Chemical (.,

(a) Acetonitrile and methanol.—
ke, Fhillisug, NJ 08566) .

(b) Trifluoroacetic acid (TFA).—
& Lauis, MO &3178.

((D 4-Hexylresorcinol.— 98.4% pure (Riedal—da Haen,
Sebw, Gamary). o
@ water.— Cotained fran Milli-Q resgat vater sys-
tem (illioe).

(e) Mobilephases— (1% QA) TFA nvater, 0.1% (A)
TFA maztontrile, and netharol . All sohentswere antan-

uouslly sparged with helium during geeration. Flow
rae, 1mi/min.

ProcurementofShrimp

Pirkg’riﬁp@enaeus duorarum)V\EI’E(H.,tha’ﬂﬁOB’l
nKey Wlest, A, by an irdivicLelly quiick frazen metihod
(IQF) usirg liquid niram, then shiiped frazen 1 Opta

Food Ingrediats, Irc. (Canbridge, MA) . Shrimp were
Stored frazen &-20°C ard thaved before Lee.

4-Hexylresorcinol Standard Solutions

4+Hylresarcinol stocksolutiowas prparedby dissohv-
irg 1mg/mL invater-netherol @+ 1,\A). An alig.otof
stock oluticnwas dilluted 100-folld invetter toginve anwork—
ing staolrd solution. Stock solutian was prepared firesh
beforeLse.

LC Operation Conditions

Euilibrate colum with initial nobile phese of 0.1%
TFA, 5% astonitrile. After injectionofsanple, develgp col-
umn wirth lireergradient t00. 1% TFA, 20% acstonitrileoer
15 min, folloxad by lireargradient ©©0.1% TFA, 95% ace-
toitrilke over the next 20 min. Folllowing 2 min lirear
gredientto 100% netherol, wash colum 2 minwithmetha-
rol before re-ailibratin, and wash with initiel mobile
phese 9 min before next ingectio.

A typical sstoflC rusarsistedoftre follovirg: ablark
of tte unknown sanplle matrixwirthout added resor—
ad, anunknown sarplemn intridice, ad acaliratian
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Table 1. Recovery of 4-hexylresorcinol from shrimp meat

Weight of shrimp meat, g 4-Hexylresorcinol detected, pga

Unspiked
12.64 0.278 + 0.07
12.38 0.240 = 0.04
12.40 0.116 + 0.02
Cumulative mean 0.211 + 0.08
Spiked6
12.72 14.20 + 0.08
1221 14.67 + 0.18
12.88 14.39 + 0.05
Cumulative mean 14.42 + 0.23

8 Each value is the mean of 3 LC analyses as described in
Experimental.
b Samples spiked with 15.12 j"g 4-hexylresorcinol.

arne arsistirgofat lest5 aontratias of Heylresor-
airol nn in dplicate. Stavhrd sarples were eittar n
before and after unknowns or interspersed among un-
known sanples.

Calculations

A cdliyationare asistigofat lest5 caoantratios
of Hreydresacirol, fron 0.5 ©©2.0 ag, was rn indpli-
e, The staclrd aune was dotained by lesst o ares
regression oftrepesk InBgratinareassafuctian ofmicro-
grams injected (ridetGrgah, Malhvem, PA; versian 1.3.1).
Conoentration of an unknown sanplle was calaulated fram
kst ares rgessin of tre starclrd ane.

TreatmentofShrimp with 4-Hexylresorcinol

Shrinpwere treated according o ttepreviaslyplblished
method (D), whiich desribes the recommended protoool far
use in tre shrinp irdstry. Approxinately 1 b shrinp
(heeds-an) wass pllaced I a nylon mesh beg. Shriinp were
dipped o 1 L 50 ppm 4+eydresarcirol preparad inssa
vater (pH 7.5-8) far Lmin. Shrimpwere ttendraired 15 s
ad stored on bed of araghed ke a4C. Random saplles
were removed after 4 days far aalysis of 4Heylresor-
arol resid eks.

Table 2. Residual analysis of 4-hexylresorcinol on treated
shrimp meat
Weight of shrimp 4-Hexylresorcinol Residuals,
meat, g total, pga ppm
10.36 13.00 1.25
10.04 10.62 1.06
11.66 12.92 in
8.25 11.24 1.36
9.73 10.66 1.10
Cumulative mean 1.18+0.13

8 Each value is the mean of 3 LC analyses as described in
Experimental.
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Extraction of4-Hexylresorclnol from Shrimp Meat

Shrinp were peeled and deheaded manually. Water
(&S ML) was added 1o shrinp meat (@ 10 g meat from 3
drinp). Meat was then hamogenized 5 min. To avoid con-
taniration, probeves riresdwirth freshethA acstatebetneen
saples. The reautirgnhite pestevas trasfaradtoasOmL
antrifuee e, vorteed vigorasly with 15-20 mL eth
aetate, and entrifuged 3000 X g far 10min. The ethyvl ac-
etale phesewas removed and edracticnwes repeated thilce
more with fiesh ethl astate. Conbined eth acstate ex-
tradtsnere driedover anhydrous sodiun sulfatebefore ratary

ion 1o dryress. Resulting residle was dissohved in
2mL 10% eth acstate inheare. Solutdianwas lceded anto
silia Sep-Pak artride (llge). The artridewes fast
washedwirth an actirtiael 5mL 10% ethyl acstate nhexare
Euntwes discardd), then elutedwith 7mL50% ethy ac-
etale inheare. Latter ellant was rotary evgporated
dryress. Resuling residewas dissohed iIn05mL metha-
rol, then 1mL waterwas added. Solutionwas aantrifiged in
EnoembrﬁtbsstrlOmln inmicoontrifuge. An aliqotof
pamatant @ilutedwith en ecuall volume ofwater) was an-
alyzed for 4-hexylresorcinol by LC as described n

Experimental.
Results and Discussion

Chromatography

4+Hylresarcinol hed a retention tine of 2.1 40.2min.
The limit of detection was 0.006 iy (pesk area oF 2.082 X
105). Precision of e systam was determiined by making 6
redlicaie inectio s 0F0.82 [, tre rdlative stardard deviation
of tte peak area regose was 1.2, The dhraratograahic
resporeevas lirearup toaoout 2.5-3.0 pigd-eydresarcirol
il The snare of tte aonrellation aefficient for 4Hec
viresarairol from 0.5 12.0 powas 0.9%5.

Detection of4-Hexylresorclnol Residuals on Shrimp Meat

Gntrol eqerimantsvere perfomed todetemine tre reco~
ay of 4Heydresacirol fran shrinpneat. Uhitreated saplles
were pikadwith 15.12 pgdHeydresacirol. Teble 1 summa-—
rizs iz, ad Fgae 1 shoss tpical chraratograns far
uspiked @) ad siked B) saples. Oerall reovery of 4-
reyAresarcirol was 9%%. BdracticnadLC aslysisofshrinp
meattwithno 4-eyAresarcinol added resubted inapeskwith e
sare reatintiress4eylreacirol (misblyrrtembgs—
nous resarcirol, ssttareaeno rigotsofi
retue), andwithan areacu‘reandlrgloaﬁ a,eraga\alleof
0.01340.006 piy ingected (Figure 18). Thisvalle
tatod of 0.211 pg4teyresaairol (1.6 of the amount
atkd), andwas s btracted fran spiked sanplevalues.

Reaults of residLel performed on previasly fro-
zen shrinp tetwere dipped ino 4-rexylresorcinol are
sumarized inTable 2. Heads-on shrinp ttetwere treated
aooording o the recommended method (1 min dip ino
50 ppm 4Heylresarainol) had 4+eylresarcinl residels
oF 1.18 #0.13 pom. Saplles of shrinp tretwere ot treated
with 4rexydresarcinol were alo by eth actate
edractian and LC amallysis aooording 1o the method de-
ribed NeExperimental. Inthiscse, N0 FEd(WiﬂTﬂ'ESG’TE
retention tire ss Heylresarcirol was cetectad.
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Figure 1. Representative liquid chromatogram of (A) unspiked shrimp meat and (B) shrimp meat spiked with 15.12 pg

4-hexylresorcinol. Arrows show peaks corresponding to 4-hexylresorcinol.

When usad ssaprocessirgaid fartre irhiboiaonof shrinp
nelaosis, 4eydresacinl resuts nexdaaely low resid-
walson shrinpreat. Mean residLalsof 4-exydresarcirol Tar
previasly frazen shrinp presanted above are ligtlyhiger
then those rgorted elsanere @). Intte Etlarstudy, which
used 4-hexyi-[U-CHesaairol, aerace residalks on fro-
zen heeds-onand heedlless shriinp follovinga Lmiin diipvere
0.6 4#0.17 ppm ad 1.040.30 pom, regectively. Higher re-
sid Alsof4-exydresarcinol rigortadhere cauldbe de totre
method of freezirg the shrinp. The 1QF tedmiique could re-
st nmore tisse damage ad, taefae, digtly higer
resicLalls. Because ofthe low residlals, no adver=se effadtson
product gality were determined by sasory parel evallue-
tas. Taste, t&dure, vigal gypearance, and normal
develgoment of pink collar upon codking are uralffectad by
dipping in4eydresacirol. The method rgoorted here far
4reyAresarcirol determinatdan on shrinp meait B sinple,
sgeitive, and rarodcible. lecanbe used fartred-Heydres-
acinl gqentitatian in other soeciies of shriinp (Cata ot
shonn). The method can allso be adgpted essily O 4+ey-
resacirol aelysis inother food systars.

4+bylresarainol Bafuctical dtaratiefarsifien

treshrinp irdstry. Presant regulatics presribe adip trest-

ment of 1 min n 12500 ppm (1.23%6) sodium bisifite
soluicnwith an alloneble s ifite resid.al oF 100 ppm G, 6).

Problens associatedwinth adverse reectia s naselectedpro-
portionoftte poulation et Bhyparsasitive os ifitessae
vell documented (@). Consumer anaraness of dagers asso-
ciatedwith s ifiteuse hes aeatedaneed forasistitute, ad
tresafeuse ofHeylresarcinol intteshrinp indstry stre
abject of a ramt revien @. In ligtof tre todcologicl
chta and very low residals on shrinp neat, 4+eydresar—
al Basiie, effectie altarate to s ifies.

References

O Cwdl, WS., hagr, R, & Miily, AJ. (IBLV. Aquat.
Food Prod. Technol {l’]VVEES
& hogr, R (JSH.) Food

@ Mbaly, Al
Technol. ‘5,8),

O huyr.R, Bmm, C., & MEvily, AJ. (I9BLY- Food
Compos. Anal. 4, 148157

@ Official Methods of Analysis (m 15h KL, ACAC,
Adirgon, VA, s2.98.10

@ Fed. Regist. gﬂ)ﬁl&%,m—m
Fed. Regist. ]%) ,2%7—2%8

8 T@%, slj%l-igky, NA., & Beh, RK. (I9)Adv. Food
Res

® Ralkcs, VH, Simitt, DR, Hans, LC., MBaly, Al,
hagr, R, Milla, SA, Mo, I.C.Cl)pla‘ﬂale,FJ\/L

F(]'tES, AL, & SHH’ R.M. (M) Regul. Toxicol.

Pharmacol. ]4 XP-212



1006

SEAFOOD TOXINS

LAWRENCE & MENARD: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6.1991)

Liquid Chromatographic Determination of Paralytic Shellfish Poisons in Shellfish After

Prechromatographic Oxidation

JAMES F.LAWRENCE ad CATHIE MENARD

Health Protection Branch, Food Research Division, Bureau of Chemical Safety, Food Directorate, Ottawa, ON, K1A 0OL2,

Canada

A liquid chromatographic method for quantitating paralytic
shellfish poison toxins In shellfish has been developed in
which the toxins are converted to fluorescent purines by
prechromatographic oxidation under mildly basic conditions
with hydrogen peroxide or periodate. The addition of ammo-
nium formate to the periodate oxidation reaction greatly im-
proved the yield of fluorescent derivatives for neosaxltoxin,
gonyautoxIn-1, B-2, and C-3 compared to the same reaction
without ammonium formate. As little as 3-6 ng of each of the
nonhydroxylated toxins and 7-12 ng of the hydroxylated
compounds per gram of shellfish could be detected. Re-
versed-phase chromatography using ammonium formate In
the mobile phase Improved the chromatography of
neosaxltoxin and B-2 compared to results obtained earlier.
Because the oxidation products of neosaxltoxin and B-2
could not be separated, parent compounds were separated
before oxidation by using an SPE-COOH lon exchange car-
tridge. The repeatability coefficient of variation for the oxida-
tion reactions ranged from 3 to 8% for the peroxide reaction,
and from 4 to 11%for the periodate reaction, depending upon
the individual toxin determined and its concentration in the
extract (0.04-0.55 ng/g). The method was compared to the
mouse bioassay and the postcolumn oxidation method. In
most cases, results were comparable.

A nurber ofmethods fardetermiretion of paralytic s elifih
poisas (PP) have been reported ntte litaaiue. The nost
camonly used damical method ths far inolhves liqud
chranatography (LC) with gradient elutian, folloaed by
postoolum odadation and fluorescae detectian (). This
method was modirfied o incluck isoaticsgaratiasonal-
icatesd reersedtese colums @ and danges intte
postoolum reectin system @). The method ofOshima etdl.
@ bBasa tu=e tten tre aigrel procedure (), byieks
etter ssatMitiss Tar idivadLel toars, and kpro/des ex-
cellet segparation of al toxins, including several
decarbamoyl M&Toobtermiredlb&s,soiﬁaetmo—
hilepreses are reguired. For research punosss, tismethod
Bpraebly tre best ety asikble; honever, tcanbe
sorewhat time-consuming 1o setup and perform PSP deter—
minetias on an axssiaal ests. In acbiitan,  ithes been
rgoorted tret tre postoollum LC methad () failed nacol-
kooative triFl among 9 khoratories @) As arssdit, we have
been studying altarativemeans todetemire PSP todrs et
would require ksssequiprant assenbly andmainteraenoe,, but
would be ss sFEItive S5 ©astigmethods far determiretias
tetae amia ataly on an cacesiaal fEsks.

Received January 28,1991. Accepted May 21, 1991.

Reontdly, we rgoorted resulits of an inesticatiaon of pre-
ic oacetion ad LC of PSP todrs ©). Thet
work ceslit mainly with studyirg the oxddation prodcts i
tems of stridture, fluorescance prgeerties, reectias iIn-
vohed, and chraratographic sgaratian of tte mjividal
pradots. Some atteptswere made togply ttemethod ©
tre qentatatie determiretion of PSP toars in ddifidhy
Honever, trerevere irdicatias of sarple matrix effetsn
reneries of artain toars, and thare was some problem
wirth tre chroratograahy of necsaxatoxdn (NEO) and B2 In
atirtian, tre relative sssitivities of the A-I-hydroxylated
todrsvere far less then thoee of treir nonhydroxylated ane-
kg es. The work presanited here desribss inprovements o
tre prechraratographic adcation tedmioLe fartreq entita-
‘thedstemintion of PSP todrs inddifih

Experimental

Apparatus

@ Lc system.— Casisted of 2 pumps (Model 110B)
with gradient antrolller (Vodel 421A) and ingection port
(ArtexModel 2108) with20 ul. logp (Beckman Instrurants,
It., SsnRamon, CA .

QJ) Lc column.— Syelamsil LC-18, 15cm x4.6mm o,
5 pm @uelo, Bllefote, PA 16323).

© Fluorometric detector.— Model 80-HP; editatim,
330 m; emissian, 400 m; and cain, 10(]5&1),[1: Eestm,
MD Zﬁﬂ) lmdfrrrmnonrgLC afie

(d) Integrating recorder.— Model 42/0; atteruatian, 4
(arian Irstrurent Groyp, umyale, CA AACHA). Used far
nmonitoring LC efflet

Note: PSP oadatian were eluted by usirga I~
e gradient of 0-5% (A) astonitrile n 0. 1M ammonium
Tomate (adjusted with formic ar acstac acid topH 6.0with
pH pgeEr) over 15 min at 1.0m/min. Mobile phessswere
prepared fieshevery 2 days.

© Postcolumn Lc system.— Assarbled and qeerated &5
cesribed Nl 5

Reagents

All ohatsad reegantsvere aalytical ar LC gracema-
aek

@ water— Twice ceionized (Valli-Q, Millipre, Bed-
fad, MA Q1730).

©) Purified standards.— Sadtodn, NEO, B-l, B2, G,
ad C-3 (Food ad Drug Adninistrataan, Ganter far Food
Safety and Applied Nutritaan, Weshington, DC 20004).

© cTx-1, 6TX-2, and G TX-3.— Preparad by hydrolysis
of“C”1oars (0.INHC1,, 10min, 90°C), folloned by adgst-
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ment to ca pH 5. All standards yielded single peaks with
postcolumn LC method (1). Table 1 shows structures of most
common PSP toxins.

Sample Cleanup

Pass 0.5 mL shellfish extract, prepared according to
mouse bioassay (6), through 3 mL SPE-C18 cartridge
(Supelco) conditioned with 6 mL methanol followed by
6 mL water then 3mLO.IN HC1. Collect effluent (containing
toxins) and rinse cartridge with 2 mL water to elute remain-
ing toxins. Collect eluate and combine with first portion.
Adjust volume to exactly 4 mL with water and remove 1 mL
solution. Adjust to pH 8.0 (pH paper) with IN NaOH (25-30
pL) before oxidation reactions.

lon-Exchange Chromatography

Condition 3 mL SPE-COOH cartridge (J.T. Baker Inc.,
Phillipsburg, NJ 08865) with 3 mL hexane and dry with vac-
uum, followed by 3 mL methanol, 3 mL water, 3 mL 0.1M
ammonium acetate (pH 7.5, pH paper), and 3 mL water. Pass
0.5 mL sample extract from SPE-C18 cleanup through col-
umn. Collect effluent. Pass 2 mL water through cartridge and
collect with first effluent. This fraction contains C group tox-
ins. Elute column with 3.5 mL 0.1M ammonium acetate and
collect eluate. This fraction contains B-2. Elute remaining
toxins with 2 mL 1.0M acetic acid. Adjust aliquots of first
and third fractions to ca pH 8.0 (pH paper). Carry each frac-
tion through periodate oxidation to determine C-3, GTX-1,
NEO, and B-2.

Peroxide Oxidation

Measure all reagents and solutions (except for peroxide
solution, which is measured with a syringe) with Eppendorf
autopipets with disposable plastic tips. Prepare individual ox-
idation reactant solutions fresh weekly for both oxidation
reactions. Perform peroxide reaction exactly as described in
ref. 5.

Add 25 pL 10% (w/v) agueous H20: to 250 pL IN NaOH
in 0.5 mL plastic microcentrifuge tube. Add 100 pL aqueous
sample extract. (Actual volume can vary, depending upon an-
ticipated PSP concentration.) Mix solution and allow to react
at room temperature (20°C) for 2 min, then add 20 pL con-

Table 1.
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centrated acetic acid and mix well. Inject 20 pL into LC sys-
tem.

Periodate Oxidation

Adjust 500 pL 0.03M periodic acid-0.3M Na2HPO04-
0.3 M ammonium formate (1 + 1 + 1, prepared daily) to pH 8
(pH paper) with IN NaOH. Add this solution to 100 pL aque-
ous sample (actual volume can vary depending upon
anticipated PSP concentration) in 1.5 mL plastic
microcentrifuge tube, and mix well. Allow mixture to react at
room temperature for 3 min, then add 10 pL concentrated
acetic acid. Mix and inject 20 pL into LC system.

Results and Discussion

In the original chromatographic study using reversed-
phase chromatography (5), the oxidation products of NEO
and its sulfamate analogue, B-2, occasionally chromato-
graphed poorly when mobile phases comprised of mixtures
of acetonitrile and aqueous phosphate solutions were used.
However, the addition of ion-pairing agents, such as
tetrabutylammonium or heptane sulfonate, significantly im-
proved peak shape and reproducibility (5). After examining
a number of other mobile phase combinations, we found that
by replacing the phosphate salts with ammonium acetate or
ammonium formate, chromatography and reproducibility of
both NEO and B-2 improved significantly and became com-
parable to those of the other PSP oxidation products.
Combinations of aqueous ammonium formate and water
were chosen for the mobile phases for the remainder of
the study.

An attempt was made to improve the sensitivity of the per-
iodate oxidation reaction for A-I-hydroxy toxins, because
they were 10-30 times less sensitive than their nonhydroxy
analogues. The addition of ammonium formate and formam-
ide to the oxidation mixture was examined because of reports
that they significantly improved A-1-hydroxy PSP sensitivity
in the postcolumn oxidation method (3). Formamide did not
have a significant effect. However, a substantial improve-
ment was discovered with the addition of ammonium formate
to the reaction mixture. Table 2 lists the sensitivities obtained
with the new periodate reaction compared to the peroxide
reaction and the old periodate reaction (5). Sensitivities of
A-1-hydroxy toxins improved about 10-fold, although there

Structures of 12 PSP toxins

Substituents
R2 R3 R4 Toxin
H H H Saxitoxin (SAX)
H H SO3 Bl
H 0S03 H Gonyautoxin 2 (GTX 2)
H 0SOs3 SOs cl
0S03 H H Gonyautoxin 3 (GTX 3)
0SOs3 H SO3 c2
H H H Neosaxitoxin (NEO)
H H SO3 B2
H 0S03 H Gonyautoxin 1 (GTX 1)
H 0S03 SOs C3
0SOs3 H H Gonyautoxin 4 (GTX 4)
0S03 H SO3 Cc4
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was some reduction in responses of non-Af-l-hydroxylated
toxins, particularly B-I, C-I, and C-2. The reduction in sen-
sitivity of the nonhydroxylated toxins is not a problem
because they are best quantitated by the peroxide oxidation.
Sensitivities of all the most toxic analogues (saxitoxin, NEO,
and the GTX’s) are much more than adequate for monitoring
at 80 pig PSP/100 g.

Figure 1 shows chromatograms of 2 standard mixtures
carried through the periodate and peroxide reactions. Under
the optimum conditions, each non-A-I-hydroxy toxin pro-
duced a single major peak with 1 or 2 minor peaks, the total
of which amounted to less than 10% of the major peak in area
for both the peroxide and periodate reactions, except B-1. B-
1gave avery low response with the periodate reaction. It also
showed a second earlier eluting peak that represented about
30% (peak height) of the major peak and eluted at the same
time as the major peak of B-2. However, the peroxide reac-
tion is used to quantitate B-l because of the vastly greater
sensitivity for B-I with that reaction. One of the minor peaks
of saxitoxin eluted at the same time as the major peak for
NEO. This was taken into account when NEO (or B-2)
was quantitated.

The origin of the minor peaks is unknown at present. They
appear to be secondary reaction products from the oxidations.
Some of them may also arise from impurities in the stan-
dards.

As previously reported, .A-I-hydroxy toxins, except GTX-
1, did not produce fluorescent derivatives with the peroxide
reaction. GTX-1 produced a derivative with a relatively weak
response (see Table 2). All iV-I-hydroxy toxins yielded prod-
ucts with good sensitivity in the optimized periodate reaction.
NEO and B-2 produced the same products (see Figure 1), 1
major peak and 2 minor peaks. One of the minor peaks was a
broad peak that eluted before the major peak, with a peak
height equivalent to about 20% of the major peak. The other
minor peak eluted with the same retention time as saxitoxin.
The peak represented about 10% of the major peak of B-2,
and 40% of the major peak of NEO. The last peak was not a
result of saxitoxin traces because, with the peroxide reaction,
it decreased in peak height. Saxitoxin, however, produces a
taller peak with peroxide oxidation (see Table 2). The early

Table 2. Approximate sensitivities of PSP toxins by
prechromatographic oxidation
Sensitivity (peak height), cm/nga
Periodate

Toxin Peroxide6 Old reaction60 New reaction6
Saxitoxin 154 90 60
Neosaxitoxin <0.1 25 62
B-2 <0.1 5 41
B-1 141 89 9
GTX-3 105 118 188
GTX-2 m 157 100
GTX-1 14 7 71
C-3 <0.1 7 68
C-2 52 82 27
C-1 74 31 6

a Baseline noise approximately 1 mm (peak to peak).

6 Data from ref. 5.

a Reaction using 0.02M phosphate.
Reaction using 0.1 M ammonium formate.
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Figure 1. Chromatograms of standard mixtures of PSP

toxins after periodate and peroxide oxidation. (A) Quantities
injected (periodate): C-3, 32 pg; C-2, 90 pg; B-2,179 pg; and
GTX-1,109 pg. Quantities injected (peroxide): C-3,49 pg; C-2,
138 pg; B-2, 277 pg; and GTX-1, 168 pg. (B) Quantities
injected (periodate): C-1, 72 pg; NEO, 186 pg; GTX-2/3,25 pg
(each); B-1, 63 pg; and SAX, 53 pg. Quantities Injected
(peroxide): C-1,111 pg; NEO, 288 pg; GTX-2/3, 38 pg (each);
B-1, 98 pg; and SAX, 81 pg. Conditions as described in
the text.

eluting broad peak (see Figure 1) is useful in confirming the
presence of NEO or B-2 in sample extracts.

BothA-I-hydroxy toxins, C-3 and GTX-1, gave the same
3 peaks with the optimized periodate reaction. However, the
peak at 10 min (same retention time as the oxidation products
of GTX-2 and GTX-3, see Figure 1) was predominant for
GTX-1, and was used for its quantitation. The peak eluting at
about 6 min was predominant for C-3; therefore, it was used
for C-3 quantitation. The earliest eluting (broad) peak (at
about 4 min) served as a confirmation of the presence of ei-
ther C-3 or GTX-1.

In a rapid screening program for regulatory purposes, the
peaks eluting at the retention times of NEO/B-2 or C-3/GTX-
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Figure 2. Chromatograms of extracts of (A) contaminated

(total calculated PSP equivalent to 1 jig saxitoxin/g) and (B)
uncontaminated mussels with periodate oxidation
(0.41 mg equivalent sample injected). Conditions as
described In text.

1 should be assumed to be the more toxic analogues, NEO or
GTX-1. Any samples producing total yields greater than the
regulatory limit of 80 pg/100 g (0.8 pg/g), which includes
values derived from NEO or GTX-1, can be confirmed by
using the SPE-COOQOH cartridge for separation. The SPE-
COOH treatment is essentially a modification of the
ion-exchange method used to isolate individual toxins on a
preparative scale (7). Cleanup removes the C toxins and B-2
from their respective carbamate analogues, allowing GTX-1
and NEO to be identified.

GTX-2 and GTX-3 yield the same oxidation product.
Therefore, the prechromatographic oxidation method cannot
distinguish between them, and they are not resolved using the
SPE-COOH cartridge. This might lead to some error in true tox-
icity, because GTX-2 is only about 55% as toxic as GTX-3 (8).

During the course of this work, it became clear that
pH had a significant influence on oxidation yield. We found

A
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Figure 3. Chromatograms of scallop adductor muscle

extract [0.013 pg total calculated PSP/g (saxitoxin
equivalents)]. (A) Prechromatographic oxidation with
periodate; 0.48 mg sample injected. Attenuation x 4. (B) With
peroxide; 0.75 mg injected. Attenuation X 4.

that the sample matrix effects observed earlier (5) were, in
fact, due to pH changes in the reaction mixture. These
pH changes were caused by different buffering capacities in
the acidic sample extracts. After some experimentation, over-
all reproducibility and yield of oxidation products of the
toxins were greatly improved by adjusting the pH of the sam-
ple extracts to pH 8 before addition of the oxidation reagents.
Under the optimized conditions (described in Experimental),
the yields of periodate oxidation products for spiked extracts
(0.2-2.0 pig/g individual toxin) of scallop roe and mussel tis-
sue compared to yields of pure standards were, respectively:

PEROXIDE
C-
1,2 B-1

A B

PERIODATE

GTX
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5

I3
>
x

J

@
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-
o
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TIME (min)
Figure 4. Chromatograms of contaminated oyster extract

[0.29 [xg total calculated PSP/g (saxitoxin equivalents)]. (A)
Prechromatographic oxidation with periodate; 0.41 mg
sample injected. Attenuation x 4. (B) With peroxide; 0.63 mg
injected. Attenuation X 4.
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Figure 5. Chromatograms of contaminated scallop viscera

extract [0.80 |rg total calculated PSP/g (saxltoxlIn
equivalents)]. (A) Prechromatographic oxidation with
periodate; 0.21 mg sample Injected. Attenuation x 4. (B) With
peroxide; 0.32 mg injected. Attenuation x 4.

C-l, 83 and 64%; C-2, 60 and 55%; C-3, 104 and 104%;
GTX-1, 98 and 120%; GTX-2/3, 80 and 58%; B-I, 90 and
70%:; B-2,139 and 138%; NEO, 91 and 108%; and saxitoxin,
91 and 75%. Product yields for non-N-I-hydroxy toxins
spiked into extracts of oyster tissue at the 0.2-2.0 pg/g per
individual toxin level and carried through the peroxide oxi-
dation were as follows: C-l, 104%; C-2, 122%:; GTX-2,
106%; GTX-3, 98%; B-I, 98%; and saxitoxin, 106%.

Figure 2 shows periodate oxidation results for an uncon-
taminated and a contaminated mussel sample (total PSP
equivalent to approximately 1 pg saxitoxin/g). As can be
seen, the blank chromatogram is clean in the area where the
toxin oxidation products elute. In some samples, a naturally
fluorescent coextractive peak eluted just before NEO, caus-
ing some difficulty with its quantitation. The SPE C18
cleanup proved to be effective in removing the peak if 0.5 mL
sample extract or less was passed through the cartridge. We
found that with extract volumes of 1.0 mL or more, the car-
tridge became overloaded and was not effective in removing
the peak if it was present in large quantities. The peak was
confirmed not to be a PSP toxin by injecting an aliquot of the
extracts without oxidation. It was found to be naturally fluo-
rescent, unlike the PSP toxins.

The detection limit (3:1, signalmoise) in samples after
SPE-C18 cleanup was estimated to be about 3-6 ng/g each
for non-A-1 hydroxylated toxins, and 7-12 ng/g for N-1-
hydroxy analogues. The SPE-C18 cleanup of the extracts
before oxidation led to cleaner chromatograms and decreased
overall contamination of the LC column, extending its life-
time over that of noncleaned up extracts. The C18 column
operated well for over 1000 injections, including several hun-
dred samples. The detection limits after ion-exchange
treatment (for separation of B-2 and NEO) were 4-7 times
higher because of dilution of the samples. However, they
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Figure 6. Chromatograms of contaminated butterclam

chowder extract [3.57 jrg total calculated PSP/g (saxitoxin
equivalents)]. (A) Prechromatographic oxidation with
periodate; 0.21 mg sample Injected. Attenuation x 4. (B) With
peroxide; 0.32 mg Injected. Attenuation x 32.
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Figure 7. Chromatograms of contaminated mussel extract
[2.0 pg total calculated PSP/g (saxitoxin equivalents)]. (A)
Postcolumn oxidation; 10 mg sample Injected. Attenuation X
32. (B) Prechromatographic oxidation (periodate); 0.21 mg
injected. Attenuation x 4.

were still much more than adequate for detection of the toxins
at the regulatory action level. We also found that the fractions
could be concentrated, if necessary, without significant loss
of toxins.
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Table 3.

Post-
Sample8 column
1  Scallop adductor 0.10
2 Scallop adductor 0.32
3 Scallop adductor 0.09
4 Scallop adductor 0.06
5  Scallop adductor 0.19
6  Scallop roe 0.22
7  Scallop roe 0.47
8  Scallop roe 0.97
9  Scallop viscera 0.95
10  Scallop viscera 8.52
n Scallop viscera 48.83
12 Mahogany clams 3.58
13 Mahogany clams 471
14  Mahogany clams 5.56
15  Ocean quahcgs 114
16  Seaclams 454
17 Clams 3.48
18 Clams 8.06
19  Mussels 3.16
20 Mussels 441
2 Mussels 4.83
22 Mussels 6.55
23 Mussels 14.65
24 Mussels 16.35
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Comparison of pre- and postcolumn LC methods with mouse bioassay

Total PSP found
(saxitoxin equivalent, ng/g)

Pre-
column Mouse bioassay
0.048 <0.40
0.190 <0.40
0,006 <0.40
0.013 <0.40
0.170 <0.40
0.027 <0.40
031 0.45
0.64 <0.40
0.80 119
5.85 5.70
37.44 20.91
2.66 4.80
2.70 3.64
3.14 4.76
112 <0.40
4.98 6.01
2.26 2.30
8.03 6.20
254 1.60
3.42 0.98
4.49 4.60
4.04 3.00
15.17 7.50
10.07 10.00

Samples 1-17 are from the North Atlantic coast of the United States; 18-24 are from the Gulf of St. Lawrence.

The repeatability coefficient of variation of replicate anal-
yses (n = 4) of extracts taken through the SPE-C18 cleanup
and peroxide oxidation reaction were as follows: saxitoxin,
3.0%; GTX-2, 7.5%; C-2, 8.0%; and B-I, 2.9%. The corre-
sponding values after the cleanup and periodate oxidation
reaction were as follows: saxitoxin, 3.6%; NEO, 8.6%; GTX-
2, 5.3%; C-I, 10.9%; and C-3, 8.9%. The individual toxin
concentrations ranged from 0.04 to 0.55 pg/g in the sample
extracts. Both oxidation reactions produced linear results for
all toxins over a range of 1to 10 pg total toxin/g in a naturally
contaminated sample of mussel that was serially diluted with
an extract of uncontaminated mussels.

For quantitating unknown samples, the periodate reaction
is best used as an initial screen to observe peaks appearing at
the retention times of the most toxic PSPs, saxitoxin, NEO,
and the gonyautoxins. If present, they should be quantitated
as saxitoxin, NEO (not B-2), and GTX-1 (not GTX-2 or
GTX-3, because GTX-1 has the weakest fluorescence re-
sponse of the 3 and is the most toxic). If the total toxin
concentration is greater than the action level of 80 pg/100 g,
the peroxide oxidation is carried out to determine how much
GTX-2 and GTX-3 is present in the gonyautoxin peak (and
to determine the presence of C-1/C-2 and B-I, as well as
quantitating saxitoxin). Once the total GTX-2/GTX-3 con-
centration is determined, the true concentration of GTX-1
(and/or GTX-4) is determined by subtracting the response of
GTX-2 and GTX-3 in the periodate reaction. To confirm the
presence of NEO and GTX-1 (and/or GTX-4), the SPE-
COOH cleanup is used to remove B-2 and the C toxins from
extracts before periodate oxidation. Aparticular advantage of
using both the peroxidate and periodate reactions is that one
reaction acts as a confirmation for the other.

The method was applied to the determination of PSP tox-
ins in a number of different samples, including mussels,
clams, scallops, oysters, whelks, quahogs, and a variety of
chowders and pickled and smoked shellfish products. Figures
3-6 show typical chromatograms obtained with both perio-
date and peroxide reactions. The patterns are quite varied, as
would be expected in view of species and geographic differ-
ences. Saxitoxin was present in all PSP-positive samples.
The toxin peaks are easily quantifiable in the samples over a
wide range of total PSP concentrations.

The method was compared to both the mouse bioassay
and the postcolumn LC method (1). Extracts of shellfish ob-
tained from the Gulf of St. Lawrence and from the North
Atlantic coast of the United States that had been analyzed by
the mouse bioassay (6) were analyzed in the authors’ labora-
tory by the pre- and postcolumn LC methods. Table 3 lists the
results obtained. In making the comparisons, the toxicity val-
ues used to convert individual PSP toxins to saxitoxin
equivalents were those reported by Boyer et al. (8). Those
values are generally intermediate to values reported by others
(9,10). However, the uncertainty as to the true (absolute) tox-
icides of the toxins will have a direct effect on the correlation
of the LC methods with the mouse bioassay. For the pre-
column oxidation method, GTX-4 was quantitated as GTX-1
because no separate standard was available for GTX-4. To
quantitate GTX-2 and GTX-3, average fluorescence re-
sponse factors (Table 2) and an average toxicity factor were
used to convert to saxitoxin equivalents. Figure 7 shows
chromatograms obtained for an extract of contaminated mus-
sels using pre- and postchromatographic oxidation methods.
NEO and saxitoxin are easily quantitated by the pre-
chromatographic oxidation, whereas some difficulty was
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encountered with the postcolumn method. The modified
postcolumn method by Oshima et al. (2) may provide better
results than the Sullivan and Wekell method (1), which was
used in this work.

In general, the results in Table 3 show a reasonable corre-
lation among the 3 methods. Postcolumn results were almost
always higher than those obtained by the pre-
chromatographic oxidation method, mainly because of the
lack of sensitivity of the postcolumn method to the N-I-
hydroxy toxins. In some cases, very small peaks in the
chromatograms close to the detection limits were assumed to
be PSP toxins if they appeared at the correct retention times.
These would contribute significantly to the total toxin con-
tent. The most frequently found gonyautoxins were GTX-2
(predominant) and GTX-3. GTX-1 was found occasionally,
and GTX-4 was only observed in the mahogany clams by the
postcolumn method. Quantitation of GTX-2 and GTX-3 to-
gether with the prechromatographic oxidation method did
not appear to be a significant problem. Usually, both were
present in the samples, although GTX-2 was present in much
greater quantity in some, as determined by the postcolumn
LC method.

An additional 32 samples obtained from the Pacific Coast
of Canada that were analyzed by the mouse bioassay were
analyzed by prechromatographic oxidation LC. Although the
overall correlation was similar to that shown in Table 3, the
results were, on the average, 50% higher by LC, regardless
of total PSP concentration (from less than 0.44 to 2.3 pg/'g by
the mouse bioassay) and type of sample (mussels, oysters,
butterclams, and long neck clams). The reason for this differ-
ence is not clear at present. The chromatograms were
uncomplicated. Several of the samples were analyzed by the
postcolumn methods, and the results correlated well with the
precolumn LC method. It is possible that the difference be-
tween the methods results in part from a low bias of the
mouse bioassay resulting from the effect of salt on the toxic-
ity of the extracts when low levels of PSP toxin are present.
It has been clearly demonstrated that the mouse bioassay can
underestimate PSP concentration by as much as 60% at levels
of 400 ug/100 g (4 ug/g) or less (11). Also, some hydrolysis
of the “B” and “C” toxins to their more toxic analogues may
have occurred during storage of the extracts before LC analysis.

The method was applied to a survey of a number of fresh
and frozen domestic and imported shellfish products, and to
smoked and pickled shellfish and chowders in cans or glass
jars. No PSPs were found above 80 pg/100 g in any of the 29
samples analyzed. No difficulty was experienced in analyz-
ing any of the samples.
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Overall, the prechromatographic LC method performed as
well as the postcolumn method or the mouse bioassay. Al-
though it requires more sample pretreatment before LC
analysis, we have found that the oxidation reactions can be
performed on-line automatically, with a programmable auto-
injector. The most time-consuming part of the prechromato-
graphic oxidation method is the ion exchange separation of
B-2 and NEO. However, for regulatory purposes, this
needs to be done only if the total PSP content is above the
80 pg/100 g action level, as mentioned earlier. This method
is especially suited to PSP determination on an occasional
basis. The postcolumn method is still superior for research
purposes where the separation of individual toxins
is required.
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Supercritical Fluid Extraction/Enzyme Assay: A Novel Technique to Screen for Pesticide

Residues in Meat Products

JOHN E. FRANCE and JERRY W. KING

U. S. Department ofAgriculture, National Centerfor Agricultural Utilization Research, Agricultural Research

Service, 1815 N. University St, Peoria, IL 61604

The novel combination of supercritical fluid extraction (SFE)
with an enzyme assay system has been used to screen meat
products to detect the presence of pesticides. Analytes are
collected In water by expanding supercritical carbon dioxide
to atmospheric pressure through a restrictor and Into an
aqueous phase. The solution Is then tested for the presence
of pesticide residues by enzyme assay. Two experimental ap-
proaches have been used. Alachlor-fortified lard and bovine
liver were monitored by static SFE coupled with an enzyme
Immunoassay. SFE of carbofuran-fortlfied frankfurters was
coupled with an enzyme assay based on cholinesterase in-
hibition. A major benefit of the SFE/enzyme assay technique
over conventional screening techniques Is that the analyst is
not exposed to organic solvents.

The increasing demand for monitoring pesticide residues in
food products is accompanied by the need for novel analyti-
cal techniques that screen foods for the presence of
pesticides. Such techniques can ultimately be developed into
screening methods that determine whether a compound or
class of compounds is present at some designated tolerance
level in a meat matrix (1). In general, screening methods are
useful because they allow a larger number of samples to be
surveyed than could be accomplished with conventional
analyses. Such screening methods are usually designed to de-
tect the presence of an analyte but not necessarily the exact
quantity of residue in the food matrix.

Enzyme assays, such as enzyme inhibition detection and
enzyme-linked immunosorbent assays, are expected to play
a prominent role in future screening methodologies (2). In
fact, the number of immunoassays developed for use in trace
pesticide analysis has continued to increase (3). However,
one problem arises in attempting to integrate enzyme im-
munoassays with pesticide residue analyses. The classical
methods for determining pesticide residues in fatty samples
generally rely on organic solvent extractions to separate the
compound(s) of interest from the sample matrix. Im-
munochemical assays, on the other hand, are conducted in
aqueous media, although minor amounts of certain polar,
water-miscible solvents can be tolerated (4). Organic sol-
vents are known to disrupt the antigen-antibody reaction and
can also denature the enzymes. Consequently, the integration
of organic solvent-based extraction techniques with enzyme
assays in a proposed screening method requires that addi-
tional steps be incorporated. For example, the organic solvent
must be evaporated to dryness and the pesticide residues re-
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dissolved in an aqueous medium before the enzyme assay can
be performed.

An alternative technique is to use supercritical fluid ex-
traction (SFE) with carbon dioxide in place of organic
solvents. Additional benefits can also be realized by using
supercritical carbon dioxide (SC-CO:) as the extraction sol-
vent. Safety concerns associated with the use of organic
solvents, such as waste disposal, flammability, and toxicity,
are avoided.

SFE was recently investigated for use in pesticide residue
analyses. For example, it was coupled with supercritical fluid
chromatography to separate sulfonylurea herbicides and their
metabolites from soil, cell culture media, and plant material
(5). SFE was also used in conjunction with liquid chromatog-
raphy, and it was shown to provide nearly quantitative
recoveries for some pesticides (6). Organochlorine pesticides
have been extracted from spiked lard (7) and fish tissue (8)
by SFE.

In this communication, we describe 2 approaches to cou-
pling SFE with enzyme assays. The purpose of this study was
to demonstrate that SFE could be combined with enzyme
assay methodology to yield a field-compatible technique for
detecting the presence of pesticides in meat products. The
described technique uses relatively nontoxic media (carbon
dioxide, water) that allow it to be performed on-site in a food
production facility. Because the extraction apparatus is very
simple and inexpensive, it can be used by food inspectors at
the plant level. No elaborate instrumentation or sample
cleanup methods are required in this screening technique,
and it can be used as a first step in determining whether vio-
lative levels of toxicants are present in a meat product.

Experimental

SC-CO: at moderate pressures (<151 atm) and tempera-
tures (<69°C) is used to extract pesticides from fortified meat
products. Analytes are solvated by SC-CO: and collected by
expanding the pressurized CO: to atmospheric pressure
through a restrictor directly into water in a collection vial.
The aqueous solution is then tested for the presence of pesti-
cides by an enzyme assay. Two experimental approaches
were used. Alachlor-fortified lard and bovine liver were mon-
itored by static SFE coupled with an enzyme immunoassay.
In this approach, the sample is loaded into the extraction cell
with dry ice. The sealed cell is then heated, which sublimes
the dry ice, yielding SC-CO:. In the second experimental ap-
proach, SFE of carbofuran-fortified frankfurters is coupled
with an enzyme assay based on cholinesterase inhibition. In
this instance, the extraction apparatus was equipped with a
reservoir vessel filled with CO. from a storage cylinder with
a dip tube.
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Figure 1. Schematic diagram of static SFE apparatus.

(a) Pesticides.—Alachlor and carbofuran (Pesticides and
Industrial Chemicals Repository, U.S. Environmental Protec-
tion Agency, Research Triangle Park, NC 27711).

(b) Static SFE apparatus.—Simple static extractions
were performed with a 70 mL extraction vessel con-
structed of high pressure stainless steel tubing and fittings
(Autoclave Engineers, Erie, PA 16512). One end of the ex-
traction vessel was capped. The other end was connected
to a pressure gauge and an exit line via a tee fitting, as
schematically illustrated in Figure 1. Interconnecting lines
consisted of 316 stainless steel tubing, 0.32 cm od,
0.159 cm id, having a more than adequate pressure rating.
The extraction cell was positioned vertically in a Bendix
gas chromatographic oven (Model 2600). The exit line was
attached to a shut-off valve and connected to a length of
PEEK tubing (Upchurch Scientific, Inc., Oak Harbor, WA
98277), 7 cm x 0.127 mm id, which served as a restrictor.
The restrictor was vented into 5 mL deionized water held
in 12 mL vial. The collection vial was placed in a beaker
of water to moderate the cooling effect of the pressure
drop. This step was required to prevent the water in the
collection vial from solidifying into a mass of ice crystals.
Dry ice (ca 40 g) was used to supply the CO: for SFE. Be-
fore the extraction cell was loaded, ca 40 g dry ice was
used to initially cool the cell. This precaution limited CO:
sublimation losses that occur before the cell is connected
to the system.

(c) Enzyme immunoassay (EIA).—(Res-I1-Quant, Al-
achlor Immunoassay Kit, Immunosystems, Scarborough,
ME). Quantitative range of this assay is 0.5-20 ppb.

RESTRICTOR
VIAL

EXTRACTION
CELL

CARBON

DIOXIDE

CYLINDER
Figure 2. Schematic diagram of modified SFE apparatus (R
= expansion reservoir, CK = check valve).
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(d) Microplate reader.—Absorbances of the microtiter
wells were measured with a microplate reader (Model EL-
308, Bio-Tek Institutes, Winooski, VT).

(e) Modified SFE apparatus.—Extraction system was
modified to enhance extraction efficiency to compensate for
the decreased sensitivity exhibited by the enzyme inhibition
assay. A schematic diagram of the modified SFE system is
shown in Figure 2. The reservoir consisted of 316 stainless
steel tubing (Part No. 15-009, Autoclave Engineers), 30.5 cm
x 1.75 cm id. The extraction cell was 20.3 cm x 1.75 cm id.
All other equipment is as cited in (a). To operate this system,
the reservoir is cooled with an ice bath while being filled with
CO: from a CO: cylincer equipped with a siphon tube. The
head pressure (63 atm) of the cylinder is used to fill the res-
ervoir. Concurrently, a sample is loaded into the extraction
cell. Then, the appropriate valves are closed and the valve
isolating the reservoir from the extraction cell is opened. The
oven is heated to the extraction temperature and a supercriti-
cal fluid phase is produced. These extraction conditions are
maintained for 15 min. CO: is then vented through the
restrictor for ca 10 min until the pressure drops below the
critical pressure (72.8 atm).

(f) Enzyme inhibition assay.—A commercial pesticide
detection kit based on cholinesterase inhibition (Enzytec,
Kansas City, KS) was also examined in conjunction with
SFE. The assay can detect over 50 different pesticides, al-
though it is not as sensitive as EIA. Carbofuran was detected
in the collection water by a bioconcentration technique de-
scribed by the manufacturer. In this approach, the detection
limit for carbofuran in v/ater is 0.003 ppm. Visual observation
of the color ofthe test ticket indicated the presence or absence
of the pesticide. The collection water for each sample was at
room temperature for the enzyme assays.

(9) Blender.—Tissue samples were homogenized in a
Model 1120 Waring blender (Waring Products Div., New
Hartford, CT 06057) with dry ice (9).

(h) Meatproducts.—Lard samples were fortified with al-
achlor at levels up to 100 ppb, and they were supported on
glass wool in the extraction cell. Frankfurter samples were
fortified with carbofuran in amounts up to 0.3 ppm. Separate
bovine liver samples were fortified with alachlor and car-
bofuran at 3.3 and 200 ppb, respectively.

Results and Discussion

Table 1 shows the screening results of the static SFE/EIA
technique for some alachlor-fortified samples, using dry ice
as the CO: source and the extraction apparatus as schemati-
cally illustrated in Figure 1 The technique confirmed the
presence of alachlor in lard samples spiked at 10 ppb or
greater. Blank extractions (no pesticide or sample) and nega-
tive control extractions (unspiked samples) yielded
concentration values that in all cases were below those of the
fortified samples. With the Student’s paired i-test at a confi-
dence limit of 95%, alachlor concentration in all of the spiked
lard, except one sample spiked at 2.5 ppb, could be shown to
be statistically greater than those in the negative control sam-
ples.

An estimate of the detection limit was determined for the
alachlor EIA on the C02-bubbled water from the negative
control and blank samples. The Shewhart chart (10) in Fig-
ure 3 graphically displays the results. The lir.e at 1.1 ppb
identifies the lower limit of detection. Samples yielding
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Table 1. Screening results of static SFE/EIA on lard and
bovine liver samples using SFE apparatus (Figure 1)

Sample Alachlor detected3

Dry Ice (x 3) _
Lard (0521 g), (x3) -
Alachlor (20 ng)
Lard (g), spiked with alachlor (ppb)
19, 25
24, 10
25, 25
05 50
11, 50
23, 50
05, 100
Bovine liver
12 g, no spike -
12 g, 3.3 ppb alachlor +

+

+ o+ + o+ o+

+ = pesticide detected (concentraction of alachlor In collection
water is above detection limit); - = pesticide not detected
(concentration of alachlor in water is below detection limit).

pesticide concentrations in the collection water below this
limit cannot be statistically differentiated from unspiked
samples. This detection limitwas usedto classify the samples
into 10f2 categories; alachloris present (+) or absent (-). Of
course, the absolute detection threshold will depend on a
number of factors, such as the sample mass in the extrac-
tion cell, the volume of collection water, and the SFE
methodology used.

The described static extraction technique eliminated the
need for a pump cr compressor, thereby keeping the SFE sys-
tem as simple and inexpensive as possible. Static SFE
involves filling the extraction cell with the extracting fluid,
allowing the fluid to equilibrate with the sample, and then
depressurizing the fluid from the cell into a suitable collec-
tion solvent. Static SFE was shown to produce recoveries of
80-100% for organochlorine pesticides in fish (8). In our
studies, dry ice was used to fill the extraction cell with CO-.
For the bovine liver samples, dry ice was also used as an aid
in homogenizing the sample (9). In this manner, dry ice
served 2 purposes. It kept tissue brittle, so that the blender
could produce a fine homogenate, and it was also the source
of CO: for SFE. The relatively low extraction pressure was
chosen to minimize coextraction of lipids. Under the cited
extraction conditions (>86 atm, 55°C, and extraction time
1.0-3.5 h), solubility of pure alachlor in SC-CO: is greater

Table 2. Screening results of SFE coupled with enzyme
Inhibition assay using modified SFE apparatus (Figure 2)

Spike level, ppm Carbofuran detected3

Frankfurters (17 g)
0.00
0.05
0.10
0.20
Bovine liver
0.00
0.20 +

+ + +

+ = enzyme ticket Indicates presence of pesticide;
- =enzyme ticket Indicates absence of pesticide.
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DL = Detection Limit
IT = Mean of Negative Controls
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Figure 3. Shewhart chart of negative control collection

water samples (enzyme immunoassay for alachlor,
Res-1-Quant, Immunosystems).

than 0.01 wt% (11), sufficient for solubilizing trace amounts
of alachlor.

A commercial pesticide residue detection system based on
cholinesterase enzyme inhibition that is able to screen for a
wide range of common pesticides (1) was also used in dem-
onstrating the coupling of SFE and enzyme assay for
pesticide residue screening. In general, the detection scheme
used by this assay is not as sensitive as immunoassays.
Hence, the static extraction system was modified to provide
a more efficient sweeping of the extracting fluid from the
extraction cell. Incorporation of a pump or compressor into
the system was avoided to minimize equipment costs and to
keep the SFE system simple. Similar approaches to fluid de-
livery have been reported (8,12). The modified SFE system
(Figure 2) supplied enough CO: to flush the volume of the
extraction cell at least 3 times. Results from the SFE/enzyme
inhibition assay on frankfurter and bovine liver samples
spiked with carbofuran are given in Table 2 (extraction con-
ditions: 150-72 atm and 68°C for 45 min.). For each spiked
sample, a negative control sample was also extracted for
comparison. The color of the ticket from the negative control
sample was then compared to that of the spiked sample.
Spiked samples were identified as having more of the en-
zyme inhibited than the negative controls.

In conclusion, several benefits of the SFE/enzyme assay
technique are worth noting. The selective nature of enzyme
assays allow inexpensive welding-grade CO: or dry ice to be
used in screening for trace residues. The use of water and
CO: avoids the need for any organic solvents in the extrac-
tion, concentration, or detection steps. The described
technique also reduces the number of steps needed to perform
enzyme assays for pesticide residue detection. The coupled
technique was able to distinguish samples spiked at levels
close to the tolerance limit for residues in meats (alachlor =
0.020 ppm; carbofuran = 0.050 ppm) (13). Further develop-
ment of this screening technique for other food matrixes and
toxicants will be forthcoming.

References

(1) Ellis, R.L. (1989)7. Assoc. Off. Anal. Chem. 72,521-524
(2 Van Emon, J.M., Seiber, J.N., & Hammock, B.D. (1989) in
Analytical Methods for Pesticides and Plant Growth
Regulators, Vol. XVII ofAdvanced Analytical Techniques, J.
Sherma (Ed.), Academic Press, San Diego, CA, pp. 217-263
(3) Sherma, J. (1989) Anal. Chem. 61,153R-165R



1016

@ G, SI, Miyaroto, T., Goodkov, MH., Beier, D., &
|'HTTTKI]k B.D. (]%)7.Agr|c Food Chem. 3, 863-8/0
@ MNaIIy M.E_P.,&WEB’,JR (JQB)J.Chromatogr. 145,

63-71
@ Ster, K, & Baumem, W. (]%)Fresenlusz Anal. Chem.
R, 2

JW. J. Chromatogr. Sci. 2/, 355-364
8 Ki‘g (]SE) S:.omaogr ci. G_ TE.

AF., ,DS., &Mﬂlh B.(]%)Proc Int.
Symp. Supercritical F|UIdS TO’TEZ,M- FH’III@) ekt
Natioel Polytadmig e ce Laraire, Rae, [p. 743-730

18, M8-90
O Bx, G.EP.,HrterWG & Hrter, JS. C

PATTERSON: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6,1991)

@ B':"\/ilb, PE_,\]’,& TI'Cb, RC. (]9@7.Agric. Food Chem.

Statisticsfor

adSms, New NY

Experimenters,

(]:I)l(mng.PWJmlsV‘lRig/R.l&l\hbll

Supercritical Fluid Regeneration ofActivated Carbon
forAdsorptlon ofPesticides,

EPA-00/2-80-064
7.H|gh Résolut. Chromatogr. 13 19-AP

g% BrO/\n J. (E]) ]%DCompound Evaluation and Analytical
Natiaal ResidLe Program

Capability, FhT,USDA FSIS

Reducing Solvent Consumption in Automated Gel Permeation Chromatographic
Cleanup for Pesticide Residue Analysis: A Modified GPC AutoPrep 1002

JOHN R. PATTERSON

Agriculture Canada, Food Production and Inspection Branch, Health ofAnimals Laboratory, Saskatoon, SK.

S7N 2R3, Canada

Modifications to the gel permeation chromatographic appa-
ratus recommended in AOAC method 984.21 for multiresidue
analysis of organochlorine pesticides in animal fat are de-
scribed. By using 1.0 mL sample loops and a 1.0 cm id col-
umn, organic solvent usage was reduced by 85%.
Organochlorine pesticides were collected in a 14 mL frac-
tion. Mean recoveries using the modified apparatus for al-
drin, a-BHC, lindane, dieldrin, p,p'-DDD, p.p'-DDE, p,p'-DDT,
heptachlor, heptachlor epoxide, methoxychior, and mirex
from beef fat fortified at 0.10-2.75 pg/g were in the 91.4-108%
range, with CV of 3.3-10.0%.

Gel permeation chranatography (GPC) Bae of tre ted
nioLes used tosgarate tre lipd fractiowhen prapaning &,
alk, ad plant ad tiss.e edradts far nultdresidLe pesticice
aslysis. Because sgaration sbessd onmolecullar si2, GPC
hes the advantage of being glliceblle o awide rage of
strotually dissinillar compounas, inllike some: adsorplian
tedmioes tetare narnroner nsage. GPC saloamareble
o autgratian, and commerciial nultisarple processars ae
aaikble. A GPC methad far determinatian of organochlo-
rre resid es npultry, smire, and besfFfthes been studied
aolkoatinely (@, 2. The method was adopted n1985 Q).
The dffidal AOAC method geafiesue ofa25cm d
rachic colum on te Model 10028,
ayplied by ABC Laoratories Q. With tre gecified bed
legth and nobile frese, each sanplle racpires 250-300 mL
sohait. A Tl run of 23 sanplles consumes up to 7 L argenic
sohatt. For Boatriesusing ttismethod onarautirelzsss,
ohatt asts ad te vollure of weste sohvant produced
aearsicarale.

Roos etd. (@) have shown tretuse of anarroner colum
(@LO0cm W) can shstantially reduce solvant consunption
without conpramising treaslyas. Such acolum canrotbe
used on anumadified systembecause ttesaple
wolure GmL lop) Bt lage o allov resolution of te
I frectaon firom the pesticacks. Thiis pgper desaribes mod-

Received April 11,1991. Accepted July 30,1991.

ificatios tretwere made o an AutoPrep systam 1o accom-
modate a1.0cm ”oolum.

Experimental

Apparatus and Reagents

(@) Automated GPC system.— GPC AutoPrep Model
1002 (ABC Laoratories, Colurbia, MO 668206).

(b) GPC Colum.— 60 x 1.0cm jadeted gless colum
ontes, Virelad, NJ (8330). Collum was sl
with 9.6g Bio-Beads SX-3,200-400mesh NCHCI>-CeH 12
A+ Dand oonpressed 048 an.

© cas chromatograph.— Modell 5890 (HaMett-Pdard
@., Mississaup, ON, Caneda) wirth ellectron Gpture detec-
o, autcsanpler, and D m x 0.53 mm dDB608 colum
(J&W Saentific, Folsan, CA 95630).

(d) Evaporator.-— 24Fplaoe nitrogen evgporator (O
ganoration Associates, Barding MA Q1533).

(e) solvents.— thryleredritriob, QDId’BGE, adio-
actare. High purity grace (Burdiick and Jadkam, Muskegon,
MI 20442).

(f) valves.— Hamilton HVP with 44qort housing and #5

2;;)9 (Chraratographic Seecialties, Brodwille. ON, Can-
© Fianging tool.— (MiHoNRoy, LDC Divisian, Riviera
Beach, FL 33419).
@) Fittings.— Cheminert far3mm tbirg Qupelo ke,
Ckulle, ON, Caerh).

Modifications—GPC AutoPrep 1002

The 1.3 mm i tthing in tre saple inradlctian ad
flov systers was replaced with 0. mm - id Teflan thirg.
Comectiaswere made with flaged fittirgs. Two Hemillton
HVP valves were rstalld in tre lires ruming from te
led/runvalhve o tte colum i, ad from tte colum aut-
kt o tte dnp/oollect solaoid, regectively. The 2 HVP
valheswere also comected directly by abypess lre o ttet
tre nobile phese aould be diredted through tte collum ar
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thraugh tte bypess e, isolatiry tte colum from tre flow
systam. Existing sanple logos were dortered from ca
400 cm G.OmL) ©80cm (LOnL), ad clkyated. Loops
were then dorteed imeentally, frecessary, untill each
was 1.00 0.2 mL. Loop volure was determined as fol-
lors: Al lagos were fillled with a standard solutdon of
lircke; trevalveswere switthed o direct tre flov thraugh
tte colum bypess; each logp was flused with hexare di-
rectly into 5 m L voluretric flads and dilluted ©5 mL with
heare; ad the electron cgpture resporse of ree olutios
was conpared 10 tte regoonse oF 1.0 mL of the same stan-
card soluticnmade up 5 mL navoluretric fisk

GPC Calibration

To determine pestiicice elution pofilkes, tre flov raeves
st 1L.0n/min, and amixed psstacice stardard was a-
tofracticated I wenty-three 1 mL fractios over tte
22-244 mL elution rate. To ollect tre portian of eech firec-
o remainirg in tre collection lires afta tte system hed
oclad thragh dl 23 lags, tevahesvere svitdhed toby-
pess ttecolum, and tresystamwas agpinocled thraugh dil
lags 1o fleh each lire into tre collection viEll. Aractias
were evgorated o 0.5mL, diluted o 1.0mL with isooc-
tare, and anallyzed by ges chraratogrphy .

To determire te eluionprofile farbeef &L, 2 1.59 sam-
plewas prepared and an aligotwas lceded intoa 1.0mL
lap, as desoribed below. The aligotwes fracticetsd o
2mL fractios oer tte 10-35 mL elution rate, ad fiec-
tiosvere ollectad nfarsdviks. Fractiaswere evgorated
dyressadveiged.

The minimum injectianvolume needed o filll te sanplle
lagmswas determined by injectirpvaryingvolumes ofastan-
card lindare soluian, fAushing e loop aotents i
ollectionnvials, and carparing treelectroncpture respose
(& desribed el far logp volume cetamiretian).

Sample Preparation

A 15¢g sarple of licud radered fatwas weiighed intoa
10 mL voluretric fliek. Fartified sanplesvere prepared &t
tispoint by adding stadard soluias NcrRich-ceHu @
+ D). Samples were dissohvad and dilluted to 10 mL with
CHXI=CH12 @+ D).

Determination

Sample logs were loeded with 3 mL filtaed, diluted
saples (0.15g sample na 1mL kap). Flow raewas ad-
Justed o 1.0m/min, and dump and collecttimeswere seto
26 ad 14 min, regectively. Elutsd fractiosvwere cllected
n15mL graduated gless antrifue s, evgoorated toca
0.5mL a35°C uder a gantde stream of nitrag, and ad-
Justed 10 1.0mL (precaliated) with isootare.

Results and Discussion

Reultsof teminimum sanplevolume determiretianare
shoan inFigure L. Data points rpresanta sirgle injectinet
eachwlure, ad they show tet22mL was adgate. In
practice, a 3 mL aligotwas ussd mL overflov from a
1mL lap)- This Bsilar o tte staclrd method farwhich
a7mL ingjection moa5mLloop srecommended.
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Figure 1. Minimum Injection volume to fill 1 mL sample
loop.
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Figure 2. Beeffat elution profile from 9.6 g Bio-Beads SX-3

(48 cm bed x 1.0 cm id).

Table 1. Pesticide elution profiles8from 9.6 g Bio-Beads
SX-3 (48 cm bed x 1.0 cm id)

Elution voi (mL) of CH2Cl2 -

Pesticide CeH2 @+1
Aldrin 27-32
ct-BHC 29-35
Lindane 30-36
Dieldrin 27-34
p.p'-DDD 28-35
p,p'-DDE 27-33
p,p'-DDT 27-33
Heptachlor 27-32
Heptachlor epoxide 27-33
Methoxychlor 27-33
Mirex 27-34
In triplicate.

Hutan pofiles far beef fat and saaal aggochlorire
pesticidss on tre nodirfied systemare shown nHgure2ad
Table 1, regectinely. Restiicice profileswere determined in
tripice, with the widest bands rgoorted in Teble 1. Data
show tret the pestiicice fraction can be sgarated from tre
hulk of tre Ipics. Also, the aonbinatiion of narrow colum
ad recliced logpvolure allloss trepesticicss tobe eluted in
ararrov band (@aut 10nmL), whille consuming anlly 36 mL
sohatt. With tre stardard autaraited systen, thesane setof
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Table 2. Recovery of organochlorine pesticides from
fortified beef fat

Pesticide Spike level, pg/g Mean rec., i) CV, %
Aldrin 0.16 98.9 5.6
0.40 94.9 8.6
a-BHC 0.10 94.6 6
0.25 9%.1 49
Lindane 011 95.3 6.5
0.28 99.2 41
Dieldrin 0.28 104 81
0.70 101 8.0
p.p’-DDD 0.38 9.1 7.8
0.95 108 9.7
P,p-DDE 0.33 102 7.8
0.83 107 7.7
p.p'-DDT 0.42 105 9.3
1.05 107 6.3
Heptachlor 0.14 91.4 5.7
0.35 97.2 6.0

Heptachlor
epoxide 0.23 101 9.3
0.58 95.0 10.0
Methoxychlor 1.10 106 57
2.75 107 6.1
Mirex 0.56 96.4 33
140 100 71

pestacicss seluted nan 80 mL fradtion, using 240 mL soll-
vait (D). Alo, the task of cocattrating the edradts B
siplified. They are srall enough trat sinultansaus evapo-
ratian of a Tl nn N anulaport nitrogen evgoorator B
feestdke. The stadard method requiires rotary evgporatian of
23 edradts of 80 mL each (ore eqarsive automated op-
tiasarcadkk).

Recoveries far a\ariety of arganochllorire pesticicss
spiked oo beef f&t & cooatratias n tre 0.10-2.75
pyY/g rae ae shown nTable 2 Indl cses, mean recov-
aissvere gragter then 90% wirth good raeatzbility (CV s
10%). Data from tte olldorative study shoned tret for

PATTERSON: J. ASSOC. OFF. ANAL. CHEM. (VOL. 74, NO. 6,1991)

tesane recveries from goiked beeffetvere n
te96-107% rate, ad within-ladoratory CV was 1.9-
18.3% @.

The niat of thiswork was to dplicte tre stachrd
method on a reduced sElke, making only those danges
needed toadgpt tre systam oararrovcolumuhile leavirg
the damistry umadified. The mobile pese, Staticary
gese, ad colum lagthwere undanged. Other secificae-
tioswere ajusted o reflet tre reduoed colum Geaty.
The weigtt of resinwas indirect prgoortion tobed volune.
Flow rateard treveight of ljpdon-columwere redbced in
mg]rrqnmmbaj\olure This kot Ireer flow rate

systam bedqoresaure & ledls sinilar 0 trose far tre
slm:tard systam. This rad.ctian also avoidad overloeding
ad aampressing treddl. Sanple lagswere Sorteed o in-
troduee te sample 1o e colum N amore cocentrated
plug- Narroner tibingwes used intreflovand sanplle inio-
d.ction systans o minimize both system deadvolure ad
tre injection volume needed 1o flush ad il a lap. The
wolure of tre firdl edradtwas reduced fran5t 1mL ©
maintain simlar ssstMty.

The miniaturized system can reclce solvaent consunptiion
by 8%, without saaificirg perfomance. ltgeerates sb-
stantEl ast savings intte purdnese and dilsaosall of argenic
hats ad kst tte eviramattal inpect of pestacice
reside aalhsis.
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Simple Colorimetric Determination of Carrageenan in Jellies and Salad Dressings

YOSHIE YABE, TAKAHIRO NINOMIYA, TAKASHITATSUNO, and TARO OKADA

Institute ofFood Hygiene, Japan Food Hygiene Association, 6-1, Jingu-mae, 2-chome, Shibuya-ku, Tokyo 150, Japan

A simple, rapid colorimetric method is described for the de-
termination of carrageenan (CAR) In foods such as jellies
and salad dressings. Alcian blue reagent Is added to the
sample solution prepared from these foods, then CAR is pre-
cipitated selectively as a CAR-alclan blue complex. The pre-
cipitate Is dissolved In monoethanolamine and determined
colorimetrically at 615 nm. Overall recovery for Jelly was
93.3% with a coefficient of variation (CV) of 5.8%. Overall re-
covery for salad dressing was 91.9% with a CV of 3.0%. The
detection limit was 0.05%. The results obtained by the pro-
posed method were similar to those obtained by a capillary
gas chromatography method.

Carrageenan (CAR) is a sulfated polysaccharide derived
from certain types of seaweeds. In the food industry, plant
and microbial polysaccharides including CAR are widely
used as gelling effects injellies, as emulsifiers in salad dress-
ings, and as thickening agents in sauces (1).

Inrecent years, gas chromatography (GC) (2, 3), capillary
GC (4, 5), liquid chromatography (6), and colorimetric (7)
methods, and zonal electrophoresis (8, 9) have been reported
for the determination and characterization of commer-
cial polysaccharides.

Ramus (10), Gold (11), and Koburova et al. (12) devel-
oped colorimetric methods for the analysis of sulfated
polysaccharides using an alcian blue reagent. Alcian blue, a
cationic copper phthalocyanine dye, has been used as a his-
tochemical stain. It complexes with sulfated polysaccharides
in strongly acidic solution (pH 0.4) to form aprecipitate (13).
Wk found that the alcian blue reagent is also applicable to the
determination of CAR in foods. This paper describes a sim-
ple, rapid colorimetric method for determination of CAR in
jellies and salad dressings using the alcian blue reagent. In
addition, results obtained by the proposed method were com-
pared with those obtained by a capillary GC method (4).

METHOD

Apparatus

(@) Spectrophotometer.— Model UV-210 (Shimazu In-
struments, Inc., Kyoto, Japan).

(b) Membrane microfilters.—0.45 pm pore size, resistant
to attack by alcohol solutions.

(c) Test tubes— 10 x 100 mm glass, with Teflon-
lined caps.

(d) Gas chromatograph.—Model 5890A gas chromato-
graph equipped with flame ionization detector and integrator;
capillary column; Carbowax 20M phase, 25 x 0.2 mmid, 0.2
pm thickness (Hewlett-Packard Co., Palo Alto, CA 94303);
and split injector. Operating conditions: nitrogen carrier gas
at 100 mL/min; temperatures, injector 250°C, detector
270°C, oven 120°C (0.5 min) then 5°C/min to 180°C and hold
for 1 min; injection volume 1 pL.

Received June 19,1990. Accepted June 4,1991.

Reagents

@ CAR standard.— Dissohve 10 mg x-CAR (Signa
Chemical @., X Lauis, MO 63178) NS0OmL water n50°C
wetter bath. Cool 1o room tamperature and diluie to 100 mL
(A0 pyl). Dilute alio.ots of this solution o prepare 10-
100 pg/mL. SO0 s.

(b) Alcian blue.— Dissolve 1 g alcian blue 8GX
(Sige), 6.9 g disodiun hydrogen gogdate, ad 21 mL
HC1 mnwater and dilute 10 100 mL. Use syarate. (Afiter
stadirg over nidtt, alcian blile dye partidkes gpear intte
bottomof storagelottle; honever, eantrificptionar filration
Step ot reguired.) Store a5°C and prapare manthly.

© Monoethanolamlne.— (Wako Cramicals, kt., Tdqo,
Jn.)

(d) o.5n HCI-methanol.—
arhydrous methanol utal HC1 romelity 50.5\. Check by
titratiowith 0.5\ metharolicNaOH . Store at5°C Stebleat

lest3noths).

© Trimethylsilyl (TMS).— MuinethyisiMimicaole
(Gaskuro Kogyo ke, Takyo, g

(f Internal standard.— Dlssolve 100 mg Dsabitol
Karto Chemiical @., Tdkyo, Japen) n2mL waterand diluie

10 10mL withnetharol .
@© X-Carrageenan, i-carrageenan.— SIgra.

Bubble HC1 ggs sloMy o

Preparation of Sample Solutions

(a) Jelly (fruitand wine jelly).— Homogeniize 2g sarple
with 30 mL vater. Adjust topH 7withO.INNaOH. Trarsfer
1 100mL oluretric fleskad dilute tovolume with vater.

(b) Salad dressing (separable and emulsion type).—
Weigh 2 g sarplle and add 30 mL vater. Trasfer to 100mL
saratory furel and defabwith 30 mL etter. Drainagueaus
e o 100m L voluretric i Adjust topH 7with0.IN
NaOH ad dilute tovolure withvater.

Colorimetric Determination

(a) Standard curve.— Pipet 1mL CAR stadard solutian
N 10mL eantrifige ke Add 0.2mL alcianblue reegait
ad Etstad far 10 min. Gantrifuge a3000 rpm far Smin.
Decant 9 parrate and wash precipitatewith 3mL 80% etre-
rol. CGantrifuge and decant apermete as before. Dissohe
precipitate in 10 mL nonoethanolamine. Measure dsorb-
ance & 615 nm gpirstmoncethanollamine.. Plot absortence
s CAR aooentration (10-100 pg/inl) to dotalin a stan-
cadare.

(b) Measurement of sample solution.— Pipst 1mL sam-
ple solution N 10mL aantrifiee e ad trestas starchrd
are. Determine sample cacentration by aonpariisonwith
trestacadanre.

Sample Preparation for Capillary GC Method

(@  Jelly.— Homogenize 5-10 g sanple with 30 mL
vater. Add 200mL metharol tohamogerate. Letstardoer—
night. Gllect celatinous precipitate on membrane filla-ad
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Figure 1. Absorption spectra of CAR (100 pg)-alclan blue
complex. Solvent:------- monoethanolamine; ........ 1% cetyl-
pyridinium chloride;------- water.

trasfatotettbe. Dry precipitate uder reduced pressure
a40C.

(b) salad dressing — Welgh 10g sample ad add 30 mL

vater. Trarsfer 10 100 mL ssaratory furel and defabwath
0 mL eta. Drain agueous layer b bedar. Add 200 mL
netharol toaguecus laar ad tretas Hiy.

Table 1. Recovery of CAR from jelly and salad dressing

Added, Found, Rec.,
Sample mg/2 g mg/2 g %
Jelly 0 244 —
0 2.40 —
0 2.36 —

2 4.27 93.5

2 422 91.0

2 451 105.5

4 5.95 88.8

4 6.01 90.3

4 6.08 92.0

6 811 95.2

6 8.15 95.8

6 7.64 87.3

Overall rec., % 93.3

cv, % 58
Salad dressing 0 0 -
0 0 —

2 1.88 94.0

2 182 91.0

6 5.65 94.2

6 531 88.5

Overall rec., % 91.9

ov, % 3.0
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Table 2. Comparison of proposed and capillary GC
methods for determination of CAR In jellies and
salad dressings

CAR, %

Capillary GC
No. Sample Proposed method method
1 Winejelly 0.26 0.28 0.34 0.34
2 Winejelly 0.28 0.30 0.34 0.33
3 Winejelly 0.12 0.12 0.14 0.16
4 Orange jelly3 0.29 0.30 0.39 0.38
5  Apricot jelly3 0.36 0.38 0.38 0.36
6 Fruit jelly3 0.32 0.30 0.32 031
7 Orange jelly 0.23 0.23 0.26 0.23
1 Italian dressing 011 011 0.-1 o1
3 Labeled to contain CAR.

Derlvatlzatlon

TMS dernatization of polysaadrerices, includirg CAR,
was by Praussand Thier @) usirgcpillaryGC. The
nodirfied procedlre far CAR Bas Tollons.

Add 1mL 0.5NHCOL-methanol todried sanple paciitate
ad cp et ke, Place et tibe on oiligvater keth fard h
Cool toroam and trasia©S0mL roudbottoned
Tl Add 0pLpyridireand 1mL intardl sStathd. Bgporate
todyress, Dissolve resicle IN0.5mL pyridireand add 0.5mL
TVS. Let stard far 10 min atroom . Add 20mL
vater, 1 mL sstuated NaCl solution, ad 2.0 mL Heae.
Seevigyosly 0 sad Hbassade. IntnHeae
ba noGC graats. Topgaestatardussd faGC quan-
tittin, place 1I5mg /-CAR ntettue and aneart o TMS
cernative &5 dried saple padpitate. Glaulate peraattae
CAR Tareechsample ssTollos:

srRF = 0.0I5g(PHC/PHI)

CAR (%) = (PHC/PHI'XSRF )yw X100

where srr = stathid fato; PHC adpPHC =

regooree
cAR peak height of statlrd and sanplle, regectively; PH |
adrHi' = intaral stactad ight of starchrd ad

saple, regectinvely; andw = g?pﬁemeiwt O-

Results and Discussion

A, we suneyed tre formatiion of precipitate using 1%
alcaanblue solutin as ahistodemical dye (13) @d4.2mL
HC1 and 1.38 g disodiun hydrogen phosphate/100 ml).
With this aldan blile reggat, CAR, dadrortin siifate @
nmuogpolysacdarice, artaining sulfated groys), ad so-
dium algirete (@ carboy/lated polysaodrarice) formed a
pecipiteie. Gum >anthen @ cartoylated polysaoderice)
formed a didt pegpitate. Gum loast been, netihyl clliu-
lose, pectin, propylene glycol alginate, sodium

Hulos2, sodium , ad
tamarind ssd polysacdrarice formed no Subse-
qeatdy, we inoreesad by 5-fold the amountt of HC1 ad
disadium hydrogen gogdate. Under this stragly acidic
arditin, gum laast been, gum >antten, methyl caliulos,
pectin, propylere ghyool algrrete, sodium algirate, sodium
carboyrethyicellulose, sodiun carboyrethyistarch, ad
tararind seed polysacdarice formed o pecpitate. CAR
and dadrortin sulfate formed aprecipitaiewirth alcianblue.
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Figure 2. Capillary gas chromatograms of trimethylsilylated CAR (15 mg) (A), jelly extract No. 3 (B), and salad dressing

extract No. 1 (C).

To st a sohat far dissovirg tre CAR-alcian ble
precipitate, 9 differat sohats vere i . The
CAR-alcian blue precipitate was solble |nV\ater 1%
cetylpyridiniun dhloride, and monoethanolamine; but
irsoluble in IN NaOH, 10% ammonia inwater, N, N-
dinethytfomemide, tetrahydofuan, acstoe, ad ettaol.
Figare 1 shons tre aosorption spectra of the GAR-allcian
blue compllex dissohved in these sohants. We dhose
monoethenolamiine as a sohent because itgave tte higest

e sty 615 m.

In tre proposed method, te Alilration anevaes Iirer
fran 1010 100 pg CAR. The detection Iinitwass 0.0B. CAR
was spiked 1o iy (Wire |l ad sald dessing (Sgaate
dessing) odamastrate tre remery oftre method.
Teble 1 shons renaries Tar iy and salad dressirg. Recover—
isTar = Iy raged from 87.3 © 106.5)%. Removeries farsald
dressirgraed fron&8.510 9. 24.

The proposed and Gpilllary GC methods were gplied
to comercial jdlies ad salad dressings. All saplles
were laally. R=sults were in clcse agreenett,
as shoan inTablle 2. Figure 2 shows cpilllary GC chroma-
togramns of CAR, CAR fromwine jely o. 3), and CAR
fron lalindressirg (\b. D) as TMS darivatihves, respec-
tivdly. CAR Insamples was daracterizd by comparison
of retention tines and pesk ttaTs. The indicated pesk
was the galactose pegke No interfaring pesks
were desernved. Prauss and Thier (@) used 0.05% SE-30
&Em x02mm ) esacpillary colum bsgaate TMS
crinatives. Inthe presant study, we used Carbowax 20M
phese to better daerecteriz CAR.

In tre proposed method, coloriimetric response was
dligdy affected by tre varyirg sfate antents ndiffaat
tpes of CAR. According toOhe (), tre silfaie atanits of
X-CAR, X-CAR, ad i-CAR ae 5, 3, ad 3%, regec-
tivdly. Figure 3 shons tre aorparison of te resoosss of
each type of CAR. This diffaat resoonse was a atitical
point. Methods farmore relisdievalues reppire furtter stdy.
Asorption gectraand maxima ofX-and i-CAR-allcianble
camplex monoethanollamines vere tre same as X-CAR, &8
shoan inFigure L IrdividLal CAR\NasrUtdlsI]rngsmjw

aosorptian goectrum. Also, CAR wes difficittodistirguish
dearivby treapillaryGC method. As arefarate, Queverer

Galactose peak; I.S.: internal standard peak.

etd. (14) proposed ametachronesy with thicnire far CAR
in tothpestes. They desariibed how e aosorption bend of
each typeof CAR Bdaad.

The presae of proteirs €g., ¢elatin) tetbind CAR B
axsicered todaaease CAR recovery from food suff. How-
agr, te Ietof igadiets on te Hel of te comercial
Jellfsaml salad dressirngs tretwe analyzad inttis study did

ot incluce any poters. Trerefare, we eliminated protein-
removing stgs such as enzgymatic degradation @) ar
tridlaceceticacid traatrent @, 9.

In te cillary GC nmethad, the oonbinattion of otrer
aomercially usad polysaodaridss ttet vield galectose &6
teircoponent, eg., adbic, gum trageeanth, gum gar, ad
gum loastien, BagEcted o imessete \alLe.

Insuch acee, tre galactose pesk BrotEicble forg.entita-
t ofCAR.

=)
vt
v

Absorbance at 615 nm

10 20 40 60 an 100

CAR (fig/mL)

Figure 3. Comparison of the response of x-CAR, X-CAR,
and i-CAR to the proposed colorimetric method. — —
X-CAR; —A— X-CAR; —m—i-CAR.
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In caclusian, the proposed method ishesed on tte TOl-
loving dg5; @) formation oFCAR-alcian blue pecpitats;
G dissolution of CAR-alcian blue precipitate in
monoethanolamine; and (©) colorimetry of the
moncethanolamine solution. The method isconve-
niet and rgpid, althaugh itgave sliddy diffaetvaluss
deperding upon e type oF CAR. The adelivtical time was
dortered o aoout 2 h The GC Gillary method recuires
aoout 3 days for tre atire adhysis. Ths, te
method isauteole for rautire aalysisof CAR npHlissad
salad dessigs.
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ad food-antect aaffinvaes
bame n,%?_ )
seakoDrug pedeging; Food Padegiing
Paraffin
Tokaotetwaes, beme N7
%fWUHlDB n, inproved ettod,
Paralytic shellfish poison
nddifehaflapredyoatogahicod-
cataon, LC nettod, 1006
toas (0) ascoaedwith, LC adhas,
12

Paraquat, resides nags, LC usiigal-
ia oolum with aoueass nicdoille
dese, Bl

Peanut butter

afldoars n, imuaffinity colum
with soluion fluororetry ar LC
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postoolum drivatizatior olldo-
raesides, 81
aflatoxins i, LC method with
imuaffinity colum dienp,
naratiod odbdoanetH, 76
ceminzice n, nodirfied GC/VS nethad,
55
Peanuts
aflatodrs i, imucaffinity colum
with solution Aluororetry ar LC
postoolum driatizatior olldo-
raesides, 81
rav, daminazice n, nodified GC/MS
nethod, 632
Penicillin G, neiidle anival tises, LC
method, 497
Pentachlorophenol, hsolidnatibes, s5c-
od carmatine UV
gpolication towood ad kestter san-
s, 674
Pentane, & SOhat, auk al antat of
cilssad flus, 622
Pesticide formulations
nhethads, 25

dmrta,ZAD adMCPP, LC nettod,

daadastics of asivtical
neﬁmbfr@mypm

sgnrsi]lllyofv\atercismsﬂepm—
o, neesurarantd, 848
Pesticide formulations: carbamate
insecticides and substituted urea
insecticides
Methoos Cominttee 1Igaxrt, 176
Pesticide formulations: CIPAC studies
Methoos Comnirttee 1Igrt, 176
e |at, 107
Pesticide formulations: fungicides
Methods Comirttee gt 176
Pesticide formulations: herbicides |
Methoos Cominttee iIgart, 176
Pesticide formulations: herbicides 11
Methoos Cominttee gt 176
rlae|at, 108
Pesticide formulations: microbial pesti-
cides
Methoos Comirttee gt 177
Pesticide formulations: organchalogen
insecticides
Methoos Comminttee igart,, 177
rlaee |t 110
Pesticide formulations: organothio-
phosphorus insecticides
Methods Commintitee iqaot,, 177
relaee got, 18
Pesticide formulations: other insecti-
cides, synergists, and repellents
Methoos Comminttee igart, 177
rlae|at, 110



1040

Pesticide formulations: other organo-
phosphorus insecticides
Methods Corminttee rgaxt, 177
Pesticide formulations: rodenticides and
miscellaneous pesticides
Methods Gomminttee rgort;, 177
Pesticide residues
(rarges nvetiods, 236
aadic herbicices nvater, demical
drnatiatinadyas, 85
adiyical tedolayy ad nettods, new
tretk, 715
Cadal Toket, ad piiol I tovares,
aautbers, ad gples, GC with
wicetore cajlllaycolmn na-
diloriraeted ©) N catfidh (ictalurus
punctatus) muscle tiﬁ.e, nula-
resid enatrixdiddesediqasin
edradtinadGC syeiy, 657
edraction fran fook, erencad g per-
aqitial fld e dioacemetiad
wigEetaidiatorecsosaerth,
&l

FDA pestacace program, resides n
foods-1990,121A

fluoreturon ard netaolites ngdl, LC
nethod, 671

nfaok, FDA nonitorirg, 1973-192,
Xb

in fook, FDA nonitoriry, 1983-19%5,
273
infas, s firdigs, 1988 ad 199,

ey

in fiuits ad vaopteokes, GC/MIP/AED
method, 91

o pameation dyoratogrgchicdenp,
red.cing ohat cosunption far
adhas, 1016

ghdosteard prraa neteollite nce-
reks, ailsks, ad piksss, LC with
postoolum fluoresate diedtion,
(77

imuotesssaysd, 29, 838

I\/CPA,_ brmoynil, 24D, mifldn,
trelbe, pidaan, ad dicdiokp-
mettyl ingal, GC-MS metiod, 550

nmeat padots, sppaitical fllidec-
tatiegreasy, 1013

miirex inhuman bllood serun antainirg
RBs, wsing pecked collum GC,
85

cetemiretion nsurfae
water, GC/chemical 1oniza-
‘oY trigpcetetion, B
nebam fugiack nags, LC metiad,
A

nitraE ad joglots-antainig, n

fndeldriayaar, GC method:
alHoaiedid/, 26

e lbdks nEgyptaan huren

nllksarplesad natdaay n-

agandlcrres ©), inbesF &, natrix
slddecedga=medradtinad
GC soaay, 438
of2 caillay columswith eledtron
iure ard dstrdytic ad divity
cedas, 974

agardalics nannal £, =l permea-
i chraretographic cleanp,

residle soen, el parmeation
chroratography with silia el
dexnp, 34
pesticacks inazstal
vaer, cegrachiiondr, 833
oyflorfen herbicice and oyfluorfen
anine i garbanzo bears, LC
mettod, 546
g ataddio et inags, LC usiggl-
ia colum with agueaus Knic
nobilegese, BL
procegdirgs of arual workap, 1990,
2

npole, tstturaard ltresid e
En, 86
qalily nasitical Hoa-

in sl samples fran pesticice mber/
I, gradlnetiad, 878
\ellichtion of methods used i Horich

Hoaay,
Petroleum ether, assohat, auckalaon-
tetofalexsad flus, 62
Phenylephrine HC1, indosege fans, LC
nethod, 230
Phosphorus
aable, n rgpdedractiond’, 80
ndee, olamericnethod: olldb-
raestidy, 27
infexk, TRAACS 800\sAOAC neth-
ak, 619
influrs ofgars ad lanes, wave-
hghﬁnsnewﬂuemm

sectoety, 65
by ICP-AES metitd, farpgyticadd n
aaek,

inmeat ad meat prodlots, sunic

acid/hydrogen perodice digestin
grzdc:tmaly olbnatiedid),
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Phosphorus-containing pesticides, Infin-
ishd drirkirg water, GC method:
adEoanedidy, 26

Phthalates, neviranental saiples, -
gle-koatay edluation of Method
830,78

Phytic acid, Inaesks, ICP-AESmethod©
cetamiregogdons,

Picloram, andMCPA, braroynil, 24D,

Plant growth regulators
chminzice inhichpaienfodpalds,
modirfied GC/VS netiad, 682
resides infredh flutsad
psttenest-gplieddenals, 7b

Plant toxins
Methods Comminttee rganrt;, 183
rlae |t 131

Plants

(rerges inhetroos, nodarges

dibatinsstsetionnanuay,
Poiarography
ad methylpatyol carterate n
csp fans, 522
Polychlorinated biphenyls
mirex detemiretian in human bllood
Serun antainig, peded colum
&, 86
reside leds nEgyptian human milk
saplesad inertdidary inde, O
uaal Etars nserun of sare 1es1-
crntsadanires nRdli, PA, 577
Polycyclic aromatic hydrocarbons,
htxse, GC netiod, 538
Polydextrose polymer, ad residal mono-
mers npolycedicse, LC method, 571
Polymers, Styae leesed, aethyistyrae
m, GC/VS netid, 815
Polynuclear aromatic hydrocarbons, in
presmecqceial aaffin ad mireral
ak, nproad netitd, 933
Polypropylene, ToodHeedegig nalariels,
bere n 367

Potassium, as Index of fiult atent n
berere- and griicot-antainirg beby
fod 9

Methods Gormintiee rgart, 156
rlaegat, 15

Processed vegetable products
Cherges inhettods, 237
Metihods Comminttee gt 155
rlae gt 146
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Procymidone, suspensibility of water dis-
persible powder, measurement of, 848
P-Propiolactone, in biological materials,

capillary GC-ECD method, 595
Protein
globulin, of cottonseed meals, analytical
evaluation, 918
in milk, directand indirect determination,
K jeldahl analysis, collaborative
study, 281
Proteins
sarcoplasmic, in whale species for identi-
fication by thin-layer isoelectric
focusing, 943
Pulses
glyphosate and principal metabolite in,
LC with postcolumn fluorescence

detection, 842

Quality assurance, see Laboratory quality

assurance

Radioactivity
Changes in Methods, no changes
M ethods Com mittee report, 189
Rapeseed, glucosinolates, desulfated
derivatives of, isocratic LC method, 932
Reference standards
dry calibration milk powders for calibrat-
ing infrared milk analyzers, 772
single-cell protein as SRM , determination
of amino acids, fatty acids, and ele-
ments in foods, 104
Repeatability StUdieS, gel permeation
chromatographic cleanup, organohalides
in animal fats, 388
Ronidazole, and ipronidazole, dimetri-
dazole, and metabolites in eggs plasma

and feces oflaying hens, LC method, 46

Safety, HACCP system, 433
Salad dressings, carrageenan in, 1019
Salmonella
in foods, rapid determination with resus-
citation/selection system, 522
recovery from shell eggs, 821
Salt, Changes in M ethods, no changes
Samplecollection, aflatoxins in cottonseed
(whole), 73
Sample preparation
aflatoxins in cottonseed (whole), 73
microwave digestion method, elements in
solid waste, 360
Sampling, bagged fertilizers, variance and
representativeness of AOAC procedure,
332
Seafood products
M ethods Comm ittee report, 183
referee report, 136

see also Fish and other marine products

Seafood toxins
M ethods Com mittee report, 183
referee report, 137
domoic acid in mussels, LC method using
AOAC paralytic shellfish poison
extraction procedure: collaborative
study, 68
paralytic shellfish poison-associated, LC
analysis, 404
paralytic shellfish poisons in shellfish
after prechromatographic oxidation,
LCme d, 1006
Selegiline HCi, and related compounds in
raw materials and tablets, LC method,
453
Selenium
in liver and kidney tissues, 5 species of
Canadian slaughter animals, 587
recovery from tissue with modified sam -
ple decomposition, 570
Soils and sediments
M ethods Com mittee report, 195
fluometuron and metabolites in soil, LC
method, 671
M CPA, bromoxynil, 2,4-D, trifluralin,
triallate, picloram, and diclofop-
methylin, GC-M S method, 550
from pesticide mixer/loader sites, pesti-
cide residues in, general method, 878
SOlidW&Ste,elem ents in, microwave diges-
tion method, 360
Spectinomycin, in pelleted and meal feeds,
microbiological method using
trifluoroacetic acid as primary extract-
ant, 471
Spectrometry
continuous flow vapor generation for
inductively coupled argon plasma
emission, arsenic, 516
inductively coupled plasma atomic emis-
sion, to determine phosphorus, for
phytic acid in cereals, 32
wavelength dispersive x-ray fluores-
cence, chlorine, phosphorus, and
sulfur in flours of grains and
legumes, 625
Spectrophotometry, diethyipropion HCI
bulk drug and tablets in presence of its
degradation products, 600
Spectroscopy, near-infrared reflectance,
moisture in forage: collaborative study
of calibration methodology, 324
Spices and other condiments
Changes in M ethods, 237
M ethods Com m ittee report, 186
Spiramycin, in bovine plasma, autom ated
LC vs bioassay methods, 912
Staphylococcus aureus, microbiological
methods, 706
Statistical analysis, pattern recognition
analysis, methanol and fusel oil concen-

trations in whiskeys, 248

6,1991) 1041

Sugars and sugar products
Changes in Methods, 238
M ethods Comm ittee report, 186
referee report, 146
beet medium invert sugar, as orange juice
adulterant, LC method, 341
Sulfamethazine
in swine, high-volume ELA, 43
inswine muscle and liver, LCquantitation
and GC/MS confirmation, 479
Sulfur
aromatic heterocycle residues in fish tis-
sue, GC method, 538
in flours of grains and legumes, wave-
length dispersive x-ray fluorescence
spectrometry, 625
Supercritical fluid carbon dioxide
method, using pelletized diatomaceous
earth, extraction of pesticide residues
from foods, 661
Supercritical fluid chromatography, cap-
illary, with and without derivatization,
mono- and diglycerides quantitation,
533
Sympathomimetic drugs, in dosage
forms, LC method, 289
Symposia, on microbiology update, old

friends and new enemies, 700

Tetracyclines
in feeds, turbidimetric assay using
microtiter plate system, 465
residues in tissues from diseased animals
in Aichi Prefecture, Japan, limited
survey, 894
Thin layer chromatography
authenticity ofplant-derived materials, 14
LC compared with, 435
Thin layer isoelectric focusing, of sarco-
plasmic proteins for identification of
whale species, 943
Tobacco, Methods Com m ittee report, 193
Tolnaftate, in commercial products, LC
method, 603
Tomatoes, captan, folpet, and captafol in,
GC with wide-bore capillary column,
interlaboratory study, 830
TRAACS 800, compared with AOAC
methods, calcium and phosphorus in
feeds, 619
Triazolam, raw materials and formula-
tions, assay, related substances, and
organic volatile compounds, LC
method, 456
Trifluoroacetic acid, as primary extract-
ant, microbiological method for
spectinomycin in pelleted and meal
feeds, 471
Trifluralin, and MCPA, bromoxynil, 2,4-
D, triallate, picloram , and
diclofop-methy 1in soil, GC-MS
method, 550
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Trimethylamine and trimethylamine
oxide, in fish-meat frankfurters, GC
method, 400

Trypsin inhibitors, and lectins in white
kidney beans (Phaseolus vulgaris var.
Processor), combined method, 940

Turbidimetric methods, microtiter plate

system, tetracyclines in feeds, 465

Ultraviolet spectroscopy, second deriva-
tive, pentachlorophenol in solid
m atrixes, application to wood and

leather samples, 674

Vegetables
fresh, pesticide residues in, GC/M S multi-
residue screening method, 554
fresh, residues of postharvest-applied
agrochemicals, 745
pesticide residues in, fast turnaround
multiresidue screen, 886
pesticide residues in, GC/MIP/AED
method, 991
Veterinary analytical toxicology
Changes in M ethods, 236
M ethods Comm ittee report, 193
referee report, 167
homogeneity of test substances added to
dog feed, time required to achieve,
857

Vinegars, volatile acidity, conductometric
and colorimetric determination by flow-
injection analysis, 346

Vitamins and other nutrients

Changes in M ethods, 238

M ethods Com mittee report, 186

referee report, 147

amino acids, fatty acids, and elements in
foods, single-cell protein as standard
reference materials, 104

cis-trans isomers of p-carotene, LC meth-
ods compared, 36

nutrients in food matrixes, microwave
acid digestion for AAS method, 812

phytic acid in cereals using ICP-AES to

determine phosphorus, 32

Water

Changes in M ethods, no changes

acidic herbicides in, chemical derivatiza-
tion analysis, 835

coastal, organophosphorus pesticides in,
degradation of, 883

coliform (total) and Escherichia coli
from, simultaneous enumeration by
defined substrate technology
method: collaborative study, 526

environmental, glyphosate and
aminomethylphosphonic acid in, LC

methcd: collaborative study, 317

6,1991)

surface, multipesticide residues,
GC/chemical ionization/M S/ion trap
detection, 982
see also Drinking water
Water microbiology, M ethods com m ittee
report, 192
Wheat, flours, crude oil content, compari-
son of solvents, 692
Whiskeys, methanol and fusel oil concen-
trations in, GC and pattern recognition
analysis, 248
Wines
Changes in M ethods, no changes
amines in, LC method, 695
WOOd,pentachIorophenol in, second deriv-
ative UV spectroscopic method, 674

Yogurt, volatiles, headspace GC estima-
tion, 630

Zinc
in liver and kidney tissues, 5 species of
Canadian slaughter animals, 587
in shellfish, microwave digestion vs wet
ashing and dry ashing digestion, for
flame AAS, 566
Zinc chloride-diphenylamine reagent,
TLC detection of organophosphorus

and carbamate insecticides, 545
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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 controlofcommodities in these fields;
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ofmatters of interest to scientists engaged in
relevant pursuits.

AOAC Official Methods are methods that
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ods Committee, and the Official Methods
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to the Bylaws of the Association. Published
papers thatinclude such methods are distin-
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sociation actions.
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terested persons worldwide. Sustaining
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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.

THE JOURNAL

The Journal ofthe 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 ofanalytical procedures per-
taining to the physical and biological sci-
encesrelated to foods, drugs, agriculture, and
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nants, cosmetics, drugs, toxins, hazardous
substances, pesticides, feeds, fertilizers, and
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unless otherwise stated, methods published
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AOAC Official Methods.
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Instructions toAuthars

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 for anal-
ysis of foods, food additives, supplements
and contaminants, cosmetics, drugs, toxins,
hazardous substances, pesticides, feeds, fer-
tilizers, and the environment. The usual re-
view process is as follows: (/) AOAC edi-
torial office transmits each submitted paper
to appropriate subject matter editor, who so-
licits peer reviews; (2) editor returns paper
to author for revision in response to review -
ers’ comments; editor accepts or rejects re-
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office; (3)AOAC editorial staffedits accept-
ed papers, returns them to authors for ap-
proval, and transmits approved manuscripts
to typesetter; (4)typesetter sends page proofs
to author for final approval.
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will save time and revision. For all questions
of format and style not addressed in these
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2200 Wilson Blvd, Arlington, VA 22201 -
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at least 4 qualified reviewers, i.e., indi-
viduals engaged in or versed in research
of the type reported.

4. DOUBLE SPACE all typed material.
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-

pared on dot matrix printers of less than let-

ter quality may be refused. Once a manu-
script has been accepted for publication, au-
thors will receive instructions for subm itting
the final version of their accepted manu-
scriptto AOAC on diskette. AOAC accepts

M S-DOS-based files from most word pro-

cessing packages or ASCII text fileson MS-

DOS-formatted diskettes. (DO NOT SEND

DISKETTE WITH ORIGINAL MANU-
SCRIPT SUBMISSION.)

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

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

3. Text (consecutive sheets, double spaced):
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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.,
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Cleanup). Include necessary calculations;
number of significant figures must reflect
accuracy of method. Use metric units for
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possible. W rite Method (recommenda-
tion for use of specific method) in im-
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boiling . .. Wash flasks’’); write Experi-
mental (description of laboratory exper-
iment) in passive or active voice (“Ten
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ous and/or carcinogenic chemicals.
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ures consecutively in text with Arabic nu-
merals. DO NOtintersperse tables and fig-
ures in text.
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ofentries. Follow Chemical Abstracts for
abbreviations ofjournal titles.

Journal Article Reference

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

Book Chapter Reference

(2) Hum, B. A. L., & Chantler, S. M.
(19801 in Methods in Enzymology,
Vol. 70, H. VanVunakis & J. J. Lan-
gone (Eds), Academic Press, New
York, NY, pp. 104-142

Book Reference

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

Official Methods Reference

(4) Official Methods of Analysis (1990)
15th Ed., AOAC, Arlington, VA, secs
29.070-29.072

4. Figure captions (separate sheet(s), double

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

5. Footnotes (separate sheet, double spaced):

Avoid use of footnotes to text. Include
“Received ... Accepted . ..” line; loca-
tion/date of presentation, if appropriate;
present address(es) of author(s); identifi-
cation ofcorresponding author, ifnot se-
nior author; proprietary disclaimers; in-
stitution journal series numbers.

6. Tables (one per page, double spaced): Re-

fer to recent issue of Journal for proper
layout and style, especially use of hori-
zontal lines. Do notdraw in vertical lines.
Include descriptive title sufficient that ta-
ble stands alone withoutreference to text.
Provide heading for EVEry vertical col-
umn. Abbreviate freely; if necessary, ex-
plain in footnotes. Indicate footnotes by
lower case superscript letters in alpha-
betical order. Do not use one-column ta-
bles; rather, incorporate data in text.

7. Figures: The Journal does not publish
straight line calibration curves; state such
information in text. Do notduplicate data
in tables and figures. Submit original
drawings or black/white glossy photo-
graphs with original manuscript; photo-
copies are acceptable only for review.
Prepare drawings with black India ink or
with drafting tape on white tracing or
graph paper printed with nonreproduc-
ible green ink. Use a Leroy lettering set,
press-on lettering, or similar device; use
type at least2 mm high to allow reduction
to page or column size. Identify ordinate
and abscissa and give value in Journal
style (e.g., “Wavelength, nm,” “Time,
min”). Label curves with letters or num -
bers; avoid all other lettering/numbering
on face of figure (see Figure captions).
Identify each figure on back with number
and authors’ names.

Miscellaneous

Abbreviation for liter is L; abbreviation for
micron is¢,on. Do not italicize common Lat-
in expressions such as et al. and in vitro; for
nomenclature of spectrophotometry, gas
chromatography, and liquid chromatogra-
phy, follow practice of American Society for
Testing and M aterials (in particular, do not
use “high performance,” “high pressure,” or
the abbreviation “HP” with “liquid chro-
matography™).
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6th Edition

A Manual for
the Detection
of Microorganisims
INn Foods and
IN Cosmetics

FDA Bacteriological Analytical M anual (BAM)
by the Division of Microbiology
Center for Food Safety and Applied Nutrition, US. Food and Drug Administration

BAM contains analytical methods for the detection of
microorganisims and certain of their metabolic products,
primerily in foods. The methods were developed by the US
Food and Drug Administration for Federal and State regulatory
and industry quality control laboratories. The manual will be
updated by supplements issued to users at no additional charge.

Aposter for recognizing and classifying visible can defects
isincludedfree. Itis a useful tool for those who need to analyze
canned foods.

This 6th edition contains new chapters on Campylobacter,
DNA colony hybridization as an anelytical tool, and enzyme
immunoassay procedures (ELISA). Most other chapters have
been revised, expanded and updated.

Contents:

Chapters:

* Food Sampling Plans and Initial Sample Handling

» Food Sample Handling in the Laboratory and Preparation of
the Sample Homogenate

Microscopic Examination of Foods

Aerobic Plate Count

Coliform Bacteria

Enteropathogenic Escherichia coli

Isolation and Identification of Salmonella Species
Fluorescent Antibody Detection of Salmonellae

Shigella

Isolation of Campylobacter Species

Yersinia enterocolitica and Yersinia pseudotuberculosis
Recovery of Vibrio parahaemolyticus and Related Vibrios
Isolation and Identification of Vibrio cholerae

Staphylococcus aureus

Staphylococcal Enterotoxins

Bacillus cereus

Clostridium perfringens: Enumeration and ldentification
Clostridium botulinum

Enumeration of Yesst and Molds and Production of Toxins
Examination of Oysters for Enteroviruses

Parasitic Animels in Foods

Detection of Inhibitory Substances in Milk

Examination of Canned Foods

Examination of Containers for Integrity

Microbiological Methods for Cosmetics

Detection of Pathogenic Bacteria by DNAColony Hybridization

Enzyme Linked Immunosorbent Assay (BLISA
Investigation of Food Implicated in HIness

Appendixes:

Culture Media
Stains, Reagents and Diluents
VPN Determination

December 1984, 448 pages, illustrated,

Since 18B4

AggC

appendixes, 3 hole drill with binder, includes
Visible Can Defects poster. ISBN 0-935584-29-3.
Price — Members: $76.00 in U.S., $82.00
outside U.S.; Nonmembers: $84.00 in US,
$90.00 outside U.S.

To obtain this b<x)k, send order and remittance with your name and address to
AOAC, 1970 Chain Bridge Road, Dept. 0742, McLean, VA 22109-0742 USA (US funds
only). +1 (703) 522-3032. FAX +1 (703) 522-5468



Y?ﬂl“ChThe ChemicalJournal of
he A ssociation of 0 fficial

A nalytical Chemists Online on
STN International!

On STN, you have immediate access to the
full-text articles from the Chemical Journal
of the Association of Official Analytical
Chemists (GAOAC) database. It's one of
the 100+ scientific and technical files on
STN International available through your
personal computer.

On STN, it's easy to obtain complete infor-
mation—right from the start! The full-text
articles are both searchable and display-
able. You can quickly decide ifthe material
in an article isimportantto your v/ork. By
printing the article offline, you can save it
for future reference.

Source for the GAOAC file isthe Journal
ofthe Association of O fficial Analytical
Chemists. GAOAC contains more than
1000 records from 1987 to the present.
The GAOAC database isa valuable source
forcurrent chemistry information—more
than 100 citations are added monthly.

r - — —I

1 0O YES, I'd like to recoive information
about CJAOAC on STN International.

| Name [ |

Title

Organization

I Address '

Telephone |

I Mail to: STN International, do CAS, Marketing Department ! STN
45791, P.O. Box 3012, Columbus, OH 43210-0012. INTERNATIONAL

The Scientific & Technical
Information Network

j



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. ""he first step is
to ensure that responsible personnel
know how to identify cefective cans.

-

| enclose $
1 for the following quantity
1 of Can Defects charts:
r (US Funds drawn on

US Banks only)

O Check enclosed.
Card Nunber

" Nae
| Company
m Address
m  Qity, State, Zip

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:

Assodation of Official Analytical
Chemists

1970 Chain Bridge Rd., Dept. 0742,
McLean, VA 22109-0742 USA
Telephone: (703) 522-3032

FAX: (703) 522-5468

One package of 10 charts @ $49.50 in U.S., $55.00 outside $

U.S.

Additional packages of 10 charts @ $38.50 in U.S., $44.00

outside U.S.

Single chart @ $16.50 In U.S., $22.00 outlsde U.S.

Prices include handling and shipping.

O Charge my O VISA O MasterCard O Diners
Expires

Signature

TOTAL




History

Organization of AOAC regional sections was begun in

1981. The purpose was to provide a mechanism

whereby AOAC members and other laboratory ana-
lysts could get together regularly and at low cost to
share common interests and problems, find ways to
solve these problems by providing practical education
seminars and hands-on training workshops, and learn
about and become involved in the AOAC methods
validation process.

Who May Join

Membership in a regional section is open to any in-
dividual interested in the purpose of the regional sec-
tion and residing or working within its boundaries.
Officers of the sections must be members of AOAC.

Locations and Boundaries

There are currently eleven chartered AOAC regional sectionsin
the U.S., Canada,” Europe, and the Mediterranean area:

Central Regional
Section

Indiana
Kentucky
Michigan

Ohio™

West Virginia
Portions of
Pennsylvania

Eastern Ontario-
Quebec Regional
Section

uehec
ortions of
Ontario

Europe
Regional Section

Europe
Non-European
countries on the
Mediterranean
Sea

Mid-Canada
Regional Section

Manitoba

Midwest Regional
Section

Illinois

lowa

Kansas
Minnesota
Missouri
Nebraska
North Dakota
South Dakota
Wisconsin

New York-New
Jersey Regional
Section

New York City
metropolitan area
New Jersey

Northeast
Regional Section

Maine
Massachusetts
New Brunswick,
Canada
New Hampshire
Nova Scotia,
Canada

Prince Edward
Island, Canada

Rhode Island

Vermont

Portions of Connect-
icut, New York,
Pennsylvania and
Ontario, Canada

Pacific Northwest
Regional Section

Alaska

Alberta, Canada
British Columbia,
Canada

Idaho

Oregon
Washington

Pacific Southwest
Regional Section

Arizona
California
Hawaii
Nevada
Utah

BENEFITS

a Meetand talk with fellow
scientists in a relaxed
atmosphere

m Learn and improve
leadership skills

a Gain exposure for your work
and the work ofyour sta ff

m Make valuable contacts

m Share common problems
and solutions with fellow
analysts

a Become better acquainted
with the work of your peers

Southeast-USA
Regional Section

Alabama
Florida
Georgia
MissiSsippi
North Carolina
South Carolina
Tennessee
Virginia

3ach regional section
Southwest-USA
Regional Section

Arkansas
Louisiana,
New Mexico
Oklahoma
Texas

s organized and run
by a local volunteer
committee. Additional
sections are in
various stages of
becoming organized.

For further information contact: Coordinator, Membership and Regional Sections,
AOAC, 2200 Wilson Blvd., Suite 400-J, Arlington, VA 22201-3301 USA, Phone
(703) 522-3032.
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Be a Partofthe 106th Annual

AOAC International Meeting & Exposition
CINCINNATI, OHIO » AUGUST 31-SEPTEVBER 3, 1992

Symposia:
Fumonosin Toxins
Process Control

Food Irradiation

M ilk: Antibiotic Residues and

O ther Contaminants

ForensicM ethods/ProductTampering

CurrentTopics in Lipid Analysis —
W ith an Emphasis on Labeling

M icrobiology: Old Friends,

New Enemies

Plus...
More than 200
Poster Presentations

Regulatory Roundtable:
EEC Regulations

W orkshops:

Determination of Fruit
Juice Adulteration
Quality Assurance of
Mass Spectral Data

Open Forum,
Short Courses,
Lab Equipment Exposition,
Modem Lab Workshop

For more information, contact the AOAC Meetings Department:
+ 1(703) 522-3032 or FAX +1 (703) 522-5468.




If our approach to organic acid analysis
was any easier,you could call it child’s play.

Measuring tte organic adds n
sarples liewine or juiecan be a
coplicated natter. Sowhy bother
with converttiael methodsmhenym
can getgood, qentatative s its
essilyand quidkywith apillary

in aelysis CA).

Chablis Wine |5

s

7-15 Minutes

Original Original
Concentration Concentration
Peak # (pg/m1) Peak# (Ha/ mi)

1. Chloride

2. Sulfate

3. Citric Acid 127
4. Tartaric Acid 2,645
5. Malic Acid 3,291

6. Succinic Acid 300
7.Phosphate

8. Acetic Acid 260
9. Lactic Acid 296
10. Internal Standard

The Unique Selectivityof CIA.

CIA sgparates analytes apoording
tomoleaular dharge and sie. han
organic acid CIA ssaratian, the
acids move atdiffaratspeeds then
the more reutral carbohydrates and
praolics. These inerfaraessare

Introducing Waters
Capillary lon Analysis.

Hitbehind nthe apillayand are
purged autaratically before the
rext ingection. So nmost casss, dll
you have o do 1o prepare a saple
Bdilue tinvater and the winige
sgparating power of CIA aes care
oftre ret.

Waters™ Quanta 4000 Cpillary
Electrgdoresis anma
NICE-Pak* Chemistries far CIA.
Waters Quanta 4000 CE Systan
and prgorietary NICE-Pak Chemiis-
trissare unbeatable at keeping
oganic acid aslysis siple. Ad,
on a aost per testhesis, the CIA
approach Bas much as 6X cheaper
then HPLC and 25X cheaper then
enzyme aahysis.

We"d lieto"lyou more.
Wite, &, or Al isfarmore ko=
mation and while yau're at & send
fara copy of aur freevideotape by
dipirgand retunirg the attached
Qooupon.

CIRCLE 54 ON READER SERVICE CARD

Waters Chromatography DmMisian,
Millipore Corporation, 34 Maple
Sreet, Dept.-VC, Milfad, MA 0175
Prorne: (B0B) 478-2000 BL. 2614
Fecsimile: (B0B) 478-5839

j Send me Waters videotape The Science of
mCapillary Electrophoresis.

IName 1
itk

L 900335j

Waters

Division of MILLIPORE
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