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NO MORE RIFFLING
WITH A
ROMER
MILL

FROM ONE POUND OF
GRAIN TO A
REPRESENTATIVE

ANALYTICAL SAMPLE IN
ONE MINUTE

e EFFICIENT: Simultaneously Grinds & EASY TO CLEAN: Can Be Thoroughly Cleaned

Subsamples 2 Lb. Per Minute in One Minute
FLEXIBLE: Will Grind High Moisture Corn
DUST FREE: Little or No Dust Generated

« ACCURATE: Prepares 25 g. Representative

Analytical Sample From 5 Lb.

of Aflatoxin Contaminated Corn PORTABLE: 40 Lb.-26" x 20" x 10”7

CAPACITY: 100 g to 15 Lb.
e« VERSATILE: Can Be Used For Mycotoxins,

Pesticides, Fumigants, ROMER LABS, INC.
Antibiotics, Drugs, Vitamins, P.O. BOX 2095
Mineral & Proximate Analyses WASHINGTON, MO 63090 (314) 239-3009
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Robot Coupe R4Y
is arugged, electric,
counter-top vertical
cutter mixer with
4-quart “stock-pot”
design bowl arid

a stainless steel
cutting blade.

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

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

1-800-824-1646 ® i
i

Robot Coupe U.S.A,, Inc. « P.O. Box 16625
Jackson, Mississippi 39236-6625 ¢ (601) 956-1531
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IDENTIFY POTENTIALLY DANGEROUS
FOOD PACKAGE DEFECTS

e —-————-1 QUICKLY

AND

o txom W oA EASILY

Defective packages may leak and allow entrance of microorganisms
that cause botulism and other forms of food poisoning.To avoid this risk, you
need to be able to recognize harmful defects easily and quickly, before they reach the public.

To answer this need, AOAC is offering the poster,

Classification of Visible Exterior Flexible Package Defects

useful to all who develop, manufacture, regulate, distribute, or use these containers.

This easy-to-use poster

«Employs clear, full-color photos and a color code system to help you identify and classify defects

e Indicates what to look for in routine inspection

e Classifies potential hazard of defects as minor, major, or critical

e« Addresses paperboard and flexible pouch packages and plastic packages with heat-sealed metal ends
* Unfolds from a pamphlet to a two-sided 24 by 36 inch chart

Prices (include handling and shipping):
$77.00 per package of 10 charts  $25.00 per single chart

To order, please send check (U.S. funds on U.S. banks only) or credit card information (VISA or MasteiCard number,
expiration date, signature, and date) along with your name, address, and the number of posters you wish to order to:
AOAC, 2200 Wilson Blvd., Suite 400-J, Arlington, VA 22201-3301
(703) 522-3032, FAX (703) 522-5468
Credit card orders may be placed by phone or FAX.



The 15th Edition of
OFFICIAL METHODS OF

ANALYSIS OF THE AOAC
Is Now Avalilable

Orcer Your Copy Tooay!

New for This Edition

The 15th Edition of OFFICIAL METHODS OF
ANALYSIS OF THE AOAC, containing 143 new and 81
revised methods, will be published in a two-volume
set for ease of use. Inaddition, a free looseleaf
binder will be provided for convenient storage of the
annual supplements.

Prices for the 15th Edition

The nonmember price is $215.00 per set in the U.S,
$220 outside the U.S., and the discounted AOAC
member price is $194.00 in the U.S., $199 outside the
U.S. All prices include handling and shipping costs.

OFFICIAL
METHODS OF ANALYSIS
OF THE
ASSOCIATION oF OFFICIAL
ANAYTICAL CHEMISTS
VOLUME 1t

Included in Purchase Price:

* Two-Volume Set

e Annual Supplements with Newly Adopted or
Revised Methods

e Looseleaf Binder for Supplements

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

date) and your signature to

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

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

The binder for your supplements will be shipped with the first annual supplement.



K eep
A nalytical
At Your

0 Use of Statistics to Develop and
Evaluate Analytical Methods
By G.T. Wernimont. Ed. by W. Spendley.
1985. 199 pp. Index. Figures. Tables.
Glossary. Softbound. ISBN 0-935584-31-5
Price— Members: $49.55 in U.S., $54.55 out-
side U.S. Nonmembers: $54.50 in U.S., $59.50
outside U.S.
A basic reference for evaluating collaborative
studies and a natural extension to the
Statistical Manual of the AOAC.

ORDER

THESE AOAC
PUBLICATIONS

0 Statistical Manual ofthe AOAC

By W.J. Youden and E.H. Steiner. 1975.

96 pp. Softbound. Illustrations.

ISBN 0-935584-15-3.

Price—Members: $22.55 in U.S.. $27.55 out-
side U.S. Nonmembers: $24.50 in U.S., $29.50

outside U.S.
A do-it-yourself manual for statistical analysis

of interlaboratory collaborative tests.

TODAY!

And take advantage of AOAC Membership Discounts too!

O Principles of Food Analysis for

Filth, Decom position, and

Foreign M atter— FDA Technical
Bulletin No. 1
1981. 286 pp. 2nd printing 1985.
Illustrated. Softbound.
Price—Members: $44.60 in U.S., $49.60
outside U.S. Nonmembers: $49.00 in
U.S., $54.00 outside U.S.
Comprehensive laboratory manual/text
on basic concepts of food sanitation
analysis.
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E ssential
Inform ation

Fingertips

0O FDA Bacteriological Analytical Manual,
6th Ed.
1984. 448 pp. Looseleaf. ISBN 0-935584-29-3.
Price— Members: $63.50 in U.S., $68.50 out-
side U.S. Nonmembers: $70.00 in U.S., $75.00
outside U.S.
Provides regulator)- and industry laboratories
with methods for detection of micro-
organisms. Includes one Classification of
Visible Can Defects poster, 24" x 36", in
color, with photographs.

0O Classification of Visible Can

Defects— poster/pamphlet

1984. 24" x 36" chart.
photographs.

of 10 charts,

Price— 1 package of 10 charts $45.00 in U.S.,
$50.00 outside U.S., Additional packages
$35.00 in U.S., $40.00 outside U.S., One chart
$15.00 in U.S., $20.00 outside U.S.

In color with

To order, please note quantity desired in the box beside each

title, then complete and mail this page (or photocopy) to
AOAC, 2200 Wilson Blvd., Ste. 400-J, Arlington, VA 22201-
3301 USA. (703) 522-3032, FAX (703) 522-5468.

Enables food sanitation analysts to

identify species from all major stored-
food insect pest groups.

VM

MK AN Total Amount of Order: $
VoL d H (U.S. funds on U.s. banks only)
All prices include handling and shipping.
I ___ Check enclosed.
__ _Chargemy __ VISA __ MasterCard.
Card Number
Signature
Send to: (Please print)
0O Key for Identification of
M andibles of Stored-Food Name
Insects
1985. vi+ 166 pages. Illustrated. 125 Organization
photographs. Softbound.
ISBN 0-935584-32-3. Street Address
Price—Members: $45.50 in U.S., $50.50 .
outside U.S. Nonmembers: $50.00 in City
U.S., $55.00 outside U.S. .
State (Country) Zip

Member No. (to qualify for member price, include Member

Number with order.)
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Flow Injection Analysis: A Practical
Guide. By B. Karlberg and G. E. Pa-
cey. Published by Elsevier Science
Publishers, PO Box 211, 1000 AE
Amsterdam, The Netherlands, 1989.
372 pp. Price: US $117.00/Dfl.
240.00. ISBN 0-444-88014-3.

This is a practical guide for first-time
and experienced users of flow injection
analysis (FIA). It gives, not a detailed
theoretical analysis, but a “nuts and
bolts” approach to the description of
the technique and how it can be utilized
to solve analytical chemical problems.
The advantages of flow injection, how,
when, why, and where it works, are all
fully explained. Criteria for the choice
of hardware and useful hints for main-
tenance are provided. The large variety
of detections suitable to combine with
FIA are discussed, as are special modes
of operation, their advantages and their
limitations, and also conversion of
batch methods to FIA methods. Nu-
merous in-depth descriptions of appli-
cations of FI1A techniques in water, soil,
pharmaceutical, and industrial analysis
are featured, and a complete bibliogra-
phy is included.

Analytical Absorption Spectrophoto-
metry in the Visible and Ultraviolet:
The Principles. By L. Sommer. Pub-
lished by Elsevier Science Publishers,
PO Box 211, 1000 AE Amsterdam,
The Netherlands, 1989. 312 pp.
Price: US $129.25/Dfl. 265.00.
ISBN 0-444-98882-3.

Although there are a number of com-
prehensive textbooks dealing with UV/
VIS spectrophotometry, they tend to
describe historical aspects or contain
collections of detailed procedures for
the determination of analytes and do
not reflect sufficiently the present state
of the method and stage of development
reached. This book provides a concise
survey of the actual state-of-the-art of
UV/VIS spectrophotometry. Special
attention has been paid to problems
with the Bouguer-Lambert-Beer law,
absorption spectra, present trends in in-
strumentation, errors in spectrophoto-
metry, evaluation of analyte concentra-
tions and calibration, optimization pro-
cedures, multicomponent analysis,
differential spectrophotometric titra-
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tion, the strong relations between com-
plex formation and spectrophotometry,
spectrophotometric investigation of
complex equilibria and stoichiometry
or automation in spectrophotometry.

Vogel’s Quantitative Chemical Analy-
sis, 5th edition. Revised by G. H. Jef-
fery, J. Bassett, J. Mendham, and R.
C. Denney. Published by John Wiley
& Sons, Inc., 1 Wiley Dr, Somerset,
NJ 08875-1272, 1989, 877 pp. Price
$87.95. ISBN 0-470-21517-8.

The fifth edition of this classic work
reflects the profound changes that have
taken place in chemical analysis over
the last decade. Growth and develop-
ment of the subject have now totally
blurred the boundaries that existed be-
tween inorganic and organic chemistry,
and consequently a much wider range
of organic analyses has been incorpo-
rated, especially in areas related to en-
vironmental topics, such as heavy met-
als, dissolved oxygen, and chemical ox-
ygen demand.

Care has been taken to maintain the
balance, developed in previous editions,
between traditional methods and up-to-
date instrumental techniques; and sec-
tions have been extended to incorporate
interesting and important modern ana-
lytical methods. The book has been
carefully restructured to present the ba-
sic theory underlying chemical process-
es alongside coverage of more practical
subjects, including the taking of repre-
sentative samples, statistical treatment
of data, and the types of equipment re-
quired. Its revised appendices present
additional data routinely used by ana-
lysts, including statistical tables, pH
values of buffer solutions, and solubili-
ties of common reagents.

Fluorescence Analysis in Foods. Edited
by Lars Munck. Published by John
Wiley & Sons, Inc., 1 Wiley Dr,
Somerset, NJ 08875-1272,1990.289
pp. Price $147.00. ISBN 0470-
21425-2.

Fluorescence analysis is an increas-
ingly common technique in the food in-
dustry, mainly for quality control. The
science and technology underlying the
technique, and the scope of its applica-
tions, have undergone a period of rapid

. (VOL. 73, NO. 3, 1990)
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development in recent years, with the
emergence of ultrasensitive optical de-
tectors, image analyzers, and related
electronics.

Written by leading international ex-
perts in the field, this book provides an
authoritative overview for food scien-
tists wishing to apply these new and
versatile methods of analysis and in-line
process control. Following an introduc-
tion to the physical basis of fluores-
cence, and to the use of fluorometers,
microscopes, and image analyzers, ap-
plications cover the full range of food
products of plant and animal origin,
such as cereals, fish, and meat. Appli-
cations include the important areas of
detection of bacteria and mycotoxins in
food products, and the marking of pro-
toplasts in plant tissue culture. Espe-
cially useful is a chapter dealing with
the new instructive ‘UNSCRAMB-
LER’data-evaluation programs, which
are needed to make use of information
from complex fluorescence spectra.

National Products lIsolation: Separa-
tion Methods for Antimicrobials, An-
tivirals, and Enzyme Inhibitors. Edit-
ed by Gerald H. Wagman and Ray-
mond Cooper. Published by Elsevier
Science Publishers, PO Box 211,
1000 AE Amsterdam, The Nether-
lands, 1989. 618 pp. Price: US
$139.00/Dfl. 285.00. ISBN 0-444-
87147-0.

This new book encompasses the most
recent progress made in the isolation
and separation of natural products. It
covers antibiotics, marine and plant-de-
rived substances, enzyme inhibitors,
and interferons. The most recent sepa-
ration methodology is described. Al-
though there is a bias toward antibiot-
ics, this is because it is still the largest
natural products area of research.

The 14 chapters are written by ex-
perts in their respective fields. The first
2 chapters are largely devoted to new
methodology applied to purification of
a variety of compounds. They include
an extensive review and new applica-
tions of counter-current chromatogra-
phy and the newly emerging LC-photo-
diode array technology. Chapter 3 pro-
vides a review of affinity
chromatography applied to the separa-



tion of antibiotics for the first time.
Next are chapters on antimicrobials
with an update on all the most recent /3-
lactam (after 1976) discoveries. A com-
prehensive review of a very important
class of antiparasitic agents—the aver-
mectins—follows. An update of isola-
tion and purification of a variety of ma-
rine-derived compounds is next. The
succeeding chapter is a comprehensive
review of the most recent developments
in isolation and purification of interfer-
ons. This is followed by a discussion of
enzyme inhibitors and their isolation
and purification and ties in with a chap-
ter on plant-derived natural products,
some of which are also in this same
category. The final chapter is a futuris-
tic essay indicating the isolation of min-
ute amounts of natural products and
the fascinating biological properties
they possess.

The book has extensive isolation
schemes, tables, figures, and chemical
structures. In many instances, a short

JAOAC

summary of the producing organism,
brief chemical description, and struc-
ture and biological activity of the com-
pounds is presented. Detailed informa-
tion of extraction, separation, and puri-
fication techniques follow. Each
chapter has an extensive bibliography
and, where applicable, an appendix
showing sources of materials and equip-
ment. A detailed subject index is in-
cluded at the end of the book.

Dictionary of Food Ingredients, 2nd edi-
tion. By Robert S. Igoe. Published by
Van Nostrand Reinhold/AVI, 115
5th Ave, New York, NY 10003,
1989. 222 pp. Price: $29.95. ISBN 0
442-31927-4.

This revised and enhanced new edi-
tion of the most comprehensive guide to
food ingredients now features defini-
tions of more than 50 new ingredients,
more than 100 expanded definitions of
previously listed ingredients, and new

and expanded sections.

Encompassing more than 1,000 ap-
proved food ingredients, the dictionary
details the functions, chemical proper-
ties, and applications of each ingredi-
ent. It covers currently used food addi-
tives, including natural ingredients,
FDA-approved artificial ingredients,
and compounds used in food processing.

The expanded ingredient categories
section groups principle food ingredi-
ents by function and provides descrip-
tive information about the characteris-
tics and applications of each group. In-
formative new tables pinpoint key
features and properties of ingredients
and allow quick comparisons to aid in
ingredient selection. Food technolo-
gists, researchers, and workers in the
food processing industry will also ap-
preciate the new section on “Sub-
stances for Use in Foods Listed Under
Table 21 of the Code of Federal Regu-
lations,” which lists food ingredients
according to their U.S. approved status.

Spectra Analytical.

A driving force in ICP technology.

Spectra Analytical is taking its ICP Environmental and Agricultural Analysis

show on the road, with demonstrations at the following locations:

FITCHBURG, MA
May 29-May 30
May 31-June 1
WASHINGTON, DC
June 11-June 12
June 14-June 15

ATLANTA, GA

July 9-July 10
July 11-July 12

HOUSTON, TX

July 24-July 25
July 26-July 27

or FAX us at (508) 342-8695.

SPECTRG

Analytical Instruments

Environmental Analysis
Agricultural Analysis

Environmental Analysis
Agricultural Analysis

Environmental Analysis
Agricultural Analysis

Environmental Analysis
Agricultural Analysis

Attendance is FREE, although very limited.
Register now by contacting M. Dorothy Moreira at (508) 342-3400

160 Authority Drive
Fitchburg, MA 01420

CIRCLE 100 ON READER SERVICE CARD
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A Handbook on
How to Set Up or Improve

aboratory Quality
Assurance Programs

Quality Assurance Principles
for Analytical Laboratories

by Frederick M. Garfield
former Assistant Administrator
U.S. Drug Enforcement Administration

This handbook provides essential informa-
tion needed to design, document, implement,
or improve a laboratory quality assurance pro-
gram ... A program that can enable you to
document the credibility of your laboratory’s
analytical data.

The handbook also provides a rational and
solidly based justification for commitment of
resources to improved laboratory operation.

Drawing from published principles, prac-
tices, guidelines, and procedures, the book
brings together the experiences of experts who
have developed and implemented successful
“QA” programs.

CONTENTS:

Chapters—

l. Administrative Considerations

1. Personnel Management

Ill.  Management of Equipment and Supplies

IV. Records Maintenance

V. Sample Analysis

VI.  Proficiency Testing

VII.  Audit Procedures

VIII. Design and Safety of Facilities

IX. Laboratory Accreditation Programs and
Good Laboratory Practices Regulations

J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

Appendices—

Quality Assurance Publications

and Programs

Forms Used by U.S. Federal Agencies
Instrument Performance Checks
Control Charts

FDA Audit Measure Procedures
Safety Publications

Glossary

>

EMMUO®

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

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

Since 1884

AQAC
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To obtain this book, send
order and check or credit card
information (VISA or
MasterCard number,
expiration date, signature,
date) with your name and
address to: AOAC, 2200
Wilson Blvd., Ste. 400-J,
Arlington, VA 22201-3301
USA. (703) 522-3032, FAX

(703) 522-5468. (U.S. funds
on U.S. banks only).
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Fully Integrated LC System

The new Integral 4000 is a fully inte-
grated liquid chromatograph de-
signed for the routine analysis lab-
oratory. It was developed in direct
response to the need to validate the
LC system, as well as the analytical
results. With a built-in four-solvent
pump, a multiwavelength detector, a
109-position random access auto-
sampler, a column oven, and exten-
sive data manipulation software, the
Integral 4000 minimizes the poten-
tial for error in both the generation
and interpretation of data. Perkin-
Elmer Corp.

Circle No. 331 on reader service card.

Custody Cap

Custody Caps are designed for use in
chain-of-custody and tamper evi-
dence of Boston Round bottles. The
caps are perforated polyethylene cov-
ers, which slip over the existing bottle
closure after the bottle has been filled
and the cap attached. They snap into
place and cannot be removed without
breaking the perforation, leaving the
bottom ring as evidence of tamper-
ing. Custody Caps eliminate the need
for messy paper seals and adhesives.
I-Chem Research.

Circle No. 332 on reader service card.

roducts

delivers virtually all of the mobile
phase without dangerous reservoir
tilting. Kontes.

Circle No. 333 on reader service card.

TSQ 700 Triple Stage Quadrupole

The Triple Stage Quadrupole 700
(TSQ 700), a GC or LC/MS/MS/
DS system is targeted for university,
industrial, and governmental labora-
tories. Designed for both MS and
MS/MS applications, the TSQ 700
ensures enhanced performance with
its X-windows-based version of the
ICIS data system running on a DEC-
station 2100 workstation with the
ULTRIX-32 operating system
(DEC’s version of UNIX).

Circle No. 334 on reader service card.

Transparent Reaction Vessels (TRV)

Transparent reaction vessels (TRV)
are designed to interface with their
EZE-seal laboratory scale stirred
autoclaves. The transparent vessels
are manufactured of borosilicate
glass and are available in 100 to 1000
mL capacities and pressures to 50
psi. The glass vessel package in-
creases the operational flexibility of
EZE-seal stirred autoclaves by al-
lowing visual observation of pressur-
ized chemical reactions and mixing
studies. Autoclave Engineers.

Five times
fasterthan
Soxhlet.

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

E xtraction times are
reduced from days to
hours, or from hours to
minutes.

Plastics and rubber,

THF-Resistant LC Mobile Phase Circle No. 335 on reader service card.
Handling System
Tetrahydrofuran (THF), widely

used as a mobile phase for GPC, at-

sediments and core
m aterial, textiles, food,

FIAS-200 system (Flow Injection .
Y ( . feed, chemicals and

Atomic Absorption)

tacks the CTFE components and fit-
tings found in standard LC mobile
phase handling systems. Special
THF-resistant analytical ULTRA-
WARE LC mobile phase handling
systems have 316 stainless steel parts
wherever CTFE parts are found in
the standard systems. The THF-re-
sistant systems have been designed
for the convenient filtration, degas-
sing, storage, and delivery of THF
mobile phases. THF can be stored in
an ULTRA-WARE reservoir for
days or weeks without repurification
because all reservoirs are coated with
an autoclavable, UV-absorbing plas-
tic. Reservoirs are available in sizes
from 250 mL to 20 L. Every LC mo-
bile phase handling system has a
unique conical reservoir bottom that

Automated sample pretreatment and
delivery, minimum sample and re-
agent consumption, and the speed of
up to 180 high-precision analyses/h
are some of the major capabilities
brought to atomic absorption (AA)
by the new FIAS-200 flow injection
system. The first commercial flow-
injection system for AA, the self-con-
tained FIAS-200 system includes
two multichannel peristaltic pumps
for maximum flexibility in handling
samples, diluents, and reagents for
mercury/hydride and flame AA
analysis. When used with the Perkin-
Elmer AS-90 autosampler on specif-
ic AA instruments, the FIAS-200
unit provides a completely automat-
ed sample handling system that is
faster and more cost efficient than

othersamples are ex-
tracted without loss of
accuracy.

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

izeyour lab.

ODatecator

A Perstorp Analytical Company

Perstorp Analytical Inc.

2875C Towerview Road, Herndon, VA 22071

Phone: 703/435-3300 Fax: 703/435-3363
in the USA distribution exclusively
by Fisher Scientific Company
CIRCLE 80 ON READER SERVICE CARD
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Chemical Journals Online

is pleased to announce
the addition of the

Journal of the Association of
Official Analytical Chemists

to its family of full-text files.

Teaming with
Chemical Journals of the American Chemical Society
Chemical Journals of the Royal Society of Chemistry
and the
Primary Polymer Journals of John Wiley and Sons

to provide chemists, researchers, and information specialists with
enhanced online capability to search and display

« vital experimental data
 experimental procedures

* new preparation techniques
* new chemical jargon, and

* literature citations
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Chemical Journals Online is available only on STN International.

For more information, phone
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(800) 848-6538 Toll Free
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continuous-flow systems. Perkin-
Elmer Corp.
Circle No. 336 on reader service card.

Indicating Trap Alarm for Gas

Chromatography Systems

The Alarm alerts the laboratory
when an indicating gas trap—com-
monly used to protect GC columns
from the damaging effects of oxy-
gen—becomes saturated with gas.
The Alarm senses the change in the
trap’s indicating material color, then
emits a beeping alarm while a flash-
ing red light gives a visual signal.
J&W Scientific.

Circle No. 337 on reader service card.

New Chromatography Workstation
Spectra Station is a new generation
chromatography workstation capa-
ble of collecting up to eight channels
of data and controlling up to four
Spectra-Physics LC systems simulta-
neously. Based on the new IBM OS/
2 Version 1.2 Standard Edition oper-
ating system, Spectra Station fea-
tures a state-of-the-art graphical
user interface and advanced multi-
tasking. The Presentation Manager
graphical interface is intuitive, mak-
ing it easy for new users to learn this
system. Mouse-driven color graphics
enable fast, simple setup of a com-
plete LC or GC system. Spectra-
Physics.

Circle No. 338 on reader service card.

EM Quant Test Strips

An instant test strip makes the detec-
tion of peroxide in ultra-high-tem-
perature packaging and raw milk
products easier than ever. EM Quant
Test Strips provide a rapid screen for
residues in milk, juice drinks, and
other products in which hydrogen
peroxide is used for sanitary process-
ing. This simple “dip-and-read” test
determines the presence of peroxide
in concentrations from 0.5 to 50 ppm.
The user simply dips the strip in the
milk, juice, whey, or rinse water. In 5
s, the strip’s special “reaction zone”
turns from white to blue, in response
to the amount of peroxide present.
Comparison with a color chart gives
the concentration range. EM Sci-
ence.

Circle No. 339 on reader service card.
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Disposable Pipet Tips

Bio-Rad’s disposable pipet tips pro-
vide consistently accurate, reproduc-
ible pipetting. These tips are made to
standards equal to or better than the
standards specified by pipet manu-
facturers, and are a reliable replace-
ment for OEM tips. Bio-Rad’s tips
are carefully molded of virgin poly-
propylene to assure smooth interiors
and nonwettability. They thus pre-
vent random hang-up of liquids,
which reduce the precision of many
other tips. Bio-Rad Laboratories.

Circle No. 340 on reader service card.

Cabinet with Mechanical Desiccant

AutoDry Desiccator is a convenient
storage cabinet for laboratory appli-
cations requiring a dry environment.
The Desiccator is designed for stor-
age of chromatography plates, chem-
ical standard, photo plates, and elec-
tronic parts. The cabinet features a
self-contained, heat-driven compo-
nent that automatically dehumidi-
fies, recycling every 5/2 h. A 15 watt
incandescent light provides addition-
al heat for moisture absorption. Lab-
conco Corp.

Circle No. 341 on reader service card.

Basic Model Personal Air Sampler

A basic low-priced model universal
constant-flow air sample pump, the
224-43XR is designed for personal
air sampling applications. The pump
features a built-in pressure regulator
that permits multilow flow sampling
(taking up to four samples simulta-
neously) and a built-in flow indicator
for easy operation. Flow range is
from 1to 5000 mL/min. It has back
pressure capabilities to 10 in. of wa-
terat 4 L/min for 8 h or compensates
up to 40 in. of water over the most
widely used flow rates. SKC Inc.

Circle No. 342 on reader service card.

PLSplus V 2.0

PLSplus V 2.0 is a completely rede-
signed version of the PLS applica-
tion, and greatly enhances the fea-
tures and speed of version 1.0. The
new version of this application uti-
lizes three of the most popular meth-
ods for multicomponent spectral
quantitative analysis: PLS-1, PLS-2,
and PCR. The speed of PLSplus is

unrivaled in PC-based multicompon-
ent analysis software. PLSplus is ca-
pable of using a variety of prepro-
cessing algorithms including vari-
ance scaling, mean centering,
multiplicative scatter correction (for
samples with indeterminate path
length) baseline correction, and path
length correction. Users can even in-
clude their own preprocessing algo-
rithms. Galactic Industries Corp.

Circle No. 343 on reader service card.

Unisphere-Alumina Columns

A new series of LC columns with in-
ternal diameters of 4.6, 9.4, and 21.2
mm and a length of 250 mm are now
available. Each column is prepack-
aged with Unisphere-PBD alumi-
na—a spherical, polybutadiene
(PBD) coated particle composed of
fused porous plates. This new re-
verse-phase packing offers a unique
morphology and uniform PBD coat-
ing that is directly scalable for micro-
gram- to gram-scale separations.
SGM & Co.

Circle No. 344 on reader service card.

Sulfur Chemiluminescence Detector

The Model 350B sulfur chemilumi-
nescence detector for GC and SFC is
based on the same proven chemistry
as the Model 350, but incorporates
new electronics to provide wider lin-
ear range of six orders of magnitude,
reducd background noise, and no
measurable peak broadening. The
Model 350B can be retrofit to any
GC or SFC equipped with a flame
ionization detector. Sievers Re-
search, Inc.

Circle No. 345 on reader service card.

Preparative Chromatography System

The Delta Prep 4000’s high perform-
ance and versatility combine to make
preparative LC methods develop-
ment, scale-up, and purification
easy. The system’s wide flow rate
range of 0.5 to 150 mL/min enables
the chromatographer to develop pre-
parative LC methods using analyti-
cal-size columns with small amounts
of sample and solvent, and then
scale-up to purify milligram to multi-
gram quantities on the same system.
Millipore Corp.

Circle No. 346 on reader service card.
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Participation in the Copyright Clearance Center (CCC)
assures you of legal photocopying at the moment of need.

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

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

Supply copies from CCC-registered publications simply
and easily.

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

Ilts flexible reporting system accepts photocopying
reports and returns an itemized invoice. You send only
one convenient payment. CCC distributes it to the many
publishers whose works you need.
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And, you need not keep any records, the CCC computer
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For Your

Meetings

June 4, 1990: Southeast AOAC Re-
gional Section Meeting. Contact: M.
Sher Ali, USDA, FSIS Eastern Lab-
oratory, Russell Research Center: PO
Box 6085, Athens, GA 30604, tele-
phone 404/546-3571.

June 18-20, 1990: Midwest AOAC
Regional Section Meeting. Contact:
Max L. Foster, Kansas State Board of
Agriculture, Division of Laboratories,
2524 W 6th St, Topeka, KS 66606,
telephone 913/296-3301.

June 20, 1990: Mid-Canada AOAC
Regional Section Meeting. Contact:
Ezzat A. Ibrahim, Manitoba Agricul-
ture, University of Manitoba, Feed
Analysis Agriculture Service Co., Win-
nipeg, MB R3T 2X7, Canada, tele-
phone 204/945-7675.

June 21-22,1990: Pacific Northwest
AOAC Regional Section Meeting.
Contact: Steve Pope, Environmental
Protection Agency, PO Box 549, Man-
chester, WA 98353, telephone 206/
442-0370.

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

October 11-12, 1990: AOAC/Eu-
rope Regional Section Meeting, Brus-
sels, Belgium. Contact: Ellen Jan de
Vries, Duphar B.V., PO Box 900, NL
1380 DA Weesp, The Netherlands,
telephone (31)-2940-79296.

November 8-9, 1990: Central
AOAC Regional Section Meeting.
Contact: Georgia Markakis, Michigan
Dept of Agriculture, 1615 S Harrison
Rd, East Lansing, M1 48823, telephone
517/337-5040.

New Sustaining Members

AOAC welcomes the following new
private sustaining members: W. M.
Ward Technical Services Laboratory,
Winnipeg, Manitoba, Canada, and
JEM Laboratory Services, Rome, GA.

Laboratory Occupation Safety and
Health Standards Workshop

A workshop on laboratory occupa-
tion safety and health standards will be

JA OAC

held June 6-7, 1990, in Washington,
DC. Presented by the American Asso-
ciation for Laboratory Accreditation,
the workshop will not only interpret the
new OSHA occupational safety and
health standards for laboratories but
will guide attendees through the devel-
opment of a Chemical Hygiene Plan
and a Waste Disposal Plan. Topics will
include Developing a Chemical Hy-
giene Plan for Your Laboratory, Mate-
rial Safety Data Sheets, General Prin-
ciples for Safe Handling of Laboratory
Chemicals, Clearly Delineating Re-
sponsibility of Key Professionals, Facil-
ity Engineering Design and Control
Considerations, Other Safety Consid-
erations, and Developing a Waste Dis-
posal Plan for Your Laboratory. The
new OSHA occupational and health
standards, which became effective on
May 1,1990, require laboratories using
hazardous chemicals to develop and im-
plement a written Chemical Hygiene
Plan no later than January 31, 1991.
For more information, contact CEEM,
PO Box 200, Fairfax Station, VA
22309.

Interim First Action Methods

The following methods have been re-
viewed by the appropriate General Ref-
eree, Committee Statistician, and
Methods Committee, and have been
approved interim official first action by
the Chairman of the Official Methods
Board:

Methods Committee on Foods |—
(/) Determination of total nitrogen
content of milk by Kjeldahl analysis,
which provides for use of a copper cata-
lyst and either traditional or block di-
gestor/steam distillation equipment,
submitted by D. M. Barbano and J. L.
Clark (Cornell University, Department
of Food Science, Ithaca, NY) and C. E.
Dunham and J. R. Fleming (Texas
Milk Market, Carrollton, TX); (2) Flu-
orometric determination of alkaline
phosphatase in fluid milk products,
submitted by R. M. Rocco (Advanced
Instruments, Inc., Needham Heights,
MA); (3) Determination of phosphorus
(colorimetry) and calcium and magne-
sium (atomic absorption spectrophoto-
metry) in cheese, submitted by R. M.
Pollman (State of New York, Depart-
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ment of Agriculture and Markets, Al-
bany, NY); (4) Gas chromatographic-
thermal energy analyzer method for de-
termination of volatile Y-nitrosamines
in minced fish-meat and surimi-meat
frankfurters, submitted by J. W. Pensa-
bene, W. Fiddler, and J. G. Phillips
(U.S. Department of Agriculture, East-
ern Regional Research Center, Phila-
delphia, PA); (5) Sulfuric acid/hydro-
gen peroxide digestion and colorimetric
determination of phosphorus in meat
and meat products, submitted by D. K.
Christians, T. G. Aspelund, S. V. Bray-
ton, and L. L. Roberts (Hach Co.,
Loveland, CO); (6) Immunoaffinity
column coupled with solution fluorom-
etry or with liquid chromatography-
postcolumn derivatization for determi-
nation of aflatoxins in corn, raw pea-
nuts, and peanut butter, submitted by
M. W. Trucksess, M. E. Stack, S. Ne-
sheim, S. W. Page, and R. H. Albert
(Food and Drug Administration,
Washington, DC) and T. J. Hansen and
K. F. Donahue (Vicam, Somerville,
MA); (7) Liquid chromatographic de-
termination of domoic acid in mussels,
using AOAC paralytic shellfish poison
extraction procedure, submitted by J.
F. Lawrence, C. F. Charbonneau, and
C. Ménard (Health and Welfare Cana-
da, Health Protection Branch, Ottawa,
Ontario, Canada).

Methods Committee on Foods I1—
In vivo rat assay for true protein digest-
ibility, submitted by F. E. McDonough
(U.S. Department of Agriculture,
Beltsville, MD), F. H. Steinke (Protein
Technologies International, St. Louis,
MO), G. Sarwar (Health and Welfare
Canada, Ottawa, Ontario), B. O. Eg-
gum (National Institute of Animal Sci-
ence, Tjele, Denmark), R. Bressani (In-
stitute of Nutrition of Central America
and Panama, Guatemala City, Guate-
mala), P. Huth (Kraft Inc., Glenview,
IL), W. Barbeau (Virginia Polytechnic
and State University, Blacksburg, VA),
G. V. Mitchell (Food and Drug Admin-
istration, Washington, DC), and J. G.
Phillips (U.S. Department of Agricul-
ture, Philadelphia, PA).

Methods Committee on Microbiolo-
gy and Extraneous Materials—Two
modifications of 989.15, Fluorogenic
Monoclonal Enzyme Immunoassay
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Newburger's Manual of

Cosimetic Analysis

Chapters on analytical techniques:
gas chromatography, other
chromatographic techniques, and
spectroscopy

Chapters on analysis of creams

and lotions, lipsticks, nail

lacquers and extenders, hair
fixatives and dyes, cold wave
solutions and neutralizers,
antiperspirants and deodorants,
sunscreens

Chapters on cosmetic microbiology,
colors, perfumes and fragrances,
preservatives, and toothpastes

i~

Newburger's

Manual of

COSMETIC

2nd Edition — 1977
Price—Members $30.20 in U.S., $35.20
outside U.S.
Nonmembers $33.00 in U.S.,
$38.00 outside U.S.
To obtain book, send order with your
name and address, and check or credit
card information (VISA or MasterCard
number, expiration date, signature and
date) to:

ASSOCIATION OF
OFFICIAL ANALYTICAL

CHEMISTS

2200 Wilson Boulevard
Suite 400-J

Arlington, VA 2220L3301 USA

U.S. Funds Drawn on U.S. Banks Only
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Screening (Q-trol) Method for Salmo-
nella in Foods, to substitute a colori-
metric substrate for the fluorescent
substrate used in 989.15, and to provide
for reading results visually or photo-
metrically, submitted by M. S. Curiale
and M. J. Klatt (Silliker Laboratories,
Chicago Heights, IL) and W. Gehle
and H. Chandonnet (Dynatech Lab-
oratories, Chantilly, VA).

The methods will be recommended to
the membership for adoption official
first action at the 104th AOAC Annual
International Meeting, September 10-
13, 1990, at New Orleans, LA. Copies
of the methods are available from
AOAC Technical Services.

AOAC/Europe to Meet in Brussels,
October 11-12

The first international symposium
organized by the AOAC/Europe Re-
gional Section will be held in Brussels,
Belgium, October 11-12, 1990. The
topic will be “Analytical Science in Eu-
rope: the Elimination of Barriers.”

Since 884
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The increase in European legislation
and the single European market in 1992
demands the interlinking of national
measurement systems. Intended for an-
alytical chemists, microbiologists, and
laboratory managers from government,
industry, international organizations,
scientific institutes, and trade and con-
sumer organizations, the symposium
aims to bring together both providers
and users of measurements from
throughout Europe and the Mediterra-
nean countries to discuss ways to im-
prove quality and establish mutual con-
fidence in test data. The symposium
language will be English only.

“People want to know what EC 92
will bring in food and drug control,”
says Paul Beljaars, AOAC/Europe Re-
gional Section President. “They want
to know how national food laboratories
will operate and what will be the status
of each laboratory.”

“The issue is trading, really, and
AOAC can be a platform for these dis-
cussions because AOAC is neutral, and

not interested in politics,” he says.

Beljaars says that one issue, for ex-
ample, is reference materials, which
may be recognized inside the European
Community, but not outside. The Euro-
pean Community is also interested in
these problems, he says.

The Symposium will open on Thurs-
day, October 11, with introductions and
remarks by Beljaars, R. R. Christensen,
AOAC Executive Director, Arlington,
VA, US.A.; and J. Bessemans,
CERIA/COOVI, Director-General,
Brussels, Belgium.

The first session of the symposium
will be on an international measure-
ment system, chaired by B. King, Gov-
ernment Analyst, Teddington, U.K.
Topics will include:

m EC policy developments affecting
official chemical laboratories: P. Gray,
DG Il European Commission, Brus-
sels, Belgium.

m EURACHEM: R. Kaarls, Nether-
lands Measurement Institute, van
Swinden Laboratory, Delft, The Neth-

AOAC AWARDS NOMINATION

DEADLINES

Letters in Support of AOAC Fellows Awards — The deadline is

February 15 of each year.

Harvey W. Wiley Scholarship Nominations —

Ajunior and senior year scholarship of $500 per year awarded annually to
sophomores majoring in scientific areas of interest to AOAC. Each year,
May | is the nomination deadline. The award winner is announced about
six weeks later.

Harvey W. Wiley Award forthe Development of Analytical M ethods —

A $2,500 annual award to an outstanding scientist or scientific team for
analytical contributions in an area of interest to AOAC. Nominations will
be accepted year-round. Those received before December | of any year
will be eligible for the following four years’awards. Eligibility may be
extended an additional four years by written request of the nominator.

For more information contact: Administrative Manager, AOAC, Suite 400-J,
2200 Wilson Blvd., Arlington, Virginia 22201-3301 ESA or phone (703) 522-3032.
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erlands.

m The use of reference materials to es-
tablish measurement traceability: P. J.
Wagstaffe, Community Bureau of Ref-
erence, European Commission, Brus-
sels, Belgium.

m Interlaboratory comparison as a
means of assessing laboratory profi-
ciency: C. Maas, Inspectorate for
Health Protection, Food Inspection
Service, Zutphen, The Netherlands.

m Laboratory accreditation: J. Sum-
merfield, National Measurement Ac-
creditation Service, U.K.

On Thursday evening, a reception
hosted by the AOAC/Europe Regional
Section will be held at the City Hall of
Brussels.

On Friday, October 12, the session
on Good Laboratory Practices will be
chaired by R. Battaglia, Federation of
Migros Cooperation, Central Labora-
tory, Zurich, Switzerland. Topics will
include:

m Knowledge of measurement uncer-
tainty is essential to the production of
sound measurements, which are fit for
their purpose: M. Thompson, Universi-
ty of London, London, U.K.

m Different means of assessing and
monitoring the analytical quality in a
group of laboratories—an experience:

COMING
IMMUNOAFFINITY SEPARATIONS

FOCUS ON
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B. Carton, National Institute for Secu-
rity Research INRS, Nancy, France.

m The use of chemometrics and LIMS

as an aid to quality: B. G. M. Vande-

ginste, Unilever Research Laborato-
ries, Vlaardingen, The Netherlands.

m Trends in laboratory economics:

moving from the public to the private

sector: J. Faugere, Municipal Labora-
tory, Bordeaux, France.

The education and training of future
analytical scientists will also be dis-
cussed during this session and an Open
Forum discussion will be held.

Members of the AOAC/Europe Re-
gional Section constitute the organizing
committee for the symposium. They
are:

m President—Beljaars, Inspectorate
for Health Protection, Food Inspection
Service, Maastricht, The Netherlands.
m President-elect—J. Sabater, Labor-
atory Dr. J. Sabater, Barcelona, Spain.
m Secretary-treasurer—E. J. de Vries,
Duphar BV, PO Box 900, 1380 DA
Weesp, The Netherlands.

m Members—C. Bourgeois, Societe
Produits Roche, Fontenay Sous Bois,
France; B. King, Laboratory of the
Government Chemist, Teddington,
U.K.; A. L. Malskaer, Vanlose, Den-
mark; T. Rihs, Swiss Federal Research

IN THE NEXT

Station for Animal Production, Po-
sieux, Switzerland; M. C. Walsh, State
Laboratory, Dublin, Ireland; and R.
Wood, Ministry of Agriculture, Fisher-
ies, and Food, London, U.K.

The registration fee is Bf (Belgian
Francs) 3.500 before September 1,
1990; Bf 4.000 after.

For AOAC members, the fee is Bf
3.000 before September 1; Bf 3.500 af-
ter.

For students, the fee is Bf 2.500 be-
fore September 1; Bf 3.000 after.

Fees include lunch on first and sec-
ond day, symposium reception, coffee,
tea, and beverages, information pack,
and abstracts. Payment must be made
in the form of a check in Belgian
Francs, payable to the Symposium Sec-
retariat. Refund of fees, less a 20% ad-
ministrative charge, will be made until
September 1, 1990. Substitutions will
be accepted at any time.

All inquiries concerning the sympo-
sium should be addressed to: AOAC/
Europe Regional Section Symposium,
Food Science and Technology Service
CERIA/COOVI, Institute of Fermen-
tation Industries, Avenue E. Gryzon 1,
B-1070 Brussels. Contact: Patrick Dys-
seler, Tel: (32)-2-52 67 342; FAX:
(32)-2-52 67 042.

ISSUE

» High-Performance Immunoaffinity Chromatography for Drug Residue Analysis—Stanley E. Katz and

Marietta Sue Brady
TOBACCO

» Cigarette Smoke Composition. Part 1 Limitations of FTC Method When Applied to Cigarettes that Heat
Instead of Burn Tobacco—Michael F. Borgerding, Richard D. Hicks, James E. Bodnar, Dennis M.
Riggs, Edward J. Nanni, George W. Fulp, Jr, William C. Hamlin, Jr, and J. A. Giles

» Cigarette Smoke Composition. Part 2. Method for Determining Major Components in Smoke of Ciga-
rettes that Heat Instead of Burn Tobacco—Michael F. Borgerding, L. Arthur Milhous, Jr, Richard D.

Hicks, and J. A. Giles

and

75 YEARS OF REPORTING ANALYTICAL SCIENCE
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Instructions to Authors

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: (1) 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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ELIMINATING CAN DEFECTS—THE FIRST STEP

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 microorganisms to
enter food. Recognizing a can defect,
doing something to correct the cause,
and removing the defective cans from
commerce will help prevent food
poisoning outbreaks. The first step is
to ensure that responsible personnel
know how to identify defective cans.

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

(US Funds drawn on
US Banks only)

0O Check enclosed.
Card Number

Nare

Qnpary
Adtess

Qty, Seate, Zp

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

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

For copies, send order form and
check to:

Association of Official Analytical
Chemists

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

FAX: (703) 522-5468

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

u.s.

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

outside U.S.

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

Prices include handling and shipping.

0O Charge my 0 VISA O MasterCard
Expires

Signature
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PAPERS THATMADE A DIFFERENCE

Emergence in the 1960s of aflatoxin as a potential threat to the health of both human and animal
consumers of fungal-contaminated products precipitated a new era of method development for
analytical chemists. A section was reserved in the AOAC Journal strictly for mycotoxins. The
mycotoxin of greatest concern was aflatoxin. All research efforts on the potential cancer-causing
aflatoxin demanded reliable measurement of that toxin. No particular method stood out as a single
bench mark before which was “darkness” and after which “light.” Methods relied on extractions of
the mycotoxin in a solvent that solubilized the toxin with a minimum of extraneous material,
cleanup of the extract with minimum loss of toxin, and, finally, quantitation. It is in the quantita-
tion of aflatoxin that the spectacular “plateaus of excellence” emerged as various newly developed
chromatographic techniques were applied. This report reprints abstracts of some of the important
Journal papers that introduced these new concepts.

Aflatoxins are intensely fluorescent when exposed to ultraviolet light. The fortuitous circum-
stance permits the detection of these compounds at extremely low levels and provided the basis for
practically all the physicochemical methods for quantitation. Early procedures utilized a visual
comparison of the fluorescence intensity of the toxins with those of standards applied to thin-layer
chromatographic plates. Plates were prepared in the laboratory. Comparisons were subjective.
Quantitation was compromised by observer acuity and was time-consuming because such a large
number of visual observations were necessary. A within-laboratory average coefficient of variation
of 45% was often reported. The human error was removed with the introduction of instrumental
quantitation. The first bench mark in instrumental quantitation of aflatoxin was the introduction
of fluorodensitometry by A. C. Bechwith and L. Stoloff [J. Assoc. Off. Anal. Chem. 51, 602-608
(1986)] and W. A. Pons, Jr [/. Assoc. Off. Anal. Chem. 54, 870-873 (1971)].

Densitometry quantitation was applied to aflatoxins separated on thin-layer plates. The former
paper describes transmission densitometry in which both excitation energy and the emitted energy
transversed the entire gel layer. The latter paper compared results from a typical reflectance
densitometer to those obtained by transmission densitometry and determined that comparable
results were obtained on both types of instruments. Aflatoxin analysis was firmly projected into the
realm of reliability based on unbiased instrumentation.

Use of liquid chromatographic (LC) quantitation was a second bench mark in aflatoxin analysis.
Again, unbiased instrumentation was used. The concept was introduced in 1973 by J. N. Seiber and
D. P.H. Hsieh [J. Assoc. Off. Anal. Chem. 56,827-830 (1973)]. The advantage was the by-pass of
thin-layer plates.

This early paper described UV detection at 254 nm, rather than fluorescence detection. As a
consequence, sensitivity was compromised; 1000 ng B] was required to elicit an adequate instru-
ment response. But these authors adventured into application of this new technique to aflatoxin
separation. Later, W. A. Pons, Jr, refined LC detection of aflatoxin. Using a UV detector set at 360
nm, he reported baseline separation and sharp peaks for the 4 aflatoxins Bj, Bz, Gi, and G:
following 10 ng injections [/. Assoc. Off. Anal. Chem. 59, 101-105 (1976)].

Development of a flow cell packed with silica gel allowed the fluorescent property of the toxins to
be used in quantitation by LC and provided another step in the ever-improving instrumental
analysis [7. Assoc. Off. Anal. Chem. 60, 583-589 (1977)].

That important paper was authored by J. Panalaks and P. M. Scott (both Scott and Pons were
AOAC Wiley Award recipients). Sensitivity increased dramatically; 0.6 ng of each of the 4
aflatoxins was detected easily. Pons incorporated LC quantitation into methods specifically devel-
oped for estimation of aflatoxins in various agriculture products. His last report, published after his
death in 1979, utilized the flow cell and fluorescence detection for quantitation of aflatoxin in corn
[/. Assoc. Off. Anal. Chem. 62, 586-594 (1979)].

This report was a real bench mark and established LC as the instrumentation procedure
preferred by most chemists for quantitation of aflatoxin.

THEN CAME BIOLOGY. The concept of immunology was applied to quantitation of mycotox-
ins. Immunochemical assay procedures are common in medical laboratories. Real analytical
creativity adapted the techniques for mycotoxin analysis. F. S. Chu is considered one of the
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founding fathers of ELISA, enzyme-linked immunosorbent assays. He and his students continue
very meaningful research in this area. Chu’s 1987 report [J. Assoc. Off. Anal. Chem. 70, 854-857
(1987)] describes an improved ELISA for aflatoxin Bi.

ELISA assays utilize the specificity of antibodies for the particular mycotoxin. Extract cleanup
is eliminated. Methods are rapid and usually require a little over an hour to complete. The
burgeoning number of commercial Kits available for assays for a number of mycotoxins attest to the
surge of successful applications of the ELISA technique. Chu’s former student, J. J. Pestka, is the
current AOAC Associate Referee for immunochemical methods for mycotoxins. His recent special
report [/. Assoc. Off. Anal. Chem. 71, 1075-1081 (1988)] offers an excellent overview of the

theory and application of ELISA.

In the summary, Pestka states that “the evolution and implementation of mycotoxin immunoas-
says in the field of analytical chemistry and their use as research tools offer a model for.. .

pesticides, growth promoters, antibiotics and industrial wastes. ..

.7 Truly biology has made vast

inroads into traditional analytical chemistry. (Many chemists are more than a little nervous.)

Louise S. Lee

Journal Co-Editor for Food Contaminants and Biological Methods

Southern Regional Research Center, New Orleans, LA

Fluorodensitometric Measurement of Aflatoxin Thin Layer Chromatograms

A. C. BECKWITH and LEONARD STOLOFF

Division of Food Chemistry, Food and Drug Administration, Washington, DC 20204

The precision limit of visual comparison procedures used In
aflatoxin assay methods can be no better than +20 % for a
single observation and, under operating conditions, It Is prob-
ably close to £28%. Fluorodensitometric procedures de-
scribed In the literature can Improve this precision to +9 %
for the average of multiple observations. A possible source of
inaccuracy in the published densltometric procedures Is
pointed out and a method using internal standards to avoid
the Inaccuracy is presented. Tested with spiked extracts of

“clean” peanut butter, the procedure gave an average 101 +
3% recovery of added aflatoxin Bi and 89 + 6% recovery of
aflatoxin B2with a precision for Individual assays equal to the
precisions reported for the other procedures. The major
source of error was shown by elimination to reside in the thin
layer chromatography and aflatoxin Instability.

Ref.: J. Assoc. Off. Anal. Chem. 51, 602-608 (1968).

Evaluation of Reflectance Fluorodensitometry for Measuring Aflatoxins on Thin Layer

Plates

WALTER A. PONS, Jr

U.S. Department of Agriculture, Southern Regional Research Laboratory, New Orleans, LA 70119

A reflectance fluorodensitometer employing Illumination of
chromatograms with longwave UV light at 45° angles to the
plate surface and measurement of reflected fluorescence at
90° was found to be suitable for measuring aflatoxins on
silica gel-coated thin layer plates. The relationship of peak
area vs. concentration was linear for 1-20 ng aflatoxins Bi
and Gi/spot. Degradation of aflatoxins was slight. Five repet-
itive scans of the same chromatogram containing 5 ng each
of Bi and Gi reduced the recorded areas an average of 1%
per scan. Consecutive scans of 8 Identical standard chro-
matograms containing 5 ng each of Bi and Gi and 1.5 ng

each of B2and G2 showed a reproducibility, as measured by
coefficients of variation, of £4-5 % (Bi and Gi) and £5-9 %
(B2 and G2), representing the combined errors of standard
application, TLC development, and scanning. Analysis of
aflatoxins in purified sample extracts from 6 contaminated
oilseed meals, 3-500 fig aflatoxIns/kg, in which the same
TLC plates were scanned by a transmission densitometer
and the reflectance densitometer yielded essentially equiva-
lent values.

Ref.: 3. Assoc. Off. Anal. Chem. 54, 870-873 (1971).
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Application of High-Speed Liquid Chromatography to the Analysis of Aflatoxins

JAMES N. SEIBER and DENNIS P. H. HSIEH

Department o fEnvironmental Toxicology, University of California, Davis, CA 95616

Partial resolution of aflatoxlns Bl B2 Gi, G2, and Pi was
achieved by high-speed liquid chromatography (HSLC) on a
porous layer silica adsorbent, using chioroform-isooctane as
the eluting solvent and a 254 nm UV monitor for detection.
The resolution was somewhat less than, although compara-
ble with, that obtained by thin layer chromatography, using
Adsorbosll-1 adsorbent and fluorodensitometrlc detection.
The HSLC response to Bi and Gi was linear in the 400-3000
ng range, allowing application of the technique to the quanti-

tatlve analysis of Bt and Gi In crude extracts of Aspergillus
parasiticus cultures. The coefficients of variation (precision)
were 4.2% for Bi and 23.2% for Gi in a series of 4 replicate
injections. The advantages and limitations of the technique
for quantitative analysis and isolation are compared with
those of more conventional chromatographic methods.

Ref.: /. Assoc. Off. Anal. Chem. 56, 827-830 (1973).

Resolution of Aflatoxins Bj, B2, Gj, and G2 by High-Pressure Liquid Chromatography

WALTER A. PONS, JR

Southern Regional Research Center, Agricultural Research Service, U.S. Department ofAgriculture, PO Box

19687, New Orleans, LA 70179

Aflatoxins were completely resolved as sharp peaks In the
order Bi-B2-Gi-G2 by high-pressure liquid chromatography
on a small particle (10 /tm) porous silica gel column in 7-13
min (Bi through G2) by a water-saturated chloroform-cycio-
hexane-acetonitrlle elution solvent (25 + 7.5 + 1.0), with
detection by ultraviolet absorbance at 360 nm. The relation-
ship between peak height and amount Injected was linear
over a 5-400 ng range for each aflatoxin. Both retention

times and peak heights were highly reproducible, multiple
Injections of mixed standards giving coefficients of variation
of 1.0-1.4% (retention time) and 1.6-2.8% (peak height) for
the 4 aflatoxIns. Detection was highly sensitive, with mean
peak height, mm/ng, of 7.1 (Bi), 6.4 (B2, 4.5 (Gi), and 4.1
(G2), allowing detection of 1-2 ng of each aflatoxin.

Ref.: J. Assoc. Off. Anal. Chem. 59, 101-105 (1976).

Sensitive Silica Gel-Packed Flowcell for Fluorometric Detection of Aflatoxins by High

Pressure Liquid Chromatography

THAVIL PANALAKS and PETER M. SCOTT

Health and Welfare Canada, Food Research Laboratories, Health Protection Branch, Ottawa,

Ontario, Canada K1A 0L2

Aflatoxins Bi, B2, Gi, and G2were quantitatively detected by
high pressure liquid chromatography on a 5 pm Lichrosorb
column, using a Lichrosorb-packed flowcell In the fluoromet-
ric detector. The relationship between peak height and the
amount Injected was linear only up to about 2 ng but showed
a linear log-log relationship. Methods for constructing and
packing the flowcell are given. A guard column and venting

valve were used to minimize deterioration of the analytical
column and the adsorbent-packed flowcell. The method was
applied to a peanut butter extract, although with the cleanup
procedure used, the life expectancy of the flowcell is limited.

Ref.: 3. Assoc. Off. Anal. chem. 60, 583-589 (1977).
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High Pressure Liquid Chromatographic Determination of Aflatoxins in Corn

WALTER A. PONS, JR

U.S. Department ofAgriculture, Science and Education Administration, Southern Regional Research Center,

New Orleans, LA 70179

A high pressure liquid chromatographic (HPLC) method is
proposed for determining aflatoxins in corn. The sample is
extracted with methanol-10% NaCl (4 + 1), pigments are
precipitated with zinc acetate, and the extract is cleaned up
on a small (2 g) silica gel column. Aflatoxins In the purified
extract are resolved by normal phase HPLC on a microparti-
culate (10 pm) silica gel column with water-saturated chloro-
form-cyclohexane-acetonitrlle solvent, and detected by fluo-
rescence on a silica gel-packed flowcell. The method was
compared with chloroform-water extraction of the official CB
method on 15 samples of contaminated corn. In 5 of the 6

samples containing aflatoxins Bi, B2, G1; and G2, methanol-
10% NaCl extracted more aflatoxIn than did chloroform-
water, as measured both by HPLC and by thin layer chroma-
tography. In samples containing only Bland B2, the 2 extrac-
tion solvents were virtually equivalent. Agreement was good
between HPLC and TLC for each extraction solvent. Average
recovery of aflatoxins Bi, B2, G1, and G2 added to yellow
cornmeal at 3 levels was >90%.

Ref.: J. Assoc. Off. Anal. Chem. 62, 586-594 (1979).

Improved Enzyme-Linked Immunosorbent Assay for Aflatoxin Bi in Agricultural

Commodities

FUN SUN CHU, TITAN S. L. FAN, GUANG-SHI ZHANG, and YI-CHUN XU
University of Wisconsin, Food Research Institute and Department of Food Microbiology and Toxicology,

Madison, W 153706
SUSAN FAUST and PHILIP L. McMAHON
AgriTech Systems, Inc., Portland, ME 04101

An Improved enzyme-linked immunosorbent assay (ELISA)
for aflatoxin B1in cornmeal and peanut butter was devel-
oped. Aflatoxin Bi In cornmeal and peanut butter samples
was extracted with 70% methanol In water containing 1%
dimethylformamlde diluted with assay buffer to a final con-
centration of 7.0% methanol, and directly subjected to an
ELISA procedure that took less than 1 h for quantitative
analysis and less than 30 min for screening tests. Analytical
recoveries for 5-100 ppb Bi added to the cornmeal and

peanut butter were 91 and 95.4%, respectively. The Inter-
well and interassay coefficient of variation was 10% or less
at the 20 ppb level and above. Agreement for Bi levels in
more than 30 naturally contaminated corn, mixed feed, and
peanut butter samples was excellent between the ELISA
data and the data obtained from different Independent lab-
oratories using TLC or other analytical methods.

Ref.: J. Assoc. Off. Anal. Chem. 70, 854-857 (1987).

Enhanced Surveillance of Foodborne Mycotoxins by Immunochemical Assay

JAMES J. PESTKA

Michigan State University, Department ofFood Science and Human Nutrition, East Lansing, M | 48824-1224

Mycotoxins are a chemically diverse group of fungal second-
ary metabolites with a wide range of toxic effects. Conven-
tional thin-layer and instrumental methods of mycotoxin
analysis are time-consuming and make routine safety and
quality control screening of these compounds in agricultural
commodities difficult. As an alternative, specific polyclonal
and monoclonal antibodies have been raised against myco-
toxin-proteln conjugates and used In sensitive radioimmuno-
assays (RIAs) and enzyme-linked immunosorbent assays
(ELISAS). One of the simplest ELISA approaches involves
competition for a solid-phase antibody between a mycotox-
in-enzyme conjugate and an unconjugated mycotoxin in the
sample extract. ELISAs have been developed for aflatoxins
Bn and Mi, zearalenone, T-2 toxin, and deoxynlvalenol,

which are highly specific, rapid (10 min), easily adaptable for
analyzing large numbers of samples, and directly applicable
to assaying methanol-water extracts of a wide range of
foods. Several commercial mycotoxin ELISAs using this ap-
proach (most typically for aflatoxin Bi) are currently being
marketed. Since ELISAs will be used in large part by person-
nel with limited technical expertise, Individual kits must be
critically evaluated by analytical chemists for suggested
sampling procedures, efficiency of extraction, cross-reactiv-
ity, mycotoxin recovery, assay reproducibility, and product
shelf-life prior to routine use In food safety and quality control
screening.

Ref.: 3. Assoc. Off. Anal. chem. 71, 1075-1081 (1988).



MOATS: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990) 343

SPECIAL REPORT

Liquid Chromatographic Approaches to Antibiotic Residue Analysis

WILLIAM A. MOATS

U.S. Department of Agriculture, Agricultural Research Service, Beltsville, MD 20705

Liquid chromatography has been widely used for determina-
tion of antibiotics and other drugs In formulations and in
biological fluids for clinical tests. Application to residue anal-
ysis Is more difficult because of the need for higher sensitiv-
ity and isolation from complex biological substrates. Numer-
ous LC methods for chloramphenicol and sulfonamides have
been described. LC methods are beginning to be described
for residues of other antibiotics. Several approaches have
been used for extraction of residues from food substrates.
Residues have been cleaned up and concentrated by using
partitioning and/or solid-phase extraction. With some resi-
dues, cleanup and analysis can be done in the LC system. LC
offers considerable potential for rapid, automated residue
analysis.

Many liquid chromatographic (LC) methods have been de-
scribed for determination of antibiotics. Most of these are
intended for determination in formulations, fermentation
broths, or biological fluids for clinical applications. The use
of LC methods in residue analysis has been more limited.
Since the subject was reviewed in 1986 (1), considerable
progress has been made in development of LC methods for
residues of some antibiotics. Residue analysis generally re-
quires greater sensitivity and isolation from more complex
substrates than is the case for other applications. LC ap-
proaches have been used primarily for confirmation of resi-
dues rather than as direct screening tests. However, with
recent improvements in methodology, LC procedures can
approach the speed and simplicity of screening tests. Confir-
matory tests must equal or exceed the sensitivity of screening
tests if they are to be of any value.

A major advantage of LC over other chromatographic
approaches for antibiotic residue analysis is that frequently
little or no sample preparation is required. Another advan-
tage is that procedures can be partially or completely auto-
mated. Aerts and coworkers (2) recently described a fully
automated procedure for determination of a variety of sul-
fonamide residues in food substrates.

At the simplest, samples can be injected directly for LC
analysis. Direct injection of blood serum is being increasingly
used in clinical applications for determination of drug levels
in blood (3, 4). The serum is either injected directly into the
LC column or injected onto a precolumn with column switch-
ing. We have successfully used direct injection for determi-
nation of oxytetracycline in honey (5). The honey was diluted
with 0.1M HC1 and injected directly into the LC system. The
procedure requires about 10 min and is sensitive to about 0.5
ppm. It is therefore comparable in speed and simplicity to
rapid screening methods.

For determination of antibiotic residues in milk and tis-
sues, some type of extraction and/or deproteinization is re-
quired. Some examples of approaches that have been used

Received June 26, 1989. Accepted November 25, 1989.

are summarized in Table 1 Strong mineral acids have been
used mainly for extraction of the tetracycline group (s, 7).
Tungstic acid has been used for deproteinization of tissues
(s). Trichloroacetic acid has also been used as a protein
precipitant (9-11). Buffers have been used for extraction of
tetracycline (12,13). Shaikh and coworkers (14) used buffer
extraction and heat to extract neomycin from tissues. Ultra-
filtration in the presence of organic solvent has been used for
serum and also tissues (15,16). Strong alkali has been used to
extract tobramycin from kidney tissue (10). Aerts et al. (2)
used saline solution for extraction followed by dialysis. Wa-
ter-immiscible organic solvents have been used to extract a
variety of antibiotics from tissue homogenates and milk (17-
22). Water-miscible organic solvents have also been used for
extraction/deproteinization; a few examples are listed (23-
26). The addition of organic solvents is helpful in dissociating
drug-protein complexes. Solid-phase extraction of adsorbent
cartridges or pre-columns has been used with substrates such
as blood serum (27), milk (28,29), whole blood (30), or even
tissue that has been liquefied enzymatically (31).

After trying a number of these approaches, we concluded
that extraction/deproteinization with water-miscible organ-
ic solvents was simple, effective, and broadly applicable.
Some examples of the use of this approach in our own labora-

Table 1. Extraction and/or deproteinization methods used

for antibiotic residue analysis

Approach

Mineral acids (HCI, HCIO4)

Tungstic acid
Trichloracetic acid
With HCI
With NaOH
Buffer

Buffer extract/heat
Ultrafiltration

Strong alkali (NaOH)

Saline solution/dialysis

Water-immiscible organic
solvents

With ultrasound
Water-miscible organic
solvents
With acid

Solid-phase extraction

Compound/substrate

tetracyclines/meat, fish (6)
tetracyclines/blood, tissue (7)
penicillin G/tissues (8)
kanamycin/tissue (9)
oxytetracycline/fish (10)
tobramycin/kidney (11)
tetracyclinesl/liver (12)
oxytetracycline/fish (13)
neomycin/tissues (14)
ampicillin/serum (15)
doxycycline/tissue (16)
tobramycin/kidney (10)
sulfonamides/milk, meat, egg (2)
doxycycline/tissues (17)
tetracyclines/tissues (18)
chloramphenicol/milk (19)
chloramphenicol/tissues (20, 21)
sulfonamides/tissues (22)
several (23, 24)
penicillin G/milk (25)
many/tissues (26)
tetracyclines/tissue (7)
trimethoprim/serum (27)
chloramphenicol/milk (28)
penicillins/milk (29)
hydrophilic drugs/blood (30)
drugs/enzymatically liquefied
tissue (31)
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Table 2.  Extraction/deproteinlzation with water-miscible

organic solvents

Antibiotic/substrate Buffer Solvent

acetonitrile 2:1
acetonitrile 4:1
acetonitrile 4:1

Penicillins/milk (32) none
Penicillins/tissue (33) none
Tylosin/tissue (34) blended with 3 v/w
pH 2.2 buffer
blended with 3 v/w acetonitrile 4:1
INHCI
blended with 3 v/w
0.1MNH4H2PO4
blended with 3 v/w
0.1MNH4H2PO4
blended with 3 v/w
0.1MNH4H2PO4

Tetracyclines/tissue (35)

methanol 1:1
methanol 2:1a
methanol 1.1

Novobiocin/tissue,
milk (36)
Virginiamycin/tissue (37)

2-stage: methanol
1:1; acetoni-
trile 3:1

Lincomycin/tissue, milk
(unpublished data)

Liver, kidney.

tory are shown in Table 2. In some cases, the samples were
buffered to improve recoveries.

As was also observed in other laboratories (7, 26), mixing
the sample with strong acid greatly improved recovery of
tetracyclines. When 1:1 methanol was used, the mixture was
buffered to pH 4.6 with NH4H:PO. to facilitate filtration. A
2 -stage procedure was used with lincomycin, because a low
concentration of organic solvent did not adequately precipi-
tate interferences and direct use of high organic solvent con-
centrations gave low and erratic recoveries.

The advantages of extraction/deproteinization with wa-
ter-miscible organic solvents are: (7) The procedure is rapid
and simple and, with pH adjustment, appears to be universal-
ly applicable. (2) Recoveries are generally consistent and
high (near 100%). (5) Because residues are uniformly dis-
tributed in the melange formed by addition of organic sol-
vents, an aliquot of filtrate can be taken as equivalent to a
given amount of original sample. Lengthy multiple extrac-
tions of the filter cake are therefore unnecessary.

There are also some disadvantages with the use of organic
solvents: (7) They are somewhat toxic. (2) Organic solvents
must usually, but not always, be removed from extracts prior
to reverse-phase chromatography. (5) Water-insoluble inter-
ferences coextract. It is therefore desirable to keep the organ-
ic solvent concentration as low as possible. Use of a 2-stage
treatment can reduce carryover of water-insoluble interfer-
ences and still give efficient deproteinization.

In general, the simplicity, efficiency, and broad applicabil-
ity of procedures using water-miscible organic solvents out-
weigh any disadvantages.

The amount of further treatment of sample extracts re-
quired depended on the characteristics of the compound to be
analyzed. The simplest approach was to concentrate the ana-
lyte directly from the filtrate on the LC column and then to
elute with a solvent gradient for analysis. For this approach
to be successful, the sample must be injected in a solvent with
no eluting strength at all. Most compounds were not retained
on reverse-phase packings from the filtrates because of the
high organic solvent concentrations. An exception was novo-
biocin which was retained from 50% methanol. The 1:1 meth-
anol filtrates could therefore be injected directly. When 2:1
methanol was used, the filtrates were diluted 1.1 with water
and injected. Novobiocin was eluted with an acetonitrile
gradient for analysis. This provided a simple, sensitive ana-
lytical procedure (36).

A similar approach could be used with a number of other
compounds after the organic solvent was removed from the
filtrate. The organic solvent could be removed by evaporation
or by extraction with a water-immiscible organic solvent.
Petz (23) and Malisch and Huber (24) found that many
compounds could be recovered in the organic layer formed
after salt (and sometimes methylene chloride) was added to
acetonitrile filtrates. This procedure will not work with very
polar compounds, however. Tetracyclines were recovered in
the water layer formed when methylene chloride (added as a
solvent bridge) and hexane were added to the filtrate. Con-
siderable interfering material was removed with the organic
layer. The tetracyclines were then concentrated directly on
the analytical column, as with novobiocin, and eluted with a
methanol-acetonitrile gradient (35).

Some published procedures for tetracycline residues in-
lude a separate cleanup step with some type of adsorbent
cartridge. The residues must then be eluted and concentrated
by evaporation. Onji et al. (s ) found that considerable losses
of tetracyclines could occur during evaporation of eluates.
Direct concentration on the analytical column is not only
simpler but avoids losses inherent when a separate cleanup
step is used.

Some compounds such as tylosin and virginiamycin prefer-
entially partitioned into the organic layer when water-immis-
cible organic solvents were added to the filtrates. The analyti-
cal procedure for tylosin (34) is based on a complex retention
mechanism involving binding to the silica support of a bond-
ed reverse-phase packing at high organic solvent concentra-
tion (38). With this retention mechanism, which is really
normal-phase rather than reverse-phase, tylosin must be in-
jected in acetonitrile rather than water.

Unlike tylosin, virginiamycin must be injected in water for
reverse-phase LC determination. The filtrate was prepared
using 1:1 methanol to minimize coextraction of lipids. The
organic layer was separated by a simple partitioning proce-
dure and evaporated in the presence of a small amount of
water to transfer the virginiamycin into water for LC analy-
sis. Virginiamycin, which is actually a mixture of com-
pounds, was concentrated on the LC column from the water
layer and eluted with an acetonitrile gradient for analysis.
The principal component, designated M, was determined
since the minor components are difficult to detect (37).

The 4 compounds for which methods have just been de-
scribed have fairly strong UV absorptions and thus can be
determined by LC procedures with little sample preparation.
Other compounds may require more rigorous cleanup. The
LC system is a powerful cleanup tool. When extracts contain
too much interference for direct LC determination, the ana-
lytes can be concentrated on the LC column from sample
extracts as previously described after organic solvents are
removed. The compounds of interest can be eluted as narrow
bands by using a solvent gradient. Narrow fractions can be
collected by a procedure sometimes termed “heart-cutting”
(39) and rechromatographed under different conditions. The
process can be repeated if necessary to obtain the desired
concentration and cleanup.

Concentration directly on the LC column offers some ad-
vantages over the use of disposable cartridges sold for this
purpose: (7) Results are reproducible since the same column
is used repeatedly. (2) No activation is required. (5) There is
no contamination from the column. (4) Column efficiency is
much greater so that more precise fractionation is possible.

We have successfully used this approach with lincomycin.
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Lincomycin is a weakly basic compound with a pka of 7.6
Because there is no simple way to derivatize the compound,
mdetection was based on the weak UV absorption at 200 nm.
This requires rigorous cleanup to separate the compound
from interferences. A 2-stage extraction/deproteinization
procedure was used to efficiently recover lincomycin from
milk and tissue. Lincomycin could not be partitioned com-
pletely into either the organic or the water layer. Solvent was
therefore removed by evaporation. The salt and free-base
forms had markedly different retentions on reverse-phase
packings. The extract was chromatographed at pH 4.6 (salt
form), and a narrow fraction containing the lincomycin was
collected. This fraction was rechromatographed at pH 7.5
(free base), and the lincomycin was separated from interfer-
ences in the fraction collected. This approach appears prom-
ising for use with other difficult cleanup situations such as
determination of /3-lactam antibiotics at the low ppb levels.
The LC cleanup can be automated using an autosampler and
fraction collector.

The methods discussed to this point have used UV absorp-
tion for detection of analytes. This approach is simple and
UV detectors are universally available. Other detection
modes may also be used to improve sensitivity or specificity,
especially with compounds with little or no UV absorbance.
Native fluorescence has been used for determination of vir-
giniamycin S (40) and sulfonamides (41). A method for
chloramphenicol in milk has been described (42), which uses
electrochemical detection. However, this method of detec-
tion has not been used much for residue analysis, perhaps
because of poor specificity.

Derivatization of analytes, both before and after chro-
matographic analysis, has been done to improve sensitivity
and specificity. Some examples of pre-column derivatization
include formation of fluorescent derivatives of monensin (43)
and other ionophores (44) with 9-anthryldiazo methane and
formation of a fluorescent derivative of kanamycin with
o-phthalaldehyde (11). /3-Lactam antibiotics have been de-
termined in blood serum after conversion to fluorescent deg-
radation products (45) and in milk by conversion to the
penilloaldehydes with mercury salts after hydrolysis to the
penicilloate (46). Post-column derivatization has also been
used and has the advantages that a separate sample treat-
ment step is not required and also that the analytes are better
separated from interferences prior to derivatization. Neomy-
cin has been determined after treatment with o-phthalalde-
hyde (14), and streptomycin in meat has been determined by
derivatization with ninhydrin (47). For /3-lactam antibiotics
in biological fluids, methods include derivatization of amoxi-
cillin with fluorescamine (39), fluorescent labeling with
o-phthalaldehyde (48), and degradation of ampicillin and
metabolites with sodium hypochlorite (49) and conversion to
the mercuric mercaptide derivative of penicillenic acid (50).
Aerts et al. (2) used dimethylaminobenzaldehyde to deriva-
tize sulfonamides.

The presence of a chromatographic peak of the proper
retention time may not adequately confirm the presence of a
suspect residue. However, the absence of any chromato-
graphic peak at or near the retention time of the analyte
clearly establishes that the analyte is not present above the
detection limit of the method. Since the actual incidence of
residues is quite low, the usual result will be negative, i.e., to
establish that no detectable residue is present.

Although equipment is now available commercially for
interfacing LC equipment with mass spectrometers, this is

still quite expensive. Furthermore, special techniques using
volatile buffers may be required. Diode array detectors are
only slightly more expensive than UV detectors and can be
substituted for conventional UV detectors. These provide
information as to both the identity and purity of chromato-
graphic peaks and can be readily used routinely. Methods
employing this approach have been described by Malisch and
Huber (24) and Riond et al. (16). With /3-lactam antibiotics,
a portion of sample extract can be treated with /3-lactamase
and the disappearance of any peaks noted (s, 25). Peak
height ratios taken at » different wavelengths have also been
used to confirm the identity and purity of chromatographic
peaks (14).

In summary, liquid chromatographic approaches are ef-
fective both for analysis and concentration and cleanup of
antibiotic residues in sample extracts. A major advantage of
LC analysis over other chromatographic approaches is that
frequently little sample preparation is required and proce-
dures can be automated to a high degree. Some examples of
simplified ar.d automated approaches to sample preparation
and analysis are described that appear to be broadly applica-
ble for determination of antibiotic residues in various sub-
strates.
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The current concepts of protein quality evaluation were re-
viewed. A detailed examination of existing animal assays
and more promising amino acid scoring methods has been
carried out by an Ad Hoc Working Group on Protein Quality
Measurement for the Codex Committee on Vegetable Pro-
teins during the last 5 years. Several factors such as Inade-
quacies of protein efficiency ratio (PER, the poorest test) and
other animal assays, advancements made In standardizing
methods for amino acid analysis and protein digestibility,
availability of data on digestibility of protein and individual
amino acids in a variety of foods, and reliability of human
amino acid requirements and scoring patterns were evaluat-
ed. Onthe basis of this evaluation, amino acid score, correct-
ed for true digestibility of protein, was recommended to be
the most suitable routine method for predicting protein quali-
ty of foods for humans. Amino acid scores corrected for true
digestibility of protein (as determined by rat balance method)
were termed “protein digestibility-corrected amino acid
scores.” A detailed method for the determination of the
protein digestibility-corrected amino acid score was pro-
posed, and information about the range of scores to be
expected in foods or food products was provided in the
present Investigation. The protein digestibility-corrected
amino acid score method is a simple and scientifically sound
approach for routine evaluation of protein quality of foods.
Accuracy of the method would, however, be confirmed after
validation with growth or metabolic balance studies In hu-
mans.

The only true measurement of protein quality for human use
is growth and/or metabolic balance evaluation carried out in
suitable subjects of the target population. Recognizing that
such studies cannot be done on a routine basis, it is necessary
to develop in vitro or animal assay techniques that correlate
closely with data from human experiments undertaken for
each food product. For accuracy and wide applicability, the
routine methods must measure all the basic parameters that
determine the quality of a protein, including quantities of
essential amino acids, digestibility of protein, and bioavail-
ability of amino acids (1).

A major review and evaluation of protein quality methods
was done at the Airlee Conference in 1981 (2). It was gener-
ally agreed at this conference that the protein efficiency ratio
(PER) method, which is the official method in Canada and
the United States, should be replaced by a more appropriate
and precise method. Although the relative net protein ratio
(RNPR) method was considered to be an improvement over

Received August 29, 1989.

the PER method, a method based on comparison of amino
acid content of a food with human amino acid requirements
(amino acid scoring system) was considered to be the most
suitable approach for evaluating protein quality of foods (1).
It was further recommended that amino acid score should be
adjusted for incomplete digestibility of protein, and for un-
availability of individual amino acids, especially those that
are susceptible to damage by processing (1). This meeting
recognized the need for further research to standardize
amino acid analysis methods, to improve methods for the
determination of digestibility of protein and bioavailability
of amino acids, and to further investigate human amino acid
requirements for developing an accurate amino acid scoring
pattern (1).

The recommendations of the Airlee Conference were fol-
lowed up by the Codex Committee on Vegetable Proteins
(CCVP), which was established to develop international
standards (including protein quality requirements) for vege-
table protein products. The formation of an Ad Hoc Working
Group on Protein Quality Measurement for CCVP provided
the impetus for conducting cooperative research on the most
promising methods for assessing protein quality. In a collabo-
rative study organized by the U.S. Department of Agricul-
ture (USDA) (3), 17 protein sources were studied for amino
acid composition, for protein and amino acid digestibility (by
rat balance and in vitro methods), amino acid availability (by
rat, Escherichia coli, and Streptococcus zymogenes growth
methods and chemical methods), and for protein quality
indices based on PER, net protein ratio (NPR), RNPR, net
protein utilization (NPU), and biological value (BV). Col-
laborative studies on protein digestibility determinations
were also organized by USDA to test the suitability of in vitro
methods (4), and to standardize the rat balance method (5).
Results of these and other relevant studies were discussed at
the Fifth Session of CCVP held in 1989 (Ottawa, Canada)
(6).

Amino acid score, corrected for true digestibility of protein
(as determined by the rat balance method), was recommend-
ed to be the most suitable routine method for evaluating
protein quality of vegetable protein products (and other food
products) at the Fifth Session of CCVP (6). Amino acid
score was based on the amount of the single most limiting
amino acid, and its calculation included the use of the re-
quirement pattern suggested by the Food and Agriculture
Organization/World Health Organization/United Nations
for pre-school children (7). Although CCVP accepted the
protein digestibility-corrected amino acid score as the best
available method for routine evaluation of protein quality, it
recognized the need for further input of the wider scientific
community because of the broad implications, beyond the
purview of CCVP, of the protein quality methodology (6).
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The Committee, therefore, recommended that an FAO/
WHO expert consultation should be held to evaluate the
usefulness of the protein digestibility-corrected amino acid
score method for evaluating protein quality for humans (6).

The objectives of the present manuscript are to discuss the
background information leading to the development of the
protein digestibility-corrected amino acid score, and to de-
scribe the method in detail. The discussion includes a brief
review of information on rat growth assays for predicting
protein quality, determination of digestibility of protein and
bioavailability of amino acids in foods, and amino acid scor-
ing procedures including reference patterns and amino acid
methodology.

Rat Growth Methods

Rat growth assays are widely used for predicting protein
quality in foods, and numerous workers have discussed the
appropriateness of these methods (8-14). The protein effi-
ciency ratio (PER = weight gain of test group/protein con-
sumed by test group) is the official method in Canada and the
United States for assessing protein quality of foods. But the
PER method is the poorest of current animal tests in meeting
criteria of a valid routine test (6, 8-14). The most serious
criticism of the PER assay is its inability to properly credit
protein used for maintenance purposes. A protein source may
not support growth and have a PER near zero, yet may be
adequate for maintenance purposes. Due to the error intro-
duced by not making allowance for maintenance, the PER
values of proteins of differing quality are not proportional (in
protein quality) to each other, i.e.,, a PER of 2.0 cannot be
assumed to be twice as good as a PER of 1.0. The lack of
proportionality to protein quality makes the PER method
unsuitable for the calculation of utilizable protein such as in
protein rating (protein in a reasonable daily intake, g X
PER), which is the official method of evaluating protein
claims of foods sold in Canada (15).

The NPR method [(weight gain oftest group + weight loss
of nonprotein group)/protein consumed by test group] (16)
credits the protein used for both growth and maintenance.
This method assumes, however, that the protein required to
prevent weight loss of the rats fed the nonprotein diet is
equivalent to the protein required for maintenance purposes.
As normally carried out, NPR values are uncorrected. Rela-
tive NPR method (RNPR = NPR of test protein expressed
relative to a value of 100 for NPR of reference protein) (17)
has a scale 1to 100. The BV method (retained nitrogen/
absorbed nitrogen X 100) and NPU method [((body nitrogen
of test group-body nitrogen of group fed nonprotein diet)/
nitrogen consumed by test group} X 100] also rate proteins on
a scale of 1to 100.

Hegsted and coworkers (11,18,19) recommended a multi-
dose slope assay using a reference protein for assessing pro-
tein quality. Two versions of the slope assay were introduced,
i.e., the relative nutritive value (RNV) and the relative pro-
tein value (RPV). The RNV method includes the measure-
ment of the slope of the linear portion of the line relating
growth response to nitrogen intake of rats fed zero and 3 or
more levels of dietary protein, expressed on a scale relative to
a value of 1.00 or 100 for a standard protein (18, 19). The
RPV method is the same as the RNV method except that
data for the nonprotein group are omitted when the slope of
the response lines is calculated (11). The RPV modification
of the slope assay appeared to overcome the problem (exces-
sive downward curvature) found with the RNV procedure

when proteins severely limiting in lysine are assayed. Howev-
er, the RPV was reported to yield erroneously high values for
some proteins due to parallelism, i.e., lines having similar
slopes but different intercepts on the weight gain axis (9).
Parallelism is frequently encountered with mixtures of pro-
teins limiting in threonine or co-limiting in lysine and threo-
nine. The RNV method is superior to the RPV method in
terms of agreement with amino acid scores, and is probably
the best assay for predicting protein quality by rat growth
(8).

The RNPR method, which is a modified NPU method
(based on body weight), provides results similar to the RNV
method (8). The RNPR method is more economical and does
not require complex statistical analyses of data as is neces-
sary for the multi-dose assays such as RPV and RNV. The
RNPR method (2 weeks) is shorter than the standard PER
method (4 weeks) and therefore is less expensive, and RNPR
values (unlike PER values) are proportional to each other in
protein quality within reasonable limits. Recent collabora-
tive studies (14, 20, 21) have confirmed that RNPR is more
accurate and reproducible than PER, and the adoption by
AOAC of the NPR method (expressed as RNPR) as official
first action as an alternative to the PER method has been
recommended (21). Although the RNPR method overesti-
mates the quality of lysine-deficient proteins for the rat, it
may in fact be a better predictor of protein quality for human
infants than some other methods based on rat growth (8,13).

In the standard PER and NPR methods, foods are tested
at 10%dietary protein, and unsupplemented casein is used as
the reference protein. However, diets containing 8-10% pro-
tein from unsupplemented casein do not meet rat growth
requirements for sulfur amino acids (17). Therefore, methio-
nine-supplemented casein was used as the reference protein
in the determination of RNPR. The RNPR method includes
the use of 8% protein level because high quality proteins such
as egg and casein (normally used as reference proteins) show
peak PER or NPR values at about 8% compared to dietary
protein levels of 10, 12, or 16% (17). Similarly, the BV and
NPU values for egg and casein were higher at 8% than at 12,
16, or 20% dietary protein.

It is well known that the requirements of rats for methio-
nine + cystine are much higher than those of humans and
that any rat growth assay (especially those which do not
credit protein used for maintenance such as PER) will under-
estimate the protein quality for humans of any protein prod-
uct limiting in sulfur amino acids such as soybean protein
products, peanuts, and grain legumes or pulses, i.e., peas,
beans, and lentils. Modifications for higher essential amino
acid requirements of rats compared with humans have been
suggested for accurate prediction of protein quality for hu-
mans by rat bioassays (22). Sarwar et al. (23) compared
essential amino acid requirements of rats and humans. The
rat requirement for sulfur amino acid was about 50% higher
than that of humans, whereas the differences between the
requirements of other essential amino acids were relatively
small (23). Based on these comparisons, a factor of 1.5 was
selected to correct the RNPR values (casein + methionine =
100) of food products deficient in sulfur amino acids for rat
growth. The resultant data were called corrected RNPR
(CRNPR) values (23). The use of the correction factor
would be appropriate in predicting protein quality (CRNPR)
for adults and children but not for infants because of higher
essential amino acid requirements of infants compared to
adults and children (7).
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Table 1. RNPR and CRNPR values of some common
vegetable foods or products limiting In sulfur amino acids
for rat growth3

Product RNPR, % CRNPR, %

Soybean protein concentrate 65 97
Soybean protein isolate 61-63 91-94
Peas, field & chick 60-67 90-100
Pea protein concentrates 50 75
Peanut meal 49 73
Beans, pinto, kidney, & black 38-49 57-73
Lentils . 28-35 42-52
Yeast (S. CE[eVisiae) 57-69 85-100
Yeast (C. UliS) 40-59 60-85
Beef, ground 91 100
Tuna 82 100
Chicken franks 75 100
Pork sausage 63 A

Casein . . 83 100
Mixtures (50:50protein basis) ofbeef& vegetables proteins.
Casein 86 100

Soybean protein products 73-76 100
Pea protein concentrate 72 100
Peanut meal 73 100
Rapeseed protein products 86-88 100
Sunflower protein isolate 78 100
Wheat gluten 7 100

dAbstracted from Sarwar (44) and Sarwar et al. (66). The CRNPR
values of above 100 were considered to be 100.

The RNPR and CRNPR values of some common foods or
food products limiting in sulfur amino acids for rat growth
are shown in Table 1. The CRNPR values were obtained by
multiplying the RNPR values with a factor of 1.5. The
CRNPR values for the soybean protein products (91-97%)
and field and chick peas (90-100%) were higher than those
for lentils, beans, and peanut meal (42-73%) (Table 1).
Processing of field peas into flour and protein concentrate
had negative effects on CRNPR values (75-81%). The
CRNPR values for yeasts (Saecharomyces cerevisiae and
Candida utilis) grown on different substrates (sulfite waste
liquor, cane and/or beet molasses or ethyl alcohol) were 60-
100% (Table 1).

The CRNPR values for most animal protein products and
beef-vegetable proteins (including soybean protein concen-
trate and isolate) mixtures were 100% (Table 1). The high
CRNPR values (up to 97%) of the soybean protein products
and their mixtures with beef (100%) (Table 1) are in close
agreement with protein quality data for these products ob-
tained in experiments with humans. Several studies (24-26)
with young men have demonstrated that the protein quality
of soybean protein isolate is comparable to that of milk or
beef. Bodwell (27) reviewed data on “efficiency score” and
“requirement score” of a number of protein sources for chil-
dren and adults. The scores for different kinds of soybean
protein isolates for children and adults were 79-115% com-
pared to 100 for milk, lean beef, fish, and egg (27).

Unlike other rat growth assays for assessing protein quali-
ty, the CRNPR method would not discriminate against pro-
teins deficient in sulfur amino acids. However, the CRNPR
method has been criticized for using a constant factor of 1.5
regardless of degree of deficiency in sulfur amino acids (28).
It was suggested that the correction factor should be (in part)
based on the total sulfur amino acid content of the test
proteins (28). According to this suggestion, the CRNPR

method would not be very efficient, because its calculation
would also require determination of total sulfur amino acids.
Moreover, the accuracy of the sulfur amino acid requirement
of growing rats used in the CRNPR method can be ques-
tioned (28).

In Vitro Methods for Predicting Protein Quality

In theory, the most logical approach for evaluating protein
quality is to compare amino acid content of food with human
amino acid requirements. Resulting amino acids scores may
be calculated from the content of the single most limiting,
amino acid or from 2, 3, 4, or 5 key essential amino acids
(which are likely to be deficient in mixed human diets) such
as lysine, methionine plus cysteine/cystine, threonine, and
tryptophan (27). The validity of amino acid scoring proce-
dures has been limited by lack of standardized and reproduc-
ible procedures for determining tryptophan and sulfur amino
acids, by insufficient data on digestibility of protein and
bioavailability of amino acids in foods, and by uncertainty
about human amino acid requirements to be used for the
scoring pattern (28).

During the last few years, significant advancements have
been made in standardizing amino acid methodology, in
reaching a consensus about human amino acid requirements,
and in obtaining information about digestibility of protein
and bioavailability of amino acids in a number of protein
sources (6). These developments have facilitated the use of
an amino acid scoring procedure that is a better predictor of
protein quality for humans than rat growth methods (6).

Amino Acid Analyses

Amino acids in foods have been commonly analyzed by
ion-exchange chromatography of protein hydrolysates (8).
Hydrolysis procedures for determining amino acids in food
proteins have been standardized in collaborative studies (29—
32). Hydrolysis with 6N HC1 at 110°C for 24 h is routinely
used for all amino acids except tryptophan and sulfur amino
acids. A shorter acid hydrolysis (4 h) at high temperature
(145°C) has, however, been demonstrated to yield results
(for most amino acids) comparable to the classical acid hy-
drolysis (110°C for 24 h) (33, 34). Since sulfur amino acids
and tryptophan are destroyed to varying extents by 6N HC1
hydrolysis, a preoxidation with performic acid followed by
the HC1 hydrolysis, and an alkaline (4.2N NaOH) hydroly-
sis have been widely used for accurate determinations of
sulfur amino acids (methionine as methionine sulfone and
cysteine/cystine as cysteic acid) and tryptophan, respectively
(35). The 3 hydrolysis procedures and the ion-exchange chro-
matography of amino acids in the hydrolysates were standard-
ized by Satterlee et al. in a collaborative study (29), and have
been adopted official by AOAC (36) as a part ofthe calculat-
ed PER method based on the essential amino acid composi-
tion of test protein or on both essential amino acid composi-
tion and enzymatic digestibility of test protein.

Intra- and interlaboratory variations (expressed as CV)
for most amino acids in foods determined by ion-exchange
chromatography of 6N HC1 hydrolysates have been reported
to be less than 3 and 10%, respectively (30, 35). The interla-
boratory variations for tryptophan (up to 24%), cystine (up to
18%), and methionine (up to 16%) were, however, large (35).
The relatively high interlaboratory variations for tryptophan,
cystine, and methionine may be due to the failure to follow
the same detailed conditions for preparation of hydrolysates
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(performic acid + 6N HC1 for sulfur amino acids, and 4.2N
NaOH for tryptophan) by the participating laboratories.
Interlaboratory variation due to chromatographic or analyti-
cal measurement is considerably lower than that produced by
hydrolysate preparation in different laboratories (33). Im-
provements in interlaboratory variation for tryptophan (CV
= 4-16%), cystine (CV = 7-17%), and methionine (CV = 5-
12%) in foods and food/feed ingredients were noted by me-
ticulous attention to details of prechromatographic handling
of samples, including preparation of hydrolysates (32).

Although ion-exchange chromatography of amino acids
has been in use for over 20 years, several laboratories are now
switching to liquid chromatography. Promising methodology
for analyzing amino acids (including methionine and cyste-
ine/cystine) in protein hydrolysates using phenylisothio-
cyanate (PITC) derivatization and liquid chromatography
has been developed (37-39). The PITC derivatization results
in the formation of relatively stable derivatives of amino
acids (both primary and secondary), which are easily sepa-
rated on reverse-phase columns with UV detection at 254 nm
(37). The PITC derivatization method has been reported to
be rapid (12 min compared to 60-90 min for ion-exchange)
and reproducible (within a laboratory), and to provide amino
acid data similar to those obtained by conventional ion-ex-
change procedures (38). A simple chromatographic method
(requiring no derivatization) for the determination of trypto-
phan in alkaline hydrolysates of foods and feces has also been
developed (38).

Amino acid profiles of food/feed and/or feces samples as
determined by ion-exchange chromatography and by liquid
chromatography using precolumn PITC derivatization have
been compared (37-39). The differences for most amino
acids due to the analytical procedures were less than 10%
(37-39). The within-laboratory variation expressed as coeffi-
cients of variation for the determination of most amino acids,
in the food and feces samples, by the liquid chromatographic
method was not more than 4% which compared favorably
with the variation of ion-exchange methods (38). To further
standardize and to obtain information on the between-lab-
oratory variation for the liquid chromatographic amino acid
analysis method, there is an urgent need to organize interlab-
oratory studies.

Amino Acid Scoring Patterns

With the more recent (1985) publication of the FAQO/
WHO/UNU (7) suggested patterns of amino acid require-
ments for infant, preschool child (2-5 years), school child
(10-12 years), and adult, there is now reason for confidence
in the reliability of scoring patterns. The FAO/WHO/UNU
(7) suggested pattern of amino acid requirements for the
preschool child is similar to the National Research Council
(40) scoring pattern. An earlier FAO/WHO (41) scoring
pattern suggested a significantly higher methionine + cystine
value, but extensive studies (42, 43) on essential amino acid
requirements of children (21-27 months) have indicated that
the value was too high, and that the true requirement is
almost identical to the values contained in the NRC (40)
pattern and the FAO/WHO/UNU (7) suggested pattern for
preschool child. Therefore, the use of the FAO/WHO/UNU
(7) suggested pattern for preschool child has been recom-
mended as the reference for calculating amino acid scores.
These scores would apply to children and adults (including a
margin of safety) but not to infants. The FAO/WHO/UNU
(7) suggested pattern of amino acid requirements of infants

(which is based on amino acid composition of human milk)
should be used as the reference in calculating amino acid
scores of infant foods.

Digestibility of Protein and Bloavallabillty of Amino Acids

Data on digestibility of protein and/or bioavailability
(true digestibility) of amino acids in diets of various areas of
the world, and in common foods or food ingredients have
been recently reviewed by Sarwar (44) and by Hopkins (45).
The digestibility data discussed in these reviews were ab-
stracted from human and/or rat balance experiments.

As reviewed by Hopkins (45), values for true digestibility
of protein in diets from India (54-75%), Guatemala (77%),
and Brazil (78%) were considerably lower than the values in
North American diets (including vegetarians, 88-94%), sug-
gesting that protein digestibility is of greater concern in diets
of some developing countries. The poor digestibility of pro-
tein in the diets of developing countries is due to the use of
less-refined cereals and pulses (such as beans and lentils) as
major sources of protein (45). Low true protein digestibility
values (63-65%) have also been reported in experiments with
children fed millet- and ragi-based diets in India (45).

Values for true digestibility of protein in some common
foods for human adults have also been reviewed (45). Animal
protein sources (meat, fish, poultry, eggs, milk protein prod-
ucts) and flours or breads of low fiber wheats, wheat gluten,
farina, peanuts, and soy protein isolates have high true pro-
tein digestibility of 94-99% (45). Whole corn (except high
amylose containing opaque-2) and flour or bread of high-
fiber wheat, polished rice, oat meal, triticale, cottonseed, soy
flour, and sunflower have intermediate protein digestibility
values of over 85% (45). The ready-to-eat cereals (corn,
wheat, rice, or oat) had low protein digestibilities of 70-77%,
caused probably by the heat involved in their processing (45).
Various types of dry beans (Phaseolus vulgarus) have low
true protein digestibility of about 75% (45). Millet also has a
low protein digestibility of 79% (45).

A comparative review of protein digestibility of some com-
mon foods as determined by human and rat balance methods
suggested that the abilities of rats and humans to digest a
variety of food proteins are similar (44, 46). As noted in
humans, high true protein digestibility values of 93-100%
were obtained for animal foods or food products (casein,
minced beef, beef salami, skim-milk, tuna, chicken franks,
and sausage) and soy protein isolate by the rat balance meth-

Table 2. Values (%) for true digestibility of crude protein
and amino acids In some diets as determined by human
balance method3

Diet Egg Pork muscle Peanut butter
Protein 97 98 95
Isoleucine 9 99 95
Leucine 99 100 98
Lysine 98 99 90
Methionine 99 98 0
Cystine 99 98 95
Phenylalanine 93 99 97
Tyrosine 97 97 96
Threonine 9 100 96
Tryptophan 97 97 95
Valine 9 98 93

aRecalculated from apparent digestibility data of Watts et al. (49),
using fecal protein and amino data of subjects fed low-nitrogen diet as
estimates for metabolic fecal protein and amino acids.
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Table 3. Values (%) for true digestibility of protein and
selected amino acids in peas, beans, and lentils as
determined by rat balance method

Met Cys Thr Ky

Pea, Century (autoclaved)3 83 8 62 8 78 72
Pea, Trapper (autoclaved)3 84 8 61 8 7 73
Pea flour6 83 92 77 8 87 8
Pea protein concentrate3 92 92 73 8 90 9
Pea protein concentrate6 93 94 93 94 88 92
Chick pea (canned)3 89 74 88 84 82
Chick pea (canned)6 90 80 92 82 85

Product Protein Lys

RRXBB

Lentil (canned)3 84 41 40 77 73
Lentil (autoclaved)8 86 58 66 77 90
Kidney bean (canned)3 80 44 0 74 76
Pinto bean (canned)3 79 78 45 5 72 70
Pinto bean (canned)6 73 75 51 46 66 69
Pinto bean (autoclaved)8 80 78 61 59 68 58
Seafarer bean (autoclaved)8 84 8L 60 72 77 74
Black bean (autoclaved)8 72 72 51 46 62 47
Fababean (autoclaved)8 86 85 59 75 76 63
8Sarwar and Peace (51).

6Sarwar (50).

CSarwar et al. (48).
6Eggum et al. (47).

od (47, 48). Intermediate true protein digestibility values of
86-92% were obtained for chick peas, beef stew, rolled oats,
whole wheat cereal, and pea protein concentrate. Low true
protein digestibility values (70-85%) were reported for dif-
ferent types of dry beans including pinto beans and kidney
beans (P.vulgaris), and lentils (Lens culinaris) (47, 48).

Limited human studies have been reported on true digest-
ibility (bioavailability) of individual amino acids in foods. In
one study (49), the differences between digestibility of pro-
tein and individual amino acids in diets containing whole egg,
pork muscle, or peanut butter were reported to be not more
than 5% (Table 2).

Considerable rat data comparing true digestibility of pro-
tein and individual amino acids in various foods have been
generated (47, 48, 50, 51). A recent review (44) of the
digestibility data revealed that the differences between the
digestibilities of protein and most individual amino acids in
animal protein sources, and low-fiber cereals and oilseed
products were less than 10%. However, digestibility of pro-
tein was not a good predictor of digestibility of limiting
amino acids in grain legumes. In beans, peas, and lentils,
values for true digestibility of methionine, cystine, and tryp-
tophan were as much as 43, 44, and 25% lower than those of
protein, respectively (Table 3).

Low protein and amino acid digestibilities of grain le-
gumes or pulses (dried seeds belonging to the family Legu-
minosae and sub-family Papilionoideae) have been attribut-
ed to the presence of less-digestible protein fraction(s), resid-
ual levels of antiphysiological factors (such as trypsin
inhibitors, amalyse inhibitors, hemagglutinins, etc.), and
high concentrations of indigestible carbohydrates and tan-
nins (52-54). The presence of significant amounts of fer-
mentable carbohydrates that support maximum microbial
growth in the large intestine would result in increased bacte-
rial protein in the feces (55).

It has been argued that possible microbial modifications of
undigested and unabsorbed nitrogenous residues in the large
intestine may influence the determination of amino acid bio-
availability by the balance method. To address this concern,
amino acid digestibilities determined by the fecal and ileal
recovery methods in pigs have been compared by several
workers (56-58). For most amino acids, the fecal digestibil-
ity values were somewhat higher than the ileal values, sug-
gesting disappearance in the large intestine; the disappear-
ance being larger in the case of threonine and tryptophan
than other essential amino acids. In the case of methionine,
however, the fecal value was lower than the ileal value, sug-
gesting synthesis of methionine by the microflora of the large
intestine of pigs fed some cereal grains. The differences be-
tween the fecal and ileal methods of determining amino acid
digestibility have been discussed in greater detail in a recent
review (44).

Animal growth assays have been frequently used to evalu-
ate bioavailability of amino acids. Although limited to the
bioavailability determination of a single amino acid at a time,
the bioavailability results of the properly processed protein
sources obtained by the growth method (not affected by the
modification in the large intestine) are considered (in theory)
to be more accurate than those obtained by the balance
method (28).

In a USDA-organized cooperative study, bioavailabilities
of some key amino acids (such as lysine, methionine, and
tryptophan) in the same batches of some foods were deter-
mined by the rat growth or balance method by different
participating laboratories. The rat growth method was used
by one laboratory (Beltsville, MD) while the rat balance
method was used by 2 different laboratories (Ottawa, Cana-
da; and Tjele, Denmark). The comparative amino acid bio-
availability data for 7 food products are shown in Table 4.
The differences in bioavailabilities of tryptophan, lysine, and
methionine obtained by the 2 methods were 1-9, 1-13, and
3-15%, respectively. These differences may be regarded as
small especially if consideration is given to the fact that the 2

Table 4.  Comparison of amino acid bloavailablllty results (%) obtained by rat growth and balance methods3

Lysine

Product Growth Balance
Casein 100 98 100
Tuna 100 97 99
NFDM6 101 94 96
NFDM (heated) 80 88 88
Pinto bean 87 7% 78
Chick pea 95 0 89
Pea protein 93 94 92

aAbstracted from Bodwell et al. (3).
Nonfat dry milk.

Methionine Tryptophan
Growth Balance Growth Balance
100 97 9 100 100 100
9 92 95 98 2 97
100 92 92 105 97 98
92 95 88 93 9% A
58 51 45 61 69 70
89 80 74 86 85 82
88 93 73 97 92 9
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Table 5. Values (%) for digestibility of protein and
selected amino acids in diets containing mixtures of protein
sources as determined by rat balance method*

Mixture Protein Lys Met Cys Thr Trp
Wheat flour-casein 95 9 91 89 90 9
Wheat flour-egg white 95 90 93 95 90 9
Wheat flour-beef 93 88 89 8 8 88
Macaroni-cheese % 92 90 8 8 9
Macaroni-cheese 9% 9% 93 98 92 98
Potatoes-beef 89 0 8 74 8 88
Potatoes-beef 86 8 83 8 83 86
Wheat flour-soy protein 92 86 8 90 8 90
Wheat flour-pea flour 92 89 84 93 8 88
Wheat flour-rapeseed 93 86 88 93 87 89
Rice-soybean 90 8 77 8 84 87
Wheat-soybean 93 9 87 9% 8 93
Wheat-horsebean 0 94 93 93 90 93
Corn-pea 83 85 84 8 8 8
Corn-soybean 93 93 8 94 93 98
Corn-horsebean 91 94 88 92 91 96
Barley-soybean 92 % 86 9 92 R
Barley-horsebean 91 % 90 90V 9B 93
Oat-soybean 93 9 8 97 89 98
Oat-horsebean 91 % 93 93 93 94

8Abstracted from Sarwar (44).

methods were used by 2 different laboratories using their own
analyzed amino acid data. The rat balance method remains
the most widely used animal assay for determining digestibil-
ity of protein and of all individual amino acids at the same
time (12).

Regardless of the method used, pinto beans had the lower
values for bioavailability of methionine, lysine, and trypto-
phan (Table 4). As noted earlier, the differences between
digestibility of protein and limiting amino acids (such as
methionine, cystine, and tryptophan) in beans, lentils, and
peas are large, suggesting that in these cases amino acid
scores would have to be corrected for bioavailability of indi-
vidual amino acids. The wide differences between digestibili-
ties of protein and limiting amino acids in beans, lentils, or
peas would, however, be of limited practical significance
because a normal human diet is usually based on a mixture of
protein sources.

Data on digestibility of protein and key essential amino
acids (lysine, methionine, cystine, and tryptophan) in diets
based on mixtures of protein sources have been obtained by
the rat balance method (Table 5). In most cases, digestibility
of protein was a good predictor of digestibility of individual
amino acids; the differences being less than 10%. Consider-
able data on digestibility of amino acids in foods have been
reported to suggest that correcting amino acid scores for true
digestibility of protein would be sufficient and further correc-
tion for bioavailability of individual amino acids would not be
needed for most fixed human diets (44).

The use of protein digestibility values for correcting amino
acid composition data as an approach for assessing protein
quality of mixed human diets has been suggested by FAO/
WHO/UNU (7). Suitable and standardized methods for
determining protein digestibility would have to be developed
before it could be used in regulatory methods for evaluating
protein quality.

Several in vitro protein digestibility methods utilizing 3 or
4 enzymes (porcine pancreatic trypsin, bovine pancreatic
chymotrypsin, porcine intestinal peptidase, and protease

from Streptomyces geriseus) have been developed (59-62).
Among these, the pH-stat procedure of Pedersen and Eggum
(62) appears to be the most promising in vitro method for
predicting protein quality of foods. Unlike other methods
(59, 60) in which digestibility is estimated by measuring the
pH drop in the protein suspension caused by enzymatic diges-
tion, the pH is kept constant during the incubation period by
automated titration with NaOH and digestibility estimates
are based on the amount of alkali used in the pH-stat proce-
dure (62).

The pH-stat procedure of Pedersen and Eggum (62) as
standardized by McDonough et al. (4) was recently tested in
a collaborative study which included analysis of 17 protein
sources by 6 laboratories. The method was found to have
excellent reproducibility and repeatability; mean relative
standard deviations for reproducibility and repeatability
were less than 5and 2%, respectively. To validate the pH-stat
procedure, protein digestibility of the same batch of 7 protein
sources (casein, NFDM-heated, tuna, macaroni/cheese, pea
protein concentrate, rolled oats, and pinto beans) tested in
the in vitro study were also determined by the rat balance
method in an interlaboratory study which included the par-
ticipation of 8 laboratories. As noted in the case of the pH-
stat procedure, the mean relative standard deviations for
reproducibility and repeatability for the rat balance method
were less than 5 and 3%, respectively. In general, the pH-stat
procedure gave higher digestibility values than the rat bal-
ance method, especially in the case of pinto beans where the
in vitro value was 20% higher than the in vivo value. Since low
protein digestibility of beans in humans is well known, the
pH-stat in vitro procedure was considered unsatisfactory for
predicting protein digestibility for humans. When compared
with other existing methods, the rat balance method, as stan-
dardized by McDonough et al. (5), was considered to be the
most suitable practical method for determining protein di-
gestibility in foods (6).

Determination of Protein Digestibility-Corrected
Amino Acid Score

A method for the determination of a protein digestibility-
corrected amino acid score is proposed in this section. A
description of analyses required to calculate the protein di-
gestibility-corrected amino acid score is also outlined.

For determining protein digestibility-corrected amino acid
score, a test food would have to be analyzed for proximate
and amino acid compositions, and for protein digestibility as
determined by the rat balance method.

(a) Proximate composition. Levels of moisture, total ni-
trogen, fat, and crude fiber should be determined according
to the AOAC methods. Total protein should then be calculat-
ed by using a nitrogen-to-protein conversion factor of 6.25.
Foods high in moisture (such as meats) should be dried
before analyses. Similarly, foods high in fat (such as meat,
nuts, whole milk powder, etc) may require a lipid extraction
prior to analyses.

(b) Amino acid profile. Protein hydrolysates should be
prepared and analyzed for amino acids by ion-exchange
chromatography as specified in the AOAC methods (36).
Amino acids in protein hydrolysates may also be determined
by liquid chromatography of precolumn phenylisothiocyan-
ate derivatives (38). Amino acids should be expressed as mg/
g protein or g/100 g protein.

(c) Amino acid score. Amino acid ratios (mg of an essen-
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Table 6. Protein digestibility-corrected amino acid scores for beans, peas, and lentils
Protein
Protein True protein Amino acid digestibility-
Product (N X 6.25%) digestibility, % score, % corrected score, %

Pinto beans

(canned)3 236 73 78 57
Pinto beans

(canned)6 23.7 79 80 63
Pinto beans

(autoclaved)0 19.9 80 7 62
Kidney beans

(canned)6 189 81 84 68
Seafarer beans

(autoclaved)0 233 84 84 70
Black beans

(autoclaved)0 21.7 72 74 53
Fababeans

(autoclaved)0 279 86 55 47
Lentils

(canned)6 28.0 84 62 52
Lentils

(autoclaved)0 21.9 85 60 51
Chick peas

(canned)3 21.2 83 8l 71
Chick peas

(canned)6 214 89 74 66
Peas (Century,

autoclaved)0 139 83 82 68
Peas (Trapper,

autoclaved)0 15.7 84 73 61

dData for protein content, proteindigestibility, and aminoacids (used in calculating scores) were taken from Eggum et ai. (47).

6Data for protein content,
CData for protein content,

tial amino acid in 1.0 g of test protein/mg of the same amino

acid in 1.0 g of reference protein X 100) for 9 essential amino

acids should be calculated by using the FAO/WHO/UNU

(7) suggested pattern of amino acid requirements for pre-
school children (2-5 years) as the reference protein contain-

ing (mg/g protein): His, 19; lie, 28; Leu 66; Lys, 58; Met +

Cys, 25; Phe + Tyr, 63; Thr, 34; Trp, 11; and Val 35. The

lowest amino acid ratio is termed amino acid score. For

example, a pinto bean sample contained 30.0, 42.5, 80.4,

69.0, 21.1,90.5, 43.7, 8.8, and 50.1 mg/g protein of His, lie,
Leu, Lys, Met -I- Cys, Phe + Tyr, Thr, Trp, and Val, respec-

tively. The respective amino acid (His, He, Leu, Lys, Met +

Cys, Phe + Tyr, Thr, Trp, and Val) ratios for the bean

sample would be 158, 152, 122, 119, 84, 144, 128, 80, and

143%. This would then result in an amino acid score of 80%
with tryptophan as the first limiting amino acid. The scores

above 100 would be considered as 100.

(d) Protein digestibility. True protein digestibility should
be determined using the rat balance method as standardized
by McDonough et al. (5). Data on fat and crude filter in the
test food should be used in adjusting the formulation of test
and nitrogen-free diets to be equal in levels of total fat and
crude fiber. The test and nitrogen-free diets should also con-
tain equal amounts of moisture and lactose (in testing high
lactose foods such as milk powder).

(e) Protein digestibility-corrected amino acid score (%)
of a test food should then be calculated by the following
equation: True protein digestibility X the lowest amino acid
ratio. Protein digestibility-corrected amino acid scores above
100 would be considered as 100.

proteindigestibility, and aminoacids were taken from Sarwar et al. (48).
proteindigestibility, and aminoacids were taken from Sarwar and Peace (51).

Protein Digestibility-Corrected Amino Acid Scores for Some
Common Foods or Food Products

Availability of information on amino acid composition and
protein digestibility of a number of foods or food products has
enabled us to calculate protein digestibility-corrected amino
acid scores for these products. The scores for various types of
beans, lentils, and peas ranged from 47 to 71% (Table 6), and
these products were first limiting in sulfur amino acids and/
or tryptophan for human nutrition. The grain legumes
(pulses) noted in Table 6 contained less than 30% total pro-
tein. Pin milling and air classification have been used to
prepare protein concentrates of lima bean, navy bean, north-
ern bean, chick pea, cow pea, lentil, field pea, mung bean, and
fababean containing about 50-75% protein (63). Informa-
tion on protein digestibility and accurate amino acid profiles
of protein-rich products prepared from grain legumes is,
however, limited.

Soybean protein products had high protein digestibility-
corrected amino acid scores (89-99%, Table 7), and were
marginally deficient in sulfur amino acids for human nutri-
tion in some cases. The protein digestibility-corrected amino
acid scores for pea protein concentrates were 68-78% (Table
7), based on tryptophan and/or sulfur amino acids as the first
limiting amino acid(s). Because of improved protein digest-
ibility, the scores for pea protein concentrates were higher
than those for whole peas (Tables 6 and 7).

The rapeseed protein products had fairly high protein di-
gestibility-corrected amino acid scores (83-93%, Table 7),
with lysine being the first limiting amino acid. Wheat gluten
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Table 7. Protein digestibility-corrected amino acid scores for some vegetable protein products
Protein
Protein True protein Amino acid digestibility-
Product (N X 6.25%) digestibility, % score, % corrected score, %

Soybean protein

concentrate3 70.2 95 100 9
Soybean protein

isolate3 92.2 95 A 89
Soybean protein

isolate* 88.2 92 9 9
Soybean protein

isolate* 86.4 98 100 9
Soy assay protein* 93.0 95 97 92
Pea protein

concentrate3 57.0 92 79 73
Pea protein

concentrate6 54.1 93 84 78
Pea protein

concentrate* 52.1 92 74 68
Rapeseed protein

concentrate3 68.3 95 98 93
Rapeseed protein

isolate3 87.3 95 87 83
Sunflower protein

isolate3 92.7 94 39 37
Wheat gluten3 87.0 96 26 25
Peanut meal3 61.2 94 55 52

aData for protein
6Data for protein
* Data for protein
UData for protein

and sunflower protein isolate were severely limiting in lysine
and had low protein digestibility-corrected scores of 25 and
37%, respectively (Table 7). Breakfast cereals such as rice-
wheat gluten, whole wheat, and rolled oats (first limiting in
lysine) also had low protein digestibility-corrected amino
acid scores of 26, 40, and 57%, respectively (44). A sample of
peanut meal had protein digestibility-corrected score of only
52% (Table 7), and was co-limiting in several essential amino
acids such as methionine + cystine, lysine, threonine, and/or
tryptophan.

Animal protein products such as egg white powder, casein,
ground beef, beef salami, skim milk powder, tuna, and chick-

Table 8.
Mixture True protein
(50:50 protein basis) digestibility, %
Wheat flour WW) + beef 93
WW + egg white 95
WW + casein 95
WW + rapeseed concentrate 93
WW + pea flour 92
WW + soy protein 92
Beef 4- rapeseed concentrate 95
Beef + rapeseed isolate 96
Beef + soybean concentrate 96
Beef + soybean isolate 98
Beef + peanut meal 95
Beef + pea concentrate 95
Beef + sunflower isolate 95
Beef + wheat gluten 95

content, proteindigestibility, and aminoacids (used in calculating scores) were taken from Sarwar et al. (23).
content, proteindigestibility, and amino acids (used in calculating scores) were taken from Eggumet al. (47).
content, proteindigestibility, and aminoacids (used in calculating scores) were taken from Sarwar et al. (48).
content, proteindigestibility, and amino acids (used in calculating scores) were taken from Sarwar (50).

en franks had protein digestibility-corrected amino acid
scores of about 100% (97-100%) (44). A sample of pork
sausage had, however, a relatively low protein digestibility-
corrected score of 63% due to deficiency in tryptophan (44).

The low protein quality of a vegetable protein source can
be improved by the addition of supplementary protein or
limiting amino acid, and by protein complementation. Pro-
tein supplementation means to increase the protein quality of
a deficient protein by the addition of a moderate amount of
another protein having a high content of the essential amino
acid which is limiting in the deficient protein such as the
addition of milk proteins (rich in lysine) to cereals which

Protein digestibility-corrected amino acid scores for some protein mixtures3

Protein

Amino acid digestibility-
score, % corrected score, %

al 85

83 79

96 a9l

72 67

89 82

78 72

100 100

100 100

100 100

100 100

80 76

84 80

88 84

8l 77

aAbstract from Sarwar (44). True protein digestibility, amino acid score, and protein digestibility-corrected amino acid score for whole wheat

flour were 90, 46, and 41%, respectively.
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have a low content of lysine (64). Protein complementation
means that quality of 2 proteins is higher than either of the 2
component proteins (64). Proteins that complement each
other have different limiting amino acids. When blended in
the right proportions, cereals and legumes complement each
other because cereals are limiting in lysine but contain mod-
erate amounts of sulfur amino acids, while legumes are limit-
ing in sulfur amino acids but contain high amounts of lysine
(64). Traditional combinations of vegetable proteins con-
sumed in some countries (such as rice-chick pea in Asia,
wheat-bean in the Near East, maize-bean in the Americas,
etc.) have good protein quality because the amino acid com-
positions of the cereals and legumes complement each other,
producing a balanced mixture of amino acids. The use of
amino acid supplementation to increase protein quality of a
protein source should only be considered when protein sup-
plementation or complementation has proved impracticable
(64). Benefits from amino acid supplementation have not
been demonstrated consistently in humans (65). Further-
more, an excess of a supplementary amino acid such as
synthetic methionine may have a deleterious effect on infants
and children (64).

Data on the protein digestibility-corrected amino acid
scores of some protein mixtures having supplementary and/
or complementary effects are given in Table 8. The protein
digestibility-corrected amino acid score of whole wheat flour
of 46% was improved to 72-96% by the addition of rapeseed
protein concentrate, soy protein, egg white, pea flour, beef, or
casein (Table 8). Similarly, the addition of ground beef
caused considerable improvement in the protein digestibility-
corrected amino acid scores of wheat gluten (25 vs 77%),
sunflower protein isolate (37 vs 84%), pea protein concen-
trate (68 vs 80%), and peanut meal (52 vs 76%) (Tables 7 and
8).

In conclusion, the protein digestibility-corrected amino
acid score has been recommended to be the most suitable
regulatory method for evaluating protein quality of foods (6).
Since this method is based on human amino acid require-
ments, it could be considered more accurate than animal
assays used for predicting protein quality of foods. There is,
however, a need to obtain information on how well the pro-
tein digestibility-corrected amino acid score method predicts
or correlates with growth or metabolic balance studies in
humans.
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CHEMICAL CONTAMINANTS MONITORING

Survey of Lead and Cadmium in Adult Canned Foods Eaten by Young Children

STEPHEN G. CAPAR

U.S. Food and Drug Adm inistration, Division of Contaminants Chemistry, 200 C St, SW,

Washington, DC 20204

A U.S. Food and Drug Administration survey of lead and
cadmium in 10 adult canned foods commonly eaten by chil-
dren less than 5 years old was conducted between October
1981 and September 1985. The survey, which included foods
preserved by a commercial canning process and packaged
in metal containers, found the highest mean levels of lead
(0.32 /tg/g) In tuna and of cadmium (0.02 |tg/g) in tuna and
tomatoes. Lead levels In foods packaged in lead-soldered
cans were about 5 times as high as those In foods packaged
In nonlead-soldered cans. Mean lead levels appeared to
decline over the 4 years of the study. Cadmium levels were
usually below the data reporting limit (0.01 /ug/g).

The U.S. Food and Drug Administration (FDA) is commit-
ted to reducing the lead content of the diet of very young
children, who are especially susceptible to lead toxicity. Lead
in processed foods is due in part to the lead-containing solder
used in the formation of can seams. The use of lead solder for
making cans has declined in recent years because of efforts
by can manufacturers to reduce this source of lead.

FDA has conducted a number of surveys of the lead level in
infant foods. These surveys have produced information on the
level of lead in infant formula and evaporated milk.

Another source of lead exposure to young children is
canned foods normally produced for adult consumption. (In
the present paper, the term “canned foods” refers to foods
that are preserved by a commercial canning process and
packaged in metal containers [not glass].) Young children
eat adult foods because they are physically able to do so and
because the foods cost less than those produced specifically
for infants or young children. The survey described here was
designed to provide background information on the levels of

Received February 1, 1989. Accepted December 8, 1989.

lead in these foods to allow assessment of this route of lead
exposure.

The analytical method used for the determination of lead
in the survey foods allowed determination of cadmium at
small additional cost, thereby accommodating the continuing
need for information on the level of cadmium in foods.

Experimental

Sample Collection

Selection of canned food products.—The types of prod-
ucts in the survey were selected from a list of canned foods
frequently consumed by children from 0 to 5 years old. This
list was obtained from Market Research Corporation of
America (1), which collected food consumption data during
July through December 1977. From 27 items listed as eaten 5
or more times per child per year, the 10 products listed in
Table 1were selected for inclusion in the FDA survey. Prod-
ucts such as infant formula and evaporated milk were not
included in the survey because FDA already had sufficient
information on these products. Data for the most closely
related foods in the FDA Total Diet Study (TDS) (Table 1)
indicated that these 10 foods provide about 5.5 and 10% by
weight of the average diet for the age groups 6-11 months
and 2 years, respectively (2, 3).

Collection ofcannedfoods.—The survey called for collec-
tion of 4 brands for each of the 10 food products listed in
Table 1 (i.e., 40 samples) from each of 25 (20 in fiscal year
1985) different retail markets throughout the United States
each fiscal year (i.e., 1000 samples per year, except 800 in
fiscal year 1985). The retail markets were randomly selected
from Standard Metropolitan Statistical Areas (4) each year.
Brands and can sizes were selected on the basis of their
percentages of the market share according to 1978-1980
data (5-7). Twelve cans were collected for each sample and

Table 1. Survey products and consumption values (2) for foods included In FDA Total Diet Study
Food consumption
value, g/day
Survey product Food 6-11 mo 2yr

Tuna 032 tuna, canned in ail, drained 0.300 1471
Orange juice 098 orange juice, frozen, reconstituted 18.115 59.370
Applesauce 084 applesauce, canned, sweetened 9.057 5.687
Apple juice 099 apple juice, canned, unsweetened 17.094 17.594
Fruit punch 104 orange drink with added vitamin C, canned 9.447 24.954
String beans 122 beans, snap green, canned 1585 3.234
Baked beans 039 pork and beans, canned 1.024 4.593
Tomatoes 120 tomatoes, canned 0.000 0.152
Chicken noodle soup 155 chicken noodle soup, canned,

reconstituted with water 6.835 17.808
Vegetable soup 157 vegetable beef soup, canned,

reconstituted with water 5.792 16.196

69.249 151.06

Products' total
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the contents were composited for the analysis. Collections
were often incomplete because of unavailability of some
products in a particular market area. For example, canned
applesauce did not appear to be marketed in the northeastern
part of the country. If a particular size of can could not be
found, an alternative size was usually collected. The size and
type of can used to package each sample were identified. The
type of can was identified as one of the following: (a) conven-
tional lead-soldered, (b) lead jet-soldered, (c) wire-welded,
(d) forge-welded, (e) drawn/redrawn aluminum, (f) triple
drawn, (g) drawn/redrawn 2-piece, (h) cemented, or (i)
other.

Sample Preparation

The contents of the 12 cans collected for a sample were
composited by blending in a glass or stainless steel blender.
For some of the larger cans (e.g., 46 0z), the contents of only
6 cans were composited because of the difficulty in handling
the large volume. Because the presence of lead solder parti-
cles in the food would have made it impractical to obtain
homogeneity by mechanical blending, the composite was ho-
mogenized in the presence of dilute nitric acid. A 500 g
aliquot of the composite and 500 g 2N nitric acid were
weighed into a clean vessel and blended by using a Polytron
homogenizer. This mixture was allowed to stand for at least
16 h to dissolve metal particulates (8, 9). The mixture was
then reblended by using the Polytron homogenizer, and a
20.0 g aliquot was immediately taken for analysis.

Analysis

The 20.0 g aliquot of homogenate (equivalent to 10.0 g
original composite) was dry ashed with potassium sulfate ash

Table 2.
Fiscal year 1982
Product n Mean Median

Tuna 72 0.48 0.31
Orange juice 65 0.08 0.04
Applesauce 66 0.20 0.12
Apple juice 61 011 0.06
Fruit punch 63 0.08 0.06
String beans 69 021 0.18
Baked beans 71 0.26 0.22
Tomatoes 66 0.20 0.13
Chicken noodle soup 70 0.14 0.07
Vegetable soup 69 0.17 0.13
All products 672 0.20 0.10

Fiscal year 1984

Product n Mean Median

Tuna 89 0.30 0.06
Orange juice 86 0.04 0.03
Applesauce 75 011 0.08
Apple juice 82 0.03 0.02
Fruit punch 7 0.06 0.03
String beans 9l 011 0.04
Baked beans 92 0.13 0.04
Tomatoes 84 0.19 0.10
Chicken noodle soup 87 0.13 0.09
Vegetable soup 93 0.17 0.10
All products 856 0.13 0.06

aid, and the diluted ash was analyzed by anodic stripping
voltammetry (10,11). Drying times given in the method had
to be extended because of the large amount of residual nitric
acid from the homogenization procedure. For some foods a
10.0 g aliquot of the homogenate was analyzed to shorten the
drying time and avoid splattering. For quality assurance, at
least 1 reagent blank analysis, 1 recovery analysis, and 1
duplicate analysis were performed per 10 test samples.

Results

Thirteen FDA laboratories (Atlanta, Baltimore, Boston,
Buffalo, Cincinnati, Dallas, Detroit, Los Angeles, Minne-
apolis, New Orleans, New York, Philadelphia, and Seattle)
participated in the survey; the total number of test samples
analyzed was not evenly distributed among the laboratories.
The 3X standard deviation detection limits of the method as
developed (10) are 0.0014 juy Cd/g and 0.0045 pg Pb/g.
Flowever, the participating laboratories could not achieve
these limits based on historical information. The participat-
ing laboratories were instructed to achieve reagent blanks of
<0.005 jug Cd/g and <0.020 pg Pb/g and to report findings
of less than twice their reagent blank as zero. After prelimi-
nary review of the survey findings, analytical data for a
particular batch of test samples were accepted if the average
reagent blank for the batch was <0.01 jug Cd/g or <0.02 juy
Pb/g and the average lead or cadmium recovery was between
80 and 120% These values were somewhat arbitrarily chosen
but ref.ect the minimum capabilities of a majority of the
participating laboratories. In retrospect, it would have been
preferable to analyze a sufficient number of reagent blanks
with each batch of test samples and to determine the detec-
tion limit of each batch from the standard deviation of the

Mean, median, and maximum lead findings (/¢g Pb/g) for all can types by fiscal year3

Fiscal year 1983
Max. n Mean Median Max.
42 71 0.29 0.03 29
0.63 67 0.04 0.03 0.25
0.99 52 011 0.10 0.6
0.68 58 0.07 0.03 0.51
0.75 54 0.08 0.05 11
0.70 67 0.16 0.10 10
11 72 0.19 0.10 13
11 69 0.24 0.15 22
12 72 0.09 0.07 0.47
0.74 70 0.19 0.10 20
42 652 0.15 0.07 29
Fiscal year 1985
Max. n Mean Median Max.
26 68 0.21 0.03 53
0.29 66 0.04 0.03 0.13
14 53 0.09 0.06 12
0.19 59 0.03 0 0.12
14 58 0.05 0.04 0.41
11 70 0.09 0.03 10
17 71 0.08 0.02 11
16 66 0.22 0.05 15
0.97 72 0.16 0.10 13
43 72 0.13 0.07 10
4.3 655 011 0.04 53

A value of zero was used for findings below the data reporting limit of 0.02 Pb/g in computing statistics.
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Table 3. Mean lead findings (jug Pb/g) for lead-soldered and nonlead-soldered cans by fiscal yearl
Fiscal year 1982 Fiscal year 1983
Lead-soldered Nonlead-soldered Lead-soldered Nonlead-soldered
Product Mean Mean Mean Mean
Tuna 41 0.78 31 0.08 23 0.85 48 0.03
Orange juice 34 0.12 31 0.03 23 0.10 44 0.01
Applesauce 34 031 32 0.10 27 0.16 25 0.06
Apple juice 37 0.16 24 0.04 23 0.13 35 0.03
Fruit punch 55 0.09 8 0.02 50 0.09 4 0
String beans 51 0.28 18 0.02 39 0.22 28 0.06
Baked beans 66 0.28 5 0.06 44 0.30 28 0.03
Tomatoes 58 0.22 8 0.09 59 0.28 10 0.04
Chicken noodle soup 70 0.14 0 — 72 0.09 0 —
Vegetable soup 69 0.17 0 — 70 0.19 0 —
All products 515 0.24 157 0.06 430 021 222 0.03
Fiscal year 1984 Fiscal year 1985
Lead-soldered Nonlead-soldered Lead-soldered Nonlead-;soldered
Product n Mean n Mean n Mean n Mean
Tuna 34 0.65 55 0.08 14 0.83 54 0.05
Orange juice 47 0.07 39 0.02 K% 0.05 32 0.02
Applesauce 16 0.25 59 0.08 4 0.37 49 0.07
Apple juice 29 0.08 53 0.01 10 0.05 49 0.02
Fruit punch 58 0.07 19 0.03 45 0.06 13 0.03
String beans 38 0.24 53 0.03 21 0.23 49 0.02
Baked beans 47 0.24 45 0.02 18 0.28 53 0.01
Tomatoes 63 0.25 21 0.01 38 0.37 28 0.02
Chicken noodle soup 87 0.13 0 — 71 0.17 1 0
Vegetable soup 93 0.17 0 — 64 0.14 8 0.01
All products 512 0.19 344 0.04 319 0.20 336 0.03

aA value of zero was used for findings below the data reporting limit of 0.02 N{J Pb/g in computing statistics.

reagent blanks. For all the accepted findings, the means
standard deviation of the reagent blanks were 0.0011
0.0024 jig Cd/g and 0.009 + 0.008 /ig Pb/g. The 3X stan-
dard deviation approximations of the survey’s detection lim-
its based on these reagent blanks were 0.0073 jig Cd/g and
0.024 jug Pb/g. In addition, data reporting limits of 0.01 jig
Cd/g and 0.02 jig Pb/g were applied to the accepted find-
ings, below which a value of zero was assigned for statistical

+
+

analysis. A few exceptions to these criteria were allowed if
the reagent blanks were slightly high and the levels of lead
and cadmium in the respective test samples were all above the
reagent blank level, or if aberrant recoveries could be ex-
plained by low spike levels. The average recovery (approxi-
mately 330 recoveries each of lead and cadmium) for the
accepted analyses was about 94% with a relative standard
deviation (RSD) of about 14% for both lead and cadmium.

Mean and 90th percentile lead findings (jig Pb/g) for fiscal years 1982-1985 by product and lead/nonlead-

soldered cans3

Table 4.
All cans
90th
Product n Mean percentile

Tuna 300 0.32 0.90
Orange juice 284 0.05 0.12
Applesauce 246 0.13 0.28
Apple juice 260 0.06 0.15
Fruit punch 252 0.07 0.13
String beans 297 0.14 0.38
Baked beans 306 0.17 0.49
Tomatoes 285 021 0.55
Chicken noodle soup 301 0.13 0.27
Vegetable soup 304 0.17 0.32
All products 2835 0.15 0.37

n

112
138
81
9
208
149
175
218
300
296
1776

Lead-soldered cans Nonlead-soldered cans

90th 90th
Mean percentile n Mean percentile
0.76 15 188 0.06 0.14
0.08 0.17 146 0.02 0.04
0.25 0.59 165 0.08 0.12
0.12 0.24 161 0.02 0.07
0.08 0.14 14 0.03 0.06
0.25 0.50 148 0.03 0.08
0.27 0.59 131 0.02 0.04
0.27 0.63 67 0.03 0.07
0.13 0.27 1 0 —
0.17 0.33 8 0.01 0.08
021 0.50 1059 0.04 0.09

8 A value of zero was used for findings below the data reporting limit of 0.02 fig Pb/g in computing statistics.
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Figure 1. Mean lead levels In canned foods by fiscal year.

The average RSDs for all duplicate analyses were 15% for
lead (n = 318) and 22% for cadmium (n = 313). The average
RSDs for duplicates above the reporting limits were 12%%for
lead (n = 234) and 17% (n = 80) for cadmium.

Descriptive statistics were computed for all the acceptable
data. There were 2835 acceptable lead analyses and 2896
acceptable cadmium analyses. For the statistical analysis all
values below the data reporting limits (0.02 ng Pb/g and 0.01
jug Cd/g) were assigned a value of zero. Table 2 lists the
mean, median, and maximum lead findings for each of the 10
products for each fiscal year. Tuna and tomatoes had the
highest mean levels of lead in each fiscal year except one.
Table 3 lists the mean lead findings for each of the 10
products for each fiscal year and separates the data for lead-
soldered and nonlead-soldered cans. Figure 1is a plot of the
mean lead level of all products (Tables 2 and 3) vs fiscal year.
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Figure 2. Mean lead levels In canned foods by product

over fiscal years 1982-1985.

Table 5. Lead levels in foods for different can types for
fiscal years 1982-1985
Can Mean,b
Product type8 n g Pblg
Tuna A 112 0.76
C 1 0
D 5 0
E 39 0.05
G 143 0.06
Orange juice A 135 0.08
B 3 0.02
C 137 0.02
E 4 0
H 4 0.01
1 1 0
Applesauce A 80 0.25
B 1 0.10
C 159 0.08
D 3 0.13
E 1 0
F 1 0
Apple juice A 97 0.12
B 2 0.04
C 153 0.02
F 1 0.02
H 3 0
1 4 0.02
Fruit punch A 208 0.08
C 29 0.02
F 2 0.18
G 2 0
1 1 0.02
String beans A 144 0.25
C 7 0.04
D 12 0.02
E 19 0.04
F 28 0.02
G 12 0.02
Baked beans A 138 0.32
B 37 0.12
C 128 0.02
F 2 0.01
G 1 0
Tomatoes A 206 0.28
B 12 0.14
C 64 0.03
D 3 0.01
Chicken noodle soup A 112 0.16
B 188 011
C 1 0
Vegetable soup A 116 0.20
B 180 0.15
C 8 0.01

8A = conventional lead-soldered; B = lead jet-soldered; C = wire-
welded; D = forge-welded; E = drawn/redrawn aluminum; F = triple
drawn; G = drawn/redrawn 2-piece; H = cemented; | = other.
A value of zero was used for findings below the data reporting limit
of 0.02 NJ Pb/g in computing statistics.

As expected, lead levels in foods from lead-soldered cans
were higher than those in foods from nonlead-soldered cans.
Table 4 lists the mean and 90th percentile lead findings for
all products and also lists the data separately for lead-sol-
dered and nonlead-soldered cans. The mean level for foods in
lead-soldered cans was about 5 times as high as that for foods
in nonlead-soldered cans. The 90th percentile for foods in
lead-soldered cans was about 10 times as high as that for
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Table 6.
Fiscal year 1982
Product n Mean Median

Tuna 80 0.03 0.02
Orange juice 76 0.008 0
Applesauce 74 0.01 0
Apple juice 73 0.002 0
Fruit punch 73 0.002 0
String beans 77 0.01 0
Baked beans 79 0.01 0
Tomatoes 74 0.02 0.02
Chicken noodle soup 77 0.004 0
Vegetable soup 80 0.01 0
All products 763 0.01 0

Fiscal year 1984

Product n Mean Median

Tuna 86 0.02 0.02
Orange juice 81 0.004 0
Applesauce 72 0.003 0
Apple juice 80 0.002 0
Fruit punch 71 0.002 0
String beans 88 0.001 0
Baked beans 88 0.001 0
Tomatoes 82 0.02 0.01
Chicken noodle soup 86 0.003 0
Vegetable soup 87 0.003 0
All products 821 0.01 0

Mean, median, and maximum cadmium findings (fig Cd/g) for all can types by fiscal year9

Fiscal year 1983

Max. n Mean Median Max.
0.20 69 0.03 0.02 0.30
0.12 68 0.005 0 0.05
0.17 56 0.007 0 0.07
0.06 59 0.001 0 0.01
0.06 54 0 0 0.01
0.16 67 0.001 0 0.02
0.37 72 0.001 0 0.02
0.26 69 0.01 0.01 0.05
0.04 72 0.005 0 0.07
0.17 70 0.01 0 0.07
0.37 656 0.01 0 0.30

Fiscal year 1985

Max. n Mean Median Max.
0.07 68 0.02 0.02 0.07
0.02 66 0.005 0 0.04
0.05 52 0.004 0 0.03
0.04 60 0.002 0 0.03
0.04 60 0.001 0 0.05
0.03 68 0.001 0 0.02
0.02 69 0.001 0 0.02
0.07 69 0.02 0.02 0.43
0.05 72 0.003 0 0.06
0.02 72 0.003 0 0.03
0.07 656 0.006 0 0.43

a A value of zero was used for findings below the data reporting limit of 0.01 rig Cd/g in computing statistics.

foods in nonlead-soldered cans. Figure 2 is a graph of the
mean lead level of each product (Table 4) over all fiscal
years. Tuna in lead-soldered cans had the highest levels of
lead. Table 5 lists the mean lead findings for each product by
can type over all fiscal years.

Two types of lead-soldered cans were identified: conven-
tional lead-soldered and lead jet-soldered. The lead jet-sol-
dered process uses much less lead in making the can, and
consistently lower levels of lead were found in the foods in
these cans, compared to the levels in the same products
packaged in conventional lead-soldered cans. Lead levels
found for applesauce in forge-welded cans and for fruit
punch in triple drawn cans were anomalous in that lead levels

Table 7. Mean and 90th percentile cadmium findings
(fig Cd/g) for all cans types for fiscal years 1982-1985a
90th
Product n Mean percentile
Tuna 303 0.02 0.04
Orange juice 291 0.005 0.02
Applesauce 254 0.007 0.02
Apple juice 272 0.002 0.01
Fruit punch 258 0.001 0
String beans 300 0.003 0.01
Baked beans 308 0.003 0.01
Tomatoes 294 0.02 0.04
Chicken noodle soup 307 0.003 0.01
Vegetable soup 309 0.007 0.02
All products 2896 0.008 0.02

aA value of zero was used for all findings below the data reporting
limit of 0.01 NG Cd/g in computing statistics.

were higher than expected, that is, they were similar to those
found for foods in lead-soldered cans. However, since only a
few test samples were analyzed in each category, misidentifi-
cation of can type is a possibility.

Table 6 lists the mean, median, and maximum cadmium
findings for each of the 10 products for each fiscal year. Most
cadmium levels were below the data reporting limit (0.01 fig/
g). Tuna and tomatoes had the highest mean levels of cadmi-
um each fiscal year. Table 7 lists the mean and 90th percen-
tile cadmium findings for the 10 products over all fiscal
years. Although not shown in the table, there was no overall
difference in cadmium levels between lead-soldered and non-
lead-solderec cans.

Discussion

Tin Interference

A few of the participating laboratories reported an uniden-
tified peak, which they suspected was due to tin in the vol-
tammetric cell. This peak was identified as tin by Holak and
Specchio (12). The extent to which tin interfered with the
findings reported in the present survey is unknown, but, in
view of the ensuing discussion, appears minimal.

In their study, Holak and Specchio failed to investigate the
behavior of tin in foods taken through every step of the
analytical method, e.g., the first part of the procedure (dry
ash treatment). In addition, they did not use both the AOAC
official method (13) and their proposed method to analyze
foods with known tin levels. As a consequence of these omis-
sions, they failed to demonstrate that the interference occurs
when a sample is dry ashed.

Tin at 200 fig/g was studied during the development of the
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Table 8. Comparison of mean lead and cadmium levels from Total Diet Study and adult canned food survey3
Fiscal year 1982 Fiscal year 1983 Fiscal year 1984 Fiscal year 1985
Product TDS MB 1-4 ACF TDS MB 5-8 ACF TDS MB 9-12 ACF TDS MB 13-16 ACF
Lead, ng/g
Tuna 0.13 0.48 0.19 0.29 0.22 0.30 0.13 0.21
Orange juice* 0.02 0.08 0.03 0.04 0.01 0.04 0 0.04
Applesauce 0.14 0.20 0.05 0.11 0.07 0.11 0.04 0.09
Aople juice 0.04 0.11 0.05 0.07 0 0.03 0.01 0.03
Fruit punch 0.03 0.08 0.07 0.08 0.02 0.06 0.01 0.05
String beans 0.16 0.21 0.06 0.16 0.03 0.11 0.04 0.09
Baked beans 0.18 0.26 0.09 0.19 0.16 0.13 0.01 0.08
Tomatoes 2.16 0.20 0.22 0.24 0.18 0.19 0.28 0.22
Chicken noodle soupc 0.06 0.14 0.12 0.09 0.05 0.13 0.02 0.16
Vegetable soupc 0.10 0.17 0.20 0.19 0.09 0.17 0.05 0.13
Cadmium, ~g/g

Tuna 0.020 0.03 0.046 0.03 0.027 0.02 0.026 0.02
Orange juice* 0.005 0.008 0 0.005 0 0.004 0 0.005
Applesauce 0.001 0.01 0 0.007 0 0.003 0.001 0.004
Apple juice 0.001 0.002 0.001 0.001 0.003 0.002 0.001 0.002
Fruit punch 0.001 0.002 0 0 0 0.002 0 0.001
String beans 0.012 0.01 0.005 0.001 0 0.001 0 0.001
Baked beans 0.009 0.01 0.003 0.001 0.002 0.001 0.002 0.001
Tomatoes 0.015 0.02 0.023 0.01 0.019 0.02 0.019 0.02
Chicken noodle soup* 0.007 0.004 0.007 0.005 0.003 0.003 0.004 0.003
Vegetable soup* 0.010 0.01 0.007 0.01 0.007 0.003 0.013 0.003

aTDS MB = Total Diet Study market basket; trace findings between the detection limit and the quantitation

1/2 TDS quantitation limit (1/2 limit = 0.01 jxg Pb/g and 0.005 fig Cd/g), whereas for MB 9-16 anestimate of the tracelevel was used inthe cal-
culations. ACF = adult canned food survey; findings below the data reporting limits of 0.02 /xg Pb/g and 0.01 ixg Cd/g were given a value of zero.

This difference in data treatment had little effect on the reported levels.

* Total Diet Study values were multiplied by 4 to account for water reconstitution.
0 Total Diet Study values were multiplied by 2 to account for water reconstitution.

analytical method used in the present survey (10); this level
of tin did not affect the results for lead and cadmium. It was
found that properly controlled dry ashing renders tin electro-
inactive. If the dry ash procedure is not used correctly, a
small tin peak may appear in the voltammogram. However,
the supporting electrolyte used in our survey provides ade-
guate separation of the lead, cadmium, and tin peaks so that
the potential tin interference can be recognized and appropri-
ate action taken by the analyst. Tin does not affect lead
results because the peak potentials of tin and lead are sub-
stantially different (by approximately 100 mV). Tin may
interfere with cadmium determinations because the peak
potentials of cadmium and tin are only slightly different (by
approximately 40 mV).

By employing standard quality control procedures (moni-
toring peak potentials and regression correlation coeffi-
cients), our analysts were able to recognize any problems and
either solved them or did not report the results. Further
support for the accuracy of the survey findings is their agree-
ment with results obtained by graphite furnace-atomic ab-
sorption spectrometry for foods in the FDA Total Diet Study
as discussed later.

Although more than 2000 samples were analyzed for this
survey, relatively few occurrences of a tin peak were report-
ed. When tin appeared in the voltammogram, the interfer-
ence was eliminated by adding more tartaric acid to the
supporting electrolyte (to mask tin) or by more closely con-
trolling the nitric acid treatment during dry ashing (to render
tin electro-inactive). These method modifications were re-

ported previously (14). Some laboratories reporting this
problem also reported poor recoveries; their results were
subsequently eliminated from the statistical calculations.

Comparison with Other Studies

FDA conducted a preliminary survey of the levels of lead,
cadmium, and zinc in selected canned foods during fiscal
years 1980 and 1981 (15) to get an indication of the general
levels of lead in canned foods before beginning the survey
described here. The preliminary survey collected 39 different
canned food products, but the type of can was not reported
and the sampling was not statistically balanced. The 10 prod-
ucts reported here were represented in the preliminary sur-
vey, although for 4 products, fewer than 10 samples were
analyzed. In addition, there were slight differences in prod-
uct type between the survey for fiscal years 1980-1981 and
the present survey: citrus juice vs orange juice, fruit juice
(noncitrus) vs apple juice, and green beans vs string beans.
The mean levels of lead and cadmium in products analyzed in
the preliminary survey were compared with the fiscal year
1982 findings from the present survey for all can types. The
findings are in good agreement for both lead and cadmium
except for the level of lead in applesauce, which was about 5
times as high for fiscal year 1982 as the level reported for
fiscal years 1980-1981. However, because the preliminary
survey reported the mean of only 5 analyses, the earlier result
probably does not accurately represent the product.

Table 8 compares the mean lead and cadmium levels from
this adult canned food (ACF) survey with the findings from

limit for MB 1-8were given value of



CAPAR: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

Table 9.
jug Pb/day
6-11 mo 2yr

Fiscal

year TDS ACF TDS

82 4.1 8.6 8.0

83 4.7 5.9 10.9

84 2.2 5.1 5.0

85 1.2 4.7 2.3
Mean 3.1 6.1 6.5

ACF

17.7
12.8
11.5
10.6

13.1
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Dally Intakes of lead and cadmium from 10 food products by 2 age groups3

fig Cd/day
6-11 mo 2yr
TDS ACF TDS ACF
0.27 0.40 0.75 0.96
0.14 0.27 0.37 0.66
0.11 0.20 0.26 0.48
0.14 0.22 0.35 0.52
0.17 0.27 0.43 0.66

aTDS = Total Diet Study; ACF = adult canned food survey; see Table 1 for list of food products; see footnote a in Table 8 for treatment of data

below the quantitation or reporting limit.

the FDA TDS for samples collected during approximately
the same time period (16-18) and analyzed by graphite
furnace-atomic absorption spectrometry. Each TDS finding
is the mean of 4 samples, whereas the ACF findings represent
from 52 to 93 samples (Table 2). Generally, the findings of
the 2 studies agree, considering the number of samples in
each study. Where differences occur, the ACF lead findings
are usually higher than the TDS findings. Since the TDS
program does not specify the type of can to collect (i.e., lead-
or nonlead-soldered), the lead differences may be explained
by the differences in can type. Also, the ACF canned orange
juice was compared to the TDS frozen orange juice, which is
commonly packaged in paperboard containers, and the ACF
canned fruit punch was compared to the TDS canned orange
drink. The lead level in TDS tomatoes in fiscal year 1982,
which was 10 times as high as the ACF finding, is an excep-
tion to the higher findings in the ACF survey. One of the 4
TDS findings for tomatoes in fiscal year 1982 was about 8 fig
Pb/g, which caused the mean to be higher than in the other 3
years.

The mean lead and cadmium levels for each product/fiscal
year (Table 8) were used to compute daily intakes of the
elements based on the consumption values used by the TDS
for the age groups 6-11 months and 2 years (2). These results
are listed in Table 9 and are graphically displayed in Figures
3 and 4 for lead and cadmium, respectively. Daily intakes
based on ACF survey findings are slightly higher than TDS
intakes for both lead and cadmium. The average total daily

2517
J —{F— TDS 6-11 mo.
—— ACF 6-11 mo.
20 - —O— TDS2yr
—®— ACF2yr
>
15
Sy
~
0 10 7
5
Q- T T — T T -1
82 83 84 85
Fiscal Year

Figure 3. Lead dalily Intakes from 10 food products.

intakes of lead and cadmium based on all of the TDS market
baskets collected for fiscal years 1982-1986 (234 foods/
market basket; 20 market baskets) are 11.6 /ig Pb/day and
4.04 jigcCd/day for the 6-11 month age group and 15.6 fig
Pb/day and 7.20 figCd/day for the 2 year age group. On the
basis of the ACF means from Table 9, the contributions of
the adult canned foods to these total daily intakes are 53% of
the lead and 7% of the cadmium for the 6-11 month age
group and 84% of the lead and 9% of the cadmium for the 2
year age group.

During the sampling period for this survey, many canned
food processing manufacturers began changing from lead-
soldered to nonlead-soldered cans. The number of domesti-
cally manufactured lead-soldered cans for foods dropped
from 90% of all cans made in 1979 to 24% in 1986. This
change is evident in the number of samples collected in each
category over the 4 years of the survey (Table 3). The mean
lead level for all products changed little for each can type
during the 4 years of the survey, but the mean lead level for
all can types (Table 2) declined from 0.20 to 0.11 figPb/g.

FDA has reported the results of a national survey of raw
agricultural products (19), which included tomatoes, one
product also associated with the ACF survey. The 231 sam-
ples of raw tomatoes collected in the survey (1980-81) had
mean levels of 0.002 figPb/g and 0.017 fig Cd/g, minimum
levels of <0.0001 figPb/g and 0.002 jug Cd/ g, and maximum
levels 0f0.025 jug Pb/g and 0.048 fig Cd/g. The mean cadmi-
um level of the raw tomatoes agrees very closely with the

2.01
—{1— TDS 6-11 mo.
] —— ACF 6-11 mo.
i —O— TDS2yr
1.5 —®— ACF2yr
&
2
= 1.0
Q
a
=1
0.51
—{+—
0.0 - - . T ; -
82 83 84 85
Fiscal Year
Figure 4. Cadmium dally Intakes from 10 food products.
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ACF mean of 0.02 Ng Cd/g for tomatoes (Table 7). Howev-
er, the mean lead level of ACF tomatoes, 0.21 fig Pb/g
(Table 4), is about 100 times that of the raw tomatoes, and
even the mean lead level of ACF tomatoes from nonlead-
soldered cans, 0.03 NJPb/g (Table 4), is 10 times that of the
raw tomatoes.

Conclusions

Levels of lead and cadmium were determined in samples of
10 canned adult foods commonly eaten by young children.
The mean levels ranged from a high of 0.32 figPb/g in tuna
(minimum = <0.02 figPb/g; maximum = 5.3 pg Pb/g) and
0.02 fig cd/g in tuna (minimum = <0.01 fig cd/g; maxi-
mum = 0.03 figCd/g) and tomatoes (minimum = <0.01 fig
Cd/g; maximum = 0.43 figCd/g) toalow 0f0.05 figPb/g in
orange juice (minimum = <0.02 figPb/g; maximum = 0.63
fig Pb/g) and 0.001 fig Cd/g in fruit punch (minimum =
<0.01 figcd/g; maximum = 0.06 figCd/g). The mean level
of lead in foods packaged in lead-soldered cans was 5 times as
high as the level in foods packaged in nonlead-soldered cans.
The mean level of lead over all the products was highest
during the first year of the study (0.20 fig Pb/g) and lowest
during the last year of the study (0.11 figPb/g). During this
period can manufacturers were reducing the use of lead-
soldered cans, which may explain the reduction in mean lead
levels. Cadmium levels did not show a similar reduction, but
they were usually below the data reporting limit (0.01 pg/g).
Comparisons to the level of lead in raw tomatoes indicate
that lead may be indirectly added to processed foods even if
they are packaged in nonlead-soldered cans.
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Sulfamethazine (Sulfadimidine) Residues in Canadian Consumer Milk

LYSE LAROCQUE, GERMAIN CARIGNAN, and STEPHEN SVED
Health and Welfare Canada, Drug Residues Section, Bureau of Drug Research,

Ottawa, Ontario K1A 0L2, Canada

A survey on the presence of sulfamethazine (sulfadimidine)
residues In consumer milk has been conducted in 10 cities
across Canada. In each city, homogenized milk was pur-
chased at 3 different retail outlets, each supplied by different
processing plants. A total of 30 samples was analyzed by a
liquid chromatographic method. The limit of quantitation was
5 ppb. In addition to automatic integration, visual inspection
of the chromatograms was required to distinguish between
low concentrations of sulfamethazine and 2 unknown Inter-
fering peaks. Two samples, from different cities, contained

11.4 and5.24 ppb of the drug. Drug identity was confirmed by

mass spectrometry. All other samples appeared to be free of
the drug.

Sulfamethazine (sulfadimidine) is commonly used as a
growth promoter and as an antimicrobial agent effective
against a number of infections in many agriculturally impor-
tant animals. Although Canadian regulations permit its use
in cattle, poultry, and swine, sulfamethazine has never been
approved for intramammary use. The safety of this drug to
the consumer has recently been questioned because of its
apparent toxicity (1). A recent survey that used a radio-
receptor assay (Charm Test Il) with a claimed sensitivity of 5
ppb (2) revealed the presence of sulfonamide residues, as-
sumed to be sulfamethazine, in 82 of 174 milk samples from
the United States and in 12 of 40 milk samples from Canada.
Because the method is specific for classes of antimicrobial
agents, it may be unable to distinguish among the different
sulfa drugs or give exact quantitative data on the residue
concentration.

Weber and Smedley (3) recently developed a sensitive
assay by liquid chromatography (LC), which is specific for
sulfamethazine in milk. Using their method, a survey of
consumer milk across the United States confirmed that 11 of
49 samples contained sulfamethazine residues; the highest
level was 40 ppb (c.f., “Answers,” April 22, 1988). The
present survey was undertaken to find whether possible viola-
tions in the use of sulfamethazine occur in Canada.

Experimental

Apparatus

(a) Liquid chromatograph.— Kratos Spectroflow 400 sol-
vent delivery system, Spectra-Physics 8780XR autosampler,
and Kratos Spectroflow 783 detector set at 265 nm. Column:
Supelcosil-C18-DB, 5 pPmM, 4.6 X 250 mm. Mobile phase:
methanol-0.1M potassium dihydrogen phosphate (3 + 7).

(b) Diazomethane generator.— Aldrich, as described by
Fales et al. (4).

(c) Gas chromatograph (GC).—Hewlett-Packard
5840A, using helium carrier gas at 30 cm/s linear velocity
and temperature program of 200°C for 1 min followed by
linear increase at 5°/min to 250°C. Capillary column: J&W
Scientific, Inc., 15 m X 0.25 mm, coated with 0.25 /nm DB-1.

Received August 28, 1989. Accepted December 4, 1989.

(d) Mass spectrometer.— Hewlett-Packard 5985 in elec-
tron impact mode, ion source 200°C, scanning from m/z 50
to 400.

Reagents

Authentic drug-free control milk was obtained from Agri-
culture Canada, Ottawa. Standard sulfamethazine was a
U.S. Pharmocopoeia reference standard. All other chemicals
were reagent grade or better, purchased from local suppliers.

Test Samples

A total of 30 samples of homogenized milk in 1L cartons
was collected at 3 different retail outlets, each supplied by
different processing plants, in 10 cities across Canada: Van-
couver, Edmonton, Saskatoon, Winnipeg, Toronto, Ottawa,
Montreal, Quebec City, Halifax, and Moncton. Samples
were shipped in cooled containers by courier and frozen and
stored at —30°C until use. Just before analysis, cartons were
thawed by immersion in water at 30-35°C, an aliquot was
taken for analysis, and the remainder was distributed in 50 or
100 mL portions and frozen for extended storage at —80°C.

LC Analysis

The method of Weber and Smedley (3) was applied with-
out modification. Whole milk is extracted with chloroform,
the solvent is evaporated, and the residue is partitioned be-
tween hexane and aqueous o .1 M potassium dihydrogen phos-
phate. An aliquot of the water phase is chromatographed,
using UV detection at 265 nm.

MS Confirmation

For positive samples, three 15 mL portions of milk were
extracted and chromatographed in several portions, using
30% methanol in water as mobile phase. The fractions that
eluted at the retention time of the sulfamethazine standard
were collected, combined, and evaporated in a rotary evapo-
rator at 40°C. The residue was redissolved in 100 ph metha-
nol and reacted with diazomethane (4). The reaction mixture
was again evaporated, redissolved in 10 pL methanol, and
subjected to GC-MS analysis.

Results

LC Method

Between-run variations of the slope and the intercept were
determined by daily injections of standard solutions contain-
ing, 5, 10, and 20 ppb sulfamethazine in water, which were
injected at the beginning, middle, and end of each run. The
results are summarized in Table 1. During 9 runs on s differ-
ent days, the correlation (R2) between concentration and
peak was 0.991 or higher; the slope of the regression of peak
height on concentration ranged from 3.18 to 3.89 (mean
3.43, SD 0.22), and none of the intercepts were significantly
different from o .

The control milk (BDR-131) gave slight but consistently
positive instrumental readings (mean 0.559 ppb, SD 0.159).
Visual inspection of the chromatograms indicated that this
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Table 1. Between-run statistics on standard solutions
used in LC determinations of sulfamethazine

Date N Y-intercept Stderror Slope Stderror R2
880920 12 0.9656  0.4012 3.4878 0.0152 0.9997
880921 12 0.7377 04853 35357 0.0201 0.9996
880921 12 -2.1430 05036 3.8948 0.0190 0.9996
880922 12 0.8289  0.4833 3.2652 0.0183 0.9995
880923 12 -0.6250 2.0545 3.1781 0.0952 0.9910
880926 12 03411 03574 3.3075 0.0117 0.9997
880927 12 -0.0060 0.3155 35421 0.0120 0.9998
880928 12 1.2569 0.6307 3.2902 0.0413 0.9994
880929 12 -0.2710 0.1250 3.3626 0.0082 0.9999
Mean 0.1255 3.4293
SD 1.0480 0.2159
cv — 6.2947

interference was due to 2 small endogenous peaks (Rt 1.50
and 1.6 min), which were poorly resolved from sulfametha-
zine (Rt 1.55 min, Figure 1). All test samples exhibiting
chromatograms visually judged free of the drug gave instru-
mental readings equivalent to 0.18-1.77 ppb drug. For this
reason, the limit of detection was set at 2 ppb or higher, and
all chromatograms were carefully inspected. The limit of
determination was set at 5 ppb, which was the lowest stan-
dard concentration used. The recovery of sulfamethazine in
control milk fortified with 5 ppb drug was 87.2% (SD 4.6).

Residues Found In Milk

Only 2 of the 30 milk samples tested contained sulfameth-
azine above the limit of determination: sample BDR-106
from Toronto and BDR-123 from Montreal had 11.4 and
5.24 ppb, respectively; all other samples appeared to be free
of the drug.

Confirmation by MS

GC-MS analysis confirmed the identity of sulfamethazine
in the 2 samples containing over 5 ppb by the presence of
characteristic ions. The molecular ion of methylated sulfa-
methazine at 292 could not be seen; however, ions 108, 227,
and 228 were found to be characteristic for the analyte both
from standard solutions and incurred samples (Table 2). The
nearly identical relative ratios of the 3 diagnostic ions in the
standard solution and in the 2 positive samples was further
evidence that they all originated from sulfamethazine. Se-
lected ion monitoring of these 3 ions gave a good response to
the methylated drug with a retention time of 8.9 min. None
of the 4 ions could be detected in extracts from an authentic
drug-free milk sample.

Discussion

The method used in the present paper has been shown to be
quantitative to 5 ppb (3). Two of the 30 samples tested
contained over 5 ppb sulfamethazine, and this was confirmed
by mass spectrometry. An additional 7 samples appeared on
the integrator output to contain between 0.9 and 1.7 ppb of
the drug. Visual inspection of the chromatograms, however,
indicated that this was due to interference by 2 endogenous
substances.

Electronic integrators are widely used for automated data
reduction of detector output. While many integrators are
capable of storing the time sampled response and plotting a
true chromatogram for each run, often the scale adjustments
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Figure 1. Chromatograms of (a) standard sulfamethazine (5
ppb); (b) positive sample (BDR-123, Rt 1.55 min, 5.24 ppb); (c)
test sample judged to be negative (BDR-125, Instrumental
reading, Rt 1.60 min, 1 ppb); and (d) control milk (BDR-131).
Arrows Indicate expected elution of sulfamethazine.

of these plots preclude good resolution of the curve. In addi-
tion, very small numeric variations in retention time may be
ascribed to slight variations in conditions, e.g., temperature
or flow rate, and the printed values accepted without ques-
tion. Our present experience emphasizes the need for plotting
every chromatogram with adequate resolution and visually
inspecting them.

In a similar survey, Brady and Katz (5) found that about
40% of a total of 64 consumer milk samples from the New
York region contained sulfonamides above the 12.5 ppb limit
ofdetection. No attempt was made by these authors to identi-
fy the sulfonamides, or quantitate their concentration.

The 2 samples that tested positive for sulfamethazine con-
tained 5.24 and 11.4 ppb of the drug. These amounts found
may seem harmless to the consumer. At present, the limit of

Table 2.  GC-MS confirmation of sulfamethazine positive

milk samples

Area counts at m/z Ratio
Retention

Sample min 227 228 108 228/227 108/227

Standard 8.9 6038 4002 1522  0.66 0.25
BDR-106 8.9 9978 6914 2527  0.69 0.25
BDR-123 8.9 2164 1409 571  0.65 0.26
BDR-131a — —_ - — —

dAuthentic drug-free control milk.
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sulfamethazine residues in pork in Canada is set at 100 ppb.
However, milk consumption far outstrips the daily intake of
pork, especially in infants. For example, an infant who
weighs 10 kg and consumes milk, containing 100 ppb sulfa-
methazine, at a rate of 1 L/day would be subjected to a daily
intake of 0.01 mg/kg body weight.

An FAO/WHO expert committee recently proposed a
recommended maximum residue level (MRL) of 25 ppb
sulfamethazine in milk, on the basis of an acceptable daily
intake (ADI1) of 0-0.004 mg/kg (s). In Canada, the drug is
not approved for intramammary use and no acceptable limit
is in force. Oral preparations for cows require a 96 h with-
drawal period in order to ensure that when milk from treated
cows enters the consumer market it is free of harmful resi-
dues. Thus, it is important, for the purpose of meaningful
inspection, to establish a level that could be considered safe to
the consumer.

The milk samples in the present study came from industri-
al sources; each sample represented a pool of milk coming
from a large number of individual farms. The 2 mildly posi-
tive samples found in this study may have been due to a few
highly contaminated farm gate lots, or they may represent a
more widespread, but low level contamination. In either case,
contamination could have been caused by short-term admin-
istration to a few cows under active treatment for a specific
condition; it could also have been due to unintentional con-
tamination by residual drug in the equipment used for pre-
paring the feed, or the routine use of sulfamethazine for
lactating cows by a few delinquent dairy farms. The presence

of up to 100 ppb sulfamethazine has been reported in the liver
of untreated pigs housed in pens previously occupied by med-
icated animals (7). Dairy husbandry practices make similar
contaminations among dairy cows extremely unlikely (M. S.
Brady, Rutgers University, New Brunswick, NJ, personal
communication, 1989).

A survey of milk collected at farm gate lots, now being
organized, should shed more light on the presence of sulfa-
methazine in some of the consumer milk.
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The liquid chromatographic determination previously devel-
oped tor benzimidazoles in cattle liver has been slightly
modified and applied to the determination of 4 benzimid-
azoles in milk. Recoveries of fenbendazole (FBZ), oxfenda-
zole (OFZ), and thiabendazole (TBZ) from milk fortified at
the 10 ppb level were 80% or greater with an intralaboratory
coefficient of variation of 11 % or less. Recovery of 5-hydrox-
ythiabendazole (5-OH-TBZ) at the 30 ppb level averaged
56% with an intralaboratory coefficient of variation of 5%.
Limited data on the depletion of FBZ, OFZ, TBZ, and 5-OH-
TBZ In milk were also generated.

Benzimidazoles are used as anthelmintics. Fenbendazole
(FBZ) and thiabendazole (TBZ) are approved for use in
food-producing animals, but oxfendazole (OFZ) and meben-
dazole (MBZ) are not yet approved in the United States for
this use. LeVan and Barnes conducted a collaborative study
of LeVan’s liquid chromatography procedure for determin-
ing FBZ, OFZ, TBZ, 5-hydroxythiabendazole(5-OH-TBZ),
and MBZ in beef liver and muscle (C. J. Barnes (1989) J.
Assoc. Off. Anal. Chem. 73, 91-92). The target sensitivity
for this procedure in cattle tissue was 100 ppb for OFZ,
MBZ, TBZ, and 5-OH-TBZ, and 800 ppb for FBZ. This
report describes the application of the procedure, with a few
modifications, to the determination of FBZ, OFZ, TBZ, and
5-OH-TBZ in milk.

The procedure exploits the weakly basic nature of the
target benzimidazoles for effective extraction and cleanup.
The milk sample is mixed with sodium carbonate and homog-
enized in ethyl acetate. The ethyl acetate extract is evaporat-
ed to dryness and the residue is partitioned between phos-
phoric acid and hexane. The acid fraction containing the
benzimidazoles is neutralized and then extracted with ethyl
acetate. The ethyl acetate is evaporated to dryness, and the
residue is dissolved in methylene chloride and applied to a
silica Bond-Elut column. The benzimidazoles are eluted with
methanol-methylene chloride (1 + 3,v/v). The eluate is then
evaporated to dryness and redissolved in the mobile phase,
and the benzimidazoles are determined by liquid chromatog-
raphy.

LeVan’s determinative procedures were used except for
the following modifications: For FBZ, OFZ, and TBZ, 100 g
sodium sulfate was used in the homogenization and extrac-
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tion steps instead of 80 g, and a tissumizer was used instead of
ablender. For 5-OH-TBZ, the amount of butylated hydroxy-
toluene solution added to the ethyl acetate extracts, prior to
the rotary evaporation step, was doubled to increase the
recoveries of the 5-OH-TBZ.

METHOD

Reagents

(d) Butylated hydroxytoluene (BH T).—10 mg/mL solu-
tion. Dissolve 19 crystalline BHT (Sigma Chemical Co., St.
Louis, MO 63178) in 100 mL LC grade ethyl acetate.

(b) Phosphoric acid solution.—1M. Dilute 68.3 mL re-
agent grade HsP 04 (Mallinckrodt, St. Louis, MO) to 1 L
with deionized water.

(€) sodium carbonate solution.—1M. Dissolve 106 g an-
hydrous Na:Co 3 (ACS certified, Fisher Scientific, Colum-
bia, MD 21046) in 1L deionized water.

(d) Potassium hydroxide solution.—10N. Dissolve 560 g
KOH pellets (ACS certified, Fisher Scientific) in deionized
water and dilute to 1L.

() Ammonium phosphate buffer, pH 7.0.—0.01 M. Dis-
solve 1.15 g NHsH:PO: (LC grade, Fisher Scientific) in ca
950 mL water, adjust pH to 7.0 with dilute NH:OH (ACS
grade, Fisher Scientific), and dilute to 1 L.

(f) sodium sulfate.—Anhydrous, granular, 12-60 mesh
(J. T. Baker Chemical Co., Phillipsburg, NJ 08865).

(9) n-Hexane.—Nanograde, glass-distilled (Mallinck-
rodt).

(h) Ethyl acetate.—LC grade (Burdick and Jackson,
McGaw Park, IL 60085).

(i) Methanol.—LC grade (Fisher Scientific).

(J) Methylene chloride.—Nanograde (Mallinckrodt).

(K) Mobile phase.—Prepare methanol-ammonium phos-
phate buffer solutions in 3 different proportions, (70 + 30),
(53 + 47), and (40 + 60), using appropriate volumes of
methanol and pH 7.0 ammonium phosphate buffer. Filter
through o .. /umfilter before use.

(I) Fenbendazole {FBZ; Panacur) analytical standard.—
Lot RC 2550, Hoechst-Roussel Pharmaceuticals, Inc., Som-
merville, NJ 08876.

(m) oxfendazole {OFZ) analytical standard.—Lot B3-
JK-058, Syntex Animal Health, Inc., West Des Moines, 1A
50265.

(n) Thiabendazole {TBZ) analytical standard.—Lot L-
585, 216-000S141, Merck Sharp & Dohme Research Lab-
oratories, Rahway, NJ 07065.

(0) 5-Hydroxythiabendazole {5-OH-TBZ) analytical
standard.—Lot L-588, 072-000A012, Merck Sharp &
Dohme Research Laboratories.
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Standard Solutions

(@) Stock solutions (1 mg/mL).—(7) FBZ and OFZ: Dis-
solve 10 mg in 10 mL dimethyl sulfoxide. (2) TBZ and 5
OH-TBZ: Dissolve 10 mg in 10 mL methanol.

(b) Intermediate standard solutions of FBZ, OFZ, and
TBZ (7 gg/mL).—Combine 100 gL of each stock solution in
a 100 mL volumetric flask and dilute to volume with metha-
nol.

(c) Intermediate standard solution of5-OH-TBZ (2 gg/
m L).—Dilute 200 gL 5-OH-TBZ stock solution to 100 mL
with methanol.

(d) Working standards.—(7) FBZ, OFZ, and TBZ: Pre-
pare mixed standards of 0.025, 0.050, 0.10, and 0.20 gg/mL
by placing 25, 50, 100, and 200 gL portions of 1 gg/mL
mixed intermediate standard solution into separate 15 mL
centrifuge tubes, evaporating to dryness under nitrogen
stream at 30-35°C, and adding 1 mL mobile phase (53 +
47). (2) 5-OH-TBZ: Prepare standards of 0.15, 0.30, and
0.45 gg/mL by placing 75, 150, and 225 gL of the 5-OH-
TBZ 2 gg/mL intermediate standard solution into separate
15 mL centrifuge tubes, evaporating to dryness under nitro-
gen stream at 30-35°C, and adding 1 mL mobile phase (53 +
47).

Apparatus

(@) Liquid chromatograph.—Variable wavelength UV
absorbance detector Model 116, with Model 302 pump (Gil-
son, Middleton, W 153562); 50 g Rheodyne loop injector or
WISP 710 B autosampler (Waters, Milford, MA 01757);
chart recorder (Perkin-Elmer, Norwalk, CT 06859); integra-
tor, Model 3392 A (Hewlett-Packard, Palo Alto, CA 94304).

(B) columns.—(7) TBZ and 5-OH-TBZ: 10 yunLichro-
sorb RP-18 column, 25 cm X 4.6 mm id (Alltech/Applied
Science, Deerfield, IL 60015). (2) FBZ and OFZ: 5 gm
Hypersil ODS column, 25 cm X 4.6 mmid, or 10 /am Lichro-
sorb RP-18 column (Alltech/Applied Science). Conditions:
flow rate, 1.0 mL/min; wavelengths, 298 nm (FBZ, OFZ,
and TBZ) and 318 nm (5-OH-TBZ); attenuation, 0.0025-
0.005 AUFS; column temperature, ambient; guard column,
3cm X 4.6 mm id, packed with pellicular C-18 (Alltech/
Applied Science).

(c) silica columns.—3 mL Bond-Elut (No. 601303, Ana-
Iytichem International, Harbor City, CA 90710).

(d) Nylon membrane filters.—0.2 ym Nylaflo (No.
66602, Gelman Sciences, Ann Arbor, Ml 48106).

(e) Filters.—0.45 gm (Aero LC 3S, No. 4441, Gelman
Sciences).

(f) Blender.—Tekmar® tissumizer (Tekmar Co., Cincin-
nati, OH 45222).

Extraction

To 10 g milk in Erlenmeyer flask, add 5 mL 1M Na:Co s
and mix. Add 150 mL ethyl acetate and 1 mL BHT solution.
Blend 5 min at high speed with tissumizer. Add 100 g anhy-
drous sodium sulfate and blend 1 min. Let sodium sulfate
settle 2-3 min to avoid plugging filter paper in the next step.
Transfer ethyl acetate to 500 mL round-bottom flask
through funnel filter fitted with No. 41 paper. Add another
150 mL ethyl acetate to sample in Erlenmeyer flask and
blend 2 min. Transfer ethyl acetate to same round-bottom
flask. Evaporate filtrate to dryness on rotary evaporator.
(caution: Watch for bumping).

Add 10 mL hexane to 500 mL sample flask, swirl to

dissolve residues, and transfer to 125 mL separatory funnel.
Rinse flask with additional 10 mL hexane and transfer rinse
to separatory funnel. Rinse flask in same manner with two 10
mL portions of 1M phosphoric acid and transfer rinses to
separatory funnel containing hexane. Stopper and shake vig-
orously 2 min. Let layers separate ca 10 min and drain lower
aqueous phase into second 125 mL separatory funnel. Re-
extract hexane layer twice more with 10 mL portions of 1M
H 3 POu4, each time draining aqueous phase into second separ-
atory funnel. Wash pooled acid layers by shaking with 5 mL
hexane for 30 s.

Drain lower aqueous phase into 100 mL beaker. Adjust pH
to s or 9 by slowly adding, with stirring, ca 9 mL 10N KOH.
Keep beaker in ice or cold water bath during neutralization.
Check pH with meter or indicator paper. Transfer contents
of beaker into 250 mL separatory funnel and rinse beaker
with several portions of ethyl acetate (total of 50 mL), adding
rinses to separatory funnel. Shake vigorously 2 min. Let the
phases separate; then drain lower (aqueous) layer into the
100 mL beaker. Drain ethyl acetate into 250 mL round-
bottom flask through funnel plugged with glass wool and
containing ca 40 g sodium sulfate. Pour beaker contents back
into separatory funnel and re-extract with another 50 mL
ethyl acetate. Discard lower aqueous layer and drain ethyl
acetate through funnel containing sodium sulfate into same
250 mL round-bottom flask. Rinse sodium sulfate with 25
mL ethyl acetate, adding rinse to round-bottom flask. Add
0.2 mL BHT solution (2 mg) to round-bottom flask and
evaporate to dryness on rotary evaporator. (Caution: Watch
for bumping.)

Cleanup

Add 3 mL methylene chloride to round-bottom sample
flask and swirl to dissolve residue. Condition silica column
with 2 mL methylene chloride. Perform following operations
by gravity flow: Apply sample to conditioned Bond-Elut, and
rinse sample flask two times with 3 mL portions of methylene
chloride, applying each rinse to Bond-Elut. Wash Bond-Elut
with 5 mL methylene chloride, and discard the wash. Elute
the benzimidazoles with 5 mL 25% methanol in methylene
chloride, collecting eluate in conical tube of appropriate size.
Evaporate eluate to dryness under nitrogen and reconstitute
residue in 1.0 mL mobile phase. Mix on vortex-type mixer to
dissolve residue; then filter through o.2 /am filter into liquid
chromatography injection vial, and proceed with liquid chro-
matographic determination.

Construct standard curves by plotting peak heights vs con-
centrations: 0.025, 0.050, 0.10, and 0.20 gg/mL for TBZ,
OFZ, and FBZ; and 0.15, 0.30, and 0.45 gg/mL for 5-OH-
TBZ. Curves should be linear with correlation coefficients
greater than 0.997-0.999 range. Calculate recoveries for
fortified milk, except those that were analyzed along with
incurred milk, by peak height comparison. Calculate results
for incurred milk by using equation of standard curve, sum-
marized as follows:

Recovery from fortified milk, %
= (peak ht of sample) (equiv. ppb std)(100)/

(peak ht of std) (fortification level)
Benzimidazole in milk containing incurred residues, ppb
= (gg drug/mL from the standard equation)(1000)/10

Because of the broad range of retention times of these 4
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Figure 1. Liquid chromatography of FBZ (A) from extracts

of milk fortified with 20 ppb FBZ, OFZ, TBZ, and 5-OH-TBZ
and (B) from control milk (Hypersil ODS 5 ftm column).

compounds in the mobile phase specified in the original
method, 3 separate liqguid chromatography analyses were
performed with different proportions of methanol and aque-
ous buffer. A mobile phase of methanol-0.01M ammonium
phosphate buffer (70 + 30, v/v) was used for FBZ analyses
(Figures 1 and 2); the retention time was approximately 13
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Figure 2. Liquid chromatography of FBZ from extracts of

milk from an animal dosed with FBZ (Hypersil ODS 5 /urn
column).
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Figure 3. Liquid chromatography of OFZ from extracts of

milk of an animal dosed with FBZ (Hypersil ODS 5 /am
column).

min. For OFZ and TBZ, the (53 + 47) mobile phase was
used, which resulted in retention times of 10 and 17 min,
respectively (Figures 3 and 4). Figure 5 shows the chromato-
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Figure 4. Liquid chromatography of TBZ from extracts of

milk from an animal dosed with TBZ (Hypersil ODS 5 /am
column).
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Figure 5. Liquid chromatography of OFZ and TBZ (A) from

extracts of milk fortified with 20 ppb FBZ, OFZ, TBZ, and 5-
OH-TBZ and (B) from control milk (Lichrosorb RP-18 10 jum
column).

graphic patterns for OFZ and TBZ with a shorter retention
time. Since 5-OH-TBZ was insufficiently resolved from
background when the (53 + 47) mobile phase was used, a
weaker mobile phase (40 + 60) was used (Figure 6) and
resulted in a retention time of approximately 15 min. Proba-
bly all 4 compounds could be quantitated in a single analysis
by using a gradient system, but this was not studied.

Milk Samples

(&) For FBZ, OFZ, TBZ, and 5-OH-TBZ, 10.0 g com-
mercially available homogenized milk was fortified with 5,
10, or 20 ppb of each chemical, with 5 replicates at each level.

(b) Because of the initial poor results, some of the recover-
ies for 5-OH-TBZ were repeated under different conditions.
Five 10.0 g samples of commercially available homogenized
milk were fortified at 30 ppb with 5-OH-TBZ.

(c) Raw milk dosed with FBZ or TBZ was provided by
Bioon Inc., Rockville, MD 20850. The FBZ-dosed milk was
obtained from a cow that received FBZ paste as a single oral
dose of 10 mg active ingredient/kg of body weight. This milk
was used to generate data for recoveries of incurred residues
of FBZ and OFZ from milk (Table 1). The TBZ-dosed milk
was obtained from a cow that received TBZ paste as a single
dose of 110 mg active ingredient/kg of body weight. This
milk was used to generate the data for recoveries of incurred
residues of TBZ and 5-OH-TBZ from milk (Table 2). The
first dosed-milk sample was collected 4 h after dosing; the

«4— 5-OH-TBZ

Absorbance Response

Time(min)
Figure 6. Liquid chromatography of (A) extracts of milk

fortified with 30 ppb 5-OH-TBZ, and (B) from control milk
(Lichrosorb RP-18 10 pmM column).

rest of the samples were collected at 12 h intervals for 7 days.
These milk samples were frozen promptly and kept frozen
until analyzed. The control milk was obtained from an un-
treated cow receiving the same feed as the treated cows.

(d) For controls (0 ppb), 10.0 g homogenized milk without
fortification was extracted and analyzed.

Table 1. Levels of FBZ and OFZ in milk from a cow dosed
with FBZ

Residue found, ppba

Hours after dosing FBZ OFz
4 ND ND

16 ND ND

28 105 414

40 47.1 372

52 16.9 240

64 3.71 103
76 ND 28.6
88 ND 6.3
100 ND 3.7
112 ND 0.1

124 ND ND

136 ND ND

148 ND ND

Not detectable (<0.5 ppb).
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Table 2. Levels of thiabendazole and 5-OH-thiabendazole
in milk from a cow dosed with thiabendazole

Residue found, ppba

Hours after dosing TBZ 5-OH-TBZ

4 ND ND

16 6.83 44.6
28 11 8.2
40 ND ND

52 ND ND

64 ND ND

76 ND ND
88 ND ND
100 ND ND

aNot detectable (<0.5 ppb).

Results

Data in Table 3 show recoveries from fortified milk when
LeVan’s procedures were used with the modifications de-
scribed. Good recoveries were obtained for all compounds
except 5-OH-TBZ for which the recovery ranged from 16.7
to 69.9%. The average recoveries for FBZ, OFZ, and TBZ
were 80.1,93.8, and 86.0% at 5 ppb, 88.2, 88.9, and 83.3% at
10 ppb, and 78.9, 86.1, and 81.4% at 20 ppb, respectively.
The results were very consistent, with 3.1-14.4%, 4.1-11.2%,
and 2.0-6.5% intralaboratory coefficients of variation for
FBZ, OFZ, and TBZ, respectively. Most control values for
FBZ, OFZ, and TBZ did not exceed the 0-2 ppb range (see
Figures 1 and 5).

We speculated that 5-OH-TBZ was not as stable as the
other 3 compounds and that the long time required to extract
all 20 samples might be responsible for the low recovery of 5-
OH-TBZ. Thus, shortening the sample preparation time or

Table 3. Recovery of 4 benzimidazoles from fortified milk,
using modifications described for FBZ, OFZ, and TBZ

Recovery, %

Fortification level, ppb FBzZ OFz TBZ 5-OH-TBZ
5 95.0 88.8 77.8 28.0
74.6 90.8 90.4 30.2
69.4 95.4 87.4 57.2
89.8 97.4 91.2 32.6
71.9 96.8 83.2 29.2
X, % 80.1 93.8 86.0 354
SD 115 3.82 5.56 12.3
CV, % 14.4 4.1 6.5 34.7
10 97.1 99.7 85.5 38.6
80.0 96.5 76.1 69.9
99.0 91.1 85.5 33.6
84.5 76.6 86.9 31.3
80.6 80.7 82.5 33.3
X, % 88.2 88.9 83.3 41.3
SD 9.15 9.97 4.33 16.2
CV, % 10.4 11.2 5.2 39.2
20 79.0 87.0 81.0 321
77.5 88.0 79.0 19.0
76.5 75.5 81.0 39.9
78.5 90.0 83.0 16.7
83.0 90.0 83.0 18.8
X, % 78.9 86.1 81.4 25.3
SD 2.48 6.07 1.67 10.2
CV, % 3.1 7.0 2.0 40.3
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Table 4. Recovery of 5-OH-thlabendazole from milk
fortified at 30 ppb, using modifications described for
5-OH-TBZ
Replicate Found, ppb Recovery, %
1 15.8 52.7
2 18.1 60.3
3 16.6 55.3
4 16.9 56.3
5 16.1 53.7
X, % 16.7 55.7

SD 0.89 2.94
CV, % 5.3 5.3

increasing the amount of antioxidant (BHT) added to the
ethyl acetate extracts might increase the recovery of 5-OH-
TBZ. When sample analyses were conducted with twice the
amount of BHT prescribed in the method, the recovery of 5-
OH-TBZ increased approximately 10%. With this modifica-
tion, 5-OH-TBZ was determined in a second series of control
samples that had been fortified only with 5-OH-TBZ: 5 milk
samples fortified with 30 ppb 5-OH-TBZ, and 2 controls.
Samples were prepared and analyzed as quickly as possible,
with the results given in Table 4. The recovery of 5-OH-TBZ
increased to an average of 55.7%; the results are very consis-
tent, with a coefficient of variation of 5.3%. An interference
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Figure 7. Liquid chromatography of 5-OH-TBZ from ex-

tracts of milk from an animal dosed with TBZ (LIchrosorb RP-
18 10/im column).
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of approximately 3 ppb occurred at the retention time of 5-
OH-TBZ (Figure 6).

The residue levels in dosed milk were corrected for predos-
ing blanks but not for the percent recoveries obtained from
the fortified samples. Sample chromatograms of the dosed
milk containing FBZ and OFZ are given in Figures 2 and 3.
Data for OFZ and FBZ are presented in Table 1. No FBZ or
OFZ was detected in the milk at 4 or 16 h after dosing. The
highest concentrations of FBZ and OFZ (105 and 414 ppb,
respectively) appeared in the milk 28 h after dosing. Residues
of FBZ and OFZ had declined below detectable levels (<0.5
ppb) by 76 and 124 h after dosing, respectively; approximate-
ly 80% of the compound found in the milk was present as
OFZ. A small amount of OFZ (up to 15%) was detected in
the FBZ-fortified samples which were analyzed concurrently
with the dosed milk. This suggested that some FBZ residues
may convert to OFZ during the preparation of the dosed
extracts.

TBZ and 5-OH-TBZ levels in dosed milk are given in
Table 2, and sample chromatograms of the dosed milk are
shown in Figures 4 and 7. The highest concentrations of TBZ

and 5-OH-TBZ (6.8 and 44.6 ppb, respectively) appeared in
the milk 16 h after dosing. The residues were not detectable
(<0.5 ppb) in the milk 40 h after the cow was given TBZ.
Data developed in this study indicate that LeVan’s method
as conducted in our laboratory can be used for determining
FBZ, OFZ, and TBZ at the 10 ppb level and above and 5-
OH-TBZ at the 30 ppb level and above in cow’s milk. Recov-
eries for FBZ, OFZ, and TBZ are about 85%. Recoveries of
5-OH-TBZ at 56% are a little less than the FDA criterion of
60% for drug residues at 100 ppb and below. Additional work
is needed to improve the chromatography and to perform
exhaustive extraction or radiolabel studies to definitively
establish that these benzimidazoles are being adequately iso-
lated from dosed milk. Hazleton Laboratories has already
completed exhaustive studies for these drugs in cattle tissues.
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Capillary Gas Chromatographic Method for Determination of Benzylpenicillin and Other
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A capillary gas chromatographic method Is described for
determining residues of beta-lactam antibiotic residues In
milk, with specificity for benzylpeniclllin (penicillin G), Phen-
oxymethylpenicillin, methiclllin, oxacillin, cloxaclllin, diclox-
acillln, and nafclllin. Residues are extracted from milk with
acetonitrile. Samples are cleaned up by partitioning between
aqueous and organic phases at different pH values. The
penicillin residues are methylated with dlazomethane to ren-
der them amenable to determination by gas chromatography
on a methyl silicone fused silica column. Samples are Intro-
duced by split/splitless Injection using a programmed tem-
perature vaporization Injector and are detected by nitrogen-
selective thermionic detection. Internal standardization Is
used for quantitation. The limits of detection for all penicillins
are well below 1 gqg/kg. Recoveries of spiked samples at 3
and 10 Ng/Kg are In the range of 42-85% (coefficients of
variation 2-5%) and 41-92% (coefficients of variation 3-
7%), respectively.

Beta-lactam antibiotics and especially benzylpenicillin (pen-
icillin G) are very widely used in veterinary medicine, thus
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causing concern about residues occurring in food derived
from treated animals. Despite their low toxicity, beta-lactam
antibiotics are the only group of drugs reliably documented
to harm human health; residual concentrations of benzylpen-
icillin in food lead to allergenic reactions (1).

Microbiological assays are commonly used for the deter-
mination of penicillins. Like immunological or receptor tests,
they are well suited as screening procedures, but their lack of
specificity does not allow unambiguous identification and
guantitation of a particular penicillin.

A few papers describe instrumental methods for more
specific analysis of penicillin residues in food, using liquid
chromatography (2-8) or gas chromatography on packed
columns (9). They are reviewed by Moats (10). These meth-
ods are not sensitive enough to allow control for the maxi-
mum limits established in FRG and EEC regulations: 4 3g/
kg of penicillin in milk (EEC) (11), 3 Rg/Kg of benzylpenicil-
lin, 3 Bg/Kg of Phenoxymethylpenicillin, and 10 Bg/Kg of the
isoxazolylpenicillins (oxa-, cloxa-, dicloxacillin) in meat of
slaughtered animals (FRG) (12).

The present paper describes a specific and sensitive meth-
od for determination of benzylpenicillin, Phenoxymethylpen-
icillin, methicillin, oxacillin, cloxacillin, dicloxacillin, and
nafcillin by capillary gas chromatography at quantitation
levels as low as 3 $g/Kg and detection limits in the sub-ppb
range. Because of the ease of interfacing gas chromatogra-
phy and mass spectrometry, the method could serve as a
confirmatory method for unambiguous verification of results
obtained by other assays.
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METHOD

Reagents

(@) solvents.—Acetonitrile (Merck 800015, distilled over
phosphorus pentoxide, 8 g/L); dichloromethane; petroleum
ether and cyclohexane [distilled over sodium, 0.5 g/L of
sodium in paraffin (45%, Fluka 7910, Neu-Ulm, FRG)];
diethyl ether (distilled over potassium hydroxide, 30 g/L);
acetone and deionized water (distilled over potassium per-
manganate, 0.5 g/L).

Acetonitrile, dichloromethane, and cyclohexane were dis-
tilled using a rotating strip column (Normag 8101, 6238
Hofheim, FRG); all other solvents were treated using a stan-
dard column (60 cm, 3 cm id) packed with Raschig rings.

(b) Phosphate buffer—pH 2.2 (0.2M and 0.5M). Pre-
pare from 0.2M (0.5M) solutions of potassium dihydrogen
phosphate and o-phosphoric acid.

(c) Phosphate buffer—pH 7. Prepare from 0.2M solu-
tions of potassium dihydrogen phosphate and disodium hy-
drogen phosphate.

(d) o-Phosphoric acid.—1M.

(e) sodium sulfate.—Dehydrate at 600°C overnight in
muffle furnace and dry at least 1 h at 130°C before use.

(f) cotton wool.—Defat by extraction with dichloro-
methane for 3 days in a Soxhlet extractor. Dry at 50°C inan
oven.

(g) Standards.—Benzylpenicillin and Phenoxymethyl-
penicillin (both as potassium salts); methicillin, oxacillin,
cloxacillin, dicloxacillin, and nafcillin (all as sodium salts)
(Sigma, 8024 Deisenhofen, FRG). Prepare aqueous stock
solutions of 1mg/mL each. Stock solutions are stable at least
1week at 3°C. Prepare dilutions daily.

(h) Internal standards.—2,4,6,-Triphenoxy-I,3,5-tri-
azine (“Triazine”) and 2-(4-biphenylyl)-5-(4-ieri-butyl-
phenyl)-1,3,4-oxadiazole (“Oxadiazole”) (Aldrich, 7924
Steinheim, FRG). Prepare stock solution of 1 mg/mL each
in acetone-cyclohexane (1 + 1; v/v) and dilute to 1pg/mL
with cyclohexane. Methyl red (Merck, 6100 Darmstadt,
FRG). Using 25 mL volumetric flask, dissolve 10 mgin 5 mL
0.1M sodium hydroxide and 15 mL water. Add 2.5 mL 0.2M
phosphate buffer, pH 2.2, and dilute to volume with water.
Dilute with water to 0.2 jug/mL.

(i) Reagentsfor diazomethane generation.—7V-Methyl-
/\V/-nitroso-/7-toluenesulfonamide (Merck), diethylene glycol
monoethyl ether, potassium hydroxide solution, 50% (w/w).
Place ca 200 mg W-methyl-TV-nitroso-p-toluenesulfonamide
into flask of diazomethane generator, dissolve in 5 mL dieth-
yl ether-diethylene glycol monoethyl ether (2 + 1, v/v), and
add 1 mL potassium hydroxide solution. Transfer produced
diazomethane with gentle stream of nitrogen into reagent
tube (20 mL) that contains 10 mL acetone and is immersed
in an ice bath. Reaction is completed after ca 30 min. Yellow
solution is stable for 2 days at 5°C. [Caution: The micro scale
device does not eliminate the explosive and health hazards of
diazomethane. Proper precautions must be observed (i.e.,
fume hood, safety screen, avoidance of strong light, sharp
edges).]

Apparatus

(@  Tissue homogenizers.—Moulinette (Moulinex, 5000

Kdéln, FRG) and Ultra-Turrax, Type KG 18/10 (Janke &
Kunkel, 7813 Staufen, FRG).

(b) centrifuges.—Universal centrifuge for 150 mL cen-
trifuge tubes; stainless steel centrifuge tubes, 150 mL; Picco-
lo Type 702 tabletop centrifuge (all available from Heraeus
Christ, 3360 Osterode, FRG).

(c) Vortex mixer.—Model VF (Janke & Kunkel).

(d) Heating module.—Reacti-Therm (Pierce Chemical
Co., Rockford, IL (61105).

(e) centrifuge tubes.—8and 13 mL, capped with polytet-
rafluoroethylene (PTFE, Teflon®) liner.

(f) Diazomethane generator.—(Pierce 28131, or equiva-
lent).

(9) Gas chromatograph.—Varian Model 3700 (Varian
Inc., Sunnyvale, CA 94086) equipped with cooled injection
system KAS 2 for cold sample injection (Gerstel, 4330 Miil-
heim/Ruhr, FRG) and thermionic phosphorus/nitrogen de-
tector (PND). Column, fused silica, 25 m X 0.2 mm id, 0.4
mm od, 011 pm film thickness, methyl silicone Ultra-1
(Hewlett-Packard, 6000 Frankfurt, FRG).—Capillary col-
umn connector, for 0.8 to 0.4 mm od connections (Gerstel).

Operating conditions.—Carrier gas: nitrogen 1.4 bar inlet
pressure; carrier gas venting (front pressure control KAS 2)
20 mL/min; solvent venting 30 mL/min; venting at split
mode 6 mL/min. Purge gas: nitrogen 25 mL/min. Detector
gases: Hydrogen 1.4 bar inlet pressure; air 180 mL/min.
Injection program for KAS 2: split/splitless mode with sol-
vent venting; injection volume 3 ph\ injection temperature
48°C; first heat-up phase 2°C/s; first retention phase 50°C/
10 s; second heat-up phase 12°C/s; second retention phase
300°C/180 s. Detector 310°C; bead current 3 pA, bias volt-
age 4 V. Oven program: 1 min at 70°C; then maximum
heating to 220°C; increase from 220 to 295°C by tempera-
ture program (6°/min). Electrometer 10-12 amp/mV; atten-
uation 4-16.

(h) Glassware.—Clean all glassware by successively us-
ing detergent, tap water, deionized water, and methanol. Let
air-dry. Deactivate glassware used for evaporation (round-
bottom flasks, pear-shape flasks, centrifuge tubes, and GC
glass vaporization tube): Fill containers with a solution of 5
mL dimethyldichlorosilane in 100 mL toluene, let stand 30
min, and rinse successively with toluene and absolute metha-
nol.

Procedure

Extraction—Weight 25.0 + 0.2 g into 100 mL stainless
steel centrifuge tube (add standard solutions at this point for
spiked samples, mix, and let stand for 10 min at room tem-
perature). Hold tube in ice bath, add 25 mL acetonitrile, and
homogenize 1 min. Add 5 mL 0.5M phosphate buffer, pH
2.2, while continuing to homogenize, add an additional 65
mL acetonitrile, and homogenize 1 min more. Centrifuge 10
min at 4000X g and decant supernate into 250 mL separatory
funnel containing 7 g sodium chloride and 50 mL dichloro-
methane. Shake separatory funnel 2 min and let stand ca 30
min until phases have separated.

Discard aqueous (lower) layer and decant organic layer
into 250 mL Erlenmeyer flask (with ground-glass joint and
stopper) containing ca 5 g anhydrous sodium sulfate (do not
run off residual drops of aqueous layer). Shake 30 s, filter
organic layer through cotton wool plug into 250 mL round-
bottom flask, and rotary-evaporate extract at 30°C to ca 10
mL. Transfer residue to 25 mL pear-shaped flask and contin-
ue rotary-evaporation. When extract is evaporated to ca 4
mL, add 3 mL dichloromethane, evaporate again, repeat
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addition and evaporation of dichloromethane, add 3 mL pe-
troleum ether and, evaporate until ca 0.5 mL residue is left.

Cleanup.—Suspend residue by ultrasonication with 3 por-
tions of 3mL petroleum ether and transfer solutions to 13 mL
centrifuge tube. Rinse pear-shape flask 3 times with 2 mL
portions of phosphate buffer, pH 7, and add rinsings to tube.
Vortex-mix for 30 s and separate layers by centrifuging.
Transfer lower (aqueous) layer into second centrifuge tube
and repeat this partitioning twice.

Wash combined aqueous layers twice with 1.5 mL diethyl
ether followed by two 1.5 mL portions of dichloromethane.
Vortex-mix and centrifuge at each step for separation of
layers. Remove organic layers (diethyl ether = upper layer,
dichloromethane = lower layer) by Pasteur pipet and dis-
card.

Acidify aqueous solution with 1.5 mL o-phosphoric acid
(add here 0.5 mL methyl red solution, 0.2 /zg/mL) and
extract 4 times with 1.5 mL dichloromethane by vortex-
mixing and centrifuging. Combine organic layers (lower) in
third centrifuge tube (8 mL), centrifuge again to separate
residual water, and evaporate to ca 200 pi at 35°C under
nitrogen.

Methylatlon

Add 1 mL diazomethane solution to centrifuge tube and
let react 2 h at room temperature. Evaporate to near dryness
at 35°C under nitrogen. Before completely dry, remove tube
from heating module and evaporate last 2-3 pL under obser-
vation, holding centrifuge tube in hand (gloves, fume hood!).

Dissolve residue in 250 pL diluted internal standard solu-
tion and store at —20°C if gas chromatographic analysis is
not performed immediately.

Preparation of Methylated Standard Solutions

Pipet 0.5 mL of appropriately diluted standard solution
and 2 mL 0.2M phosphate buffer, pH 2.2, into 8 mL centri-
fuge tube; add 1.5 mL dichloromethane and vortex-mix 30 s.
After phase separation by centrifuging, transfer organic
(lower) layer into second centrifuge tube and wash aqueous
phase with three 1.5 mL portions of dichloromethane. (Note:
Do not transfer any aqueous phase.) Evaporate combined
dichloromethane layers to ca 200 pL at 35°C under nitrogen
and continue as described under Methylatlon.

Calculation

Calculate correction factor, Fc, from standard chromato-
grams for each penicillin from areas and concentrations of
internal standard and the corresponding penicillin by follow-
ing formula:

Fc= (CpX A9/(CSX Ap

where Cp= concentration of penicillin (/zg/mL); Cs = con-
centration of internal standard (¢¢g/mL); As = area of peni-
cillin peak (integrator units); Ap= area of internal standard
peak (integrator units).

Calculate concentration, C (pg/kg), of a particular peni-
cillin in milk from the chromatogram of a residue-containing
sample by following formula:

C = (FcX S X ApX 1000)/(ASX W)

where W = sample weight (g); S = amount of internal
standard added (/ag).

Results and Discussion

Extraction and Cleanup

The pH value for extracting those penicillins included in
the method (Figure 1) had to be optimized. Adding 0.5M
phosphate buffer, pH 2.2, to milk resulted in a pH of 4.1-4.3
in the aqueous layer after the salting-out procedure. Lower
pH values led to losses of acid-labile penicillins (penicillin G,
methicillin), higher values led to lower overall recoveries
because of poorer extractability of the carboxylate ion com-
pared to the free acid.

The extraction procedure (Figure 2) follows a scheme
discussed in some detail for residue analysis of macrolide
antibiotics (13). The acid/base partitioning had to be re-
versed because of the basic nature of macrolides and the
acidic nature of penicillins. Working at concentrations at and
below 10 Mg/kg, we observed considerable losses in the recov-
ery of the penicillins when evaporations were taken to dryness
without special precautions. When a standard of 0.25 pg
penicillin G (corresponding to 10 pg/kg in milk) was added
to acetonitrile/dichloromethane and cleanup was performed
free of matrix (with each evaporation step taken to complete
dryness), recovery was only about 15% The most crucial step
was the primary evaporation of the crude extract. Its evapo-
ration to 0.5 mL was facilitated by repeated additions of
dichloromethane and petroleum ether at the final stage of
evaporation. Besides special precautions with the technique
of evaporation, it was essential to use silylated glassware
when working at low concentration levels.

To avoid stable emulsions in subsequent partitioning steps,
it was necessary to suspend the residue of the crude extract in
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Figure 1. Structures of penicillins.
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EXTRACTION AND CLEANUP SCHEME
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petroleum ether first and then to partition successively be-
tween petroleum ether, diethyl ether, dichloromethane, and
phosphate buffer (pH 7), while always discarding the organic
layer.

Derlvatlzatlon

Methyl red (2-[[4-(dimethylamino)phenyl]azo]-benzoic
acid) was added just before derivatization to serve as indica-
tor for correct methylation.

Preparation of methyl esters was also successful when
methyl iodide was used with finely ground potassium carbon-
ate as catalyst. However, an additional filtration step would
have been necessary because, without filtration, unavoidable
fines of potassium carbonate entered the GC injection port
and led to poor chromatograms. We therefore preferred
methylation with diazomethane, which eliminated the need
of filtration.

At room temperature, derivatization rates were maximum
after 2 h; methicillin and nafcillin reacted most slowly, while
penicillin G and phenoxymethyl penicillin reached complete
derivatization after 20 min.

Gas Chromatography

With fused silica capillary columns coated with very thin
films (0.1 jam) of 100% methyl silicone, separation of the
methylated penicillins was excellent (Figure 3). Both col-
umns tested (Ultra-1, Hewlett-Packard; DB-1, J&W) gave

CLOX
OXA DCLOX
?
NN
o0
0DZ
N—N
CHy /@’KO 0DZ
P
CHy \CH,
NAF
MET

— T T T T I
Figure 3. Capillary GC separation of various penicillins as methyl esters on methyl/silicone fused silica column. Nitrogen-

selective thermionic detection (amount of each penicillin Injected: 1 ng, corresponding to 10 pg/kg In milk). Peak identifica-

tion: MR = methyl red, PEN G = benzylpenlcillin, TRI =

CLOX = cloxaclllin, DCLOX = dlcloxaclllin,

“Trlazine”
NAF = nafcillin,

(internal standard), MET = methicillin, OXA = oxacillin,

ODZ = “Oxadiazole” (internal standard).
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Table 1. GC determination of penicillins In milk:
reproducibility for Injections and derivatizations of

standards and recovery of standards added at 2 levels

Reproducibility Fortification study

CV, %
10 ng/kg 3 Aig/kg
Injec- Derivati-
Peni- tions zations Rec., % Cv, Rec., % Ccv,

cillin (n = 10) (n = 6) (n=4) % (n=3) %
PENG 0.9 2.8 72 6.8 68 4.3
PEN V 2.2 2.9 92 3.0 85 2.6
MET 3.6 2.9 41 3.6 42 4.8
OXA 2.5 4.3 83 6.4 81 2.0
CLOX 2.3 4.6 84 5.6 80 3.2
DCLOX 2.8 4.4 70 11.7a 70 1.7
NAF 4.4 4.2 61 2.6 62 4.2

aAnother set of 4 fortified samples resulted in a coefficient of varia-
tion of 3.8% (average recovery 65%).

comparably good results. With a 5% phenyl column (DB-5),
we observed increased tailing of peaks; with a cyanopropyl-
modified coating (OV-1701), column bleeding was unac-
ceptable when the nitrogen-selective detector was used and in
addition penicillins were strongly retained.

In capillary GC analysis, split injection onto a hot injection
port is commonly used with injection volumes restricted to
about 1fiL. Determination of derivatized penicillins at a split
ratio of 1:10was disadvantageous; in residue analysis it is too
costly to lose 90% of injected penicillins because of the split.
Furthermore, reproducibility decreased considerably with
decreasing amounts of injected penicillins probably because
of losses due to adsorption and/or thermal degradation.

Both sensitivity and reproducibility were markedly im-
proved by mounting a cooled injection system with a septum-
free sampling head (KAS 2, Gerstel, FRG) for cold sample
injection onto our gas chromatograph. This system is similar
to other programmed temperature vaporization (PTV) injec-
tors.

For penicillin residue analysis, optimization of operating
conditions resulted in injecting a volume of 3 /xL onto an
injector at 48°C, and venting off the injection solvent (cyclo-
hexane) during 10 s at 50°C. After automatic closing of the
venting valve, the penicillins are quantitatively transferred
onto the column by a heat-up rate of 12°/s and holding at
300°C for 3 min. After that period, the split valve is opened
and chromatography continues in the split mode. With a
holding period briefer than 3 min at 300° C, those penicillins
that elute last (dicloxacillin, nafcillin) are not quantitatively
transferred.

After some weeks of food sample injections, smaller peaks
(especially for methicillin and nafcillin) and increased tailing
was observed. To avoid contamination of the analytical col-
umn, we therefore used a 1 muncoated but deactivated fused
silica column to serve as precolumn and retention gap. Chro-
matography without increasing tailing could be maintained
when the retention gap was shortened by about 5 cm each 14
days.

We found it most reliable as regards chromatographic
results and ease of leak-tight connection to insert the analyti-
cal column (0.4 mmod) into the precolumn (0.53 mmid) for a
few millimeters and to connect both with a low weight col-
umn-connecting union for which ferrules of correct size are

available. We also tried butt connections and disposable
“press fit” glass connectors but found them less reliable.
With the latter, we either had problems of leaks or broken
glass.

The alkali bead of the nitrogen-selective detector had an
average lifetime of about 3 months. At the end of a working
period, selectivity decreased, which became obvious by the
change from a negative to a positive solvent peak. For each
new bead, selectivity had to be optimized separately as re-
gards flow rates of detector gases and bead current by using a
test mixture of tridecane and azobenzene.

The internal standards “Triazine” and “Oxadiazole” were
selected because they are both very inert, nitrogen-contain-
ing compounds, which fit well into the chromatographic pat-
tern. They do not have to be derivatized so they were also
used to find optimal derivatization conditions. All results are
calculated using “Triazine” as internal standard. An inter-
ferring peak at the retention time of the “Triazine” could be
identified by a difference in the regular peak ratio of both
internal standards. The addition of “Oxadiazole” thus serves
as an additional control of quantitative results.

Standard and Fortification Analyses

Repeated injections and derivatizations of standards re-
sulted in reproducibilities expressed as coefficient of varia-
tion of 1-4% and 3-5%o, respectively (Table 1).

Milk was fortified at levels of 3 and 10 Mg/kg by adding
aqueous standard solutions and mixing. The samples were
analyzed after a holding period of 15 min at room tempera-
ture. Results were similar for both fortification levels. The
average recoveries were generally well above 60% with coef-
ficients of variation between 2 and 7%%even at the 3 ;tg/kg
level except for methicillin (Table 1). We do not have an
explanation for the high coefficient of variation with dicloxa-
cillin at the 10 Mg/kg level, especially in the light of the very
good reproducibility at the 3 /xg/kg level. To check this,
another set of 4 samples was analyzed, resulting in a coeffi-
cient of variation of 3.8% (average recovery 65%) that fit
much better into the whole picture.

A typical chromatogram for milk fortified with all 7 peni-
cillins at 3 Tig/kg, and control milk processed through the
procedure is shown in Figure 4.

Limits of detection for all penicillins in milk are well below
the jxg/kg range (Table 2). These limits are calculated by the
mean of the measured signal of 5 blank samples of different
origin at the retention times of the individual penicillin plus

Table 2. Calculation of limits of detection for GC

determination of penicillins In m!lka

Peni- B Limit of
cillin ES (n=5) s B+ 3s detection, /xg/kg
PENG 9947 448 128 832 0.3
PEN V 10265 138 85 393 0.1
MET 5857 19 8 43 0.1
OXA 10745 118 108 442 0.1
CLOX 9072 67 93 346 0.1
DCLOX 8007 160 140 580 0.2
NAF 4455 148 145 583 0.4

ES = area counts for external penicillin standard (corresponding to
10 fig/kg); B = average area count for signals in milk blank samples
(n = 5) at retention times of individual penicillins; S = standard
deviation of B.
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Figure 4. Chromatogram

3X the standard deviation of the mean. This procedure is
similar to the obligatory procedure for establishing limits of
detection in evaluation of residue-detection methods for offi-
cial analysis of thyrostatics and hormones in the EEC (14).

The method was also applied to various milk samples with
incurred residues at different concentration levels (4000-3
/ug/kg). The results were in excellent correlation to those that
were independently obtained by another laboratory using the
Charm test and the microbiological brilliant black reduction
test. Thus study will be published separately.

The gas chromatographic method is implied to confirm
positive results obtained by microbiological, immunological,
or receptor binding tests. Further confirmation should be
possible by applying on line GC-mass spectrometric tech-
niques. This is a focus of our present work. Tissues can be
analyzed when additional cleanup steps using anion ex-
change and diol cartridges are included (Meetschen, U., and
Petz, M., unpublished data).
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Matrix Solid-Phase Dispersion (M SPD) Isolation and Liquid Chromatographic
Determination of Oxytetracycline, Tetracycline, and Chlortetracycline in Milk
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and STEVEN A. BARKER%
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A multiresidue method for the Isolation and liquid chrom ato-
graphic determination of oxytetracycline (OTC), tetracycline
(TC), and chlortetracycllne (CTC) antibiotics in milk is pre-
sented. Blank and tetracycline (OTC, TC, and CTC) fortified
milk samples (0.5 mL) were blended with octadecylsilyl
(c18, 40 18% load, endcapped, 2 g) derlvatized silica
packing material containing 0.05 g each of oxalic acid and
dlsodlum ethylenediaminetetraacetlc. A column made from
the C18/milk matrix was first washed with hexane (8 mL),
following which the tetracyclines were eluted with ethyl
acetate-acetonitrile (1 + 3; v/v). The eluate contained tetra-
cycline analytes that were free from interfering compounds
when analyzed by liquid chromatography with UV detection
(photodiode array, 365 nm). Correlation coefficients of stan-
dards curves for individual tetracycline Isolated from fortified
samples were linear (from 0.982 * 0.009 to 0.996 = 0.004)
with average percentage recoveries from 63.5 to 93.3 for the
concentration range (100,200, 400,800,1600, and 3200 ng/
mL)examined. The Inter-assay variability ranged from 8.5 #
2.4% to 20.7 £ 13.0% with an intra-assay variability of 1.0-

9.3% .

The tetracyclines are antibacterial compounds commonly
used for the prevention and/or treatment of diseases in live-
stock production. As a feed additive in subtherapeutic doses,
tetracyclines contribute to the maintenance of optimal health
and thus promote growth in food-producing animals. For
these and other reasons, such antibacterial compounds have
become an integral part of the livestock-producing industry.

However, the use of these compounds may result in resi-
dues being present in animal-derived food products, especial-
ly if proper withdrawal times for treated animals have not
been practiced. These residues may pose a health threat to
consumers, depending on the compound, the type of food,
and the amount of residue present. For this reason, regula-
tory agencies have established maximum legal tolerance lev-
els for these drugs in animal-derived food products (1 and
references therein). Maximum legal levels vary depending on
the food type and/or the animal species from which it origi-
nated. The maximum tolerance levels for tetracyclines in the
form of oxytetracycline (OTC), tetracycline (TC), and
chlortetracycline (CTC) range from zero for CTC in milk
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and eggs to 4 ng/g for CTC in the kidney of chickens,
turkeys, ducks, swine, calves, and cattle. The maximum al-
lowable levels of OTC, TC, and CTC for other foods fall
within this range.

Tetracycline residues that exceed the maximum level may
be of toxicological concern. Some individuals may have an
allergic reaction to these compounds and/or resistance by
some bacteria may be induced (2).

Safety evaluations of these drugs take into account more
than the aforementioned concerns. A critical part of such
safety evaluations depends on the assay method used to de-
termine the quantity of residue present. Methods used to
determine tetracycline residue levels include, but are not
limited to, microbiological (3, 4) and chromatographic tech-
niques such as thin-layer (5), gas (6), and liquid (7-10)
chromatography. However, microbiological methods lack
specificity, and thin-layer chromatographic methods lack
sensitivity (5). Extensive sample preparation steps for biolog-
ical matrixes have been required to facilitate GC and LC
analyses and may include extractions of tetracyclines by
heating in acid solutions in the presence of EDTA (11).
These extracts are then deproteinated by chemical treatment
with trichloroacetic acid (TCA) and additional heating. The
anhydrotetracyclines that result are then extracted into an
organic solvent and analyzed (11).

Isolation procedures as outlined above have certain defi-
ciencies. Heating and acid treatment may result in com-
pound degradations and/or incomplete conversion of the tet-
racyclines to their anhydro forms. Thus, the data acquired
may not be truly representative of the sample and/or the
results may be inconsistent. In addition, OTC forms anhydro
derivatives that undergo further degradation, producing 2
isomeric apo-OTC (alpha and beta) forms in solution (10).
Only the beta-apo-OTC is extracted into organic solvent
(11). It may not be a valid assumption that a one-to-one ratio
of the 2 isomeric apo-OTC forms results from the treatment.
Other matrixes, such as serum, may require less exhaustive
extraction protocols (8).

In addition OTC, TC, and CTC demonstrate different
stabilities at different pH values and treatment (12). CTC,
for example, is stable in acid solutions, TC is stable in neutral
and alkaline solutions, and OTC is stable is aqueous solutions
for prolonged periods. Rigorous extraction technigues utiliz-
ing acids may adversely affect recoveries of tetracyclines and
time-consuming extraction methods may result in tetracy-
cline losses due to photodecomposition (13-14). Tetracycline
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isolations from complex biological matrixes such as animal-
derived foods can be difficult, and classical isolation tech-
niqgues that require many sample manipulations and rigorous
extraction procedures, as described above, are too labor- and
m aterials-intensive.

M ultiresidue isolation methods that minimize time and
m aterials requirements mark the trend in residue isolations.
Ideally, residue isolation techniques, in addition to minimiz-
ing time and m aterials requirements, should resultin extracts
that contain the target residue(s) with high recoveries and
m inim al background interferences. Recently, we have devel-
oped a multiresidue extraction technigue, named m atrix sol-
id-phase dispersion (M SPD) (15-21), that overcomes many
ofthe problems associated with classical isolation techniques.
The M SPD method has been successfully used for the isola-
tion of sulfonamides, benzimidazoles, chlorsulfuron, and
chloramphenicol in milk, as well as sulfonamides, benzim id -
azoles, organophosphates, and beta-lactams from animal-
derived m atrixes (15-21). W e report here the first applica-
tion of M SPD methodology used in conjunction wtih matrix
modifiers to facilitate the isolation and Iliguid chromato-
graphic determination of oxytetracycline, tetracycline, and

chlortetracycline as residues in milk.

Experimental

Apparatus and Reagents

(a) SOIVentS— LC grade on highest purity available from
commercial sources; used without further purification.

(b) Waterf For LC analyses; triple distilled and passed
through Modulab Polisher I (Continental W ater Systems
Corp., San Antonio, TX ) water purification system.

(¢) Liquid chromatographic analysis.— anaiyses of for-
tified sample extracts and standard tetracycline solutions
were conducted on a Hewlett Packard (HP1090/HP 79994A
HPLC Chemstation) instrument equipped with a photodiode
array detector setat 365 nm with a bandwidth of 30 nm and a
reference spectrum range of 100-450 nm. Liguid chromatog-
raphy mobile phase [0.01 M aqueous oxalic acid-acetonitrile
(7 + 3; viv)] at an isocratic flow rate of 1 m L/m in and a
reverse-phase octadecylsilyl (OD S ) derivatized silica column
(10 pm, 30 cm X 4 mm id, Micro Pak, Varian, Sunnyvale,
CA) maintained at 40°C was used for all determinations.

Standard curves were generated by plotting peak areas of
injected standard tetracyclines (Part (h)), and fortified sam -
ple extracts for the concentrations examined. A comparison
of extracted fortified sample tetracycline areas to areas of
pure standards run under identical conditions gave percent
recoveries. Inter-assay variability was determined in the fol-
lowing manner: The peak areas for 5 replicates of each con-
centration (100, 200, 400, 800, 1600, and 3200 ng/m L, 20
pL injection volume) were averaged, which resulted in a
mean i standard deviation (SD ). This SD was divided by its
respective mean, which resulted in a coefficient of variation
(CV). The CVs determined for each concentration were then
averaged, which resulted in a mean *+ SD. This was defined
as the inter-assay variability. Intra-assay variability was de-
fined as the coefficient of variation for the mean of 5 repli-
cates of the same sample and represents the variability asso-
ciated with the analytical instrumentation used.

(d) Tetracyc“nes- O xytetracycline (O TC ), tetracycline
(TC), and chlortetracycline (CTC) (Sigma Chemical Co.,
St. Louis, M O ). One should wear rubber gloves and protec-

tive clothes when handling.

(e) MatrIX mOdIerrsf O xalic acid (Mallinckrodt, Inc.,

Paris, KY) and disodium ethylenediaminetetraacetate
(EDTA) (Sigma Chemical Co.)

(f) Column material — suik c 18 (40 ¢¢m, 18% load, end-
capped; Analytichem |International, Harbor City, CA) was
cleaned by making a column (50 m L syringe barrel) of the
bulk C 18 material (22 g) and sequentially washing with 2
column volumes each of hexane, methylene chloride (D C M ),
and methanol. Washed C 18 was vacuum-aspirated until dry.

(g9) StOCk tetl’acyc“ne SOIUthnS— 1.0 mg/mL prepared
daily by dissolving standard compounds with LC grade meth-
anol and diluting to desired pg/mL levels with methanol.

(n) Preparation of standard stock solutionsfor standard
CUrves. 10 PL of 5, 10, 20, 40, 80, and 160 PG/ML stock
solutions were added to individual LC vials. A volume (490
pL) of LC mobile phase [0.01M aqueous oxalic acid-aceto-
nitrile (7 + 3;v/v)] was added to the vials. A portion (20 pL)
of each vial was injected into an LC and analyzed.

(iy Sample extraction columns— ren m L syringe bar-

rels, thoroughly washed and dried before use.

Extraction Procedure

W hole raw m ilk samples were obtained from the Louisiana
State University dairy farm. Two g C 18 and 0.05 g each of
disodium ethylenediaminetetraacetate (ED TA ) and oxalic
acid were placed into a glass mortar. An aliquot (0.5 mL) of
m ilk (thoroughly mixed) was placed directly onto the C 18
m aterial. Standard tetracyclines (10 pLof 5, 10, 20. 40, 80,
and 160 pg/mL stock solutions) were added to the milk and
the samples were allowed to stand for 1min. Conversely, milk
samples could be placed into the mortar and fortified, and the
C I8 and modifiers could be added and blended to obtain
identical results.

M ilk placed on top ofthe C 18 forms a bead of solution that
is not absorbed by the C 18, and the bead is then fortified.
M ixing of the milk and C 18 can only be accomplished by
mechanical blending. Blank milk samples were prepared sim -
ilarly exceptthat 10 me ethanol containing no tetracyclines
was added to the sample.

The samples were then gently blended for 30 sinto the C 18
with a glass pestle until the mixture was homogeneous in
appearance. A gentle circular motion with very little pressure
was required to obtain a homogeneous mixture. The resultant
C18/milk matrix was placed into a 10 m L plastic syringe
barrel that was plugged with a filter paper disc (W hatm an
No. 1).

The column head was covered with a filter paper disc, and
the column contents were compressed to a final volume of4. 5
m L with a syringe plunger that had the rubber end and
pointed plastic portion removed. A pipet tip (100 ¢¢L) was
placed on the column outlet to increase residence time of the
eluting solvents on the column. The resulting column was
first washed with 8 mL LC grade hexane. Flow through the
column was gravity controlled in all cases. If the initial flow
through the column was hindered, positive pressure was ap-
plied to the column head (pipet bulb) to initiate gravity flow.
W hen flow had ceased, excess hexane was removed from the
column with positive pressure as described above.

The tetracyclines were then eluted with a 8 mL of ethyl
acetate-acetonitrile (1 + 3; viv) as described above for
hexane. The resultant extract was dried under a steady
stream of dry nitrogen gas maintained at 40°C in a water
bath. Then, 0.5 mL LC mobile phase (0.01M aqueous oxalic

acid-acetonitrile, 7 + 3; v/v) was added to the dry residue.
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Table 1. Correlation coefficients, percentage recoveries,

31

Inter- and intra-assay variabilities of tetracyclines isolated from

fortified milk samples

Concn, ng/mLa Oxytetracycline

100 98.4+ 6.4
200 88.4+ 9.2
400 93.0 £+ 6.0
800 953+ 7.8
1600 93.3+ 115
3200 914+ 6.6
Correi, coeff.
std curves, % 0.996 + 0.004
Inter-assay
variability, % 85+ 24
Intra-assay
variability, % 14

an = 5 at each concentration.

The sample was sonicated (5-10 min) to disperse the residue,
w hich resulted in a suspension. This was transferred to a
micro-centrifuge tube and centrifuged (IEC Centra-M, In-
ternational Equipment Co., Needham, M A) at 17 000 X g
for 5 min. The resultantclear supernatant liquid was filtered
through a 0.45 jam filter (Micro-Prep Disc, Bio Rad Inc.,

Richmond, CA ), and a portion (20 ¢¢L) was analyzed by LC.

Results

Table 1 gives the tetracycline examined, concentrations
analyzed (100-3200 ng/m L), standard curve correlation co-
efficients (S D ), percentage recoveries, and inter- and intra-
assay variabilities of the tetracyclines (OTC, TC, and CTC)
isolated from fortified milk samples. Representative chro-
matograms ofextracted blank and fortified milk samples are
shown in Figures 1A and IB, respectively. Tables 2 and 3 give
the percentage recoveries of OTC, TC, and CTC isolated
from samples treated with different ratios of the matrix
modifiers oxalic acid (O A) and disodium ethylenediaminete-
traacetate (ED TA) and eluted from the M SPD columns with

different ratios of ethyl acetate to acetonitrile.

Discussion

Classical techniques utilized for tetracycline isolations can
be labor- and m aterials-intensive. M ultiple sample manipu-
lations and chemical modifications to the sample and/or
sample extract can lead to inconsistent assays. 0O TC, TC, and
CTC vary in their stability at specified conditions of pH and
temperature and demonstrate different degradation charac-
teristics in aqueous solutions. Thus, optimizing extraction
conditions to facilitate multiresidue isolations of OTC, TC,
and CTC can be difficult. Classical isolation techniques that
require heating in acid solutions and protein precipitations
utilizing trichloroacetic acid (11) may contribute to experi-
mentalerror as a resultoftetracycline degradations. In addi-
tion, the conditions necessary for conversion of tetracyclines
to their anhydro forms (10, 11) by heating may be different
from matrix to matrix and from extract to extract, as a result
ofinteractions with other constituents presentin the extract.
O ptimizing conditions for equilibrium formation of the 2
isomeric anhydro forms ofO TC may adversely affect TC and
CTC recoveries, resulting in erroneous multiresidue determ i-

nations.

Recovery £ sp, %

Tetracycline Chlortetracycline

64.0 + 8.2 88.3+ 25.7
404 + 173 66.7 + 4.1
41.2 £ 11.9 69.9 + 5.9
728 £ 9.4 847+ 7.4
90.3 + 17.5 64.6 + 8.2
723 + 5.6 89.0 + 8.3
0.994 + 0.006 0.982 + 0.009
20.7 + 13.0 124+ 84
1.0 9.3

A further difficulty associated with tetracycline isolations
is the propensity of tetracyclines to complex with inorganic
ions. This complexation makes isolation from biological ma-
trixes difficult. This has been overcome, with varying degrees
of success, by the addition of ethylenediaminetetraacetate
(EDTA) to the extracting solutions (11). EDTA chelates
inorganic ions and apparently releases the tetracyclines from
m etal ion complexes. Tetracycline extractions can also be
facilitated by using acidulants, such as hydrochloric, phos-
phoric, and citric acids, which alter pH and function to
change the extraction characteristics of the tetracyclines. By
in large, these techniques work but require the use of large
sample sizes, large volumes of extracting solvents, and/or
separations by preparative-scale column chromatography
(7). Such multi-step procedures have historically been re-
quired to isolate tetracyclines with reasonable recoveries.

Recently, we have developed a method we named m atrix
solid-phase dispersion (M SP D) that overcomes many of the
complications associated with classical residue isolation pro-
cedures. M SP D isolations are accomplished by blending the
sample, in this case milk, with C 18 (octadecylsilyl deriva-
tized silica) packing m aterial. A column made from the C 18/
m ilk matrix is then eluted with an experimentally determined
solvent sequence. In the M SPD technique, the sample is
dispersed over a large surface area (1000 sq. m /2 g C18) and
exposes the entire sample to the extraction process. Even
though the volume of extracting solvent is only 8 m L, the
process is an exhaustive extraction whereby a large volume of
solvent is passed over an extremely thin layer of sample.

W e theorize thatthe dispersion ofthe sample onto the C 1 8
packing m aterial involves mechanical and hydrophobic
forces. Nonpolar materials such as lipids and other mem -
brane components associate with the nonpolar C 18 polymer
and facilitate the disruption and unfolding of the structural
components of the milk matrix. The hydrophilic components
and more polar protein ends preferentially orient themselves
away from the nonpolar lipid C 18 inner regions and extend
outward. W ater and more polar constituents would associate
w ith these hydrophilic ends. The theoretical aspects of the
M SPD technique have been published (15-20). Scanning
and transmission electron micrographs of uncoated and tis-
sue coated C 18 support this hypothesis (unpublished obser-

vations).
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Figure. 1. Representative liquid chromatograms (UV, photodiode array, 365 nm) of the ethyl acetate-acetonitrile (1 + 3; v/v)
extract of blank (1A) Oxytetracycline (OTC), tetracycline (TC), and Chlortetracycline (CTC) fortified (400 ng/mL) milk (1B)
samples. Order of elution is OTC, TC, and CTC.

M SPD requires the mechanical blending of the milk sam - W hen milk was prepared without EDTA or OA added to

ple, or other m atrix, into the octadecylsilyl derivatized silica

(C 18) bonded phase packing m aterial. This results in a thin

layer ofsample dispersed evenly on the individual C 18 beads.

A uniform dispersion of milk cannot be accomplished by

sim ply passing the milk through a column containing C I8

packing m aterial, as is usually done in classical solid-phase

extraction (SPE) technigues. An inconsistent elution profile

results, as was experienced in this laboratory for benzimid-
azole isolations from milk (17) and sulfonamide isolations
from nfant formula (19).

Tetracycline isolation from milk used the basic M SPD

approach and was facilitated by the use of the matrix modifi-
ers EDTA and oxalic acid. Prior to blending the milk samples

into the C18, the modifiers were admixed to the C18. It was

experimentally determined that by adding ED TA and oxalic

acid (O A) to the C18, tetracycline recoveries could be en-

hanced (Tables 2 and 3).

the C 18, no tetracyclines were eluted from the M SPD col-

umn. Modifying (Tables 2 and 3) the milk with EDTA or OA

singly resulted in increased recoveries of tetracyclines com -

ratio of OA to EDTA

pared to using no modifiers. An equal

gave the best recovery for the 3 tetracyclines examined.

EDTA chelates inorganic ions and decomplexes the tetracy-

clines from m atrix constituents. O A serves a dual purpose

because it will complex inorganic ions and also lower the pH

ofthe milk (pH 3.0), which enhances the extractability of the
tetracyclines into the eluting solvent.

The best extracting solvent sequence and ratios were ex-

perimentally determined as well (Tables 2 and 3). When
m atrix modified C18/m ilk was extracted with 100% ethyl
acetate, the recoveries were approximately 50% . Elution of

the column with 100% acetonitrile resulted in higher recover-

that required additional

ies but provided a sample extract

preparative time prior to analysis by liquid chromatography.
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Effect of different ratios of matrix modifiers Na2EDTA and oxalic acid (OA) on percentage recoveries of

Oxytetracycline (OTC), tetracycline (TC), and Chlortetracycline (CTC) in milk extracts eluted from MSPD columns3

Table 2.
oTC
NaZEDTA + OA
Ratio, g/g Mixed CHXCN

0.09 + 0.01 65 67
0.08 + 0.02 70 72
0.07 + 0.03 76 80
0.06 + 0.04 65 72
0.05 + 0.05 94.5 + 8.5b 83

TC CTC
Mixed CH3CN Mixed CH3CN
65 68 39 45
69 72 47 63
79 78 57 7
30 39 63 75
87.5 + 9.1b 60 855+ 7.2b 85

3Average of duplicate samples at 2 ppm. Mixed = ethyiacetate-acetonitrile (1+3); CH3CN = 100% acetonitrile.

b Average of 4 replicates.

Various ratios of ethyl acetate to acetonitrile resulted in
different percentage recoveries for the tetracyclines exam-
ined. In general, as the percentage acetonitrile was increased,
an increased percentage recovery was obtained. A 1+ 3 ratio
of ethyl acetate to acetonitrile was chosen because extracts
had a minimal amount of background interferences, evapo-
rated readily, were easily filtered through a 0.45 ¢¢m filter,
and resulted in reasonable recoveries.

When the extracts were reduced to dryness, a considerable
amount of white residue remained in the tube. This residue
was easily solubilized with LC maobile phase. When the tube
contents were sonicated, a homogeneous suspension resulted;
when this suspension was centrifuged (17 000 X g), the su-
pernatant liquid was clear and easily filtered through a 0.45
~m filter. Representative LC chromatograms (UV, photodi-
ode array, 365 nm) show that elutions with a 1 + 3 ratio of
ethyl acetate to acetonitrile (0.05 g + 0.05 gof EDTA to OA,
wt/wt) resulted in blank milk extracts that contained no
interferences (Figure 1A). An LC chromatogram of a tetra-
cycline (OTC, TC, and CTC) fortified milk extract is shown
in Figure 1B. The peak at 4.9 min in the fortified milk extract
was present as an impurity in the CTC standard.

During the early developmental stages of this method, we
experienced considerable variability in terms of TC recover-
ies, while OTC and CTC recoveries were consistent. We
attribute this variability to several factors. A primary factor
responsible for the variability noted for TC may be its partic-
ular ionization characteristics. TC recoveries were greatly
reduced when a 0.06 + 0.04 ratio of EDTA plus OA (g + g;
wt/wt) (Table 3) was used. This pattern was observed for
many trials. Apparently, the conditions necessary for the
optimal recovery of OTC and CTC are very near the transi-
tional pKa of TC, and this contributes to the variability
observed. This decrease in recoveries for tetracyclines at
increasing concentrations has been observed in other studies
(10).

Table 3.

In addition, we found that when the tetracycline-fortified
milk extracts were reduced to dryness in a glass tube, the
recovery of TC was reduced while the recoveries of OTC and
CTC were not adversely affected. We attributed this to the
binding of TC to the glass.

Why OTC and CTC were not affected cannot be com-
pletely explained because, when pure working solutions of
OTC, TC, and CTC, were reduced to dryness in a glass tube
and subsequently prepared for LC analysis in the same man-
ner as sample extracts, the recovery of the individual tetracy-
clines was reduced to less than 209 Evidently, other constit-
uents in the extract prevent the binding of OCT and CTC to
the glass but not TC. This phenomena may again be related
to the pKa of TC in the sample extract. In either case, the
variability was reduced when plastic tubes were used to col-
lect and prepare the extracts for LC analysis. Photodecompo-
sition of TC could also be a contributing factor to the vari-
ability noted but was not studied in sufficient detail to note its
total effect.

Results (Table 1) indicate that the isolation of tetracy-
clines by using the matrix modified MSPD method gave
extracts that were linear with respect to increasing concen-
trations of OTC, TC, and CTC in fortified milk samples.
Inter-assay variability for TC was greater than that associat-
ed with OTC or CTC. Correspondingly, the percentage re-
covery of TC was less than those of OTC and CTC.

This extraction procedure was developed to facilitate the
simultaneous multiresidue extraction of OTC, TC, and CTC.
Because the chemical characteristics of OTC, TC, and CTC
are different, it was difficult to optimize conditions to affect
the simultaneous isolation of these 3 tetracyclines from a
complex biological matrix. 1f TC were to be isolated singly, a
modification of this procedure would be in order. Elowever, if
one were to simultaneously screen for OTC, TC, and CTC,
an extraction method as outlined here may be optimal.

The low percentage recovery and larger variability for TC

Effect of matrix modifiers Na2EDTA and oxalic acid (OA) on percentage recoveries of Oxytetracycline (OTC),

tetracycline (TC), and Chlortetracycline (CTC) in milk extracts eluted from MSPD columns by different ratios of ethyl acetate
to acetonitrile3

0.1 gOA 0.1 g EDTA 0.05 + 0.05 g (OA + EDTA)
Ethyl acetate and
acetonitrile oTC TC CTC oTC TC CTC oTC TC CTC
1+ 1 28 40 58 38 37 25 34 31 43
1+ 2 72 67 73 52 52 37 69 54 75
1+ 3 78 74 74 49 58 37 94.5 + 8.5b 875+ 9.1b 85.5 + 7.2b

3Average of duplicate samples.
bAverage of 4 replicates.
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compared to OTC and CTC at the 200 and 400 ng/mL levels
is believed to be associated with its ionizing characteristics in
the presence of the matrix modifiers OA and EDTA, a con-
centration-dependent effect. We are presently examining the
extraction characteristics of TC individually in an attempt to
determine specific interactions that may be occurring be-
tween the milk, matrix modifiers, and extracting solvent. The
use of an appropriate internal standard may serve to reduce
variabilities and increase the calculated recoveries of OTC,
TC, and CTC. This should enable one to further optimize
matrix-modified MSPD isolations of tetracyclines from milk
and allow the extension of this methodology to tetracycline
isolations from other biological matrixes.

The LC mobile phase (0.01M oxalic acid-acetonitrile, 7 +
3; v/v) proved to be suitable for the separation of OTC, TC,
and CTC (Figure IB) on a reverse-phase (Cls , octadecylsi-
Iyl derivatized silica) column and is a modification of the
method of Martinez and Shimoda (9). The column was con-
ditioned (20-30 min) with the mobile phase until a steady
baseline was observed.

The OA appears to effectively strip or mask any metal ions
that may affect tetracycline analyses. This was evidenced by
OTC, TC, and CTC peaks that were consistently symmetri-
cal and well resolved. The column should, however, be dedi-
cated to tetracycline analyses because the column selectivity
for other compounds was reduced in other solvent systems.
Also, the column conditioning step was shortened when the
column was dedicated to tetracycline analyses.

When the column was to be stored for more than one day,
it was flushed with 0.017M FLPCL-acetonitrile (7 + 3; v/v).
After several hundred sample analyses, a slight loss of peak
symmetry was observed, but this was easily corrected by
washing the column with 0.017M aqueous FLPCL-acetoni-
trile . + s ;Vv/v) until a steady baseline was observed and
then reconditioning the column with the tetracycline mobile
phase. The use of mixed mode reverse-phase/ion-exchange
LC columns (Alltech Associates, Inc., Bulletin No. 168)
designed for tetracycline separations may obviate the need
for extensive column handling as described above, but these
columns were not available to us during this study.

The types and amounts of matrix modifiers and eluting
solvents chosen were dictated by the type of compounds and
the matrix from which we were attempting to isolate them.
EDTA has been used in tetracycline isolations (9-11) to
facilitate their decomplexation from metal ions and facilitate
their extraction from biological matrixes. The use of oxalic
acid to facilitate tetracycline decomplexations and extrac-
tions from MSPD columns represents the first known use of
this compound for this purpose. Oxalic acid has been shown
to facilitate tetracycline separations by LC (9) when used in
the mobile phase and may function similarly to EDTA by
complexing with metal ions. Other matrixes may require
different matrix modifiers and solvent elution systems for
tetracycline isolations and may provide an extract containing
higher recoveries and/or different levels of coextractants. In
the case of immunoassay techniques, maximizing recoveries
may be of paramount importance provided there are no cross
reacting compounds in the extract; thus, this extraction
method may enhance screening protocols.

The minimal detectable limit was 2 ng on column (100 ng/
mL, 20 nL injection volume froma 0.5 mL final volume), and
coextracted interferences were eliminated when the extract
was monitored at 365 nm. The matrix-modified MSPD isola-
tion of tetracyclines uses small sample sizes (0.5 mL), uses s

mL each of washing and extracting solvents, and does not
require a heating step to convert the tetracyclines to their
anhydro froms. Conversely, classical tetracycline isolations
have required use of larger sample sizes, extractions with
large volumes of acidified aqueous solutions, protein precipi-
tation with trichloroacetic acid, heating of the acidified ex-
tracts to form anhydro derivatives, extraction of anhydro
derivatives into a suitable organic solvent, and evaporation of
large volumes of extracting solvents.

We have demonstrated that MSPD isolations of tetracy-
clines can be facilitated by matrix modifiers and that these
modifiers can be varied for specific applications. MSPD may
be valuable for tetracycline isolations from other food ma-
trixes and could be enhanced by the use of carefully selected
matrix modifiers and solvent elution systems.
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DRUGS

Automation of Dihydroxyaluminum Sodium Carbonate Analysis in Antacid Tablets by

Energy Dispersive X-Ray Fluorescence

CONSTANTINE A. GEORGIADES

Warner-Lambert Co., Consumer Products Research and Development, 170 Tabor Rd, Morris Plains, NJ 07950

A sensitive, specific, automated energy dispersive X-ray
fluorescence (EDXRF) method for determination of anhy-
drous dihydroxyaluminum sodium carbonate in antacid tab-
lets has been developed. The compound was quantitated by
impact grinding, pelletizing at 10 tons pressure, and monitor-
ing the aluminum by using a rhodium anode X-ray tube, high
resolution thermoelectrically cooled Si(LI) detector with
sample spinning, and computer data processing. The assay
procedure was validated with spiked laboratory-prepared
samples at 100 + 20% levels. The average recovery was
100.6% with a relative standard deviation of 1.6% (n = 14).
Instrument precision was determined and found to have an
average relative standard deviation of 1.0% (n = 16). In
addition, analysis precision by the EDXRF method was com-
pared to that for titration and autoanalyzer methodologies
and found to be statistically comparable. The sample preci-
sion had an averaged relative standard deviation of 2.7% (n
= 16) by X-ray methodology. The advantages of this EDXRF
method include increased sample throughput with excellent
precision and accuracy, no solvent usage, and automated
data handling.

Because of its neutralization capacity, dihydroxyaluminum
sodium carbonate is commonly used in antacid tablets (. ).
Methods for the determination of this compound usually
involve an EDTA titration (2). Atomic absorption spectros-
copy (AAS) or inductively coupled plasma spectroscopy
(ICP) can also be used to quantitate this ingredient (3). An
unpublished method involving autoanalyzer instrumentation
has also been used for routine quality control testing. These
methods are time consuming, require various solvents and
reagents, and are destructive to the sample.

Energy dispersive X-ray fluorescence (EDXRF) tech-
niques have been commonly used to determine aluminum in
metallurgical applications (4-5). Although this is an estab-
lished technique, it has rarely been used for the quantitative
determination of metal ions in foods, drugs, or cosmetics. The
established applications and technology principles formed
the bases for developing a rapid EDXRF quality control
procedure (s ). This method has been shown to be precise and
accurate with increased sample throughput, less sample
preparation, no solvent usage, and automated data handling
while being nondestructive to the sample. The EDXRF
method was compared to titration and autoanalyzer method-
ologies and found to be statistically comparable.

The basic steps of the method involve impact grinding the
sample to a consistent particle size throughout; the sample is
then precisely pelletized to give a smooth, uniform surface.
The energy dispersive spectrometer irradiates the sample
with X-rays under vacuum to a depth of about 15 /um induc-
ing the atoms present to emit characteristic fluorescence.

Received September 20, 1989. Accepted December 3, 1989.

Detection is achieved by a solid-state peltier cooled detector
which sends a digitized signal for computer applications.

METHOD

Reagents

(a) Pulverized sucrose.

(b) Magnesium stearate.

(c) Dihydroxyaluminum sodium carbonate (hydrous).—
Determine anhydrous DASC content by USP XXI titration
methodology.

(d) Food starch.

(e) Corn syrup, 42DE.

Equipment
(@ Mixer mill MM2.—Brinkmann Cat. No. 27-16-700-

(b) Mortar.—Stainless steel, 10 mL, Brinkmann Cat. No.
27-16740-3.

(c) Ball.—Stainless steel, 9 mm diameter, Brinkmann
Cat. No. 27-16-743-8; 12 mm diameter, Brinkmann Cat. No.
27-16-744-6.

(d) Glassine paper.

(e) Semi-automatic pelletizing press.—Herzog, Model
HPT 20, equipped with 32 mm chrome steel (64 HRC) press
tooling. 31 mm pre-flared Spec-Cap, Spex Cat. No. 3619A,
or 31.2 mm tapered plastic sample cups, Chemplex Cat. No.
552.

(f) Spectrometer.—Tracor X-ray Spectrase 5000E ener-
gy dispersive X-ray fluorescence spectrometer with 50 kV,
0.35 mA (maximum output) rhodium anode X-ray tube,
high resolution thermoelectrically cooled Si(Li) detector, ¢ -
position filter wheel, .. -position sample changer with spin-
ner. Data acquisition and processing done by IBM PS/2
Model 50Z with Tracor X-ray software and acquisition
board.

EDXRF acquisition parameters', tube voltage s kV; tube
current 0.28 mA; nofilter; livetime 20 s; maximum energy 10
keV; atmosphere vacuum; warmup 0 s; sample spinner on.

Impact Grinding

Place sample or standard material into clean 10 mL stain-
less steel mortar. Add one 9 mm and one 12 mm stainless
steel ball. Place 10 mL stainless steel mortar cap on mortar
and clamp onto mixer mill MM2. Set potentiometer to maxi-
mum level (1500 rpm) and timer between 3 and 5 min.

When grinding sets have stopped, remove mortar, uncap,
and, with aid of spatula, place powder onto glassine paper.
Remove stainless steel balls from powder while observing
that powder consistency is lump-free with apparent uniform
particle size.

If powder appears lumpy or nonuniform, repeat grinding
steps. If powder appears lump-free and uniform, proceed as
directed under Pelletizing.
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Figure 1. X-ray spectrum of antacid tablet: A dlhydroxyaluminum sodium carbonate.

Pelletizing

Use these press operating elements: press force 10 tons;
ejection force 0.5 tons; time interval 7 s.

Preparation of Standard Pellets

(@) Pelletizing medium formula A.—925% pulverized
sugar (wt in g); 5.8% food starch (wt in g); 1.7% magnesium
stearate (wt in Q).

(b) Pelletizing medium formula B.—87.8% pulverized
sugar (wt in g); 5.6%food starch (wt in g); 4.9%corn syrup—
42 DE (wt in g); 1.7% magnesium stearate (wt in g).

() Multilevel seven-point calibration.—(7) Prepare zero
level calibration standard by impact grinding and pressing
(£ 0 .1) g of pelletizing medium as directed under impact
grinding and pelletizing procedures.

(2) Prepare two 80%theory level calibration standards by

2.8

impact grinding and pressing 530 (x40) mg DASC reference
material into 2300 (x60) mg of pelletizing medium as direct-
ed under impact grinding and pelletizing procedures.

(J) Prepare one 90% theory level calibration standard by
impact grinding and pressing 600 (+50) mg DASC reference
material into 2240 (£50) mg of pelletizing medium as direct-
ed under impact grinding and pelletizing procedures.

(4) Prepare one 100%theory level calibration standard by
impact grinding and pressing 670 (£50) mg DASC reference
material into 2170 (£50) mg of pelletizing medium as direct-
ed under impact grinding and pelletizing procedures.

(5) Prepare one 110%theory level calibration standard by
impact grinding and pressing 735 (+50) mg DASC reference
material into 2105 (£50) mg of pelletizing medium as direct-
ed under impact grinding and pelletizing procedures.

(6) Prepare two 120% theory level calibration standards

Figure 2.

X-ray spectrum of excipient mixture tablet.



GEORGIADES: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

Table 1. EDXRF recovery of DASC Informula A
Theory, Added, Found, Rel.

%a mg/tab. mg/tab. error, % Recovery, %
80 232.70 237.21 1.9 101.9
80 243.05 239.76 -1.4 98.6
90 278.08 274.32 -1.4 98.6
100 299.38 301.45 0.7 100.7
110 327.44 328.38 0.3 100.3
120 349.89 346.67 -0.9 99.1
120 357.06 357.86 0.2 100.2
X 99.9

% RSD 1.2

aTheory = 300 mg/tab.

Note: Since standard curve is composed of spiked placebos, preci-
sion and recovery are as good as the fit of the line.

The quadratic curve equation was found to be: Intensity =

—0.03448X2+ 116.1X+ 14.55; X = amount in mg anhydrous DASC

per tablet; correlation (R2 = 0.9997.

by impact grinding and pressing 900 (£50) mg DASC refer-
ence material into 2040 (£50) mg of pelletizing medium as
directed under impact grinding and pelletizing procedures.

(d) standard value calculation.—Express standards
mg anhydrous dihydroxyaluminum sodium carbonate per
142 g tablet:

%Anhydrous DASC = (W XP)/(W + W)

Anhydrous DASC, mg/1.42 g tablet
= (Yoanhydrous DASC/100) X 1420

where W = weight of DASC, mg as is; P = %purity of DASC
(by USP procedure); W] = weight of pelletizing medium,
mg.

Procedure

(a) Preparation ofsample pellets.—Break 2 antacid tab-
lets into several pieces and proceed as directed under impact
grinding and pelletizing procedures.

(b) Spectroscopy.—See Figure 1 for typical spectrum of
the sample or standard. Figure shows sodium peak at ca 1.0
keV and aluminum peak at about 1.5 keV, present from
DASC in pellet. Rhodium at 2.4-3.0 keV is present from X-
ray source.

Table 2. EDXRF recovery of DASC Informula B
Theory, Added, Found, Rel.

%a mg/tab. mg/tab. error, % Recovery, %
80 241.84 250.32 3.5 103.5
80 247.15 247.45 0.1 100.1
90 270.50 277.80 2.7 102.7

100 299.97 293.00 -2.3 97.7

110 330.92 338.68 23 102.3

120 353.63 355.54 0.5 100.5

120 362.60 371.29 2.4 102.4

X 101.3
% RSD 2.0

aTheory = 300 mg/tab.

Note: Since standard curve is composed of spiked placebos, preci-
sion and recovery are as good as the fit of the line.

The quadratic curve equation was found to be: Intensity =

—0.018882X2 + 117.43X — 75.385; X = amount in mg anhydrous

DASC per tablet; correlation (R2) = 0.9932.
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Table 3. Instrument precision3
Observation Formula A, mg/tab. Formula B, mg/tab.
1 302.3 285.6
2 302.4 285.3
3 300.2 288.1
4 296.1 292.5
5 300.8 289.9
6 296.9 293.7
7 297.2 286.6
8 298.1 287.4
X 299.3 288.6
% RSD 0.84 1.08

aTheory = 300 mg/tab.

Spectrum of excipient mixtures of formula A is shown in
Figure 2. Spectrum show traces of magnesium at about 1.25
keV, present from magnesium stearate in the pellet. There
are no detectable levels of sodium or aluminum in this sample
and, therefore, no interference in the DASC methodology.

Results

Recovery studies.—Placebo formula A was prepared by
blending pulverized sugar, starch, and magnesium stearate in
appropriate concentrations as outlined in the antacid formu-
la. Dihydroxyaluminum sodium carbonate was added at lev-
els equivalent to 80-120% of dosage theory. Recovery was
99.9% with an RSD of 1.2% (Table 1). Placebo Formula B
was prepared by blending pulverized sugar, starch, corn syr-
up, magnesium stearate, and water in appropriate concentra-
tions as outlined in the antacid formula. Dihydroxyalu-
minum sodium carbonate was added at levels equivalent to
80-120% of dosage theory. Recovery was 101.3% with an
RSD of 2.0% (Table 2).

Since standard curve and recovery samples are prepared
from spiked placebos, the precision and recovery is reflective
of the fit of the curve and sample manipulation.

Precision studies.—Instrument precision was evaluated
by reading a single preparation of formulas A and B s indi-
vidual times. Relative standard deviations of 0.84% and
1.08%, respectively, were obtained (Table 3). Method preci-
sion was determined and compared to titration and autoana-
lyzer methods. For both formulas A and B, acceptable RSD
values were obtained and were statistically comparable to
titration and autoanalyzer precision (Tables 4 and 5).

Evaluation of alternative pelletizing plastic support
cup.—A study was conducted to determine possible differ-

Table 4. Formula B precision data3

Observation X-Ray Titration Autoanalyzer
1 302.6 297.4 330.9
2 293.3 301.0 333.9
3 297.8 319.6 318.7
4 276.5 303.3 330.9
5 287.8 301.2 300.5
6 276.5 305.3 310.0
7 297.5 302.3 300.5
8 297.5 299.1 318.7
X 291.2 303.6 318.0
% RSD 3.4 2.3 4.2

aTheory = 300 mg/tab. Units =
Spec cap reinforcement used.
Note: Batch content uniformity is affecting these data.

mg anhydrous DASC/1.42 g tab.
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Table 5. Formula A precision data3
Observation X-Ray Titration Autoanalyzer
1 302.6 304.5 312.6
2 302.1 306.0 318.7
3 308.7 317.7 330,9
4 307.7 301.8 321.7
5 310.5 316.3 318.7
6 299.5 319.0 318.7
7 294.3 325.0 306.6
8 311.4 310.3 333.9
X 304.6 312.6 320.2
% RSD 2.0 2.6 2.8

aTheory = 300 mg/tab. Units = mg anhydrous DASC/1.42 g tab.
Spec cap reinforcement used.
Note: Batch content uniformity is affecting these data.

Table 6. Plastic cup precision data for formula A3
Observation Anhydrous DASC, mg/tab.
1 295.1
2 297.3
3 296.6
4 297.6
5 286.6
6 299.8
7 304.0
8 289.7
X 295.8
% RSD 19

aTheory = 300 mg/tab.
Note: Batch content uniformity is affecting these data.

enees between plastic and aluminum pelletizing support
cups. Table ¢ summarizes results of s individual analyses of
Formula A in plastic. The recovery and precision are compa-
rable with results obtained in aluminum (Table 5).
Evaluation ofsingle tablet assay.—A study was conduct-
ed to determine if a single tablet could be pelletized for assay
vs the 2 tablets presently used. The results indicate that single
and double tablet assay results are comparable (Table 7).

Table 7. Single tablet pellet precision data for formula A3

Observation Reinforcement Anhydrous DASC, mg/tab.

1 spec cap 291.9
2 plastic cup 284.7
3 spec cap 287.1
4 plastic cup 292.7
5 spec cap 306.3
6 plastic cup 287.2
7 spec cap 291.8
8 plastic cup 285.6
X 291.9
% RSD 24

aTheory = 300 mg/tab.
Note: Batch content uniformity is affecting these data.

Discussion

The EDXRF automated procedure described for the de-
termination of DASC in antacid tablets shows excellent pre-
cision and accuracy. The new methodology is a substantial
improvement with time savings, less sample preparation, no
solvent usage, and automatic data handling, and is nonde-
structive. These advantages should translate into consider-
able opportunity for cost savings in manufacturing.
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ENVIRONMENTAL ANALYSIS

Slurries Introduction in Flow Injection Atomic Absorption Spectroscopic Analysis

of Sewage Sludges

R. MARTINEZ-AVILA, V. CARBONELL, M. DE LA GUARDIA, tand A. SALVADOR

University of Valencia, Department of Analytical Chemistry, 50 Dr. Moliner St,

46100 Burjassot {Valencia), Spain

The direct introduction of slurries In flow Injection-flame
atomic absorption spectroscopy has been studied using a
single-channel manifold. The influence of flow injection pa-
rameters on the sensitivity and accuracy of this procedure
has been established. A method has been developed for the
determination of copper, manganese, and lead in sewage
sludge where batch digestion of the samples ina microwave
oven is carried out before dilution. Both sensitivity and limit
of detection of the flow injection analysis procedure are
adequate for the analysis of actual samples (the limit of
detection was 0.06, 0.05, and 0.3 ppm for copper, manga-
nese, and lead, respectively). The accuracy of the proposed
method, determined from the analysis of 2 reference sam-
ples from the European Community Bureau, is better than
that obtained by the continuous aspiration of the samples.

The introduction of slurries in atomic spectroscopy allows a
direct analysis of solid samples, and, moreover, problems
arising from the dissolution step can be avoided. This ap-
proach is especially suitable for the analysis of organic sam-
ples, because of problems related to the destruction of these
matrixes.

It is well established that slurries can be analyzed by
electrothermal atomic absorption spectroscopy (1-4). How-
ever, when flame atomic spectroscopy or inductively coupled
plasma emission is used, accuracy of results depends on the
particle size of the dispersed samples (5-7).

The development of rapid acid extraction procedures, used
before sample dilution, makes possible the solubilization of
metallic elements without a complete destruction of the ma-
trix (s, 9). When a slurry that has been treated by acid
extraction is introduced into the flame, atomization of the
sample is based on atomization of water-solubilized ele-
ments, not the slurry. This fact reduces the problems associ-
ated with particle size. Inaddition, slurry introduction avoids
the need for filtration steps, which are time-consuming and
could cause losses of the elements to be determined.

The determination of metallic elements in sewage sludges
and in soils treated with these products is very important to
determine their possible effects on crops and their introduc-
tion in the trophic chain (. ).

Slurries of solid samples have been analyzed by electro-
thermal atomic absorption (1-3,11-13) and by flame atomic
absorption (5, 14, 15). In the latter case, the particle size of
the suspended material is critical in the direct determination
of the total content of metallic elements in soil and rocks.
Therefore, a grinding time between 7 and « h in a ball-mull
micronizer (5) and 0.5 h in a Fritsch pulverizer, using an
agate ball-mull (15), is required to obtain an adequate parti-
cle size.

Received May 15, 1989. Accepted October 17, 1989.
1Address correspondence to this author.

We have developed a fast and simple method for the deter-
mination of a series of elements in sewage sludge samples
that is independent of the particle size and requires only
previous digestion of the sample with nitric acid in a micro-
wave oven (16). The method presents only 2 drawbacks:
problems from the use of strong acid samples, which could
damage the nebulizer system, and problems due to clogging.
Using a Perkin Elmer 3030, no clogging problems have been
found. However, when thin nebulizer systems are used, clog-
ging could be a serious drawback and thus the discrete intro-
duction of slurries could be more advantageous.

The use of flow injection flame atomic absorption spectros-
copy (FI-AAS) allows good precision and high frequency in
the introduction of discrete samples (17-19). If the suspend-
ed material does not cause plugging in the manifold, the
procedure avoids the problem of acid attack of the nebulizers.

So far, the introduction of slurries for FI-AAS analysis of
metallic elements has not been reported. In the present work,
copper, manganese, and lead have been determined by intro-
ducing aqueous slurries of the samples, after a treatment
with nitric acid in a microwave oven. The effects of the
experimental and FIA parameters have been studied and the
results obtained are compared with those found by the con-
tinuous aspiration of slurries into the flame.

Experimental

Apparatus

(@) Flame atomic absorption spectrometer.—Pye Unicam
SP 1900, equipped with hollow cathode lamps of copper,
manganese, and lead. Experimental parameters were opti-
mized to obtain best sensitivity for all elements considered.
(Table 1summarizes these parameters.)

(b) Manifold.—Monochannel FIA (flow injection analy-
sis) manifold (Figure 1), with Gilson Minipuls 2 HP-4 peri-
staltic pump, Rheodyne injection valve type 50 with peristal-
tic pump, Rheodyne injection valve type 50 with different
fixed loops and PTFE tubes with 0.8 mm internal diameter.
In the experiment carried out at low pump flow rate, a
custom-made PTFE “T” piece interface was used to provide
air, water, or ethanol compensation of aspiration flow of
nebulizer.

(c) Microwave oven.—To0 carry out pre-analysis digestion
of sewage sludge samples: Balay BAHM-100 microwave
oven, frequency 2450 MHz, maximum power 650 watts.
Pyrex glass containers, with Teflon joint and heat-resistant
cap (Schott Duran), used for pressurized acid extractions.

Reagents

Standards.— 1000 ppm copper, manganese, and lead stock
solutions were prepared from pure analytical reagents. Stan-
dard solutions were prepared by dilution. HNO3was added
at the same concentration as in the sample slurries.
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Table 1. Instrumental parameters

Element

Parameter Cu Mn Pb
Wavelength, nm 324.75 279.48 283.31
Lamp current, mA 3 6 3
Slit width, mm 0.18 0.15 0.18
Burner height, mm 9 9 8
C2H2flow, L/min 0.9 1.2 1.2
Air flow, L/min 4.5 4.5 4.5

Procedure

Sewage sludge samples were treated with HNO 3in sealed
vessels, using microwave oven to provide fast acid extraction
of metallic elements. Afterward, deionized water was added
to samples, and slurries were prepared by manual shaking.

Discrete volumes of the slurries were injected in the FIA
manifold and analyzed by flame atomic absorption.

The effect of FIA parameters on the sensitivity and accu-
racy of the sewage sludges analysis was checked.

Results and Discussion

FIA Parameters

Using the manifold indicated previously, the experimental
FIA parameters such as pump flow rate, reaction coil length,
and sample loop volume were modified to obtain a better
sensitivity and accuracy.

Standards containing 15% (v/v) HNOs, 10 ppm lead, and
3 ppm manganese and others containing 4 ppm copper and
3% (viv) HNOs were used to check sensitivity. At the same
time, discrete volumes of a sewage sludge sample were intro-
duced to note the effect on the values for sample concentra-
tion obtained when FIA parameters are modified.

Figures 2 and 3 show the effect of pump flow rate on
sensitivity and accuracy for each element. When the pump
flow rate increases, the peak height corresponding to samples

ANAL. CHEM. (VOL. 73, NO. 3, 1990)

and standards increases; the highest sensitivity is obtained
using the maximum possible flow rate for the nebulizer.

The concentrations of these elements were compared to
those found in a previous study. Horizontal lines in Figures
2A, 2B, and 2C indicate the confidence level of the previous
established values.

Except at lower flow rates, accurate values were obtained
in all the experimental conditions studied. However, peak
definition was better (Figure 2B) and the sensitivity was
maximum at high pump flow rates. Thus, pump flow rates
higher than s mL/min can be recommended.

In some cases, however, lower pump flow rates may be
necessary. Some discussions have dealt with the most appro-
priate way to ensure adequate experimental conditions and
better sensitivity in all cases (20 -22 ).

Some of the proposed ways to increase sensitivity at low
flow rates are the use of an air (.. ) or organic solvent (> )
compensation. In the determination of lead at a pump flow
rate of 3 mL/min, the slopes of the calibration line obtained
using water, ethanol, and air compensation were respectively,
2.55, 3.78, and 4.5 mm/ppm. Thus, air or ethanol compensa-
tion can improve sensitivity of FI-AAS analysis at lower
pump flow rates.

An increase in the coil length increases the dispersion of
the samples and thus reduces the sensitivity obtained for the
3 elements studied (Figures 4A, 4B, and 4C). Accuracy does
not seem to be affected by this parameter.

The sample injection volume affects both the sensitivity
and accuracy of the analysis by FI-AAS (Figures 5A, 5B,
and 5C). A large sample injection volume provides high
sensitivity and accuracy in all cases.

From these studies, we selected a pump flow rate of 8.4
mL/min, acoil length of 80 cm, and a sample loop of 500 /uL.

Recommended Method

Weigh 0.5 g dried and homogenized sample in 100 mL
Pyrex glass reactor, add 5 mL concentrated HNOs and 2 or 3
drops of isoamyl alcohol (as antifoam agent), seal reactor
and place in microwave oven 3 min at 80% maximum power.

l ' INJECTION
CARRIER PUMP
nBcrion
CARRIER PUMP VALVE

A AS RECORDER
FLOW COMPENSATION
interface
*
AAS RECORDER

Figure 1. FIAmanifold used indetermination of copper, manganese, and lead insewage sludges: A directly coupled FIA-AAS
system; B, FIA-AAS coupling by means of connector Interface.
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Figure 4.  Effect of coil length (1) on sensitivity and accuracy in analysis of copper (A), manganese (B), and lead (C) by H
AAS. O = Standard of copper (3 ppm), manganese (4 ppm), and lead (10 ppm). « = Slurry of a sewage sludge sample.
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Figure 5. Effect of injected volume on sensitivity and accuracy in analysis of copper (A), manganese (B), and lead (C) by FI-

AAS. O = Standard of copper (3 ppm), manganese (4 ppm), and lead (10 ppm). ¢

= Slurry of a sewage sludge sample.

Table 2. Analytical parameters*
FIA Batch

Element Analytical curve r LD/ppm Analytical curve r LD/ppm

Cu 0.015 +0.078 C 0.9998 0.06 0.015+0.078 C 0.99994 0.06

Mn 0.007 +0.101 C 0.9998 0.05 0.006 + 0.105C 0.9998 0.05

Pb 0.006+ 0.011C 0.9995 0.3 0.001 + 0.011 C 0.99992 0.3

ar = regression coefficient; LD = limit of detection.
Table 3. Analysis of sewage sludges*
Certified, ppm FIA, ppm Batch, ppm
Sample Cu Mn Pb Cu Mn Pb Cu Mn Pb

Sewage sludges - - 790+ 10 144 + 5 446+ 5 765+ 16 136+ 3 419+ 7
Domestic origin:

(CRM 144) 713+ 26 449+ 13 495+ 19 700+ 2 437 +1 462+ 19 643+ 12 401+ 3 440 + 30
Industr. origin:

(CRM 146) 934+ 24 588+ 24 1270+ 28 944+ 16 532+ 9 1349+ 14 857+ 70 500+ 20 1260 + 50

a Standard deviation is used to indicate experimental variability of data.

Let cool and open reactor. Dilute sample with 25 mL water.
Determine lead and manganese directly in slurry. For copper
determination, take 5 mL slurry and dilute to 50 mL with
water.

Inject 500 /¢ L slurry, without separating dispersed solid, in
FIA manifold and determine the concentration of analytes,
using aqueous standards with the same content of HN 03,

The results were compared to those obtained for batch and
the continuous aspiration system, after sample digestion in
the microwave oven. Table 2 summarizes the typical regres-
sion lines obtained for each element considered, both in FIA
and in batch. Absorbance units per ppm have been used in the
analytical curves for both procedures. As can be seen, compa-
rable sensitivity and limit of detection have been obtained.

Analysis of Sewage Sludge Samples

One actual sample and 2 reference samples of sewage
sludges were analyzed; results are summarized in Table 3.
The FIA method provides results comparable to the certified
values, within the confidence levels established. On the other
hand, results for batch analysis are in all cases lower than
those found for the FIA procedure. This contrasts with the
accurate results previously found by using another instru-
mentation, and could be due to problems arising when dis-
persed samples with large particle sizes are introduced in
nebulizers with different designs and sizes.

The studies carried out demonstrate that use of flow injec-
tion methodology can be used without loss of sensitivity to
avoid problems originating when slurries of solid sample are
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introduced in flame atomic absorption spectroscopy. The
direct injection of a high acid slurry minimizes clogging of
the nebulizer and its attack by the acids. When sewage sludge
slurries are introduced by flow injection, a previous acid
extraction of the metallic elements is necessary. No signifi-
cant absorbance values were obtained when samples without
previous treatment were introduced in the flame.

(1)
(2)
(3)

(4)
(5)
(6)
(M)

(8)

References

L’vov, B. V. (1976) Talanta 23, 109-118

Langmyhr, F.J. (1979) Analyst 104, 993-1016

Langmyhr, F. J., & Wibetoe, G. (1985) Prog. Anal. Atom.
Spectrosc. 8, 193-256

Langmyhr, F.J. (1985) Z. Anal. Chem. 322, 654-656

Willis, J. B. (1975) Anal. chem. 47, 1752-1758

Carrion, N., Benzo, Z. A, Eljuri, E. J., Ippoliti, F., & Flores,
D. (1987) J. Anal. Atom. Spectrosc. 2, 813-817

Williams, J. G., Gray, A. L., Norman, P., & Ebdon, L. (1987)
J. Anal. Atom. Spectrosc. 2, 469-472

Solchaga, M., Montoro, R., & de la Guardia, M. (1986) J.
Assoc. Off. Anal. chem. 69, 874-876

(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)

(21)

(22)

393

de la Guardia, M., Salvador, A., Burguera, J. L., & Burguera,
M. (1988) J. Flow Inj. Anal. 5, 121-131

Kabata-Pendias, A. (1984) Trace Elements in Soils and
Plants, CRC Press, Boca Raton, FL, pp. 51-68

Jackson, K. W., & Newman, A. P. (1983) Analyst 108, 261 -
264

Hinds, M. W ., Jackson,
Analyst 110, 947-950
Hinds, M. W ., Katyal, M., & Jackson, K. W. (1988) J. Anal.
Atom. Spectrosc. 3, 8387

Gilbert, P. T, Jr, (1962) Anal. Chem. 34, 1025-1026

Stupar, J., & Ajlec, R. (1982) Analyst 107, 144-156
Morales, A., Pomares, F., de la Guardia, M., & Salvador, A.
(1989) J. Anal. Atom. Spectrosc. 4, 329-332

Tyson, J. F. (1985) Analyst, 110, 419-429

Ruzicka, J. (1986) Z. Anal. Chem. 324, 745-749

Tyson, J. F. (1988) Anal. Chim. Acta 214, 57-75

Brown, M. W., & Ruzicka, J. (1984) Analyst 109,1091-1094
Lopez Garcia, J., Hernandez de Cordoba, M., & Sanchez
Pedreno, C. (1987) Analyst 112, 271-276

Carboneil, V., de la Guardia, M., Salvador, A., Burguera, J.
L., & Burguera, M. (1989) Microchem. J., in press

K. W., & Newman, A. P. (1985)



394 VAN DER MEER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

FEEDS

Amino Acid Analysis of Feeds in The Netherlands: Four-Year Proficiency Study

JOS M. vaNn DEr MEER

Institutefor Livestock Feeding and Nutrition Research, PO Box 160,8200 AD Lelystad, The Netherlands

To improve accuracy and precision of amino acid analysis in
12 Dutch feed laboratories, a proficiency study was orga-
nized twice annually over a 4-year period. The method used
included reflux acid hydrolysis for 22 h followed by evapora-
tion, separation on a cation-exchange resin in an amino acid
analyzer, and photometric detection after post-column deri-
vatization with ninhydrin. For the determination of sulfur-
containing amino acids, samples were oxidized prior to hy-
drolysis. For the determination of tryptophan, samples under-
went an alkaline hydrolysis excluding oxygen, were
separated by liquid chromatography on a Hypersfl ODS ana-
lytical column, and were assayed by UV or fluorescence
detection. The average relative standard deviations within
(CVrn and between (CVR laboratories were 3 and 7%, re-
spectively. For some mixed feed samples, the results from
the proficiency study were compared with those obtained by
the International Analytical Group. For those samples, the
relative standard deviation of the difference between IAG
and Dutch groups was only 1.9%. For samples that were
analyzed twice during this 4-year period, relative standard
deviation of between-series differences was only 2.1 %.

Much time and effort is spent on laboratory accreditation to
assure that laboratories produce results under high quality
conditions. To demonstrate and control accuracy and preci-
sion over time, participation in collaborative studies is desir-
able. For feed laboratories performing amino acid analysis in
The Netherlands, a national proficiency study (1) has been
organized twice annually.

For amino acid analysis by ion-exchange chromatography,
the most widely used procedures are based on the work of
Schram et al. (2) and Moore et al. (3). Using the method as
described by the former, Slump (4) showed that the optimal
hydrolysis time was about 22 h with ¢ mol/L of HC1 under
reflux at boiling temperatures (110°C). Correction factors
were introduced for the thermo-labile amino acids threonine
and serine, and the hydrolysis-resistant amino acids valine
and isoleucine.

After hydrolysis, acid is removed in a vacuum evaporator
at 45°C until 2-3 mL water is left. Then the residue is mixed
with citrate buffer, pH 2.2. Bech-Andersen et al. (5) and
Mason et al. (s) have shown that evaporation of the acid
could be replaced by neutralization. In practice, the resulting
high salt load on the ion-exchange column caused peak
broadening and cannot be applied on all ion-exchange resins
(7).
The sulfur-containing amino acids methionine and cyste-
ine are oxidized prior to hydrolysis (s ). Chloride and water
interfere in the determination of methionine and cysteine as
methionine sulfone and cysteic acid, respectively (9).

Sample size depends on the crude protein content (10),
although Bech-Andersen et al. (5) showed that this is of little
practical importance for recovery.

Received April 10, 1989. Accepted November 14, 1989.

Most methods for determining tryptophan specify defat-
ting the samples followed by oxygen-free alkaline hydrolysis
with lithium hydroxide in vacuum tubes. No significant dif-
ference was found with the use of barium hydroxide (unpub-
lished results). Crucial for good results is the use of a vessel
from which oxygen can be easily removed (7).

Although no methods are prescribed in a proficiency
study, participants mainly applied the procedure as described
by Schram et al. (2), using Biotronic LC-2000 or LKB-Alfa
Plus amino acid analyzers. To evaluate accuracy and preci-
sion during the 4-year study period, a standard mixture was
circulated to study recovery, and some samples were offered
more than once. There was also the opportunity to compare
precision and accuracy of the Dutch group with the results on
the same materials by the International Analytical Group
(IAG) of the “Verband Deutscher Landwirtschaftlicher Un-
tersuchungs- und Forschungs-anstalten” (VDLUFA) in
Germany.

In the 4-year period, a common method (11) for determi-
nation of tryptophan, specifying liquid chromatography with
fluorescence or UV detection, was studied and prepared for
adoption as a national standard.

Results of the studies were discussed annually and contrib-
uted to a better control of the analytical process and an
improved comparability among laboratories.

Experimental

Apparatus and Conditions

(@) Amino acid analyzer.—LKB-Alfa Plus or Biotronic
LC 2000. Micro columns, 4 X 200 mm, containing cation-
exchange resins (sulfonated crosslinked polystyrene, particle
size s “m) were obtained via analyzer manufacturers. Amino
acids were separated, depending on analyzer, with 3 or 4
citrate/borate pH buffers (pH range from 2.8 to 10; flow rate
35 mL/h, temperature range 55 to 80°C). Amino acids were
derivatized post-column with ninhydrin. Photometric detec-
tor wavelengths were 570 nm for alpha amino acids, 440 nm
for proline. Volume of sample injected ranged between 20
and 100 pL. Analysis time for one run was ca 90 min. After
each run, column was regenerated with 0.2 mol/L of NaOH
containing 1% EDTA. All elution buffers were filtered
through 0.2 /um filters (Millipore) and preserved with thy-
mol.

Participants calibrated their systems with a mixture (Ul-
trapure) of amino acids that included norleucine as an inter-
nal standard.

(b) Hydrolysis and evaporation apparatus.—Heating de-
vice with temperature control for 400 mL conical flasks or
destruction bloc (Tecator), capacity 20 glass hydrolysis ves-
sels, 40 X 220 mm. All vessels were provided with coolers.
Rotary evaporators at 45°C were used for evaporation.

(c) Alkaline hydrolysis apparatus.—Oven at 120°C for
24 mL screw-cap tubes with Teflon valve (20 X 100 mm).

(d) Liquid chromatograph.—With UV or fluorescence
detector. Tryptophan was separated with 0.06 mol/L of ace-
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Table 1. Mean recoveries and relative standard deviations
for chromatography of amino acid standard mixture and
meat meal hydrolysate

Meat meal hydrolysate Standard mixture

Amino Mean Mean,

acid ree., % CVr,% OVgd® gkg O Q CVr, %
Lys 96.7 1.3 5.6 34.1 1.9 6.0
His 97.3 1.0 5.4 15.3 1.6 8.5
Arg 97.4 1.0 6.4 33.8 16 3.2
Cys 98.5 15 6.6 4.9 7.1 13.1
Asp 97.5 1.0 6.1 46.1 11 71
Thr 98.7 1.6 4.0 21.0 13 3.0
Ser 100.7 0.9 3.9 25.5 13 24
Glu 100.6 2.3 5.3 66.4 11 4.2
Pro 92.9 3.0 11.7 38.2 1.6 6.7
Gly 96.5 1.6 5.4 52.9 1.9 2.7
Ala 98.9 15 6.1 39.5 18 3.8
Val 100.9 12 3.7 31.4 17 6.3
Met 98.8 2.0 5.5 7.8 17 12.3
lie 99.7 16 4.2 16.6 12 5.3
Leu 101.3 2.3 7.4 42.4 1.0 34
Tyr 96.2 15 6.8 14.8 15 9.6
Phe 98.2 1.0 55 23.4 2.2 6.1

tate buffer (pH 4.8) containing 80 mL acetonitrile/L as
mobile phase over Hypersil ODS (Cls) analytical column
(Microbore 20 X 2.1 mm; 40 000 plates per meter) and
assayed by UV detection at 217 nm or fluorescence detection
(excitation at 283 nm, emission at 343 nm).

Reagents

(a) Hydrochloric acid— s mol HC1/L (Merck, p.a.) in
deionized water containing 1g phenol/L.

(b) Performic acid—Prepared by adding 3.0 mL 30%
H20:2to 27 mL s s % formic acid containing 4.73 g phenol/L.
The solution was allowed to stand at room temperature for 1
h and then was cooled to 0°C in ice before use.

Sample Preparation

Samples included in the proficiency studies were as fol-

lows: a standard solution (1985), meat meal (1985-1/2),
mixed feed (1984, 1985), soybean meal (1984, 1986), fish
meal (1987), maize meal (1987), and pig feces (1985). In the
years 1985, 1986, and 1987, mixed feed samples from 1AG
(VDLUFA) studies were also included in the proficiency
studies and were used for the study on the estimation of
tryptophan. The standard solution used for calibration con-
tained 5/wnol/mL of each of the individual high grade amino
acids (Pierce). A hydrolysate for meat meal prepared in one
laboratory was also circulated for analysis.

According to recommendations of ISO 6498 (12), samples
of fish meal, meat meal, and pig feces were freeze-dried and
stored at 4°C; the other samples were air-dried at 70°C. All
dry samples were separated into portions over an electroni-
cally driven conical sample divider.

Preparation of Hydrolysates

The procedure as described by Schram et al. (2) as applied
by most participants; » of them neutralized the hydrolysates
instead of evaporating (s ).

(a) Unoxidized samples.—A feed sample, containing 5-
15 mg N /100 mL HC1 (s mol/L) were accurately weighed
into the hydrolysis vessel; norleucine was added as internal
standard. Samples were hydrolyzed 22 h in boiling acid on
reflux.

The hydrolysate was quantitatively filtered through paper
and either the complete hydrolysate or an aliquot was evapo-
rated to 5 mL. Twice the volume of water was added and
solvent was again evaporated. The final solution was trans-
ferred to a 100 mL volumetric flask, diluted to volume with
citrate buffer at pH 2.2, and stored in a refrigerator.

Before use, the hydrolysates were brought to room tem-
perature and a suitable aliquot was filtered through ao.2 ¢¢m
membrane filter. Between 40 and 200 pL was injected onto
the cation-exchange column.

(b) Oxidized samples.—A sample containing ca 30 mg N
was accurately weighed into a 250 mL round-bottom flask
and cooled 30 min in ice water. Fifteen mL freshly prepared
and cooled oxidation mixture was added to the sample and
the mixture was refrigerated in an ice bath for 16 h. After
oxidation, 4.5 mL of 48% HBr and a few drops of octanol

Mean (g/kg), relative standard deviation (%), repeatability, and reproducibility (g/kg) of amino acid analysis in

meat meal in 2 tests3

Table 2.

Amino Mean Mean cvr cVvR
acid @ @ (@) @
Lys 355 36.3 24 4.0
His 17.0 184 2.1 15.0
Arg 36.0 37.0 31 4.4
Cys 55 54 3.2 9.6
Asp 48.9 51.0 13 29
Thr 22.8 22.9 2.8 54
Ser 27.2 284 2.2 8.6
Glu 71.2 70.3 14 3.0
Pro 40.7 394 4.9 8.9
Gly 58.0 57.0 17 45
Ala 4.7 41.6 1.2 40
val 33.0 33.9 15 8.4
Met 8.4 9.2 2.1 17.2
lie 18.0 182 1.6 12.2
Leu 454 46.4 1.8 31
Tyr 15.9 16.1 24 42
Phe 24.3 25.3 1.6 41

a(l) = test 1985-1; (2) = test 1985-2.

cvr cv,, r R r R

@ @ @ (@) @ @

15 47 2.4 40 1.6 48
39 8.8 1.0 72 2.0 46
0.8 3.6 3.2 45 0.9 3.7
2.0 19.3 0.5 15 0.4 2.9
11 43 1.8 40 1.6 6.1
11 48 1.8 35 0.7 31
1.2 5.8 1.7 6.6 0.9 4.7
11 14 2.8 6.1 2.2 2.7
2.1 6.8 5.6 10.2 2.5 76
11 7.7 2.8 1.4 1.8 124
13 41 1.4 47 1.5 48
1.8 3.3 1.4 7.8 1.7 31
41 6.9 0.5 41 1.1 1.8
1.8 46 0.8 6.2 0.9 24
32 5.1 2.3 40 1.6 6.7
1.8 6.2 1.1 19 0.8 2.8
1.8 48 1.1 2.8 1.3 34
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Comparison of mean (g/kg), relative standard deviation (%), repeatability, and reproducibility (g/kg) of amino

acid analysis in soybean meal3

Table 3.

Amino Mean Mean CcVv, CVR
acid (1) 2) 1) (1)
Lys 27,8 28.2 2.1 2.3
His 11.8 11.7 4.4 4.9
Arg 31.9 30.8 1.6 4.6
Cys 7.2 6.6 3.1 10.7
Asp 51.7 50.4 2.2 6.0
Thr 18.1 17.9 25 6.4
Ser 24.5 25.4 3.0 6.5
Glu 81.8 79.5 1.1 2.1
Pro 23.4 22.6 3.4 171
Gly 19.9 19.5 1.5 2.0
Ala 18.7 18.9 1.2 9.6
Val 20.7 22.2 2.1 8.2
Met 6.5 6.3 5.1 15.4
lie 19.8 21.3 3.0 8.8
Leu 33.9 33.4 2.1 2.9
Tyr 15.8 16.0 2.0 8.2
Phe 21.6 21.3 2.7 4.8

a(l) = test 1984; (2) = test 1986.

were added while the flask was swirled in an ice bath. When
the flask was clear of bromine vapors, the HC1 solution was
added and the samples were hydrolyzed as described under
(a).
(c)  Tryptophan.—A 200 mg sample containing less than
20 mg moisture was accurately weighed into a 24 mL screw-
cap tube; 1drop of octanol, 100 mg starch, and s mL solution
of 4 mol/L of LiOH was added. The solution was placed in a
freezer for 30 min and then evaporated during mixing on a
vortex mixer. Then the tube was placed in an oven at 120°C
for 12 h.

After hydrolysis, the mixture was cooled and transferred
to a 50 mL volumetric flask, 2 mL acetic acid (98%) was
added, and the solution was diluted to volume with double-
distilled water. The samples were stored in a refrigerator.
Before use, the hydrolysates were brought to room tempera-
ture and a suitable aliquot was filtered through a 0.2 /¢m
membrane filter. Between 4 and 20 /uL was injected onto the
LC column.

Correction Factors

Slump (4) used the method of Schram et al. (2) and
studied the effect of hydrolysis time (up to 150 h) on the
recovery of individual amino acids on a large number of
feeds. From the destruction rate for a 22 h hydrolysis period,
correction factors derived for threonine and serine were 1.05
and 1.10, respectively. Similarly, correction factors for in-
complete hydrolysis of isoleucine and valine were 1.07 and
1.08. respectively. These factors have been applied systemati-
cally in this proficiency study.

Collaborative Studies

In general, the proficiency studies have been organized
according to the International Recommendations (1, 13).

Calculations and Statistics

Variance analysis and other statistical calculations were
done with the Genstat program (14). Terminology for accu-
racy is used according to 1SO 5725 (15) and Horwitz (1): r =
repeatability (2.83 X sr) and R = reproducibility (2.83 X sr)
in g/kg; coefficients of variation (relative standard devi-
ations) are CVr = (srfm) X 100% and CVR = (sR/m) X

cvr CVR r R r R

@) @) () (€] @ @

1.6 55 17 1.8 1.3 4.4
4.5 6.1 15 1.7 15 2.0
3.2 6.1 1.5 2.9 2.8 5.3
2.1 10.6 0.6 2.2 0.4 2.0
1.9 6.9 3.3 8.8 2.7 9.9
2.6 9.2 1.3 15 1.3 4.7
1.9 5.1 2.1 45 1.3 3.6
1.1 4.8 2.6 48 2.6 10.8
31 9.4 2.3 11.2 2.0 6.0
2.6 45 0.8 11 1.4 25
2.1 4.8 0.7 5.1 1.1 2.6
1.6 9.7 1.2 48 1.0 6.1
2.4 9.4 1.0 2.8 0.4 1.7
1.7 6.5 1.9 4.9 1.0 4.0
1.4 6.6 2.1 2.8 1.3 6.3
2.8 75 0.9 3.7 1.3 3.4
2.6 8.2 1.7 2.9 1.6 5.0

100%, where m is the amino acid content averaged over
laboratories after elimination of outlier results.

To evaluate between series and between research group
standard deviations (SED), a test of paired data was used.
The average difference d and SED were calculated and Stu-
dent’s i-test was applied to test for the zero hypothesis, HO:
[¢/(SED/Kn)] > to.osn, where n = number of paired values.

Results and Discussion

Recoveries

The recovery obtained through the chromatographic sys-
tem was measured with a standard mixture. Mean recoveries
and relative standard deviations (CV) are given in Table 1
The average recovery was 98%. Mean recovery of proline,
which was measured at 440 nm, was 93%; all other mean
recoveries were between 96 and 101%. Although repeatabili-
ty is adequate, reproducibility is poorer for proline than for
the other amino acids. Isoleucine may be inadequate as an
internal standard for proline.

To determine the effect of hydrolysis on the precision of
analysis, a meat meal hydrolysate (same as in Table 1) was
circulated and the results were compared with those for meat
meal samples (Table 2) hydrolyzed in the participating lab-
oratories. The coefficients of variation (CVr= 1.5%and CVR
= 5.2%) of the circulated hydrolysate were only slightly
better than those of the circulated samples (CVr = 1.9%,
CVR = 5.6%). The hydrolysis procedure was well standard-
ized.

Tables 3-6 show the proficiency results for the individual
samples. In general, the average precision was similar for all
feeds, including the Dutch mixed feeds. The average CVrwas
3% and the average CVRwas 7% with no significant differ-
ences between sample materials.

For the mixed feeds obtained from IAG in 1985 and 1986,
reproducibility was not as good (CVr = 3.5 and 3.0%, respec-
tively). When proline, methionine, and cysteine results were
excluded from the calculation, CVrwas 2.1% (+1) and CVR
was 6.7% (x4). Although the precision is much improved
compared with that reported by Cavins et al. (10), the
present oxidation procedure might be inadequate, consider-
ing the relatively poor reproducibility values for methionine



VAN DER MEER: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

397

Comparison of mean (g/kg), relative standard deviation (%), repeatability, and reproducibility (g/kg) of amino

acid analysis in mixed feed*

Table 4.

Amino Mean Mean CVr CVR
acid (D @) (D (D
Lys 9.0 8.8 1.6 3.5
His 4.6 4.8 1.9 51
Arg 11.9 11.1 2.0 3.3
Cys 2.7 2.6 8.6 151
Asp 17.3 16.9 2.3 5.6
Thr 6.7 6.8 1.5 4.1
Ser 8.8 9.1 0.4 7.3
Glu 30.2 29.6 1.1 2.9
Pro 9.9 9.5 3.0 7.6
Gly 7.7 7.5 1.2 2.6
Ala 8.7 8.6 1.6 1.6
Val 8.5 8.7 0.8 7.1
Met 3.2 2.9 4.1 13.7
lie 6.9 7.0 0.9 10.7
Leu 13.3 135 1.6 1.6
Tyr 5.7 5.6 2.6 9.0
Phe 7.7 7.7 2.0 11.1

a(l) = test 1984; (2) = test 1985.

and cysteine compared with those for the other amino acids.

However, the absolute values for repeatability and repro-
ducibility were similar to those for other amino acids. The
relative low contents are probably the main reason. In gener-
al, integration is a source of variation because of variable
separation of the peaks allowed in routine performances such
as these.

Between-Series Effects

Some samples (meat meal, soybean meal, mixed feed)
were analyzed in 2 test series (Tables 2, 3, and 4). As stated
before, the average precisions were similar in different test
series. The average relative standard deviation of the differ-
ences between series is 2 .1%, which is similar to the average
value of CVr. The average difference between series is not
significant (P < 0.05).

Comparison Between International and Dutch Tests

In Table ¢, the Dutch group results are compared with

Cvr CVR r R r R
@) @) G (€ @ @
1.6 5.3 0.4 0.9 0.4 13
3.4 19.7 0.2 0.7 0.5 2.7
2.6 6.1 0.7 11 0.8 1.9
2.3 9.0 0.7 1.2 0.2 0.7
14 3.4 11 2.7 0.7 1.6
0.9 3.6 0.3 0.8 0.2 0.7
23 4.0 0.1 1.8 0.4 17
11 2.7 0.9 2.4 1.0 23
3.6 5.2 0.8 2.1 1.0 1.4
1.8 3.1 0.3 0.6 0.4 0.7
2.7 4.9 0.4 0.4 0.7 1.2
1.4 6.7 0.2 17 0.4 17
23 9.9 0.4 1.2 0.2 0.8
2.0 6.7 0.2 2.1 0.4 13
0.7 2.2 0.6 0.6 0.3 0.8
31 10.0 0.4 14 0.5 1.6
25 4.2 0.4 2.4 0.5 0.9

those of the International Analytical Group (IAG) for the
same mixed feed samples. The average CVr values for the
Dutch group for the years 1985, 1986, and 1987 were 3.5,
3.0, and 2.1% (+1.7%) respectively. Mean CVR averaged
over the same 3 years for the Dutch group was 7% (+£2.9); for
IAG the average was 6.4% (+3.2). On average, the Dutch
group values were lower by 0.3 g/kg (d) for the individual
amino acid contents, which is not significantly (P < 0.05)
different from zero. The relative standard deviation of the
differences (SED) between research groups averaged over
the years 1986 and 1987 was 1.9%, which is of the same level
as CVr. In 1985, this standard deviation was still 3%.

Relative Standard Deviations vs Concentration

The relation between CV and concentration is discussed
for lysine. The relative standard deviations for lysine in the
different sample materials in simple feed samples are on
average 2% for CVrand 4% for CVR For maize meal (Table
5, lysine content 2.7 g/kg), the variation is about twice as

Table 5. Mean (g/kg), relative standard deviation (%), repeatability, and reproducibility (g/kg) of amino acid analysis in
fish meal, maize meal, and pig feces
Fish meal Maize meal Pig feces
Amino
acid Mean oV CVr r R Mean oV CVr r R Mean oV CVR r R
Lys 54.5 0.9 2.8 1.4 4.3 2.7 1.9 4.1 0.1 0.3 8.5 4.8 13.9 1.2 3.3
His 15.1 1.9 18.6 0.8 8.0 2.9 1.7 6.6 0.1 0.6 3.2 3.9 37.8 0.4 3.4
Arg 43.9 0.9 5.3 1.2 6.6 45 2.7 17.6 0.3 2.2 7.5 4.3 12.5 0.9 2.7
Cys 5.9 2.0 9.5 0.3 1.6 2.1 2.4 14.8 0.1 0.9 2.6 4.6 16.9 0.3 1.2
Asp 63.6 0.8 3.0 1.4 5.5 6.4 1.7 6.4 0.3 1.2 15.0 2.4 5.0 1.0 2.1
Thr 30.1 1.1 3.2 0.9 2.7 35 1.4 8.3 0.1 0.8 7.5 0.7 3.1 0.2 0.7
Ser 32.2 1.2 5.4 1.1 5.0 4.8 1.0 8.8 0.2 1.2 7.4 4.2 6.6 0.8 1.4
Glu 99.7 0.7 1.8 1.9 5.2 17.6 1.1 4.3 0.5 2.2 17.4 1.3 3.2 0.7 1.6
Pro 30.8 1.3 7.5 1.1 6.5 8.3 2.1 4.8 0.5 1.1 6.3 3.9 8.7 0.7 1.6
Gly 50.7 1.1 4.7 1.6 6.8 35 2.9 6.3 0.3 0.6 8.2 35 4.8 0.8 1.1
Ala 46.6 0.9 3.9 1.2 5.2 7.1 1.7 5.1 0.3 1.0 9.5 31 8.2 0.8 2.2
Val 36.3 1.0 2.2 1.0 2.3 5.1 2.0 9.0 0.3 13 8.8 3.9 8.2 1.0 2.0
Met 20.0 1.6 3.8 0.9 2.2 19 3.7 17.9 0.2 1.0 2.9 2.9 14.8 0.2 1.2
lie 30.1 1.2 4.0 1.0 3.4 3.4 2.7 10.6 0.3 1.0 7.6 2.4 3.3 0.5 0.7
Leu 51.9 1.0 3.6 1.5 5.3 11.6 15 35 0.5 1.2 11.4 1.2 4.3 0.4 1.4
Tyr 18.8 2.2 10.0 1.2 5.4 4.0 1.8 10.3 0.2 1.2 6.2 1.6 16.4 0.3 2.9
Phe 26.7 1.2 4.9 0.9 3.7 4.6 3.0 5.4 0.4 0.7 7.2 2.8 6.6 0,6 1.4
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Table 6. Comparison of means (g/kg) and relative standard deviations (% ) found In International (IAG) and Dutch studies
of amino acid analysis in mixed feeds MF 85, MF 86, and MF 87
MF 85 MF 86 MF 87
Amino Mean CVR Mean OV Mean CVr
acid Mean (IAG) CVR  (Ag) Mean (IAG) CVr (IAG) Mean (IAG) CVr (IAG)
Lys 7.3 7.8 5.2 4.3 7.2 7.6 7.9 6.4 10.2 11.0 6.1 3.8
HiS 4.9 4.7 10.4 11.9 4.4 4.7 11.8 7.7 5.0 4.8 9.2 5.2
Arg 10.9 11.0 9.3 6.9 10.4 10.6 8.8 9.3 11.3 11.5 7.7 45
Cys 2.7 2.7 17.4 14.9 2.8 3.3 12.9 16.4 3.0 31 9.3 9.3
Asp 15.0 14.9 5.7 5.8 13.9 14.2 5.7 3.9 16.7 17.0 6.4 7.8
Tnr 6.7 6.6 3.0 4.0 6.3 6.5 75 8.4 7.6 7.1 5.3 5.5
Ser 9.0 8.3 4.6 4.9 8.4 8.3 8.5 8.7 9.2 9.3 4.9 5.5
Glu 29.5 30.1 3.1 8.7 28.9 29.6 4.8 4.6 35.4 35.6 4.9 2.9
Pro 10.2 11.6 31 8.7 11.8 11.5 11.2 3.7 13.2 13.2 6.4 0.9
Gly 8.5 8.5 6.7 6.0 8.1 8.3 3.6 3.1 9.0 9.0 4.9 5.8
Ala 10.5 10.7 5.4 4.0 10.3 10.6 5.4 3.3 8.8 9.2 4.9 4.7
Val 9.1 8.5 6.0 6.8 8.7 8.4 9.8 5.4 10.1 9.9 7.3 4.3
Met 4.6 4.7 8.3 14.8 4.4 45 8.9 14.0 3.7 4.1 12.7 10.6
lie 6.9 6.7 5.5 5.8 6.5 6.5 6.5 8.6 7.8 7.7 5.1 4.8
Leu 16.2 15.8 3.9 6.2 15.5 15.9 5.4 3.6 14.8 14.5 3.6 45
Tyr 6.1 6.1 9.2 37 6.0 6.2 9.0 6.5 6.3 6.5 4.3 6.5
Pne 8.2 8.0 3.5 3.9 7.6 8.2 6.3 7.3 8.7 9.0 3.6 2.2

high as for fish meal (Table 5, lysine content 54.5 g/kg).
However, the absolute values for repeatability and reproduc-
ibility for maize meal are very good. In the IAG mixed feed
MF 87 showed a precision similar to the simple feeds, preci-
sion for MF 85 and MF ss was less good.

In the feces sample analyzed (Table 5), with a concentra-
tion of lysine similar to the mixed feed samples, CVrand CVR
were 4.8 and 13.9%, respectively. Also, reproducibility for
histidine, arginine, methionine, cysteine, and tyrosine in this
material was poor. It is known that this type of sample is
more sensitive to hydrolysis conditions. This needs further
investigation.

Tryptophan

The average values for tryptophan found by IAG and the
Dutch group were in good agreement in mixed feed MF 87
[2.2 g/kg] but not in MF 85 (IAG = 1.5, and Dutch group =
19 g/kg). Because oxygen is the main reason for low values,
it is assumed this was the case for the IAG data. In 1985, the
equipment used for hydrolysis in both groups had not yet
been optimized. Relative standard deviations between lab-
oratories for the 1AG test in 1985 (10 participants; CVR =
16%) was better than for the Dutch test (5 participants; CVR
= 22 %), although still much higher than for the other amino
acids. By using the same device for oxygen-free hydrolysis,
the reproducibility of the 1987 test of mixed feed was im-
proved to CVR=11% and for IAG to CVR= 3%

Conclusions

The traditional method of Schram et al. (2) is a good basis
for the development of a national standard routine method
for determining amino acid content of feeds. The procedures
for hydrolysis have been standardized; oxidation, calibration,
and integration procedures are the remaining sources of be-
tween-laboratory variation. In general, the precision of ion-
exchange chromatography for amino acid analysis is ade-
quate for application in feed science, manufacturing, and
trade From this study, precision criteria for laboratory qual-
ity control and trade can be derived.

The results of the Dutch group on mixed feeds in 3 succes-

sive years are in good agreement with the results obtained by
IAG on the same samples. A slightly different level was
observed. The analysis of feces showed poor precision for
several of the amino acids. For tryptophan, the standardized
procedure improved the precision considerably.

The organization of proficiency studies on feeds has been
taken over by the Dutch Quality Service for Agricultural
Laboratories.
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Karl Fischer Determination of Moisture in Soft-Moist Pet Foods:

Collaborative Study

ROY E. SCHULZE

Ralston Purina Co., Checkerboard Square, St. Louis, MO 63164

Collaborators: D. E. Florini; F. Frias; D. E. Gamblin; A. V. Gardner; B. Hsiek; C. E. Jones; G. W. Latimer; J. P. Minyard, Jr;
J. M. Padmore; M. M. Sharpe; N. Thiex; W. R. Windham; and Daniel H. Mowry (Committee Statistician)

Twelve collaborators participated In a study of a Karl Fischer
method for determination of moisture In soft-moist, commer-
cially available pet foods. The method avoids the erroneous
high results noted In other methods (vacuum drying, toluene
distillation, and drying at 135°C) when volatile components
other than moisture, such as propylene glycol, are present.
The standard deviations for repeatability (sr) and reproduc-
ibility (sR) were 0.3 and 0.4, respectively. The corresponding
relative standard deviations (RSD, and RSDr) were 1.1 and
1.7%, respectively. The method has been approved interim
official first action by AOAC.

No applicable AOAC method or standard technique exists to
determine moisture in soft-moist pet foods that also contain
other volatile components such as propylene glycol. The pres-
ence of propylene glycol causes erroneous high results when
moisture is determined by a drying technique. The following
exemplifies the significance of the error; Test rations were
prepared in which the ratio of propylene glycol/water was
varied but the total combination was kept constant, i.e., the
combination was maintained at 25% of the ration, but the
ratios were varied at 40/60, 50/50, 70/30, etc. When the
samples were analyzed for moisture using AOAC method
930.15 (1), in which samples are dried 2 h at 135°C, the
results were the same for all samples.

A method for measuring the moisture content in various
soft-moist pet foods, which avoids this problem, has been
developed and collaboratively studied. Samples are extracted
with anhydrous methanol and analyzed using the Karl Fi-
scher titration technique.

AOAC method 950.02 specifies grinding to prepare feed
samples for analysis or, if the sample cannot be ground, it
should be reduced to as fine a condition as possible. The soft,
pliable nature of soft-moist pet foods makes grinding through
a screen unsuitable because the material either blinds the
screen or, if forced through, produces extruded strands. The
particle size of such samples can be reduced by using a
household-style food blender and shaking it back and forth to
move the material into the blades.

The results of the collaborative study are reported in the
present paper.

Collaborative Study
Thirteen laboratories agreed to participate in the collabo-

Received for publication October 19, 1989.

This report was presented at the 103rd AOAC Annual International Meet-
ing, September 25-28, 1989, at St. Louis, MO.

The recommendation has been approved interim official first action by the
General Referee, the Committee Statistician, the Committee on Feeds, Fer-
tilizers, and Related Topics, and the Chairman of the Official Methods
Board, and will be recommended for adoption official first action at the 104th
AOAC Annual International Meeting, September 9-13, 1990, at New Or-
leans, LA. Association actions will be published in “Changes in Official
Methods of Analysis” (1991) J. Assoc. Off. Anal Chem. 74, January/

February issue.

rative study. Twelve samples (¢ matched pairs as blind dupli-
cates) of ground, commercially available soft-moist dog food
and cat food products from 4 different manufacturers were
distributed. Each laboratory was asked to perform a single
analysis on each sample.

Moisture in Soft-Moist Pet Foods
Karl Fischer Method
Interim First Action

(Applicable to samples containing 20-30% moisture and other vol-

atile materials)
Method Performance:
sr=0.3; sR=0.4; RSDr= 1.1%; RSDr = 1.7%

A. Principle

Water is extracted with methanol from pet food that con-
tains other volatile components, and aliquot is titrated with
Karl Fischer reagent.

B. Apparatus and Reagents

(a) Karl Fischer titration assembly.—Manual or auto-
matic, with stirrer.

(b) Karl Fischer reagent—Stabilized, single solution
(Fisher Scientific Co., SK3), or equivalent. (Caution: If solu-
tion contains pyridine, see safety note on pyridine.) To stan-
dardize reagent, add 100 mg H20 from weighing pipet, or
other suitable device, to 30-50 mL pretitrated CH30H, and
titrate with Karl Fischer reagent. C = mg H.0/m L reagent.

(c) Methanol—ACS reagent grade. >99.8% CHsOH.
<0.1% H:0. <0.001% acetone.

C. Sample Preparation

Reduce sample to as fine condition as possible. Household-
style blender may be used; shake blender back and forth to
move sample into blades.

D. Determination

Accurately weigh s 10 g prepared sample into erlenmeyer
that contains magnetic stirring bar. Add 200 mL CHsOH,
and stopper flask. Stir magnetically 15 min. Let solids settle.
Transfer 10 mL aliquot to titration vessel containing preti-
trated methanol and titrate with Karl Fischer reagent. Deter-
mine blank on 10 mL CH3OH as above and subtract from
sample determination.

Water, % = [2 X (mL reagent X C)]/g sample
Ref.: JAOAC, May/June issue (1990).

Results and Discussion

A complete set of results was received from each of 12
collaborators (Table 1). Collaborator 7 was unable to partici-
pate after the samples were received. Collaborators used a
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Collaborative results for Karl Fischer determination of moisture (%) In soft-moist pet foodsa

Table 1.
Pair 1 Pair 2 Pair 3
Coll. 1 E 2 F 3 C
1 24.93 26.18 20.33 20.28 24.31 24.12
2 26.27 25.84 21.12 20.92 24.89 24.72
3C 24.74 25.84 18.56 20.62 23.25 24.94
4 27.00 26.71 21.00 21.61 25.10 25.70
5 26.17 26.26 21.23 21.37 25.19 25.17
6 26.90 26.90 21.30 21.40 25.20 25.20
8® 31.30 39.80 25.10 34.00 29.30 37.90
9 26.03 25.96 20.88 21.36 24.86 25.21
10® 27.32 27.36 21.69 22.53 26.52 26.25
11 25.86 25.50 20.88 20.67 24.60 24.79
12 27.30 27.00 22.40 22.00 25.90 26.30
13 26.96 26.72 21.69 21.88 25.52 25.02
Meand 27.12 21.87 25.83
SD 2.97 2.82 2.80
CV, % 10.94 12.90 10.84
Mean® 26.36 21.24 25.10
SD 0.62 0.56 0.53
CV, % 2.36 2.61 2.13
RSDr, % 1.30 1.06 0.94
RSDr, % 2.02 2.46 1.97

Pair 4 Pair 5 Pair 6
4 B 5 D 6 A
27.41 26.28 24.79® 27.51 24.42 23.86
27.04 26.07 26.16 25.92 23.76 23,56
24.33 26.61 24.14 26.31 21.77 24.09
27.30 27.05 27.10 27.40 24.60 24.54
26.65 26.49 26.46 26.48 23.87 23.37
27.20 27.30 26.50 26.70 23.90 24.00
42.00 38.30 30.90 39.00 28.50 37.30
26.31 26.65 26.53 26.65 23.60 23.97
28.13 28.22 27.59 28.09 25.40 24.65
26.20 26.25 26.16 25.86 23.10 23.35
28.00 27.40 27.60 27.30 24.50 24.40
26.81 27.06 26.92 26.78 24.47 24.27
27.96 27.29 24.72
3.88 2.78 2.92
13.87 10.21 11.80
26.86 26.71 23.97
0.53 0.54 0.46
1.98 2.01 1.92
1.48 0.59 0.92
1.36 1.98 1.74

aEach value is the result of a single determination on a blind duplicate sample.

bOutl er by Grubbs test. Data for pair 5 excluded.
cData rejected. See text.

dAll data included in evaluation.

e Outlying and rejected data omitted.

variety of Karl Fischer reagents to perform the titration: the
type specified in the method and 2 reagents, Hydranal® and
Ericsen®, which do not contain pyridine. Results were com-
parable for the 3 types. Because collaborators used equip-
ment from different manufacturers, the weight of water used
to standardize the Karl Fischer reagent, the amount of preti-
trated methanol, and the volume of the aliquot titrated also
varied among the participants. However, results were compa-
rable for these variations as well.

The results from collaborators 3, s, and 10 were indicated
to be outliers on the basis of the ranking test (2). Before the
data were rejected, the collaborators were contacted and, in
each case, an explanation accounted for the result. The expi-
ration date had passed for the Karl Fischer reagent used by
collaborator 3. In the laboratory of collaborator s, one tech-
nician analyzed the numbered set of samples, and a second
technician analyzed the lettered set. The second technician
had no experience in performing Karl Fischer analyses. Col-
laborator 10 had problems with the air conditioner in the
laboratory during the week that the samples were analyzed,;
the humidity was so high that, “It was literally raining from
the ceiling.” Results from those 3 collaborators were not
rejected as outliers but because of assignable causes.

The result for sample 5 from collaborator 1 was omitted as
an outlier on the basis of the Grubbs test (3). The collabora-
tor knew no reason for the value obtained. Table 1 shows
statistical data for all values as well as with rejected and
outlying values excluded.

Recommendation

The Associate Referee recommends that the Karl Fischer
method for determination of moisture in soft-moist pet foods
be adopted official First action.
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METALS AND OTHER ELEMENTS

Influence of Automatic Dishwashings and Scrubbings on Release of Lead from Glazed

Ceramicware

JOHN H. GOULD, SUSAN C. HIGHT, GEORGE H. ALVAREZ, CATHERINE E. NELSON, and

STEPHEN G. CAPAR

Food and Drug Adm inistration, Division of Contaminants Chemistry, 200 C St, SW, Washington, DC 20204

Use of lead glazes on ceramicware and the release of lead
from finished glazes are reviewed. Single units of ceramic-
ware with Initial lead leach levels from <0.1 to 470 ¢tg/mL
were subjected to multiple automatic dishwashings with In-
termediate scrubbing of the ware by plastic fiber pads. Ware
was periodically leached with 4% acetic acid solution at
room temperature for 24 h, and the solutions were analyzed
for lead. Release of lead under these conditions is discussed.
Results Indicated that neither passive leachings nor multiple
dishwashings and scrubbings can predict future lead-release
characteristics of glazes and decorations.

The World Health Orgenizatians Commirttee an Ceramic
Foodhare Safety (D) reapnizs tret leed intodcation can
oo fram inproperly preparad keed glaze on ceramicnare
used farfood storage or prgarataan. The Cammirttee gpar-
atlyasaunes tret leedwilll cotanLe tobe ussd ntteglezing
of ceramionare becauee iIs gt salss ttek . an un-
glazed pottery presaits a diffarat prablen due o tre fact
et itcen permirt tte growth of pathogeniic kecteriawhich
otentallymay arstituteanmore saerias health hezard then
that reaultirg firam the possible exqpoaure o leed and cad-
mium.”” They furtter augpest thet glazes are actially hy-
pcnically eefical .

The use of leed campounds inglaze fomulatias
the fol lovirg advantages tret heve rott been totallly dotairned
by otter ks todc capounds: () keedats ss a fiukcfar
melting tre glaze ingredients (249); (2) led mparts ahigh
mllaetoteglae 26); G becase kedcassa loer
arfaetasin ntreglazeat loer , asnooth-
a finided aurfae |miits, which oas blanides @, 3, 7);
(4) leecd glazs extad tre raturation teperature rage
ad yielda uiniform pradct @, 3, 6); G cdlastadtole
more millliat uder leeded glazirg @, 6, 8, 9); () tte
\arbilityoftre ceffiidetofeqasionaaileble fron leed
glarsallos tre thermal eqasion of treglaze torattch tte
body (e, bisge) and elimirates glae aazirg @, 4); ad
() ledtats opeatceatificinoftreglaze @).

The relleeseof leed franglazes on ceramicnare degpands an
the demical coposition of tre glaze ad tre tenperature
ad legthoftire ttet treglaze sfired. There goears tole
no enpirical means of isbly predictirg tre leedHeleese
daaderistics of a new glaze fomulatian. Prepared glaze
fomulatiasnust ke firmonto ttevare, ad ttevare nust
ke tested to determine whether ecessive leed Brelessad G,
10). Stadhrd testsfar leed releese Use an acsticacid olutian
atroom o leath (e, edtrat) tte Nenaroftte
ware far24 h, and then tre leed intte olution iscetermined
by flare atanic esorpion goectrgdotoretry (11,12). The
Food and Drug Adninistration (FDA) usss thismethod n
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regulatory aalysis of dorestiic and inported oeramionare
Tarecessie leed e

The most srias nerufacturing enar thet can cause ex-
assive leed releese Bolaze utarfining. This freguently oc-
arxs naomercial ware produced by “‘aottece nimy”
These pottars often uee ronfritied, raw led
treir glaze fomulation ad fire tteirware by buming vvood
on adort heating gde. Wood fires do not reech tempera-
tures high enouch o fixtre leed nmany gleze fomulatias
@3). For eaple, ware trat relesss ecessive arounts of
leed (9B Mg Pb/mL) wes refired at a hich taperature.
After refirig, trevare relesssd sbstantially ks leed Q1
Mg Pb/mL) @3).

The body (e, bisge) of ceramionare will often dissohe
intre glaze as the glaze becares nolten, therdy darging
tredamical aompositionoftreglaz na lbarttethes been
estimated tobeabout 3mills (Lmill = 171000 i) thidk (@,14,
15). Such dages in demical aoposition can i tre
leecHelessig pgaErtissof tteglaze nthis ba. Thiseflect
sofli iftte finided thideessoftteglae B
gagter then 3niks. Glaze gplicatios of kstren 3milsar
thider glazss tret heveworn o this led may shov darges
in leedHeleee daradamristicsoer tine tret are quite difia-
atfran tretoftte same glaze gplied nthider bas (4).
Trerefare, aceramic glaze thathes been anallyzed tobe lesd
safeby asirgie niteEl leechilgmay rotersure tretaprodct
will be free from ecessine leed relesse 0 isussiull i

There Baooam tet tre use of autaratic didveders
may edversely affecttie releeseof leed frangllazed ceramic-
vare. The detergants enplloyed inthese mechiines are more
adldlre, ad tte water tenperatures are gaerally higer
then those usad Tar handheshing. These aoditaas may
caetreglaze toceteriaratemore rapidly and releesceaess-
sheamounts of led. Hellsten (16) found apsitive aorela-
‘tonbetween leed antentand anrcsinofoarglaeolasas
aresitofdidweshing. Badatdy, same components ofdih-
weshing cetergats formed aonplexes with components of
tre gplied clas. These aoplees edracted tre keed ad
Hithehind a softand essilydamaged silianatrix.

Young etd. (17) studiednulaple disweshing nan auto-
maticdishwesherofa“‘crrcsion resistat” and a““lessaormo-
sin resistant” gllazed ererel . The dishweshiing caused sur-
fecearosin oftoth aarels, and components ofttre deter—
gatwere found incorporated ino tre surfaces oftoth eroded
aaels. After weshing, more leed wes leeded fram tre

“‘corrcsicnresisiat” then fran e *“lessconrosion resisia t”’
earel. Young postulated tret durning tredishweshing ocle
te “‘corosion resistat” enanel retaired leed tretves re-
leesed during e leed leach et The ““less aoncsion resis-
tant” enanrel antinuously rellessed keed, whiich Hit ks leed
asilble faredraction ntre leed leedh &2

Wallace (18) performed 3disveshing gcleson anunder-
firad ceramic plte. Dishwashiing enhanced the leed rdlesse
by about 10% relatie to tre it leschirg. allaoe alo
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Table 1.
Fill
ltem Ware Type6  vol., mL 1c 2
1 Mug SHW 315 16.3 22
2 Mug SHW 360 9.8 34
3 Bowl SHW 625 0 0.2
4 Bowl LHW 1500 41 0.3
5 Plate FW 300 110 0.7)
6 Mug SHW 340 0 0.1)
7 Plate W 85 24 (0.9)
8 Bowl SHW 630 7.8 10
9 Plate FwW 160 136 52
10 Plate FwW 50 470 162
n Plate FW 500 0 (0.1)
12 Plate FwW 275 0 (0.1
13 Saucer FW 35 432 171
14 Pan SHW 500 0 (0.1)
Am, /ag/mLe 48.4 136

GOULD ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

Effect of multiple dishwashings and scrubbings on release of lead (¢tg/mL)afrom ceramicware

Leach
3 4 5 6 7 8
17 19 10 10 14 16
4.3 4.6 2.2 34 54 10.2
12 23 (0.1 12 15 15
0.7) 0.7) 0 (05) 0.5) 0.6)
0.5 (0.6) 0 53 0.7 0.9
0.2) 0.2) 0 0 0.2) 0
3.7 51 28 20 6.9 9.4
31 33 0.9 20 3.0 31
85 101 38 49 53 8.6
146 110 4.6 5.0 51 4.2
0.1) 0 0 0 0 0
0 0.1) 0 0.1) 0 0
123 117 133 188 41 18.2
0.2 0.2 0 0.2 0.2 0.1
20.8 18.2 20 31 4.9 41

aFindings less than detection limit (0.1 ¢jg Pb/mL) are reported as zero; findings between detection limit and quantitation limit (1 ng Pb/mL) are

given in parentheses.

SHW, LHW, and FW indicate small hollow-, large hollow-, and flatware, respectively (19).
clLeach lanalyzed inthe laboratories of the FDA San Francisco District during routine surveillance.
dAverage values were determined with findings less than 1/:,g Pb/mL considered as zero.

dosened tre same daaressiing leed releese nabs et re-
peated leechings thet soften dosenved in uckerfired vare
@3). When treware ttat hed been repeatadly leedhed ves
sorudoed wirth a pliestic fibar ped and sUbjected toactiitia el
disdweshing gdes, tre led relessd was 94% grester then
tret intre it adhysis.

The presant pgper desriss the inesticgtion of thealid-
ityofa sirgile (i) leschirg todetermiire the Shilityand
safety of glazed oceramionare over extaosd use as rgresat-
ad by a sxiesofautaratic dishweshings and sarudoings.

Experimental

Apparatus

(a) Automatic dishwasher — UdercouterZoercouter
washer Model 8658 (Forma Sdentific, Mariietta, (FD).

(b) Atomic absorption spectrometer — Video 2, Model
975 (Thermo Jardl Ash Gap., Raklin, MA) equippd
with leed hollov cathoce larp; aosorptian monitored at
217.0m.

(c) Inductively coupled plasma atomic emission spec-
trometer— Model Plasma Il (RerkinElmer Cap., Nor-
walk, CT). Lead enissicnwes monitored at220.353 nm wiith
500 ms sampling e, 0.0/5 nm sunvey window, and bedk—
ground crrectinat + 0.5 .

Sample Preparation

Ceramionare was @lledted as part of FDA Smonitoriing
program far leed ndoresticand inported holloware. Sin-
dewnitsoftrevare Iisiedd inTeble 1vere studied. The it
leechves analyzed intte ldooatoriesoftte FDA San Hran-
aso District Office during tre rautire safety ingeectian of
ceramicnare. The leed antant of tre glaze was unknoan.
The ﬂblg autaratic dishwashing and sarudoiing proto-
alsvere st

(@) Protocol A — (1) Scrub food antect aurface of ware

briddy for a 0 swith sonb ped and riree with distillied
vater; (@ wesh 3odes nautomatic dishveder.

©) Protocol B.— (1) Scrub food antect aurface of ware
briddy for a 30 swith sob ped and riree with distillied
vater; @ wesh 1ocke nautoraticdidveder.

(¢) Protocol c.—(/) Wash 5 odes n autoratic didh
wegher; () sarb food antect surface ofware lriddy faraa
30 swith sorub ped and rireewith didtilliedvater; Q)wesh 1
ocle nautaratic disveder.

Extraction Series

Each piece ofware was a.bjected 1o tte follonvirg 8step
reginen. Leach solutias were dotained after each step by
tre stadard method (11, 12). Leach 1 Handwash ware
with rireewithdstallevater, and dry; Leach 2-
Air-cry Tar unknonn lagth of tire, handiash wirth deter—
o, rreewirth ditillied vater, and dry; Leach 3- Protool
A; Leach 4- Protoool A; Leach 5- Rrotoool A, air-ary 21
chys; Leach 6- Protoml B; Leach 7— Protoml C, and Leach
8- Protoml C.

Analysis
Leadwes determined intte leechsolutiasby eftter flare
atomic asaptian seectraretry (AAS) (A, 12) or imc-
iely copled argon plasma atomic enission goectraretry
(®P). AAS ad ICP e analat iz iits.

Results and Discussion

Lead firdirgs fardl keech olutio s are presanted inTeble
1 Inaeagig te dia, avalle of zro wes usd far dl
firdirgs below the quentitation Iinit of the aralytical meth-
aod @Lug Pb/mL = 10 X cetection limitoFO1ug P/l).

No automaticdishweshing arsarudbiing coourred between
Leach 1and Leach 2, and lleed reflesse dareesd ar remained
belov the quentitatian limit of tre aelytical method (L ug
Pb/mL) fardivare. The aeregeofLeach 1ofdl itarswes
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84 fig Pb/mL (=
wes 136fig Pb/mL (h= 14), adearesseofdboout 72%. This
ilistrates trevell knoan phenomenon of clearsirg treglaze
by tte it leechirg (13, 20), which also frequently coors
drimgnuitaiple leechirgsof iters tret releeseecessine kel

Lead b for ites 3, 6, 11, 12, ad 14 were belov e
cetection Imit for Leach 1 and remained belov or rear tte
gentitation Iimit throughout the automatic dishweshirng
and scrudbirg regimen. The glazss on trevare eftterdid rot
antain leed arvere fomulated and fired prgoerly, and tre
automatic disweshing and sorudoing hed o efflect. OF
tee, oy item 3 fairly corsistently reflesssd beed (1-2fig/
mL) afterautaraticdishweshingand saudoirg, which -
Gies that itprasebly hed a leecHesad glae. Thisvare, a
srall greenglazsd bovd with a texdturad imer surfae, deel-
gpad aoantrriic bands of efflaresate on tre ater sufae
duning leedhirp. These bards are praeblly tre resiitofstress
aadking of tire body, whiich soretaimes coours duriing manu-
facturirg when texdtured pattarms such as thisdo not parmirt
vare oprgerly releese fram ttenolld as itdhies. The aads
may have alloned tre Isssofacsticacid throughand inotre
body of trevare.

For ites 1, 2,4, 5, ad §, tte leed ledsof Leades 2-8
remained fairly crstant throughout the automatic dish-
weshiing and sarudoing reginen. Honever, trerevere 2devi-
atios. The leed led TarLeach 8 of item2 (10.2rig Pb/mL)
digtlyexceadd iitsLeach 1valle and wes aoout 2.4 tines
the aerage \alle for Leedhes 2-7. Alo, tte led led Tor
Leach 6ofiteEmbwes 5.3rig P/l wherees ttefirdings fr
itsotter leedesaftarLeach 1\/\eredlbeI0Nﬂeq,5rumm
Imit A galitative et (2D) fourd trepetalsof tre floveron
tem5toke ttesourceoftte lead. These petalshad dissolhvad
apletely befoe Leach 2 Thus, automatic dishweshing
and scrudbirgmay cause enhanced relleese of kel Honeverr,
cbooratias may ot alvays be quid<dy dplleted of kel A
qaliaietest (20) found many sotsofolaran iten8tolke
the saurce of kel These gaots did rotvisioly drange duning
thestidy, and e leed ledisvere ridlativalyarstant. During
leedig, 1tan4, a lage green gllazed bord with a tedursd
ir'rersrtaxesirila’toﬂsmﬁten& alsodbvelgoed conoen-
trichands ofefflaesoaeon treauter aurfae, praebly ssa
st of stress aradking of the bady. The acstic acid may
hae leeded from tre body as vell as tte glerig, but tre
chta irtiicate tret leed ves ot relessal.

The leed lealsofLeades 2-8 fariters 7,9, ad 13didrot
tboeese toa arstatt led aftar Leach 1as eqected, ut
insteed fluctuated belovand doove tte Leach 1 leed AL i€
gooears thet automatic dishweshing and sarudoing interact
with the ware aufae, allovirg leed 1O be releesed fram
deger bas. With item7, ahighly decorated pliate, a g eli-
taietest () on eech olar indicated et anly tre red glaze
releesed bl Littlear no visidledeteriaratian of the gpear—
ance of this piece coourred tre automatic dish-
weshing and saruadbiing reginen. Hem 9, aplatewithaheavi-
Iy tedued aurfae, deelged a thidk efflaesae on te
uersice of ttevware, prasebly from stress aadkaing of tte
body. As a st the assticacad wes praebly kst inoad
through the body ofttevare. The colaron item 13, ahichly
cboorated sauer, wes aonplletely removed by antact with
tre leexch sdutio. Badady, tte dear glazig uder tte
olorad deooration contdinued 1o relleeee keed througout tre

The leechsolutaasofiten 10did ot reechacostant leed

). The aerageofLeach 2ofdll Itars

Table 2. Current FDA action levels for maximum
permitted lead release from earthenware

Action IeveI

Category Action basis flg/ mL

av. 6 units 7
any one of 6 units 5
any one of 6 units 25

Flatware (<25 mm deep)
Small hollowware (< 1.1 L)
Large hollowware (>1.1 L)

led untill Leach 5 Thisvare, ahighlydscorated srall plete,
alo ket is olas anpletely during tre disweshing ad
sorudoig regimen.. The uderlying glaze gooears o have
relessad relatinely high amounts of leed util tre vare wes
air-dried for 21 days between Leach 4 ad Leach 5 The
extadad periad of drying garatly stehilliad tre glae.
This firdirg Bsimilar o Snithsrgoort (2) tretair-dryirg
ad then lexchirg a seood time reduoed tte leed relesse
fram leed anystal gless by about ae-third.

The air-dryirg between Leach 4 and Leach 5 g0ears O
hae affeded tre leecHelese daradaristics of dl leed-
relessirgvare. The average Leach 5 leed relleeseves aoout
8% ks then tret of the Leach 4 \alLe. The aerae led
led of Leach 6, alttough sligtly higer then tret of te
aerae Leach 5\ale, wes dilll dbout 83% ks tten tte
Leach 4 aerape. The goarat stehilization of tre glae
antined far Leach 7 and Leach 8with aerae leed bds
kssthen Leach 4 by about 73 and 78%, reseectinely. Hllsten
(16 sgpested tret sodiumnetesilicate (NaZSi103) nauto-
matic dishwesher cetergant foms agelatims slicie e
on tteaufaeofttevare. This lar redoss inicdiffteain
inrcluding ttet due 1o ionic kel These eqeerimentall resits
indicaie tret ifsuch a lamiar Bfomed, tenair-ayirg B
rec=ssary o asolickte tre silice e ad raduee led
diffisio. The hataesis of tte dehydratiavhydratian of
sl @, which waes disassed by Ephraim (), may alko
acoount o tre sEilization of tre difftsion ba--

Under FDA guicelires (Teble2) (19), ites 1,24, 5,89,
10, and 13would ot have been acogpteble on e kesisof e
ledreatsfarLeach 1.0n trelesisofieach 2, o autonat-
icdishweshing and saorudoirg, anly itens 10and 13 remained
uecogateble. Honvever, by Leach 8, aftar the dishvashiing
and scrudoing regiimen, item 10became acogtebleand iters
2 and 9were again wecogptablle; nadtirian, Item 7, which
wes aoogatable on tre kesis of Leadhes 1 ad 2, becare
ueacgpteble. Hem 13 remained unecogpteble thraghout
trestdy.

Conclusions

These Iimited firdings idicate ttet sirglearnultaple es-
sive leechirgs arnultaple dishweshiings and sarddoings can-
rot rlicbly prediict tre future lescHeleese daradtaristics of
tpical glars and daayatias. Ingaaral, honever, te lesd
Ibeks relessed by ware with initidly low leech leglsdid rot
ineee, ad tte led ledks relessd by ware with nitelly
high leech leds deareasad after nuliaiple autorattic dish-
weshing and sarudoirgs.

Air-aryirg of ceramionare aftar detergant washing gp-
pears o stehilie o redlce leed relee. Furtter inestice-
0N Beadad 1o docunent ths effedt, which may Inreese
frotection fram leed eqoaure fartte cosLner.
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Continuous Flow Vapor Generation for Inductively Coupled Argon Plasma Spectrometric

Analysis. Part 1: Selenium
MARK L. TRACY andGREGORY MOLLER1

University of California ,Davis, California Veterinary Diagnostic Laboratory System, Toxicology Laboratory,

Davis, CA 95616

Total selenium is determined by inductively coupled plasma
(ICP) atomic emission using hydride vapor generation. A 1g
sample iswet ashed ina 16 X 150 mm 10 mL volumetric test
tube on a programmed heating block with nitric, sulfuric, and
perchloric acids at up to 310°C. After treatment with hydro-
chloric acid, the selenium is reduced by sodium borohydrlde
to hydrogen selenide in a simplified continuous flow mani-
fold. A standard pneumatic nebulizer effects the gas-liquid
separation of H2Se, which is quantified by ICP atomic emis-
sion at 196.090 nm. The instrument detection limit for the
method has been determined to be 0.4 pg/L. For a 10:1
dilution of a nominal 1 gsample, the detection limitis4pg/kg
and the linear range is up to 4 mg/kg. The method has
demonstrated statistical control for samples of biological and
environmental interest and is especially well suited to analy-
sis of small samples.

The aoourate and pracice determination of tofal seleniun n
saples of biolacal intarest hes been aoplicated by tre
retural pertaicwrg of thsnetalloid o aggnicand ror-—
ganic fons. These fams, which irciuce ssladte, Haite,
sk, allk-scleniun, and seleno-amino aoids, dl main-

Received September 6, 1989. Accepted January 3, 1990.
' Address correspondence to this author. Present address: Dept of Veteri-
nary Science, University of Idaho, Moscow, ID 83843

tain a distiot st of physical-denical pgertes tet pre-
cludeacaal gorocech o is. Furthremore, tteremay
be sa.eredamical argectreaapic interfae s hadhas.

Seleniun in biolagcal matrbes hes been rautirely deter—
mined by saaal methods irciudirg hydride gareration
atanic aosopan gectraretry (HG-AAS) (13, grghite
fumece atomic 1IN gectraretry (GF-AAS) (G6),
Tluororetry (~10), and ges chraratography (11-13). HG-
AAS hes been highly aoessiul inmost gplicatiaswithin
tre Iimitsofvell studied matrix interfaetess (14-16). Anal-
yais of s2lenium by HG-AAS s aomlicated by a narrow
working ccatration rae, which can requiredilluionand
resrelysis Tarsore saples.

Sigwficanteffarthes been placed on selleniun aelysis by
icLotively copled argon plasta (ICP) with atomic emis-
sion cetection (7, 18) and mass geechroretric detectian
9. Sarples have been introclced wsing both preurattiic
reulization and vepor gareratian (20-2)) .- The cain nana-
il sssitivity Lsirg hydriide vepor gereyation with 1CP-
atomic enission gectrosayy hes made ita most desirable
tEdnige, hoeer, tte gplicataon weally reopires gecial-
iz garatLs (5-2).

The essntiAl elarats of dll hydride gareration methods
Tar s=leniun ceteminataan are frst o relesse the seleniun
Tran ttematrix and oddize ittosladte, ssood o redoe
tresladate tosaite, third to redlce tre sslenite tohydro-
oen sk, and Taurth o sgarate the HZSe vagoor
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Manifold Pump

0.056" | h

0.031"

0.031"

—»

Sample

12MHCI
0.6% NaBH 4

Concentric Nebulizer
Figure 1. Continuous flow manifold for H2Se vapor

generation.

gentitation (1-3). Kaiseretd. (B) adVielz etd. (B, )
have shoan that digestion of seleniun ata high tarperature
nnitric, sfuric, and parchlaric ecids anpletely dstros
treataicmatrixand lieaessseleniunfroneenttencst
resistataplees. We davelgpadnodificatias toalloviar
srall sasple adlysis, sanpleratrixvariatian, and automa—

ton of sarple praaration and adlhysis. We desrilea sim-
ple O antinuous selenium vgpor gareratian n
which a stadard preunatic rdulizr beocores the ggs-
lgudsgaatar.

METHOD

Equipment and Apparatus
@ Inductively coupled argon plasma atomic emission

spectrometer.— Model 3520 sapantdal ICP (Aplied Re-
search Laoratories, Deartom, MI) with DPS 4.1 istru-
ment and data aalysis oftvare.

(b) Nebulizer.— Meinhard TR-30-A2 coatric, with
fliiehtn

(c) Autosampler.— ISIS (1ISX0, kt., Linmin, NE).

(d) Mixing manifoldfor H2Se vapor generation.— Faour—
darel paisaitic pump (inipuls 2, Gilsn, Middletmn,
W) wrth Viton pump tthirg, 1.4mm o, aneech; 0./6mm
O, o eech (Elkay Prodcts, e, Swendaury, MA, Gk
Nos. LK-116-06851-120and LK -116-0661-0/0) and polypro-
pylae barbed tees 14mm d (Cole-Pamer, Chicap, I
Gat. No. YB-06335-77). Tubing 1o autosapler, resgait
reenoirs, and reulizer B 1L.6mm PTHE. Srall plesss of
Viton tubing aomect tess toeaech other and TOPTFE tbirg.
Figure 1shons aarectios.

(e) Temperature-controlled sample digester.— Digestaan
System 40, 1016 Dagester, and Autostep 1012 Controller
(Tecator, Seden) . Aitan edgpter plateof32mm alluminum
with 17 mm holles on 1 of heater blodk to hold digestion
thes.

(f) 10 mL digestion tubes.— Kimax 10: 0.12mL gradu
atsdaiftuetie, 16 X 150mm (\o. 45071, Kinble Sciae
Pradlcts, Toledb, OH) -

Instrument Operating Parameters

@ Sample pump speed.— Sample yotake aoout 3 ML/

min; HC1 and NaBH4 uptake rates aboout 0.8 mL/min &t
maximum pump e, Ratiics of saple toacidand saple
torad ctantaredetermined by diareters ofrenirfold tLbirg.

Flow rate srotaitica s laygss itsstehle throghout i

©®) Argon flows.— Gamier 1.0 L/min; colat 120 L/
min; plasma ggs 0.8 L/min. These are stadard setigs
reconmended by merufecturer.

(C) ICP operating conditions.— Pre-integratintime 0

three integatios 10 seedh; sapler riree tire 15 s vave-

lepth 195.020 mm; offHeek bed<ground arnectian &
+0.032 and —0.040 mm; gdrotouktplier biss 110; RF fa—
ward poner 1150W at27 MHz ; reflectad poner <10 W.

(CD Calibration pomts—0.0 :IOO,aDI:}I)I\/g/L blark
Sbtractinves ot usad.

Reagents

(@ Concentrated hydrochloric, nitric, and perchloric ac-
ids.— Trace-metal aslysis grace (IrstraAalyad, J T.
Baer, . Las, MO).

©®) concentrated sulfuric acid.— Ultrgoure (Seestar
Cremicalls, Ltd, S=ttle, WA) . Selenium iscommon cortam-
irent N sufuric acd ad marufecturers do ot rautarely
anlyzfar i; testeach new Intecairst: lotofknown perform-
ate.

©) selenium stock standard.— 1000mg/L ofSe asSe02
nvater (EM Sderce, Cherry Hill, NJ).

(CD 5M Hydrochloric acid.

(e) Sodium borohydride solution.— 0.86. Dissohe four
0.3gEKsoNaBH4 (B, ikt AlfaAVentran, Deners,
MA) n200mL 0.5% WA/ sodiumhydroxick. Prepare fiesh
ol daly.

@ Liquid argon.— \AEIdirgga:b-

© water.— Prepare m NANOPure NI (S/horavBam-
Stesd, Bostmn, MA) ceianizer wirth draracall filtration

Q’]) Fe, Zn, Cu, Cd, Pb, and Hg stock solutions.— 1000
rlpi%I/LN])atonic aosoption stacards (EM Saiane, Cherry

(i) Selenium compounds.— Selenarethionine (Sigra
Cremical @., . Laiis, MO); sodiun sslerate (Aldrich
Chamical, Milwaukee, WI); trinethylssleiun icoice
(Ogimelallm Itc., EsstHapsteed, NH) dried nveou-

(i) Reference materials.— (7) Bovine Liver SRM 1577a
Natacal Irstituie of Stardhards and Tedrolagy (NIST),
Gartrerdorg, MD], @ Trace Elerents n Water SRM
16430 QNIST). @ Dogfish mscle referate naterial far
traenetals, DORM-1  [Natdaal Research Goucill ofCan-
ada (NRCC), Ottana, Ontario, Caredd], ¢ ) Dogfish Inar
refarae material for trae netals, DOLT-1 (NRCO).
O Ldster hepatgpanaress narire referate naterial far
traenetals and atter elerats, TORT-1 (NRCO).

@) standards.— Intemediate stachrts ae 1. ad
100 mg Se/L 0.25M HC1. Prepare stachrds in 10 mL
digsstaontubes by pipettarg 0.100m L ofF 1.0mg/L interme-
diate far 10.0Mg/L starclrd and 0.30mL of 10.00mg/L
intermadiate far 300 Mg/L stathrd. Also prepare a blake
Digsst blarks and stardards nsame manner as saplies.

Sample Preparation

@ \Weigh 1015 gwet t.se, ar vweich 0.50.5 g
Cesicatad tis e, ar piet 1mL blood into 10mL digesstion
e, Label tubes with bladk permanent marking pn. For
desicatad tiss e saples, add about 0.5 mL water and va-—
tednix. Add 3.0mL cocentrated nitricacidand aePTFE
koilirg stoe o each e, Let mixture reect at room tem-
perature farabout 1h, withaoeesiaal gntdesuirg. Using
e digester, heat by ramp from arbiet © 70°C m1h
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Check thaet dissoluian Baotplete, then heatt by ramp fran
70 10 175°C n30min and hold 0 min aruntl dl solutios
are recload o about 2-3 mL. Gool 1o room tenperature.

Add 1.0mL sutuniceadand 1.0mL parchlaricecadand mix
gtly. A program found tominimize bunping and toilloas
saudired belov:

Temp.,°C Ramp, min Hold, min
190 D &0
210 10 20
20 20 20
310 20 5

Since saple heatirg and colirg rales vary Sig
with the eact type of digestar heatiing blak, holld tines and
ranps willl recuire enpirical adjustrent.

Cool toroom , and slolyadd 8 mL 5M hy~
drahlloricaad. Add fastfew drgos of ecid very sloy with
surirg o prevent gattariy. Vortex-mix solutian, then re-
tum tubes todigsster o reduce a 95°C far 15 min. Gool ©
room terperature, and dilute o 10mL mark with deianized
vater_ Vortex-mix tuhes

ly.
(b)  Modify aove procedure Tarother saples es Tdllos:

For water aalysis, add 1.0mL sulfuricacid and ane PTFE
boilirg chiptoa 10mL saple. Heatt at 105°C oemigttar
utal volure Breduced thabout 2-3 ml. Add 1.0mL per-
dhlaricacidand anine inprocedre. Foraalysisof
skiinmed arhamogenized milk, add 1mL coontrated nitric
acid ad ane PTFE oilirg chiptoa 3mL saple. Heat by
ramp 10 175°C n30min, and holdutalvolure Breduced o
about2mL and aninewith inprocedre. For geci-
menswithmore then4mg/kg and kesstren 40 mg/kg of S,
ue 0.5-1.0g saple. After nitricacid dissolutian, diluie o
10.0 mL wath vater. Trarsfer 1.00mL alig.ot of digested
Dluint 10mL digestion tue and antane warth digestion
prooscure incoporatang dilutio s inbb Gladatios. Stardy
plent matter dissohves rpidly innitricacid, but tads ool
dry a this staE; after niteElly vigorass dissolution, add
addrtiael 1.0mL nitricacd

Interference Study

Prepare setof 100 ¢4 Se/L. solutias by pipettarg 0.100
mL of 10.0mg Se/L intemediate stachrd into sies of
digestion ks, Pipet ingqargariiate volunes of 1000mg/L
stodkmetal solution 1o yield desiired cooentratias of it
farirg 0L Add 1L.0mL HC104 and 1.0mL H 2504 toesth.
Contanue wrth sanplle preparation prooscure begiming with
190°C digestion. Prepare blaks, antrdls, and clilration
statards nsare naer. Amalyze sarples nnormal fash-
i Metals tested nthisway vwere Fe and Zn up o 150 mg/
L; Cuup o 5my/L; ad o, Ad, addHg up to5my/L.

Sample Analysis

Comect hydride gareration nenrfold with conoentrated
hydrachloric acid introclced at farstmixiing teeand sodium
bordhydrice solution introdliced at secod & Igiite tadh,
ad then stlart nenirfold punp. Adjust reflected poner
belav 10W. Let systemwarm up and stebilize far 20 min.

Gllibrate instrurent with 00, 100, and 30 ng Se/L
starolrts at begimiing ofeach . Rootmean-souare redla-
e ceviatiin (autoratically camputed by DPS softvare)
suld ke lestren 4% faran acogpteble caliyation. Aallyze

al0.0jgSe/L statadaftareery 20 sarples tovaify tet
drift Bwithin acceptzble linits.
Results and Discussion

We have gpliad this procedure toaarie.y of bidkaoacal
natrbes, and foud itsstisfectay nrearly eary ae. In

ractice, vepor-gaerataan 1ICP (VGICP) maintairs a lirer
working rage of 0.04 o4 mg/kg of S, asauminga 1g

sanple and anaminal 10-4old dilumon. A 3-adkr ofmagni-
ek working range minimizes tre arelytical difficities
foud with tre rernov acentratdian rage of
HGAA adGFAA adhais. Use oftte Meinhard rdulizer
a6 a ges-liquid ssparator proves o ke an aocorate and effi-
aat method of sarple inbriodl.ction inio tre ICP system.
The hydrice generation menirfold displayed nFigue 1 B
siple, Ireqgasive, ad esllymaintained n routire goera-
0. The sanplle preparation procsss repuires anly amodest
amunt of sarple, nesds little s ervision duning the digess-
o, reguires no gentitatinve liqud trasfas, ad allos
batch sies of 40 tkes.

The instrurent cetection limit sclaulated as 3X SD of
tre sty of tre blak stadard (Which B integratsd
trie) tires tresiqeoftrealioation Ire. Inpactice, this
valle B0 A100.6/1g/of . Ryplicateaalssofsaples B
usd Ineach batch toealuate the rgestzbillity of the prooe-
dure. The relatine stadard cbviatios Tar & pairs of blood
sarples determined oer a periad of 5 montns gave a kay-
normal distriiutianvwhere 90% of the mirshave <12% RSD
ad the georetric mean wes 1.660RSD. Farty~finve mirsof
Inasaples hed <8% RSD at tre Oth paraatile and a
georetric mean of 1.96RSD. These datitics irclue tre
utErtainties ofboth sarplling and determinataon.

No denical interfaratss were deenad n tre hydnice
greration proess far imnup o 130 mg/L, agqper p o 15
mg/L, zZircup 1© 10mg/L, leedup ©5mgy/L, and cadni-
um up o5mg/L, whichvwerettehigest lbdistedtal This B
arsistentwith previas work (14). Mercury caused an 8%

In at tre loest led e, 1mg/L, and a 16%
chressicnat 5mg/L. Response of tredigestinprocedre o
tte demical form of the seleniummoiety wes tested usig
solutio s of sodiun sEladte, trimethylselamiun e,
and slepethimine; Se rioaies were T 97-
100%, 101-108%, and 99-100%, which Earsistat with
Welz etd. (D). The offHesk badkground carection oints
at +0.032 and —0.040 nm were slected after scamiimg a
prepared Se starchrd uder VG ICP arditios.

It B Inportant. o rote et use of tte NaBH4 redcig
agent antamirates tre ICP rdulizr and tordh essarbly
with sbstantial boron reside. Aqarentdy, \oltille boron

intreveste trgpare sloMy relessedand causean
ustable badgroud N susagEnt boron cetermiretias.
Hence, boron aslysis will reguire a sgarate rdauliar,
toh, and veste assanbly.

Memory effedts have ot been ss;m in rautire saple
aelysis, but can coour under some diraunstances. Sarples
that antain Se graater then 10 mg/kg willl heve amemory
effiect. Metal dgositaan ntremenifold coounred rarelywith
sarples artamirmg\veryhich ledlsofoqaper armercury ttet
casd fiuctating memory effedts. The hydriide gerevator
and reulizr can ke cleared naitu by sUstrtutarg concen-
trated nitricacid far the sodium borchydriide solution; dilute
agLa regiavalll remove netal dgaosits na fewminutes.

The rdulizr Brotbeling usad ssameans of Intrad.cirg
Iiqud ino tte plastg, but ratter as a means of striyiy
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NIST BOVINE LIVER 1577a

Selenium Concentration (mg/kg)

0.9
0.85 +2 Standard Deviation
08
A
A A
0.75 za AA A A _AA A AA AA%
0] AN MAA A M A AM
A A A A ZAA &
0.7 a-aa A A-A—a: Reference Value
’ A A A
A A
0.65 H -
06 1
-2 Standard Deviation
0.55
05 4—
11/19/87 06/06/88 12/23/88 07/11/89

Date
Figure 2. NIST Bovine Liver 1577a control chart for VGICP selenium method.

\oetile t°Se from tre ligd ad inbrodlcirg ttet o tte slildlydue totreautoratic tipfiushand trevater presatu-
plesre. We qoerate the rdulizr nrear-stachrd aodli-  rationofttecamiarges tretarestarchrd featuresof this 1ICP
tosotatswtthing betneenVGICP and preumatticndo-  Systam.

Izt reguires o adjustment of tre e flov. Saltdepo- The digestion programs were gotimized enpirically. The
gtiminterdulizrand tordhhesrotbeenaprdblen; ttis main aitariafargoimizirgvere () tominimize kssofSeat

NIST WATER 1643b

Selenium Concentration Img/kgl

0.0115

-Tir +2 Standard Deviation

0.0105

MmO

Reference Value

0.0095

>>

0.009 H
AR -2 Standard Deviation

0.0085

0.008 ,--emv
11/19/87 06/06/88 12/23/88 07/11/89

Date

Figure 3. NIST Trace Elements In Water 1643a control chart for VGICP selenium method.
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NRCC DORM-1

Selenium Concentration (mg/kg)

2
19
+2 Confidence Interval
18
0 17 A A A'?A&
AAA &
A a A
& AMA—  Reference Value
16 AA
A
A
15
14
-2 Confidence Interval
13
11/19/07 06/06/88 12/23/88 07/11/09
Dale
Figure 4. NRCC DORM-1 control chart for VGICP selenium method.

trehigestteperature, (2) toprevanttretubes franbump-
igand iligoar, ad @) toreduce foaming attredtartor
diigestion. The heatiing periad a£310°C nust be lagenough
el dl te HC104,but rot <0 lag a5 to\otilie tre
lenium. When dense vhirte fures firt form intte ygper

portion of tre digestion s, tre digestin i aoplete.

Overteating will cause poor rgetzbillity and ttre caliration
anewll becore mliresr.

The niggedhessoftte VG I CP seleniummethod ves tested
intrearalysisofnumerous starchrd referaenaterialsoer
an 18+Hmoth pariad. These incluced SRM 1577a Bovire
Livar, SRM 16430 Trace Elenaits in \ater, DORM-1

NRCC DOLT-1

84

74

72 4

a8 1
66 1

6.4
i
62 —

11/19/87 06/06/88

Figure 5.

12/23/88

Date
NRCC DOLT-1 control chart for VGICP selenium method.

Selenium Concentration (mg/kg)

+2 Confidence Interval
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-2 Contidence Interval
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NRCC TORT-1

Selenium Concentration Img/kg)

+2 Confidence Interval

Reference Value

S Q
& -

66J
6.4k
62 m
6 j a

A

>

-2 Confidence Interval

5.8

5.6 -T- T

11/19/87 06/06/88

Figure 6.

dgfishmecle, DOLT-1 dogfish Ina, ad TORT-1 kdster
. The resulits of tre aalyses oer tte study
tine periad are presanted inFigures 2 through 6. The mean
\aluss and stachrd ceviatics are lisielinTable 1 Correla-
tiowith pblisrad\aluess Becellet fardl refaraemate-
riksecgpt NRCC TORT-1, which shoas a ngative devi-
ation from the acogpted \valle. We carot acoount far tre
TORT-1 resits, hut KBrot amatrix interfarae bscase
we get 97% recnvery of Se spiked inthisatr i
An i method carparisonwes performed us-
irg 3other aoogpted methods of aalysis. The seleniunana—
il methods (3D) inchuded: () hydriice gareratianatomic
aosoptian folloving dry ashirgwirth magnesium nitriate, @
Zeaman-corrected grachinte fumece atamiic aosorptian fol-
loving nitriicacid digsstian, and Q) neutron activatian arell-
yais Tolloving seleniun precipitation of digested sanplles by
hypophosphorous acid and Nuclegpore membrane filltratio
The fieldalledted specinas axsisted of 16 fish Ina-ad

Reference material selenium concentrations
(mg/kg) by VGICP analysis

Table 1.

Vapor generation

Reference material Reference value ICP value Count
NIST

Bovine Liver

1577a 0.71 + 0.07a 0.73 £ 0.03s 106

Trace Elements in

Water 1643b 0.0097 + 0.0005s 0.0098 + 0.0011s 26

NRCC
DORM-1 1.62 £ 0.126 1.64 + 0.026 58
DOLT-1 7.34 + 0.426 7.15 + 0.01b 66
TORT-1 6.88 + 0.47b 6.16 = 0.096 21

a Standard deviation.
b95% confidence interval.

12/23/88

07/11/89

Date
NRCC TORT-1 control chart for VPICP selenium method.

mixed s esaples, 12 ofttiss e inartdxatesaples, ad
47 bird Ina-and nuscle tisse saplles. The resullts of tte
study are presanted in lagHay plats (Figure 7). Bamination
of tte figure shoas unirform good aonrelation of the arelysis
resdits. Srall anounts of sEtter can ke dosenad intte lov
tre etire cata rae wes ks tren 10%. This segecilly
encouraging N arsiceratian of tre variiad sarple prepara-
Conclusions

The VGICP method far seleniun deteymiretion demon-
ouired farrautire arelyais. The digsstionand arelysis proto-
alsae fullyareneble to programed goaration and auto-
sapling. The aalysis reguires minimal saople, a strag
arsiciratin inbiovadical adlysis. The 3-arder ofmagni-
tuckworking range asvell as adstential freedom fromma-
trix and demical interfarae make VGICP a rigyas
method far seleniunaalysis.
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METHOD PERFORMANCE

an

Diagnostic Data Evaluation. Part Il1l. Collaborative Study Evaluation: Standard Deviation

Considered To Be A Constant

ANTHONY J. MALANOSKI

U.S. Department of Agriculture, Food Safety and Inspection Service, Washington, DC 20250

The diagnostic evaluation of the crude protein collaborative
study Identified possible problems with a standardized inter-
val for the KJeldahl digestion, with sample preparation, and
with excess sample weights. The standard deviations for the
ham and the beef samples cannot be considered to be repre-
sentative of the method because of these problems. The
standard deviations for the frankfurter and the pork sausage
samples for ail analysts met the performance standard of

0.24. There was no evidence of analyst bias.

The need for diagnostic data evaluation is well demonstrated
by subjecting a crude protein collaborative study (1,2) to the
techniques described. For the purposes of diagnostic data
evaluation, the study was well designed because there were
sufficient replicate analyses by each analyst on each sample
to identify possible problem areas. The diagnostic evaluation
will be limited to the basic Kjeldahl portion of the study. At
the time, the study was considered to be successful, although
the standard deviations for the different meat products were
not as consistent as they should have been for well homoge-
nized samples.

Protein determination by the Kjeldahl method is a classic
definitive procedure. The method is extremely simple, and it
is possible to obtain a high degree of accuracy in all of the
measurements. However, to increase productivity and sim-
plicity, the digestion time appears to have been standardized
to a finite time by the laboratories rather than the 30 min
after clearing of the digest as specified in the official final
action method (3). The standardized time may not have been
evaluated adequately for all samples of the study.

Historically, the determination of protein in meat products
was first performed for regulatory purposes on emulsified
products like the cooked sausage. Such products are more
homogeneous before sample preparation for analysis. For
increased productivity with the “ganged digestion units,” the
units are usually controlled with a common automatic timer.
For the emulsified meat products, it was possible to standard-
ize the digestion time to approximately 1 h and still achieve
very acceptable standard deviations for repeatability.

But for other products such as hams and dried and ground
beef that are not so finely divided before sample preparation,
homogeneity problems confound the analytical problems.
The diagnostic analysis of the collaborative study data was
performed to determine if additional method evaluation or
sample preparation was necessary.

Performance Standards

The proposed standards of performance that will be used
to evaluate the data are based on a well homogenized sample.

Received February 3, 1987. Resubmitted November 9, 1988. Accepted
February 20, 1989.

Data were derived from the Meat Industry Technical Ser-
vices (MITS) Check Sample Series. The second set of values
for the performance is based on error analysis of the method
(manuscript in preparation). The “tighter” standard from
the error analysis of the procedure is attainable and possibly
should be lower. The standard deviation for reproducibility
(sx) for the error analysis was assumed to be 150% times the
standard deviation for analyst repeatability (sa). The stan-
dards were also considered to be preliminary standards be-
cause the MITS samples did not cover the concentration
range of the collaborative study.

Check  Error
sample analysis
Standard deviationsfor:
Analyst repeatability (sa) 0.24 0.21
Method repeatability (s0) 0.24
Method reproducibility (sx) 0.32 0.315
Critical differencesfor:
Analyst (ra) 0.68 0.59
Repeatability (r) 0.68
Reproducibility (R) 0.90 0.89
Analyst (ra99) 0.876 0.77
Repeatability (r99) 0.876

Reproducibility (R99) 1.17 1.15
Normalized difference

Single value should not exceed

3 times sx(99.7% confidence interval) 0.96

2.58 times sx (99% confidence

interval) 0.83
2.0 times sx (95.5% confidence
interval) 0.64

Experimental

Six samples, 1 pork sausage, 1 frankfurter, 1 ham, 2
ground beef, and 1dried beef, with a protein range from 10.7
to 30.30%, were studied. Quadruplicate analysis was per-
formed on different days. The data are listed in Table 1 with
the statistics from the collaborative study. The statistical
evaluation was completed by the method of Steiner (4).

Diagnostic Evaluation

The pork sausage and the frankfurter were the only sam-
ples that met the proposed standards. The standard devi-
ations of 0.277 (s0) and 0.328 (sx) could be considered mar-
ginally acceptable for ground beef 1. The standard deviations
for the remaining 3 samples were accepted at that time
because the collaborative study was done for the purpose of
determining method equivalence. The higher variability was
attributed to the problem of achieving a homogeneous sam-

ple.
Wi ith the development of the diagnostic evaluation tech-
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Table 1. Protein collaborative study data
Pork Frank- Ground  Ground Dried
Anal. sausage furter Ham beef 1  beef 2 beef
1A 10.60 11.20 15.80 17.60 20.90 30.70
10.40 11.20 15.90 17.20 20.70 29.70
11.10 11.30 15.90 17.20 21.10 30.60
10.60 11.30 15.90 17.30 20.40 29.50
1B 10.60 11.00 16.30 17.40 20.30 30.60
10.40 10.90 15.50 17.50 20.90 31.00
10.80 11.10 16.50 17.10 20.40 30.80
10.50 11.10 15.80 17.10 20.50 31.10
2A 10.79 11.35 15.14 17.83 21.30 30.51
10.80 11.44 15.20 17.90 20.77 30.67
10.72 11.40 15.16 17.82 21.38 30.50
10.73 11.41 15.28 17.90 20.84 30.54
2B 10.89 10.89 15.72 17.62 20.37 29.82
10.78 11.09 15.16 17.12 21.08 29.76
10.87 10.87 15.67 17.64 20.35 29.79
10.70 11.13 15.17 17.14 21.14 29.76
3A 10.70 11.10 16.10 17.20 20.70 29.80
10.80 11.20 16.40 17.70 22.00 30.60
10.60 11.10 16.30 17.20 20.60 29.70
10.50 11.30 16.40 17.90 21.90 30.70
3B 10.70 11.10 15.30 17.20 20.50 29.80
11.00 11.10 16.10 17.50 20.90 30.00
10.40 11.20 15.40 17.40 20.50 29.30
10.80 11.10 16.10 17.50 20.50 30.20
4A 11.10 11.40 15.90 17.60 20.60 30.30
10.90 11.30 15.90 17.30 21.80 29.80
10.70 11.50 15.40 17.60 21.10 30.60
10.70 11.60 16.60 18.00 22.10 29.60
4B 10.80 11.00 16.10 17.20 21.30 30.40
10.40 11.10 16.20 16.90 21.30 30.40
10.50 11.10 16.00 17.70 21.70 30.70
10.50 11.30 16.20 17.20 20.90 30.60
5A 10.49 10.54 16.57 17.04 20.94 31.00
10.64 11.03 16.89 17.02 20.47 29.87
10.89 10.90 16.57 17.20 21.72 30.91
10.99 11.24 16.87 16.73 20.44 30.06
5B 10.59 10.94 16.72 17.35 20.90 30.30
10.50 10.88 16.14 17.36 21.02 30.70
10.76 11.20 16.84 17.34 21.23 30.55
10.76 11.14 16.40 17.52 20.84 30.84
X 10.70 11.15 15.99 17.40 20.96 30.30
s0 0.160 0.183 0.346 0.277 0.489 0.496
X 0.195 0.201 0.554 0.328 0.500 0.496

niques for more in-depth data analysis, this study was an
excellent choice to determine if other factors influenced and
caused the higher variability. The data were normalized by
subtracting the average value for each sample from the indi-
vidual value reported by each analyst. The normalized values
are listed on Table 2 with each analyst’s normalized averages
(xa) and each analyst’s standard deviations (sa). All analysts
have higher values for sa than the proposed standard of
performance of 0.24. Analyst 4 with xa = 0.102 may have a
high bias because xadoes exceed £0.092(0.32*2/4805).

The 4 normalized replicates for each day were averaged
and the averages are listed in Table 3. With Table 3, the
differences for the averages that exceed the critical differ-
ence ra = 0.32 are listed. The normalized averages that
exceed xafor 4 samples are also identified. The critical differ-
ences for the averages that exceed the critical differences are
also listed with Table 3.

The design of the study with 8 replicate analyses on each

sample was ideal for diagnostic purposes because it was pos-
sible to determine a normalized average (xa) and the savalue
for each sample. They are listed in Table 4. The values that
do not meet the purposed standards of performance are also
identified. The combination of the higher standard devi-
ations, the excessive number of critical differences between
laboratories for the normalized averages that exceed the
standard, and the bias for many of several of the samples
suggest the sample homogeneity was the most probable cause
for the higher standard deviations for the ham and the beef
samples.

Diagnostic Evaluation of Specific Samples

Ham.— sample averages for the 2 different days for ana-
lysts 2 and 5 exceed the 99.7% confidence interval of +0.48
(sx*3/405). The exclusion of the values for both analysts
reduced sx to 0.35, which would have been a marginally
acceptable level at the expense of eliminating 40% of the
data. The problems of obtaining a homogeneous meat sample
are exemplified by this sample. The bias exhibited by the
results from the 2 analysts compensate with regard to the
sample average but are responsible for the higher than ac-
ceptable standard deviation.

Ground beef— Ground beef 1 was initially marginally
acceptable. Analyst 2 with an average of 0.4625 for day 1
exceeds the 99% confidence interval of 0.45. Analyst 5 with
an average of —0.405 exceeds the 95.5% confidence interval
of 0.32. Three analysts (2, 4, and 5) have critical differences
that exceed the performance standard of 0.32. The savalues
of analysts exceed the method repeatability performance
standard of 0.24. For 8 samples, the standard deviations of
0.256 and 0.254 for analysts 3 and 5 could be considered
marginally acceptable. Sample nonhomogeneity is the most
probable cause for the higher standard deviations and the
bias. This sample, however, is more consistent in homogene-
ity because the higher standard deviations are evidenced by
the data from 4 of the 5 analysts.

The results from ground beef 2 are very similar to those
from ground beef 1. The standard deviations for saexceed the
performance standard for all 5 analysts, and bias was exhibit-
ed for the data of analysts 1and 4 (Table 4). Sample homoge-
neity was a major cause of the unacceptable performance.

Dried beef.— The diagnostic data evaluation for this sam-
ple was essentially the same as for ground beef 2.

Discussion

The method and the data were subjected to a critical path
analysis to identify causes for the higher than expected stan-
dard deviations (manuscript in preparation). For the emulsi-
fied product and the pork sausage, the performance stan-
dards were determined from the Check Sample Series and by
the error analysis.

Because the data from the samples that did not meet the
performance standards were obtained from product that had
not been cominuted or had only been ground through a coarse
plate, the first process that should be investigated is the
sample preparation. It is imperative that food choppers have
well sharpened knives and plates. The sample preparation
procedure should include requirements that knives and plates
be sharpened regularly or replaced.

One process often overlooked in the cutting and mixing
actions in a meat chopper is the action between the worm and
the barrel. Worms and barrels should be maintained as a
matched set and replaced when excessive wear is observed.
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Table 2. Protein collaborative study normalized data3
Pork Frank- Ground Ground Dried
Anal. sausage furter Ham beef 1 beef 2 beef xa sa
1A -0.10 0.05 -0.19 0.20 -0.06 0.40
-0.30 0.05 -0.09 -0.20 -0.26 -0.60
0.40 0.15 -0.09 -0.20 0.14 0.30
-0.10 0.15 -0.09 -0.10 -0.56 -0.80s
1B -0.10 -0.15 0.31 0.00 -0.66s 0.30
-0.30 -0.25 -0.39 0.10 -0.C6 0.70s
0.10 -0.05 0.51 -0.30 -0.56 0.50
-0.20 -0.05 -0.19 -0.30 -0.46 0.80s -0.056 0.342
2A 0.09 0.20 —0.85s 0.43 0.34 0.21
0.10 0.29 -0.79s 0.50 -0.19 0.37
0.02 0.25 -0.83s 0.42 0.42 0.20
0.03 0.26 -0.71s 0.50 -0.12 0.24
2B 0.19 -0.26 -0.27 0.22 -0.59 -0.48
0.08 -0.06 -0.83s -0.28 0.-2 0.54
0.17 -0.28 -0.32 0.24 -0.61 -0.51
0.00 -0.02 -0.82s -0.26 0A8 -0.54 -0.085 0.407
3A 0.00 -0.05 0.11 -0.20 -0.26 -0.50
0.10 0.05 0.41 0.30 1.04s 0.30
-0.10 -0.05 0.31 -0.20 -0.36 -0.60
-0.20 0.15 0.41 0.50 0.94s 0.40
3B 0.00 -0.05 -0.69s -0.20 -0.46 -0.50
0.30 -0.05 0.11 0.10 -0.06 -0.30
-0.30 0.05 -0.59 0.00 -0.46 -1.00s
0.10 -0.15 0.11 0.10 -0.46 -0.10 -0.040 0.386
4A 0.40 0.25 -0.09 0.20 -0.36 0.00
0.20 0.15 -0.09 -0.10 0.84s -0.50
0.00 0.35 -0.59 0.20 0.14 0.30
0.00 0.45 0.61 0.60 1.14e -0.70s
4B 0.10 -0.15 0.11 -0.20 0.34 0.10
-0.30 -0.05 0.21 -0.50 0.34 0.10
-0.20 -0.05 0.01 0.30 0.74s 0.40
-0.20 0.15 0.21 -0.20 -0.06 0.30 0.102 0.360
5A -0.21 -0.61 0.58 -0.36 -0.02 0.70s
-0.06 -0.12 0.90s -0.38 -0.49 -0.43
0.19 -0.25 0.58 -0.20 0.76 0.61
0.29 0.09 0.88s -0.67s -0.52 -0.24
5B -0.11 -0.25 0.73s -0.05 -0.06 0.00
-0.20 -0.27 0.15 -0.04 0.06 0.40
0.06 0.05 0.85s -0.06 0.27 0.25
0.06 -0.01 0.41 0.12 -0.12 0.54 0.080 0.407

413

aData normalized by subtracting average value for each sample from individual analyst value.

6Value exceeds the 95.5% confidence interval of 0.64.
cValue exceeds the 99% confidence interval of 0.83.

dValue exceeds the 99.7% confidence interval of 0.96.
eValue exceeds the 99.9% confidence interval of 1.05.

Passing the product 3 times through a chopper with sharp
cutting edges and well matched parts as specified in Official
Methods of Analysis, section 24.001 (section 983.18, 15th
Ed.), will provide a sample with the necessary homogeneity
to meet performance standards.

The digestion time coupled with the sample weight may
also have been causes for the failure to meet the performance
standards. The AOAC Kjeldahl method (3) specifies that the
sample be digested an additional 30 min after clearing. Un-
fortunately, there is a high probability that the digestion
units used in most laboratories have an automatic timer. The
emphasis on productivity prevents the analyst from observing
each digestion. Widely different sample weights, if the ex-
treme values that are acceptable in the method are used, may
require different total digestion times. The method as pres-
ently written should be revised for the laboratories of the
present. It may be necessary to develop a matrix according to

sample composition. Conversely, only samples of similar ma-
trixes should be digested at the same time so that automated
equipment will maintain analytical quality.

Recommendation

It is recommended that method refinement be performed
so that the automated analysis can be performed with the
precision and accuracy inherent in the method.
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Table 3. Tabulation of normalized replicate dally
averages (xa) and differences between days

Pork Frank- Ground  Ground Dried
Anal. sausage furter Ham beef 1  beef 2 beef
1A -0.025 0.100 -0.115 -0.075 -0.185 -0.175
1B -0.125 -0.125 0.060 -0.125 -0.4358 0.575*
[DIFF] 0.100 0.025 0.175 0.050 0.250 0.750*
2A 0.060 0.250 —0.795* 0.4638 0.113 0.255
2B 0.110 -0.155 —0.560* -0.020 -0.225 —0.518*
[DIFF] 0.050 0.405e 0.235 0.483'" 0.338 0.773*
3A -0.050 0.025 0.285 0.010 0.3409 -0.100
3B 0.025 -0.050 -0.265 0.000 -0.3609 -0.4758
[DIFF] 0.075 0.075 0.550' 0.010 0.700c 0.375
4A 0.150 0.300 -0.040 0.225 0.4408 0.225
4B -0.150 -0.025 0.135 -0.150 0.3409 0.225
[DIFF] 0.300 0.325 0.175 0.375 0.100 0.000
5A 0.052 -0.222 0.735* -0.4058 -0.068 0.160
5B -0.048 -0.110 0.535* -0.008 -0.038 0.298
[DIFF] 0.100 0.332 0.200 0.397 0.030 0.138

8Exceeds the 99% confidence interval of 0,413 for xai
* Exceeds the 99.9% confidence interval of 0.526 for xa.
c Exceeds the ra999 of 0.559

dExceeds the 99.7 % confidence interval of 0.48 for xa
e Exceeds raof 0.34.

' Exceeds ra® of 0.438.

9 Exceeds the 95.5% confidence interval of 0.32 for xa.

Table 4.
standard deviations (sa) and normalized sample averages

Protein collaborative study tabulation of analyst

(xa)
Pork Frank- Ground  Ground Dried

Anal. sausage furter Ham beef 1 beef2 beef
lsa 0.231  0.141 0.2928 0.185 0.293s  0.586s
l1xa -0.075 -0.013 -0.028 -0.100 -0.310* 0.200
2sa 0.069  0.234 0.240 0.320s 0.394s  0.416s
2 xa 0.085 0.0475 -0.678* 0.221 -0.053 -0.131
3sa 0.188  0.029 0.429s 0.256s 0.632s  0.470s
3xa —C.125 -0.012 0.022 0.050 -0.010 -0.288*
4sa C.233 0.210 0.342s 0.350s 0.496s  0.396s
4 xa 0.000 0.138 0.048 0.038 0.390*  0.000
5sa 0.180  0.227 0.261s 0.254s 0.411s 0.414s
5 xa 0.003  0.166 0.635* -0.205 -0.015 -0.229*

8Exceeds :he performance standard for the method saof 0.24.
* Exceeds :he 99% confidence interval of +0.291 for xai

c Exceeds the 99.9% confidence interval of £+0.372 for xa

* Exceeds the 99.5% confidence interval of 0.226 for xa.

Diagnostic Data Evaluation. Part 1V. Evaluation of A Check Sample Series To Determine

Analyst Performance

ANTHONY J MALANOSKI

U.S. Department of Agriculture, Food Safety and Inspection Service, Washington, DC 20250

Data from a check sample series were subjected to diagnos-
tic data evaluation. The chemical analyses that were per-
formed were moisture, protein, and fat In meat products.
Four performance outliers were identified (1 protein, 1 mois-
ture, and 2 fat values). With the performance outliers exclud-
ed from the statistical evaluation, the analyst standard devi-
ation ranged from 0.088 to 0.218 for protein, 0.145 to 0.393
for moisture, and 0.271 to 0.378 for fat. No bias was present.
All laboratories were able to meet the established standards.
With the limited number of samples It was not possible to
attribute any reasons for the outliers.

The evaluation of a series of check samples to determine if
analysts or laboratories are competent and have met the
performance standards of the method is a very simple proce-
dure when the mean difference or the mean ratio is used to
perform the evaluation. The evaluation process with normal-
ization described by the author (1) can be used for determin-
ing the equivalence of methods or analysts. The determina-
tion from the normalized data of an analyst’s repeatability
(sa) and bias as expressed by the normalized average (xa) is
basically a determination of equivalence.

Received February 3, 1987. Resubmitted November 9, 1988. Accepted
February 20, 1989.

The determination of equivalence for different methods
can be done and has been reported by the author (2). The use
of the normalization technique is independent of method.
The sa and xa are identified as pertaining to the analyst;
however, when the same analyst uses different methods, the
descriptors could also be identified with the method. In fact,
with the normalization technique, comparisons can be made
of different methods when used by different analysts.

In any multi-method/multi-analyst study, the number of
analysts participating is critical. ldeally, the study should
have 6 analysts who analyze 12-15 samples. The minimum
number of analysts needed to evaluate method performance
is three. If there are only 3 analysts, the number of samples
analyzed by each analyst should be doubled.

This check sample series evaluation demonstrates the ease
with which individual analyst performance can be monitored.
The use of either normalization technique can be performed
with a statistical calculator or with a personal computer
using appropriate software. With a functioning laboratory
quality control program, all analysts in a laboratory should
obtain equivalent results.

The data for this example will be taken from the Meat
Industry Technical Services (MITS) 1985 Check Samples
Series. The analyses that were performed in the series were
moisture, protein, and fat. The average values reported for
MITS, as the best estimate of the analyte present, will be
used in the normalization of the individual values.
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Performance Standards

The standards of performance from the Chemistry Quali-
ty Assurance Handbook (3) (CQAH), as determined by
error analysis (EA) (manuscript in preparation) and target
standards (TARSTD) are:

Protein

Standard deviationsfor: CQAH TARSTD EA
Analyst repeatability (sa) 0.24 0.22 0.18
Method repeatability (s0) 0.24 0.24
Method reproducibility (sx) 0.32 0.30 0.27

Critical differencesfor:
Analyst (ra) 0.68 0.62 0.51
Method repeatability (r) 0.68 0.68
Method reproducibility (R) 0.90 0.84 0.76
Normalized average (xa):
Acceptable range (n = 9) +0.20
Acceptable range (n = 10) +0.19

Moisture

Standard deviationsfor: CQAH TARSTD EA
Analyst repeatability (sa) 0.46 0.32 0.111
Method repeatability (sO) 0.46 0.46
Method reproducibility (sx) 0.65 0.47 0.166

Critical differencesfor:
Analyst (ra) 1.30 1.20 0.314
Method repeatability (r) 1.30 1.30
Method reproducibility (R) 1.83 1.36 0.47
Normalized average (xa):
Acceptable range (n = 9) +0.31
Acceptable range (n = 10) +0.29

Fat

Standard deviationsfor: CQAH TARSTD EA
Analyst repeatability (sa) 0.63 0.36 0.197
Method repeatability (s0) 0.63 0.63
Method reproducibility (sx) 0.66 0.54 0.295

Critical differencesfor:
Analyst (ra) 1.78 0.94 0.557
Method repeatability (r) 1.78
Method reproducibility (R) 1.87 1.53 0.834
Normalized average (xa):
Acceptable range (n = 9) +0.36
Acceptable range (n = 10) +0.34

The CQAH performance values are general performance
standards for all analysts. The TARSTD values are the per-
formance standards that an experienced analyst should meet.
The TARSTD values will be used in the evaluation. The EA
values are shown to indicate the performance that many of
the analysts should be able to attain when effective quality
controls are used.

Diagnostic Evaluation

Protein.—Tables 1 and IN are the tabulations of the raw
and the normalized protein data. The averages and the stan-
dard deviations have been determined for each sample. Sam-
ple 4 is the only sample that does not meet the standard of
performance for the method for reproducibility. The value of
1.0 for the difference between laboratories 3 and 5 exceeds
the critical difference R = 0.84.

Laboratory 3 did not meet the performance standard for
analyst repeatability. For the normalized values (Table IN),
the difference of 1.0 between Samples 3 and 4 exceeds the
critical difference ra = 0.62. The sample represented by the
normalized value of 0.9 is the performance outlier. With the
exclusion for Laboratory 3 of these values for Sample 4 from
the raw and normalized data, the standards of performance
are met.

Moisture.— Tables 2 and 2N are the tabulations of the raw
and the normalized moisture data. The performance stan-
dards for sxand sawere not met for Sample 8 and Laboratory
6, respectively. The critical difference R = 1.36 was exceeded
by the difference between Laboratories 1and 6 (R = 1.6).
From the normalized data (Table 2N), the difference of 1.6
between Samples 8 and 9 for Laboratory 6 exceeded the
critical difference ra = 1.20. The analytical value that is the
performance outlier is the value for Sample 8 from Laborato-
ry 6. When the value for this sample is excluded from the
evaluation, the performance standards of the method are met
(see Tables 2 and 2N).

Fat.— Tables 3 and 3N are the tabulations of the raw and
the normalized fat data. Samples 6 and 8 and Laboratories 3
and 6 did not meet the standards of performance for sxand sa,
respectively. The critical difference R = 1.53 of the extreme
values is exceeded for Sample 6 (R = 1.6) and Sample 8 (R =
1.9). From the normalized data (Table 3N) the critical dif-
ference ra = 0.94 of the extreme values is exceeded by Lab-
oratory 3 (R = 1.7) and Laboratory 6 (R = 1.3). When the
sample values represented by the normalized values for the
1.3 reported for Sample 6 by Laboratory 3 and the 1.0 for
Sample 8 by Laboratory 6 are excluded from the evaluation,
the performance standards of the method are met (see Tables
3 and 3N).

Two of the performance outliers from Laboratory 6 were
for the same sample. The possible cause of the performance
outliers may have been caused by fat separation in the sample
during transit and storage. The separated fat may not have
been reincorporated evenly before sample analysis. The 2
performance outliers from Laboratory 3 for Samples 4 and 6
may be due either to the sample nonhomogeneity or to a
problem in the laboratory. There is not sufficient data to
assign the most probable cause of the performance outliers.
For laboratories that have quality control programs, the sam-
ples would have been available for reanalysis and would have
been reanalyzed when the critical values for R or ra were
exceeded. A review of the Tables IN, 2N, and 3N indicates
that the laboratories do not have a measurable bias, because
all of the x are within the 95.5% confidence range for the
different analytical methods.

Conclusions

Diagnostic data evaluation with normalization of the indi-
vidual results with the averages provides a quantitative mea-
sure of the analyst’s repeatability with single sample analysis.
It also provides a quantitative measure of the analyst bias
when the analyst average is compared to the overall average.
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Table 1. MITS Check Sample protein data

Samples
Lab. 1 2 3 4 5 6 7 8 9
1 17.9 — 18.0 15.4 11.0 115 17.6 15.5 14.7
2 18.3 16.4 17.7 15.4 11.2 11.4 17.6 15.5 15.2
3 18.3 16.7 17.8 (16.2) 11.1 11.3 17.7 15.6 15.1
4 18.5 16.4 17.6 15.3 11.1 11.4 17.6 15.8 15.1
5 18.2 16.4 17.7 15.2 10.9 15 17.6 15.7 15.0
6 18.1 16.3 18.1 15.4 11.4 116 17.4 15.6 15.0
All values: 1
X 18.2 16.4 17.8 155 11 11.4 17.6 15.6 15.0
sX 0.204 0.152 0.194 0.360 0.171 0.105 0.098 0.117 0.172

With 16.2 excluded:
X 15.3
S* 0.089

Table IN. MITS Check Sample protein data normalized with MITS average

MITS averages used for normalization:

X 18.3 16.6 17.8 15.3 11.2 11.5 17.7 15.7 15.1
Samples
Lab. 1 2 3 4 5 6 7 8 9
1 -0.4 — 0.2 0.1 -0.2 0.0 -0.1 -0.2 -0.4
2 0.0 -0.2 -0.1 0.1 0.0 -0.1 -0.1 -0.2 0.1
3 0.0 0.1 0.0 (0.9) -0.1 -0.2 0.0 -0.1 0.0
4 0.2 -0.2 -0.2 0.0 -0.1 -0.1 -0.1 0.1 0.0
5 -0.1 -0.2 -0.1 -0.1 -0.3 0.0 -0.1 0.0 -0.1
6 -0.2 -0.3 0.3 0.1 0.2 0.1 -0.3 -0.1 -0.1

All individual normalized averages (x) and standard deviations (sa):

Laboratory
1 2 3 4 5
-0.122 -0.070 0.050 -0.070 -0.110
Sa 0.205 0.116 0.310 0.149 0.088

With 0.9 excluded:
xa 0.044
Sa 0.088

10

17.0
16.9
17.0
16.8
17.0

16.9
0.089

10

-0.
-0
-0.
-0.
-0.

P ow kRN R

-0.033
0.218
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Table 2. MITS Check Sample moisture data

Samples

Lab. 1 2 3 4 5 6 7 8

1 74.7 — 63.9 63.9 51.8 50.4 62.4 56.1

2 74.8 57.6 63.8 63.9 52.3 50.5 62.7 57.2

3 75.1 58.0 64.0 63.9 52.0 50.6 62.8 57.1

4 74.7 57.5 62.9 63.4 51.7 50.7 62.4 56.7

5 75.0 57.8 63.9 63.7 51.9 50.5 62.3 56.7

6 74.8 58.0 63.3 64.0 52.4 50.5 61.9 (55.5)
All values: 1

X 74.9 57.8 63.3 63.8 52.0 50.5 62.4 56.6

SX 0.164 0.228 0.437 0.219 0.279 0.103 0.319 0.644
With 55.5 excluded:

X 56.8

% 0.434

Table 2N. MITS Check Sample moisture data normalized with MITS average

MITS averages used for normalization:

X 74.7 57.8 63.5 63.7 51.9 50.3 62.5 56.6
Samples

Lab. 1 2 3 4 5 6 7 8
1 0.0 — 0.4 0.2 -0.1 0.1 -0.1 -0.5
2 0.1 -0.2 0.3 0.2 0.4 0.2 0.2 0.6
3 0.4 0.2 0.5 0.2 0.1 0.3 0.3 0.5
4 0.0 -0.3 -0.6 -0.3 -0.2 0.4 -0.1 0.1
5 0.3 0.0 0.4 0.0 0.0 0.2 -0.2 0.1
6 0.1 0.2 -0.2 0.3 0.5 0.2 -0.6 (1-10)

All Individual normalized averages (x) and standard deviations (sa):

Laboratory
1 2 3 4 5
Xa 0.089 0.210 0.290 -0.070 0.100
0.318 0.208 0.145 0.291 0.170

With 1.10 excluded:

xXa

Sa

53.1
53.9
54.0
53.9
53.8
53.2

53.7
0.394

-0.6
0.2
0.3
0.2
0.1

-0.5

417

10

68.5
68.8
68.8
68.8
68.6

68.7
0.134

68.7

10

-0.2
0.1
0.1
0.1
0.1

0.122
0.519

0.000
0.393
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Table 3. MITS Check Sample fat data

Samples

Lab. 1 2 3 4 5 6

1 1.6 — 14.9 17.1 27.9 28.8

2 1.8 22.3 15.0 16.5 28.2 29.1

3 1.6 22.9 15.1 16.7 29.1 (30.4)

4 1.5 22.7 15.4 16.8 28.5 29.5

5 1.7 22.3 15.5 16.8 28.4 29.4

6 1.5 22.6 14.8 17.3 28.1 29.4
All values: 1

X 1.6 225 15.1 16.9 28.4 29.4

X 0.117 0.261 0.279 0.289 0.418 0.539
With 30.4 and 25.9 excluded:

X 29.2

X 0.288

15.9
16.2
16.2
15.8
16.1
16.0

16.0
0.163

24.9
24.1
24.7
25.1
24.4

(25.9)

24.9
0.625

24.6
0.398

Table 3N. MITS Check Sample fat data normalized with MITS average

MITS averages used for normalization:

X 1.7 22.4 15.1 17.1 28.4 29.1
Samples
Lab. 1 2 3 4 5 6
1 -0.1 — -0.2 0.0 -0.5 -0.3
2 0.1 -0.1 -0.1 -0.6 -0.2 0.0
3 -0.1 0.5 0.0 -0.4 0.7 (1.3)
4 -0.2 0.3 0.3 -0.3 0.1 0.4
5 0.0 -0.1 0.4 -0.3 0.0 0.3
6 -0.2 0.2 -0.3 0.2 -0.3 0.3

All Individual normalized averages (x) and standard deviations (sa):

Laboratory
1 2 3 4
-0.067 -0.150 0.170 0.100
0.278 0.314 0.533 0.309

With 1.3 and 1.0 excluded:
Xa 0.044
sa 0.378

16.0

-0.1
0.2
0.2

-0.2
0.1
0.0

24.9

0.0
-0.8
0.2
0.2
-0.5

(1.0)

0.000
0.271

28.2
27.7
27.3
27.5
27.6
28.1

27.7
0.350

27.7

0.5

0.0
-0.4
-0.2
-0.1

0.4

10

8.3
8.2
8.3
8.8
8.4

8.4
0.234

8.2

10

0.1
0.0
0.1
0.6
0.2

0.144
0.413

0.038
0.274
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MICROBIOLOGICAL METHODS

Comparative Study of Colorimetric DNA Hybridization Method and Conventional Culture
Procedure for Detection of Salmonella in Foods

SAMUEL W.CHAN, STEPHEN G. WILSON, MARCELA VERA-GARCIA, KEVAN WHIPPIE,
MARGARET OTTAVIANI, ANNA WHILBY, ALPA SHAH, ANDREW JOHNSON, MARK A

MOZOLA, and DONALD N. HALBERT

Gene-Trak Systems, 31 New York Ave, Framingham, MA 01701

A second generation nucleic acid hybridization assay has
been developed and evaluated against the conventional cul-
ture method for detection of Salmonellae in foods. The assay
Involves a liquid hybridization with Salmonella-specific oli-
gonucleotide probes, capture of probe:target hybrids onto a
solid support (plastic dipstick), and a colorimetric end point
detection. The assay can be completed in 2.5 h, following
approximately 44 h of culture enrichment. One thousand
samples representing 20 food types were analyzed In paral-
lel by both methods. Samples included uninoculated test
product, and product inoculated with Salmonella at 2 levels.
Eighteen Salmonella serotypes were used as inocula. The
data demonstrate that the colorimetric hybridization method
and the conventional culture method are equivalent in their
ability to detect Salmonella contamination of foods.

The recent application of nucleic acid hybridization technol-
ogy to the detection of salmonellae in foods and food ingredi-
ents has resulted in the development of a method that is
significantly more rapid than standard culture methods (1-
3), and is directly comparable in accuracy (4,5). The assay is
based on isolation and identification of regions of chromo-
somal DNA that are unique to saimonella. Detection of
salmonella results from a solid-phase (filter membrane)
hybridization of highly specific 3P-labeled nucleic acid
probes with these unique regions of DNA.

This first generation DN A hybridization (DNAH) meth-
od for detection of salm onella in foods has been subjected to
interlaboratory collaborative study (5) and obtained AOAC
official final action status in 1988. The method provides
results within 48 h, including the culture enrichment steps
prior to performing the 4 h DNAH assay procedure. The
reduction in analysis time is derived from the ability to defin-
itively identify negative cultures after only 48 h of enrich-
ment and assay, vs the 4-7 days required by the BAM/
AOAC conventional culture method (6, 7). The high degree
of accuracy is a result of the exceptional specificity that
resides in regions of the genetic material. This specificity has
been demonstrated by the low rate of false positive reactions
experienced across a wide variety of food types (4).

It is clear that analytical methods offering time savings
while maintaining accuracy can result in considerable benefit
to the food industry by reducing labor and inventory costs,
and by lessening the response time in the event of a contami-
nation problem. However, to achieve the necessary level of
accuracy, the first generation DNAH format required the
use of a radioisotope, 3P, for detection. For this reason, the
use of this test has been limited to those sites that are amena-
ble to the handling of radioisotopes.

Received August 24, 1989. Accepted January 4, 1990.

To broaden the accessibility of this technology, we have
developed a second generation DNAH salmonella assay
that utilizes an enzymatic detection method and a colorimet-
ric end point. This assay is based on the identification of
regions of ribosomal RNA (rRNA) that are unique tosal-
monella. The rRNA is present in 5000-10 000 copies/cell,
and this natural amplification of target allows the use of a
non-isotopic detection method. The assay takes approximate-
ly 2.5 h to perform, following a standard culture enrichment
as described for the first generation assay (5).

Whensalmonella rRNA (target) is present in the sample,
hybridization takes place between this target, a polydeoxy-
adenosine (polydA)-tailed oligonucleotide ““‘capture™ probe,
and a fluoresceinated oligonucleotide “‘detector” probe.
These targeticapture probe:detector probe complexes are
then captured on the surface of a polydeoxythymidine (poly-
dT)-coated plastic dipstick via hybridization of the polydA
and polydT moieties. Detection is accomplished by the bind-
ing of an anti-fluorescein-horseradish peroxidase conjugate
to the fluorescein-labeled detector probe and enzyme-medi-
ated conversion of a chromogen to a colored product. The
reaction is stopped after a specific time, and the colorimetric
end point is read in a simple photometer at 450 nm. Details of
the development of this assay and comparison to the first
generation DN AH test will be reported elsewhere (Wilson et
al., in press).

The objective of this study was to compare the perform-
ance of the colorimetric hybridization method to the BAM/
AOAC culture procedure for the detection of saimonella in
avariety of foods.

Experimental

Test Organisms

Eighteen salmonella species previously isolated from
foods were employed for inoculation (Table 1).

Preparation of Inoculated Foods

For preparation of inoculated dry-powdered, granulated,
and semisolid test products, freeze-dried cell pellets of sal-
monella Strains to be used as inocula were ground by mortar
and pestle and mixed with test product to produce primary
“‘seed”” stocks as described previously (4). “Seeds™ for dry
powdered and granulated products were prepared by dry-
blending ground freeze-dried cell pellets into 500 g uninocu-
lated product. ““Seeds’ for semisolid products (chocolate and
peanut butter) were prepared by blending ground freeze-
dried cell pellets into 500 g melted (45°C) test product. The
seeds were held 4-14 days at 25°C to allow stabilization of
the levels of viable salmonellae. The number of viable sal-
monella/g Of “seed” was estimated by plate count on selec-
tive media. After stabilization and estimation of contamina-
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Table 1.

Test product Test organism

Pork Salmonella anatum
Roast beef Salmonella agona
Turkey Salmonella weltevreden

Peanut butter Salmonella cubana

Shrimp Salmonella muenster
Coconut Salmonella rubislaw
Pecans Salmonella typhimurium
Fish Salmonella derby

Nonfat dry milk Salmonella bovismorblficans

Milk chocolate Salmonella senftenberg

Pepper Salmonella rubislaw
Dry casein Salmonella havana
Gelatin Salmonella derby
Dry eggs Salmonella infantis

Yeast (inactive) Salmonella siegberg

Soy flour Salmonella amsterdam
Dry pasta Salmonella drypool
Bone meal Salmonella mbandaka

Cheese powder Salmonella meleagridis

Cake mix Salmonella montevideo

aCalculated Inoculation level = MPN of “seed” divided by 25.

tion levels in the seeds, the seeds were mixed with appropriate
amounts of the test products to obtain the desired levels of
contamination as defined below.

For all dry-powdered, granulated, and semisolid food
types, secondary seed stocks were prepared by serial dilution
(in test product) of the primary seed. Twenty 25 g test
samples were then prepared at the desired inoculation levels
(0.04-0.2 cells/g and 0.4-2.0 cells/g) by blending 1g of the
prepared seed stocks with 24 g uninoculated test product. To
determine actual inoculation levels, asalmonella MPN de-
termination was performed on the seed stocks on the day seed
was mixed with uninoculated product to produce the test
samples.

Moist products (pork, turkey, shrimp, and fish) were in-
oculated with an appropriate dilution of a 24 h broth culture
of the selected test organism. A single colony of the test
organism was inoculated into gram-negative (GN) broth
(Difco, Detroit, M) and incubated 24 h at 35°C. The cell
count was determined by direct microscopic count, and 0.1
mL of the serially diluted culture was added to 25 g samples
of the ground moist test product to obtain the desired levels of

Inoculated test products, test organisms, and inoculation levels

MPN of seed, Inoculation Calcd inoc. level,
cells/g level cells/ga
17 high 0.68

low 0.07
23 high 0.92
low 0.09

194 high >2.4
low 0.78
23 high 0.80
low 0.08
21 high 0.84
low 0.08
0.4 high 0.02
low <0.02
23 high 0.92
low 0.09
20 high 0.28
low 0.03
4.3 high 0.18
low 0.02
23 high 0.92
low 0.09

93 high >2.4
low 0.37
43 high 1.72
low 0.17
9.3 high 0.37
low 0.04
23 high 0.92
low 0.09
15 high 0.60
low 0.06
9.3 high 0.37
low 0.04
23 high 0.92
low 0.09
15 high 0.60
low 0.06
23 high 0.92
low 0.09
9.3 high 0.37
low 0.04

inoculation. A list of food products, test organisms, and in-
oculation levels is shown in Table 1

Analysis of Test Products

The 25 g samples were added to 225 mL of the appropriate
enrichment broth and analyzed by both the AOAC (6) or
Bacteriological Analytical Manual (7) culture procedure
and by the colorimetric DN A hybridization method. In addi-
tion, 10 uninoculated control samples of each food type were
enriched as described and analyzed. Samples employed as
controls were from the same production lots as the inoculated
samples. In cases where uninoculated product was demon-
strated to contain saim onella by either method, the isolated
salmonella Was serotyped to ensure that it was derived from
natural contamination.

BAM/AOAC Methods

The following products were pre-enriched by AOAC pro-
cedure 46.117,14th Ed. (967.26,15th Ed.): dried whole egg,
milk chocolate, nonfat dry milk, and casein (6). All other test
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Comparison of colorimetric DNA hybridization and BAM/AOAC procedures for detection of Salmonella in

inoculated test products

Table 2.

Samples Total

Product analyzed samples pos.a

Pork 40 32
Roast beef 40 37
Turkey 40 30
Peanut butter 40 40
Shrimp 40 29
Coconut 40 17
Pecans 40 37
Fish 40 28
Nonfat dry milk 40 34
Milk chocolate 40 39
Pepper 40 12
Casein 40 27
Gelatin 40 22
Dry egg 40 39
Yeast (Inactive) 40 40
Soy flour 40 28
Dry pasta 40 40
Bone meal 40 34
Cheese powder 40 30
Cake mix 40 35
All products 800 630

Samples positive

Colorimetric DNA hybridization

BAM/AOAC Assays (x2d Confirmeds (X2)
32 32(****)s 32 (***¥)
37 37 (****) 37 (****)
25 30 (2.29) 29 (1.50)
40 40 (****) 40 (***¥)
28 30 (0.50) 29 (0.00)
17 17 (....) 17 (....)
37 37 (****) 37 (****)
28 28 (****) 28 (****)
34 34 (****) 34 (****)
39 39 (****) 39 (****)
12 12 (***-) 12 (==m- )
27 25 (0.50) 25 (0.50)
21 22 (0.00) 21 (0.50)
39 39 (*r**) 39 (*r**)
40 40 (****) 40 ('***)
27 28 (0.00) 28 (0.00)
40 40 (****) 40 (***¥)
34 34 (****) 34 (****)
26 29 (0.80) 29 (0.80)
33 35 (0.50) 35 (0.50)

616 628 (5.50) 625 (3.37)

aSamples positive by BAM/AOAC method plus additional samples positive by cDNAH assay and confirmed from culture media.

6 Results of colorimetric assay not considering subsequent confirmation.

cResults of colorimetric assay including confirmation by isolation of Salmonella from culture media.

dx2 = (|samples positive by cDNAH and negative by BAM/AOAC - samples positive by BAM/AOAC and negative by cDNAH| — 1)2 T- (samples
positive by cDNAH and negative by BAM/AOAC + samples positive by BAM/AOAC and negative by cDNAH).

e Statistical analysis not applicable because cDNAH and BAM/AOAC results agreed for all samples analyzed.

products were pre-enriched according to BAM methods (7),
except raw fish, raw pork, raw shrimp, and raw turkey. These
products were pre-enriched in lactose broth as described for
processed meats (4, 7). Selective enrichment, isolation, and
preliminary screening of typical saimonella colonies were
performed by AOAC methods (6). Presumptive positive col-
onies were chosen from the selective/differential agars and
isolates identified according to AOAC methods (6).

Colorimetric DNA Hybridization (¢cDNAH) Method

The same sample pre-enrichments described above for the
BAM/AOAC methods were employed for the colorimetric
DNA hybridization assay. Selective enrichments of all sam-
ples except raw flesh foods (fish, poultry, pork, shrimp) used
for the hybridization assay were incubated 6 h at 35°C.
Following incubation, the selective enrichments were mixed
using a vortex mixer, and 1 mL was transferred from each
selective enrichment to separate 10 mL tubes of GN broth.
The selective enrichments were returned to 35°C for an
additional 18 + 2 h. The GN cultures were incubated 12-16
h at 35°C prior to performance of the colorimetric DNA
hybridization assay. Selective enrichments of raw flesh foods
were incubated 16-18 hat 35°C prior to transfer toGN. The
GN cultures were then incubated 6 h prior to assay. In
addition, the selective enrichments were reincubated for an
additional 6 h.

GN cultures were analyzed for saimonella using the col-
orimetric Gene-Trak® salmonella assay (Gene-Trak Sys-
tems, Framingham, MA). Reagents and equipment are
available from the manufacturer and are as described previ-

ously (8). The method was performed as follows: Sample GN
cultures (0.25 mL from each of the 2GN broths per sample)
were added to 12 X 75 mm glass tubes. The bacteria were
lysed, and nucleic acids were denatured for 5 min at room
temperature by addition of 0.1 mL 0.75N NaOH. Samples
were neutralized with 0.1 mL 2M TRIS-HC1 (pH 7.5); the
tubes were covered and incubated 15 min in a 65°C water
bath. One-ter.th mL of a solution containing the fluorescein-
ated reporter oligonucleotides and the dA-tailed capture oli-
gonucleotides was added to each tube, and the tubes were
mixed briefly and returned to the water bath.

Following 15 min hybridization at 65°C, a polydT-coated
plastic dipstick was placed into each sample tube. Tubes were
shaken and retumed to the water bath for an additional 60
min of incubation at 65°C. This incubation allows for cap-
ture of the targeticapture probe:detector probe complexes by
hybridization of the dA-tailed capture probe to the polydT on
the surface of the dipstick. During this incubation, the con-
centrated anti-fluorescein-horseradish peroxidase conjugate
was diluted 1:100 in IX wash buffer, and 0.75 mL aliquots
were transferred to a clean set of 12 X 75 mm test tubes.

After capture of the hybridization complex, dipsticks were
removed, blotted briefly onto adsorbent paper, and washed 1
min at 65°C in prewarmed 1X wash buffer. The dipsticks
were then washed a second time for 1 min at room tempera-
ture in 1X wash buffer. The dipsticks were removed from the
wash basin, blotted, transferred to the tubes containing con-
jugate, and incubated 20 min at room temperature. This
allows the anti-fluorescein-horseradish peroxidase conjugate
to bind to the fluorescein. During the 20 min incubation, 0.75
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Comparison of colorimetric DNA hybridization and BAM/AOAC procedures for detection of Salmonella in

uninoculated test products

Table 3.
Samples Total
Product analyzed samples pos.a

Pork 10 0
Roast beef 10 0
Turkey 10 2
Peanut butter 10 0
Shrimp 10 0
Coconut 10 0
Pecans 10 0
Fish 10 0
Nonfat dry milk 10 0
Milk chocolate 10 0
Pepper 10 0
Casein 10 0
Gelatin 10 0
Dry egg 10 0
Yeast (inactive) 10 0
Soy flour 10 0
Dry pasta 10 0
Bone meal 10 0
Cheese powder 10 0
Cake mix 10 0
All products 200 2

Samples positive

Colorimetric DNA hybridization

BAM/AOAC Assay6 (x 2d Confirmedé (x2)
0 0(*‘*T 0(****)
0 0(****) or***)
2 2 (****) 2 (****)
0 or***) or***)
0 or***) 0 (****)
0 or***) or***)
0 or***) or***)
0 or***) or***)
0 or***y or***)
0 or***) or***)
0 or***) or***)
0 or***) or***)
0 or***) or***)
0 or***) or***)
0 or***) or***)
0 OI’***) or***)
0 or***) or***)
0 OI’***) or***)
0 or***) or***)
0 or***) or***)
2 2 (*r**) 2 (***%)

aSamples positive by BAM/AOAC method plus additional samples positive by cDNAH assay and confirmed from culture media.

b Results of colorimetric assay not considering subsequent confirmation.

c Results of colorimetric assay including confirmation by Isolation of Salmonella from culture media.

* x 2= (J]samples positive by cDNAH and negative by BAM/AOAC —samples positive by BAM/AOAC and negative by cDNAH| — 1)2-r (samples
positive by cDNAH and negative by BAM/AOAC + samples positive by BAM/AOAC and negative by cDNAH).

e Statistical analysis not applicable because cDNAH and BAM/AOAC results agreed for all samples analyzed.

mL aliquots of a mixture of substrate/chromogen (2:1 v/v)
were transferred to a new set of 12 X 75 mm test tubes.

At the end of the conjugate incubation, the dipsticks were
removed, washed twice for 1 min each at room temperature
in 1X wash buffer to remove unbound conjugate, blotted,
transferred to tubes containing substrate/chromogen, and
incubated 20 min at room temperature to allow color devel-
opment. At the end of this incubation, the dipsticks were
removed and discarded and the color development process
terminated with the addition of 0.25 mL 4N sulfuric acid.

Optical density (OD) was determined with a spectropho-
tometer at 450 nm. The positive cutoff value was generated
by the addition of 0.10 to the negative control OD. Test
samples producing an OD greater than the negative control
OD + 0.10 were considered to be presumptively positive.

Samples producing positive hybridization results were fur-
ther analyzed to confirm the presence of saimonella by
streaking corresponding GN and selective enrichment broth
cultures to xylose lysine desoxycholate (XLD), Hektoen en-
teric (HE), and bismuth sulfite (BS) agar plates. Initial
attemps at confirmation were made using the GN cultures;
the selective enrichments were used for confirmation only in
the event that confirmation was not obtained from the GN
cultures. All subsequent steps in identification of suspicious
colonies were performed as described above for the BAM/
AOAC method.

Data Analysis

A pair-wise statistical analysis of the methods was per-
formed for each food group, using the method of McNemar

(9). An x2value of >3.84 was indicative of a significant
difference at the 5% probability level.

Results and Discussion

Inoculated Foods

Test products, inoculated organisms, and calculated inocu-
lation levels of the test products determined on the day com-
parative analyses were initiated are presented in Table 1 The
MPN data indicate that, for most products, the desired in-
oculation levels were achieved. For a few products, inocula-
tion levels were higher than expected, but in no case did the
MPN for the low level inoculation exceed 1 cell/g.

The comparative data associated with each inoculated test
product are presented in Table 2. In all cases, 40 samples
were analyzed (20 low and 20 high level inoculated samples).
The number of samples positive by BAM/AOAC, the
cDNAH assay not considering subsequent culture confirma-
tion, and cDNAH assay and confirmed by isolation of sa -
monella from the GN or selective enrichments are reported
(Table 2).

The cDNAH assay and confirmatory data were statistical-
ly compared to the results of the BAM/AOAC analyses. A
total of 800 inoculated samples were analyzed. Positive re-
sults were obtained on 628 samples using the cDNAH assay
of which 625 were confirmed by isolation ofsaim onella from
the GN or selective enrichments. Six hundred sixteen sam-
ples were positive by BAM/AOAC. There was perfect agree-
ment between cDNAH confirmed and BAM/AOAC data
for 13 of the 20 foods: pork, roast beef, peanut butter, coco-



CHAN ET AL.. J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990) 423

Table 4. Comparison of colorimetric DNA hybridization and BAM/AOAC procedures for detection of Salmonella in all test
products
Samples positive
Colorimetric DNA hybridization
Samples Total
Product analyzed samples pos.a BAM/AOAC Assay6(x 2d Confirmed3 (X2

Pork 50 32 32 32(****)e 32 (***¥)
Roast beef 50 37 37 37 (¥**¥) 87.()
Turkey 50 32 27 32 (2.29) 31 (1.50)
Peanut butter 50 40 40 40 (****) 40 (****)
Shrimp 50 29 28 30 (0.50) 29 (0.00)
Coconut 50 17 17 17 (**'*) 17 é****?
Pecans 50 37 37 37 (***%) 37 (.

Fish 50 28 28 28 (****) 28 (****)
Nonfat dry milk 50 34 34 34 (**x¥) 34 (***%*)
Milk chocolate 50 39 39 39 (****) 39 (****)
Pepper 50 12 12 12 (¥***) 12(..)
Casein 50 27 27 25 (0.50) 25 (0.50)
Gelatin 50 22 21 22 (0.00) 21 (0.50)
Dry egg 50 39 39 39 (***») 39 (****)
Yeast (inactive) 50 40 40 40 (****) 40 (+**¥)
Soy flour 50 28 27 28 (0.00) 28 (0.00)
Dry pasta 50 40 40 o * 40 (*«*«)
Bone meal 50 34 34 34 (**x*) 34 (****)
Cheese powder 50 30 26 29 (0.80) 29 (0.80)
Cake mix 50 35 33 35 (0.50) 35 (0.50)
All products 1000 632 618 630 (5.50) 627 (3.37)

3Samples positive by BAM/AOAC method plus additional samples positive by cDNAH assay and confirmed from culture media.

b Results of colorimetric assay not considering subsequent confirmation.

cResults of colorimetric assay including confirmation by isolation of Salmonella from culture media.

dX2= (| samples positive by cDNAH and negative by BAM/AOAC —samples positive by BAM/AOAC and negative by cDNAH| — 1)2 5 (samples
positive by cDNAH and negative by BAM/AOAC + samples positive by BAM/AOAC and negative by cDNAH).

e Statistical analysis not applicable because cDNAH and BAM/AOAC results agreed for all samples analyzed.

nut, pecans, fish, nonfat dry milk, milk chocolate, pepper, dry
egg, yeast, dry pasta, and bone meal. There were some dis-
crepancies between the number of positive samples by BAM/
AOAC and the cDNAH confirmed data for 7 of the foods
tested, but in no cases were these differences statistically
significant (i.e., x2 > 3.84). Considering the data for all
inoculated products, the cDNAH assay was statistically
equivalent to BAM/AOAC for detection of Salmonella in
the 20 foods tested (x2 = 3.37).

Uninoculated Control Foods

Comparative data for uninoculated control products are
presented in Table 3. There was perfect agreement between
cDNAH confirmed and BAM/AOAC data for all 20 foods.
Two samples of one food type (turkey) were found to be
naturally contaminated. Salmonella was isolated and char-
acterized serologically as a different serovar (group B) com-
pared to the inoculated serovar (group E).

All Products

A summary of the data for all samples analyzed is present-
ed in Table 4. A total of 1000 samples was analyzed. Six
hundred thirty samples were positive by the cDNAH assay of
which 627 were confirmed positive by isolation of Salmonel-
la from the GN post-enrichment cultures or selective enrich-
ments. Six hundred eighteen samples were positive by the
BAM/AOAC culture method. Defining a false negative as a
negative reaction on a sample found positive by isolation of
Salmonella by any method, there were 14 false negatives by
BAM/AOAC (2.2%) and 5 false negatives (0.8%) by
cDNAH confirmed.

There were 17 samples positive by the cDNAH assay,
which were negative by BAM/AOAC, but 3 of these were
not confirmed by isolation of Salmonella from associated
culture media (tetrathionate broth, selenite cystine broth,
and GN brcth cultures). Assuming these unconfirmed posi-
tives to be false positives indicated a false-positive rate of
0.8% (3 unconfirmed positive assays/368 samples negative
for Salmonella). Itis noted that of the 627 samples positive
by cDNAH confirmed, confirmations were obtained from
the GN post-enrichment cultures alone in all but 9 cases (2
on raw shrimp, 7 on raw pork). The remaining 9 samples
could not be confirmed from the GN broths, but confirma-
tions were obtained using the associated tetrathionate broth
and selenite cystine broth selective enrichment cultures.
While this indicates that confirmation can be obtained from
the GN broths alone in the vast majority of cases, it is
advisable to retain the selective enrichment cultures from
samples producing positive hybridization assay results for
additional attempts at confirmation when this is not accom-
plished from the GN cultures. As is indicated by the results of
this study, failure to achieve confirmation from the GN
cultures is more likely to occur for samples containing a
heavy burden of competitor microflora, such as raw meat
products.

Summary

The performance of a recently developed colorimetric
DNA hybridization assay for Salmonella was compared to
the standard BAM/AOAC culture method. A total of 1000
samples consisting of inoculated and uninoculated control
samples representing 20 different foods was analyzed. Eigh-
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teensalmonella species were included in the study. saimo-
nella Was inoculated into foods at levels similar to those that
might be present in naturally contaminated foods. The re-
sults demonstrated that the cDNAH method was as effective
asthe BAM/AOAC culture method for all conditions evalu-
ated. Considering all samples analyzed, false negative rates
for the BAM/AOAC culture method and the confirmed
cDNAH assay were 2.2% and 0.8%, respectively. Assuming
all samples that could not be confirmed by isolation of sai-
monella by the BAM/AOAC or cDNAH confirmation pro-
cedures negative, the false-positive rate for the cDONAH as-
say was 0.8%. On the basis of these results, the cDNAH assay
appeared to be an effective procedure for rapid detection of
Salmonella in foods.

An AOAC collaborative study involving 11 laboratories
has recently been completed and the colorimetric DNA hy-
bridization method for saim onella in foods has been adopted
official first action. The results of the collaborative study
have been reported separately (8).

(1)

(2)
(3)

(4)

(5)

(6

)

()

(8)

(9)
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MYCOTOXINS

Comparison of Two Immunochemical Methods with Thin-Layer Chromatographic Methods

for Determination of Aflatoxins

MARY W. TRUCKSESS and KATHRYN YOUNG

Food and Drug Administration, Division of Contaminants Chemistry, Washington, DC 20204

KEVIN F. DONAHUEZ®
Boston University, Boston, MA 02215
DEBORAH K. MORRIS and ERNIE LEWIS

International Diagnostic Systems Corp., St. Joseph, M1 49085

Three different methods were compared for the determina-
tion of total flatoxIns in corn and peanuts naturally contami-
nated with aflatoxins and in corn, peanuts, cottonseed, pea-
nut butter, and poultry feed spiked with aflatoxins B1; B2 and
Gv The 3 methods were an enzyme-linked Immunosorbent
assay (ELISA) screening test; a monoclonal antibody-affinity
column-solid-phase separation method; and the AOAC offi-
cial thin-layer chromatography (TLC) methods for all except
poultry feed, for which Shannon’s TLC method for mixed feed
was used. The ELISA test Is designed to provide only positive
results for total aflatoxins at >20 ng/g or negative results at
<20 ng/g. The affinity column separation is coupled with
either bromination solution fluorometry to estimate total afla-
toxins or liquid chromatography (LC) to quantitate individual
aflatoxins. Fluorodensltometry was used to determine afla-
toxins In commodities analyzed by the TLC methods. The LC
and TLC results were in good agreement for all the analyses.
The results for the affinity column using bromination solution
fluorometry were similar except those for cottonseed, which
were about 60 % higher. The ELISA screening method cor-
rectly Identified naturally contaminated corn and peanut pos-
itive samples. No false positives were found for controls. The
correct response for spiked corn, raw peanuts, peanut butter,
and cottonseed at >20 ng aflatoxins/g was about 90%. The
correct response for spiked poultry feed at >20 ng aflatox-
ins/g was about 50%.

Biotechnology offers new tests for rapid, simple, and sensitive
determination of aflatoxin contamination in grains and grain
products. These tests are based on the affinity of the mono-
clonal or polyclonal antibodies for aflatoxins. The antibodies
are covalently attached to Sepharose in an affinity column, to
a membrane attached to a plastic or paper holder, or to wells
in microtiter plates, as in several enzyme-linked immunosor-
bent assays (ELISA) (1-4). These immunochemical meth-
ods use specific antibodies to capture the aflatoxins in food
extracts.

As the popularity of the immunoassays grows, the demand
to replace some of the older methods with these faster meth-
ods continues to increase. Thus the effectiveness of some of
these methods for aflatoxin analysis needs to be evaluated.
Fifteen sets of test samples containing various levels of afla-
toxins Bi, B2, and Gi in com, peanuts, peanut butter, cotton-
seed, and poultry feed were prepared (5). Twelve sets of the
test samples were used in a collaborative study of an ELISA
test kit. One set was analyzed by the AOAC official thin-
layer chromatography (TLC) methods for com, peanuts, and
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1Present address: Vicam, Somerville, MA 02145.

peanut butter (AOAC 26.026-26.031, 14th Ed.; 968.22,
15th Ed.) and for cottonseed (AOAC 26.052-26.058, 14th
Ed.; 980.20A-G, 15th Ed.) (6), and by Shannon’s method for
mixed feed (7). The remaining 2 sets were analyzed by the
ELISA method used in the collaborative study (5) and an
affinity column separation method (8). The ELISA method
(5, 9) was designed to give positive results for commodities
containing >20 ng aflatoxins (B], B2 Gi)/g. In the affinity
column method, the final test sample extract can be used for
total aflatoxin estimation by solution fluorometry with bro-
mine (Br2method) or for quantitation of individual aflatox-
ins B], B2 Gi,and G 2by liquid chromatography (LC) with a
UV detector (LC method). Results obtained by the 2 immu-
nochemical techniques were compared with those obtained
by the AOAC official TLC methods. The effectiveness of
these newer methods depends on their overall agreement with
the official methods.

Experimental

Test Samples

Portions of 25 Ib each of ground com, peanut butter, and
raw peanuts were analyzed according to AOAC 26.026-
26.031 (968.22) and 26.058 (980.20G) (6); cottonseed was
analyzed according to AOAC 26.052-26.058 (980.20A-G)
(6). The method of Shannon et al. (7) was used for the
analyses of poultry feed. All commodities were found to
contain <2 ng total aflatoxins/g. Corn, raw peanuts, peanut
butter, and poultry test samples were spiked in duplicate with
total aflatoxins Bj, B2, and Gi at 30, 20, and 10 ng/g. The
ratio ofBi:B2G] was 10:1:3. Test samples of cottonseed were
spiked in the same manner but at 60, 20, and 10 ng/g. The
artificially contaminated (spiked) test samples, controls (<2
ng/g), and naturally contaminated corn (101 ng/g) and pea-
nut meal (69 ng/g) test samples (analyzed according to
AOAC 26.026-26.031 (968.22) were used in this study.

Apparatus and Reagents

See refs, 5, 6, 7, and 8 for the complete listings. An abbre-
viated list that includes the most important items is given
below.

(@) Generalequipment.— High-speed blender; micropipet
and tips; filter paper; test tube (12 X 75 mm, borosilicate);
timer; syringe (20 mL).

(b) Fluorodensitometer — 366 Nm excitation, 420 nm
emission.

(©) TLC plates— Silica Gel 60.

(d) Fluorometer.— Sequoia Turner Model 450 (360 nm
excitation filter, 450 nm emission filter).

(e) Affinity column.— Aflatest-P (Vicam, Somerville,
MA 02145).



426 TRUCKSESS ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

(f) Lc system.— Injector, pump, UV detector, and Cig
column.

(@) ELISA test kit.— ImmunoDot Screen Cup (Interna-
tional Diagnostic Systems Corp., St. Joseph, M| 49085),
consisting in part of the following: antibody-coated cup; afla-
toxin-enzyme conjugate; phosphate-buffered solution (pH
7.2); tetramethylbenzidine aqueous solution (0.4 g/L); hy-
drogen peroxide solution (0.02% in 0.13% aqueous citric

acid).

TLC Methods

Portions of comn, raw peanuts, and peanut butter were
extracted with chloroform and water and the extracts were
analyzed according to AOAC 26.026-26.031 (968.22) (6).
Cottonseed was extracted with aqueous acetone as described
in Pons’ method, AOAC 26.052-26.058 (980.20A-G) (6).
Poultry feed was blended with dichloromethane and citric
acid as indicated by Shannon et al. (7). All final extracts
were analyzed and quantitated by a TLC-fluorodensitome-
tric technique.

Monoclonal Antibody Affinity Column Method (8)

Extraction ofcorn, cottonseed, andpoultryfeed — Weigh
50 g test portion into blender. Add 100 mL methanol-water
(8 + 2) and blend for 1 min at high speed. Filter, and collect
12 mL filtrate. Add 36 mL water, mix, and pipet 8 mL
(equivalent to 1g test sample). Proceed with column chroma-
tography.

Extraction of peanuts and peanut butter.— Weigh 50 g
test portion into blender. Add 5g NaCl and 125 mL metha-
nol-water (6 + 4). Blend 1 min at high speed. Add 125 mL
water, and blend at low speed for 2 s. Filter, and collect 5mL
(equivalent to 19 test sample). Proceed with column chroma-
tography.

Column chromatography.— Couple monoclonal antibody
column to 30 mL syringe barrel with connector. Add test
extract to syringe barrel, and use syringe plunger to push
extract through column. Flow rate is ca 6 mL/min. Remove
syringe, take plunger out of barrel, and reconnect syringe to
column. Add 20 mL water to barrel and apply pressure to
push water through. Remove as much water from packing as
possible. Place small test tube under column. Add 1 mL
methanol directly to column and use syringe to push it
through column (1-2 drops/s). Use fluorometer cuvet as
receiver to collect eluate and continue with quantitation by
either bromination solution fluorometry or LC (eluate is
equivalent to 19 test sample).

Estimation of total aflatoxins by bromination solution
fluorometry.— Set instrument excitation at 360 nm and
emission at 450 nm. Insert blank and adjust zero knob to
display O. Insert standard solution (34 mg quinine sulfate/
mL 0.IN H 20 4;this solution gives same fluoroscence inten-
sity as 20 ng B;/2 mL) and adjust span knob to display 20.
Add 1mL 0.001% bromine solution to eluate (total volume, 2
mL). Mix, and place test tube in instrument. Wait exactly 1
min and record reading (ng total aflatoxin/g test sample).

Quantitation of individual aflatoxins by liquid chroma-
tography — Add 0.2 mL water to eluate, mix, and evaporate
under stream of nitrogen to 100-200 pL. Apply entire test
extract to C]g column. Mobile phase is methanol-water (45
+ 55) and flow rate is 1mL/min. Set UV detector at 365 nm
and 0.01L AUFS. Approximate retention times for aflatoxins
Bi,B?, and G; are 16, 12, and 10 min, respectively.

ELISA Screening Method (5)

E xtraction ofcorn, raw peanuts, cottonseed, and poultry
feed.— Weigh 50 g test portion in blender jar. Add 100 mL
methanol-water (8 + 2). Blend 3 min at high speed, filter,
and collect 5 mL. Measure 200 ph filtrate. Add 400 pL
dilution buffer, mix, and save for immunoassay (test solution
A).

Extraction ofpeanut butter — Weigh 50 g test portion into
blender jar. Add 250 mL methanol-water-hexane (55 + 45
+ 100). Blend 3 min at high speed, filter, and separate layers.
Place 15 mL aqueous methanol layer in beaker and heat on
steam bath for 3 min to eliminate residual hexane. Pipet 500
pL test extract into test tube. Add 500 pL dilution buffer,
mix, and save for immunoassay (test solution B).

Immunoassay procedure for corn, raw peanuts, cotton-
seed, and poultry feed.— Add 150 pL test solution A to
ELISA cup, wait 1 min, and apply additional 150 pL test
solution A to cup. Wait 1 min, and add 100 pL enzyme-
aflatoxin conjugate solution. Wait 1 min, and add 1.5 mL
wash solution. Add 1.0 mL substrate solution. Wait 1 min
and observe color development.

Immunoassay procedure for peanut butter.— Add three
200 pL aliquots of extract (solution B) to cup at 1 min
intervals and proceed as for comn.

Determination — Observe center of cup for blue color or
no color development exactly 1 min after adding substrate.
Test samples containing >20 ng aflatoxins/g show no color
development; test samples containing <20 ng aflatoxins/g
develop blue or gray color in center of the cup.

Results and Discussion

The results for the comparison of the 3 methods and a
summary of the results of the ELISA collaborative study (5)
aregivenin Table 1L The ELISA testis designed to determine
whether test samples contain more or less than 20 ng aflatox-
ins/g. The analysis may result in one of 2 outcomes: Positive
results indicate test samples containing >20 ng aflatoxins/g,
whereas negative results indicate test samples containing
<20 ng aflatoxins/g. One set of test samples was analyzed in
Trucksess’s laboratory by the ELISA test before other test
samples were sent to collaborators. All naturally contaminat-
ed corn and raw peanuts were found to be positive. At the O
ng/g level, no false positives (all <20 ng/g) were found for all
commodities. All test samples spiked at 30 ng/g were found
positive, i.e, there were no false negatives. At 10 ng/g, 3 of
the 10samples analyzed were found positive. With the excep-
tion of poultry feed, all test samples at 20 ng/g were found
positive. Only one of the 2 poultry feed test samples was
found positive at 20 ng/g.

The validity of the method is supported by the data from
the collaborative study (5). In this study, the ELISA test
identified all controls (<2 ng/g) as negative and all naturally
contaminated corn and raw peanuts as positive. The average
positive rates for spiked test samples of corn, peanuts, peanut
butter, and cottonseed at 10, 20, and >30 ng aflatoxins/g
were 52, 86, and 96%, respectively, i.e., a 14% false negative
rate was found at the 20 ng/g level. The ELISA test failed to
identify 54% of the feeds containing aflatoxins added at 20
ng/g as positive. Results of the collaborative study do not
agree completely with the results we obtained. We believe the
discrepancy is most likely due to the inexperience of the
collaborators in differentiating background color from the
color change expected for aflatoxin.
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cottonseed, and poultry feed3

Table 1.
ELISA
Total positive
aflatoxins,6 Br2,
Commodity ng/g % c % d ng/g
Corn NCe 100 100 146
30 100 92 27
20 100 75 19
10 0 33 7
0 0 0 1
Raw peanuts NCf 100 100 72
30 100 96 27
20 100 83 19
10 50 54 13
0 0 0 2
Peanut butter 30 100 100 33
20 100 91 23
10 50 61 12
0 0 0 2
Cottonseed 60 100 96 77
20 100 96 30
10 50 58 9
0 0 0 0
Poultry feed 30 100 83 27
20 50 46 8
10 0 4 4
0 0 0 0

Affinity column

Av. LC,
ree., % ng/g
140
90 26
95 18
70 8
1

85
71
90 22
95 19
130 12
1

105
110 31
115 24
120 12
1

115
128 50
150 17

90

123
90 17
40 6
40 4
0

57

ree., %

87
90
80

86

73
95
120

96

103
120
120

114

83
85
70

79

57
30
40

42

ng/g

101
29
21
11

69
28
19
10
<1

27
19
10

69
lost

<2

11

aAverage of duplicate results for test samples containing aflatoxins; single results for test samples containing no aflatoxins.

TLC

4

ree.,

97
105

104

93
95
100
96

90
95

95

115

80

98

37
35
50

41

27

Results of ELISA, affinity column methods, and TLC methods for aflatoxins In corn, raw peanuts, peanut butter,

%

6 Ratio of aflatoxins in spiked test samples was B1:B2:G1= 10:1:3.
cResults obtained by authors in this study.

d Results of collaborative study (5).

eCorn naturally contaminated with aflatoxins (101 ng/g).

' Raw peanuts naturally contaminated with aflatoxins (69 ng/g).

The results obtained by the affinity column method and
the TLC methods are shown in Table 1 Each data entry for
the affinity column methods (Br. method and LC method)
and the TLC methods represents the average of total aflatox-
ins found in duplicate analyses, except the 0 ng/g level, where
only a single analysis was performed. The average recoveries

60.0 -
= TC "
50.0 -
o Affinity/HPLC
400 -
ABI
Recovered 300 -
ngg
200 «
a
5
10.0 -
a
0 5 10 15 20 25 30 3B 40 45
AB1Spiked nglg
Figure 1. Recovery of aflatoxin Bl from spiked test

samples.

of added aflatoxin, excluding poultry feed, were 107, 94, and
98% for the affinity column-Br2 method, affinity column-
LC method, and TLC methods, respectively. The low recov-
eries of aflatoxins from feeds could be due to interference of
ingredients in the feed with the analysis by complexing or
decomposing the aflatoxins. The recoveries of the individual

70m
m TC
6° o Affinity/HPLC
50«
AR 40
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ngg 30,
20
[ ] o
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Figure 2. Recovery of aflatoxin B2 from spiked test
samples.
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Figure 3. Recovery of aflatoxln Gi from spiked test
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aflatoxins Bi, B2, and G] from the spiked test samples for the
TLC and the affinity column (LC) methods were also similar
(Figures 1-3). The 2 methods compare very favorably.

In conclusion, the ELISA test was effective, i.e., 86-96%
correct (when compared with results of the official TLC
methods), at identifying test samples contaminated with >20
ng aflatoxins/g as positive. False positives and false negatives
were observed for test samples spiked at 10-20 ng/g. The
ELISA method has a low percentage of false negatives. It can
be used to analyze a large number of test samples at the
designated level of interest (above 20 ng/g) and eliminate
negative test samples. The results of the affinity column

methods and the TLC methods were in good agreement with
one another. Solution fluorometry after affinity column
cleanup can serve as a means to estimate total aflatoxin
contamination; quantitation by LC with a UV detector can
accurately determine the individual aflatoxins. The affinity
column cleanup for aflatoxin analysis is as effective as the
long-established CB method, AOAC 26.026-26.031
(968.22) (6), and cottonseed method, AOAC 26.052-26.058
(980.20A-G) (6).
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PESTICIDE FORMULATIONS

Liquid Chromatographic Determination of Bromadiolone in Rodent Baits
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A method is described for the determination of bromadiolone
in rodent bait formulations. Samples are Soxhlet-extracted
using methanol as extractant and analyzed by reverse-phase
liquid chromatography with UV detection at 280 nm. Chro-
matography is performed using a ODS-Hypersll (5 ¢tm) col-
umn, which enables separation of the 2 diastereoisomers of
bromadiolone. The sum of the peak areas of the diastereo-
isomers is used for quantitation. The method was tested for
precision, linearity, and recovery. Duplicate analyses of 10
formulation samples gave a mean relative standard deviation
of 4.1%. Linearity was very good (correlation coefficient
0.9997) In the relevant concentration range. Recovery from
spiked samples was 88.9 + 2.3%. The method is applicable
to rodent bait formulations with bromadiolone content
0.005% and 0.01%.

Bromadiolone, 3-[3-(4,-bromobiphenyl-4-yl)-3-hydroxy-I-
phenylpropyl]-4-hydroxycoumarin, was introduced in 1977
as a rodenticide by Lipha (France) and is now widely used to
control various vertebrate pests. Formulations consist pre-
dominantly of baits, where bromadiolone is impregnated on
various grains. Products are formulated containing 0.005-
0.01% bromadiolone. Technical grade bromadiolone exists as
a mixture of 2 diastereoisomers; stated contents of formula-
tions are total bromadiolone contents. Several analytical
methods for determination of bromadiolone in various bio-
logical matrixes are described (1-5), all based on liquid
chromatography (LC). No method on determination of bro-
madiolone in formulations has been published. For pesticide
product control purposes by the national authorities in Den-
mark, such a validated method was needed.

An LC method is presented here for determination of
bromadiolone in bait formulations consisting of impregnated
grains. Samples are prepared by Soxhlet extraction. No fur-
ther cleanup is required before analysis by reverse-phase LC
with UV detection.

METHOD

Apparatus

(a) Liquid chromatograph.—Waters Model 510 pump
(Waters Chromatography Div./Millipore, Milford, MA)
equipped with Waters Model 712 WISP autosampler, Wa-
ters Model 490 programmable multiwavelength detector set
at 280 nm and Flewlett-Packard Model 3393 A integrator
(Hewlett-Packard Co., Avondale, PA), or equivalent.

(b) LC column.—250 X 4.6 mm ODS-Hypersil 5 pm
(Bischoff, Leonberg, FRG), or equivalent. Column tempera-
ture must be maintained at 25.0 + 0.1°C by LC column
thermostat.

(c) Extraction apparatus.—100 mL Soxhlet extractor
with 120 X 30 mm cellulose extraction thimbles (Whatman
Ltd, Maidstone, England).

(d) Grinding apparatus— Electric grinding mill capable

Received July 5, 1989. Accepted January 9, 1990.

of grinding grains to a fineness of 10-20 mesh (Regent Mas-
kin AB, Stockholm, Sweden), or equivalent.

Reagents

(a) Solvents.—Methanol and glacial acetic acid, both LC
grade (May & Baker Ltd, Dagenham, England). Water was
purified by Milli-Q purification system (Millipore).

(b) Mobile phase.—Methanol-water-glacial acetic acid
(70 + 30 + 2). Adjustment of acetic acid concentration may
be necessary to separate bromadiolone isomers from sample
coextractants. Mobile phase flow rate 1.6 mL/min.

(c) Bromadiolone standard solution.—Accurately weigh
ca 50 mg bromadiolone standard (Lipha, Lyon, France) into
100 mL volumetric flask and dilute to volume with methanol.
From this solution, transfer 2.00 mL to 50 mL volumetric
flask and dilute to volume with mobile phase to prepare
bromadiolone standard solution.

Extraction and Liquid Chromatography

Sample and standard must be protected from light during
preparation and analysis.

Accurately weigh amount of freshly ground sample equiv-
alent to ca 0.5 mg bromadiolone into extraction thimble, plug
with cotton, and extract with 250 mL methanol for 3 h on
Soxhlet extraction apparatus. Let sample cool, evaporate
almost to dryness on rotary evaporator (maximum tempera-
ture 40°C), transfer residue quantitatively to 25 mL volu-
metric flask and dilute to volume with mobile phase. Inject
10 pL into chromatograph. Bracket duplicate injections of
each sample with 10 pL injections of standard solution.

Calculations

Use sum of 2 diastereoisomers peak areas as bromadiolone
peak area. Sample bromadiolone response (R) is mean of
duplicate injections and standard bromadiolone responses
(RO is mean of standards that bracket sample. Calculate
sample content of bromadiolone as follows:

Bromadiolone, %= (R X W' XV XP)/(R' XW X V")

where W and W' are weights of sample and standard, respec-
tively; V and V' are dilution volumes of sample and standard,
respectively (here, V = 25 and V' = 2500), and P is % purity
of standard.

Results and Discussion

The isomeric ratio of bromadiolone diastereoisomers can
be different from batch to batch, and is therefore often differ-
ent from sample to standard. Experimental determination of
response factors using pure isomers showed no difference
between the 2 diastereoisomers. Thus, total content of bro-
madiolone is calculated by addition of the 2 diastereoisomer
peak areas. Linearity was investigated by analyzing a series
of dilutions (6 concentrations) of bromadiolone standard.
The relationship between total peak area and concentration
was linear (correlation coefficient = 0.9997) over the concen-
tration range 5-50 pg/mL.

Figure 1A shows a typical chromatogram from a sample
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Table 1. Results of duplicate LC analyses of
bromadiolone in rodent bait formulations
Found, %
Sample Label claim, % Weight 1 Weight2 Average RSD, %

1 0.005 0.00502 0.00522 0.00512 2.8

2 0.005 0.00561 0.00512 0.00537 6.5

3 0.005 0.00661 0.00647 0.00654 15

4 0.005 0.00523 0.00484 0.00504 4.0

5 0.005 0.00579 0.00532 0.00556 35

6 0.01 0.00651 0.00616 0.00633 4.2

7 0.01 0.00877 0.00922 0.00900 5.5

8 0.01 0.00904 0.00852 0.00878 4.9

9 0.01 0.00757 0.00706 0.00732 2.1
10 0.01 0.01098 0.01066 0.01082 6.0
Mean 41

(label claim 0.01%) analyzed by the conditions given in
Method. Effect of acetic acid concentration in mobile phase
on the separation of bromadiolone isomers from coextracted
sample components is demonstrated by Figure IB. The chro-
matogram (same sample as Figure 1A) shows that adjust-
ment of acetic acid concentration in the mobile phase is a
possible way of eliminating interference from sample coex-
tractants.

Table 1shows the results of duplicate analyses of broma-
diolone in 10 samples of rodent baits. The 10 samples were
formulations with a claimed bromadiolone content of 0.005%
(5 samples) and 0.01% (5 samples). A mean precision of 4.1%
was found to be acceptable for samples with this level of
analyte.

Extraction of bromadiolone from samples was performed
by Soxhlet extraction for 3 h. Preliminary experiments had
shown that increasing the extraction time gave no increase in
extraction efficiency. Grinding of samples before extraction
was chosen as a part of sample preparation although no
significant difference was observed in a comparison of ex-
traction efficiency from one sample prepared with and with-
out grinding.

Due to susceptibility of bromadiolone to degradation when
exposed to light, the extraction apparatus was wrapped with
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Table 2. Recovery of bromadiolone from spiked samples
by LC analysis

Label claim, Found before Added, Found after Ree.

Sample % spiking,6 % % spiking,6 % %
la 0 ND° 0.00441 0.00402 91.2
2a 0 ND 0.00879 0.00785 89.3
3 0.01 0.00738 0.01002 0.01596 85.8
4 0.01 0.00756 0.01002 0.01652 89.4
Mean 88.9
SD 2.3

aGrain sample not impregnated with bromadiolone.
6Duplicate determinations.
¢ Not detected.

aluminum foil during extraction, and standard and sample
solutions were protected from light during the analysis. Table
2 shows the results of bromadiolone analysis of samples to
which known amounts of bromadiolone were added. The 2
samples with no initial content of bromadiolone were grain
samples intended for preparation of baits by a production
company. The mean recovery from these spiked samples was
88.9% with a standard deviation of 2.3% (RSD = 2.6%).

The method presented here is simple and useful for the
determination of total bromadiolone content in rodent baits.
Chromatographic separation of the 2 bromadiolone diaste-
reoisomers is good, so the method is also expected to be useful
for determination of content of individual isomers in bait
formulations.
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Figure 1.

Chromatogram of typical rodent bait sample. Experimental conditions Identical, except mobile phase composition:

A, Methanol-water-glacial acetic acid (70 + 30 + 2); B, methanol-water-glacial acetic acid (70 + 30 + 1). land Il are broma-
diolone stereoisomers.
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Liquid Chromatographic Method for Determination of Oxydemeton-Methyl in Formulated

Products: Collaborative Study
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N. Konanur; Th. Kénig; K. A. Mede; J. J. Parker; P. M. L. Pearson; R. L. Polli; E. Radimann; T. H. Riggs; L. E. Rivera;

H. Tengler; D. F. Tomkins; M. Viola; K. L. Williams

A liquid chromatographic method has been developed for the
determination of oxydemeton-methyl (Metasystox-RR) In for-
mulated products. Samples are dissolved In acetonitrile and
analyzed by reverse-phase chromatography using methyl
paraben as an Internal standard. Twelve laboratories partici-
pated In a collaborative study of the method. Each collabora-
tor was furnished with reference standard, Internal standard,
and blind duplicate samples of Metasystox-R 50 % concen-
trate (MSR 50 Cone), Metasystox-R spray concentrate (MSR
SC), and DYLOXr/MSR 1.5-0.5 formulations. Collaborators
were Instructed to use peak area measurements for quantita-
tion. Relative standard deviations for reproducibility (RSDr)
were 1.44, 2.14, and 3.63%, respectively. The method has
been approved Interim official first action by AOAC.

Oxydemeton-methyl (Metasystox-RR), S'-[2-(ethylsulfin-
yl)ethyl] 0,0-dimethyl phosphorothioate, is available in 50%
concentrate, spray concentrate, and DYLOXRMSR 1.5-
0.5 formulations. Oxydemeton-methyl is a systemic insecti-
cide typically applied to foliage, bark, and root systems. It is
characterized by its selectivity toward aphids, leafhoppers,
and other sucking pests.

A variety of gas chromatographic (GC) procedures have
been applied for determination of oxydemeton-methyl. Most
chromatographers have noted the extreme thermal lability of
this material, which results in substantial decomposition dur-
ing GC analyses (1-3). Others have performed oxidation
reactions to convert the active ingredient to its sulfone (4-7).
One group of chromatographers attempted to stabilize col-
umn performance with lecithin (8). Although hydrolysis has
been used for routine analysis of technical and formulated
products for manufacturing control, it is a nonspecific proce-
dure (9).

A reverse-phase liquid chromatographic (LC) method
that uses methyl paraben as an internal standard was devel-
oped, which separates oxydemeton-methyl from all known
impurities, formulation excipients, and decomposition prod-
ucts (10). The method was submitted for collaborative study.

Collaborative Study

Twelve collaborators agreed to participate in the study,
which was designed according to suggestions of Youden and
Steiner (11). Each collaborator received a copy of the meth-

Received for publication October 10, 1989.

This report was presented at the 102nd AOAC Annual International
Meeting, August 29-September 1, 1988, at Palm Beach, FL.

The recommendation has been approved interim official first action by the
General Referee, the Committee Statistician, the Committee on Pesticide
Formulations and Disinfectants, and the Chairman of the Official Methods
Board, and will be recommended for adoption official first action at the 104th
AOAC Annual International Meeting, September 9-13, 1990, at New Or-
leans, LA. Association actions will be published in “Changes in Official
Methods of Analysis” (1991) J. Assoc. Off. Anal. Chem. 74, January/
February issue.

od, blind duplicate subsamples of each formulation, a refer-
ence standard, and an internal standard. Participants also
received a material safety data sheet and were cautioned
concerning the dermal absorptivity of the materials (12). A
practice sample was supplied and collaborators were in-
structed to try a different manufacturer’s column if the chro-
matograms exhibited a split analyte peak. Collaborators
were also instructed to store study samples and the standard
under refrigeration until the study was started and to allow
the materials to come to room temperature before opening
them. Peak areas were specified for quantitation.

Results and Discussion

A complete set of results was received from each of the 12
collaborators (Table 1). The collaborators used a variety of
equipment to perform the analyses: 5 brands of chromato-
graphs, 7 brands of injectors, 5 brands of detectors, 7 brands
of data systems, and 7 brands of columns. The types of
columns included Du Pont Zorbax ODS, Whatman Partisil
ODS-2, Whatman Partisil ODS-3, E. Merck LiChrosorb
RP18, Alltech Econosil C18, Alltech RSiL C18HL, and
Alltech Versapack C18. Sample volumes injected varied
from 10 to 25 ¢¢L. The pressures obtained varied from 4.9 to
22.4 MPa, and flow rates from 1.0 to 2.0 mL/min were used.

Collaborators were informed in advance of the possibility
that a split analyte peak might occur occasionally, as shown

Table 1. Collaborative results of LC determination of
oxydemeton-methyl (% ) In formulations as blind duplicate
samples

MSR 50 Cone MSR SC DYLOX/MSR
Coll. A B A B A B
1 47.5 46.9 25.5 25.1 4.69 4.58
2 47.8 48.1 26.2 25.7 4.69 4.56
3 47.5 46.1 24.7 25.1 4.61 4.56
4 47.6 47.6 25.1 25.7 4.60 4.67
5 47.7 47.4 257 257 4.46 4.46
6 48.5 48.0 25.7 26.1 5.71a 6.32a
7 48.0 48.0 26.1 26.2 4.92 4.87
8 46.6 46.5 25.0 2438 4.47 4.47
9 46.5 46.1 24.7 25.2 4.50a 5.89a
10 47.0 47.3 25.8 25.6 4.72 4.72
11 47.9 47.2 25.8 26.1 4.63 4.71
12 45.5a 47.1a 243 25.1 5.01 4.96
Mean 47.35 25.46 4.67
Sr 0.681 0.544 0.170
sr 0.399 0.300 0.049
s1 0.552 0.454 0.162
RSDr, % 1.44 2.14 3.63
RSDr, % 0.842 1.18 1.05
N 11 12 10

aOutliers rejected by the Cochran test.
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Figure 1. Abnormal chromatogram of Metasystox-R spray
concentrate formulation showing unusual splitting of oxyde-
meton-methyl peak. Whatman Partlsll 10 ODS column (5%
carbon load).

in Figure 1 This abnormal event usually occurs only when an
LC column of low carbon loading is used. A high carbon
loading column (e.g., Whatman Partisil ODS-2) does not
produce this effect. Figure 2 is a typical chromatogram ob-
tained using a Whatman Partisil ODS-2 column.

To lessen variations between laboratory data systems, a
slope sensitivity of <0.010 mV/min was recommended as a
starting point to ensure proper integration of peak areas.

Collaborators' Comments

Comments were solicited but only a few were received.
Two collaborators stated that they considered the method
good and easy to perform. Another reported difficulties with
peak tailing on their system and two others had difficulty
meeting the £1% repeatability requirements. Four collabo-
rators performed the analyses over 2 day periods.

Recommendation

It is recommended that the LC method for determination
of oxydemeton-methyl in 50% concentrate, spray concen-
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Figure 2. Typical chromatogram of Metasystox-R spray
concentrate formulation showing correct peak shape. What-
man Partisil 10 ODS-2 column (15% carbon load).

trate, and DYLOX/MSR 1.5-0.5 formulations be adopted
official first action as an AOAC-CIPAC method.

Oxydemeton-Methyl in Pesticide Formulations
Liquid Chromatographic Method
Interim First Action
AOAC-CIPAC Method

(Applicable to MSR 50% concentrate, MSR spray concen-
trate, and DYLOX/MSR formulations)

Method Performance:
MSR 50% concentrate
sr= 0.40; sR= 0.68; RSDr = 0.84%; RSDr = 1.44%
MSR spray concentrate
sr=0.30; sR= 0.54; RSDr = 1.18%; RSDr = 2.14%
DYLOX/MSR
sr= 0.05; sR= 0.17; RSDr = 1.05%; RSDr = 3.63%

A. Principle

Oxydemeton-methyl is determined by liquid chromatogra-
phy using an octadecyl bonded silica column with high
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carbon loading. Peak areas of sample and analytical standard
are compared using methyl 4-hydroxybenzoate (methyl par-
aben) as internal standard.

B. Apparatus

(a) Liquid chromatography.—Able to generate >7 MPa
(>1000 psi) and measure absorbance at 225 nm. Operating
conditions: column temperature ambient; flow rate ca2mL/
min (ca 1000 psi); chart speed 0.5 cm/min; injection volume
ca 10 juL; absorbance range 0.16 AUFS. Retention times:
oxydemeton-methyl ca 2.8 min; internal standard ca 6.7 min.
Pump LC mobile phase through column until system is
equilibrated (flat baseline). After each injection, allow 1min
after internal standard elutes before flushing column with
CH3CN for 8 min. Return to mobile phase, reequilibrate,
and continue injections.

(b) Chromatographic column.—250 mm X 4.6 mm id
packed with <10 /;m C18 bonded silica gel (Partisil ODS-2,
or equivalent); equipped with a protective precolumn of simi-
lar packing. {Note: Use column with high carbon loading. If
carbon loading is insufficient, e.g., <10%, oxydemeton-
methyl peak may split and results will be erroneous.)

C. Reagents

(a) Acetonitrile.—CH3CN.
glass.

(b) LC mobile phase.—CIUCN-H:0 (30 + 70).

(c) Internal standard.—Methyl 4-hydroxybenzoate
(methyl paraben) 0.8% w/v in CH3CN.

(d) Oxydemeton-methyl reference standard.—Second-
ary standard ca 50% purity in methyl isobutyl ketone for
stabilization (Mobay Corp., Agricultural Chemicals Divi-
sion, PO Box 4913, Hawthorne Rd, Kansas City, MO 64120-
0013). Always store standard in freezer when not in use. Let
warm to room temperature before opening. {Caution: See
safety notes on mammalian toxicity, H.)

(e) Water.—LC grade or distilled in glass.

LC grade or distilled in

D. Preparation of Standard Solution

Accurately weigh ca 400 mg reference standard (ca 200
mg oxydemeton-methyl), C(d), into a 100 mL volumetric
flask. Pipet 5 mL internal standard, C(c), into flask, dilute to
volume with CH3CN, and mix thoroughly.

E. Preparation of Sample

Accurately weigh amount of sample containing ca 200 mg
oxydemeton-methyl into a 100 mL volumetric flask. Pipet 5
ml internal standard into flask, dilute to volume with
CHZXCN, and mix thoroughly.

F. Determination

Adjust operating parameters so that oxydemeton-methyl
elutes in 2.7-3.0 min. Adjust injection volume and attenua-
tion to give largest possible on-scale peaks. Adjust integrator
parameters to resolve oxydemeton-methyl peak from any
closely eluting peaks. Make repetitive injections of standard
solution and calculate response ratios by dividing oxydeme-
ton-methyl peak area by peak area of internal standard. Peak
ratios must agree within £1%. Average duplicate response
ratios obtained with standard solutions.

Inject duplicate aliquots of each sample solution. Response
ratios must agree within +1%. If not, repeat determination
starting with standard injections. Reinject standard solution.
Averages of response ratios of standards immediately pre-
ceding and following sample injections must agree within

+1%. Repeat determination on any samples not bracketed by
agreeing ratios for standard solutions.

G. Calculation

For each injection, response ratio, R = (oxydemeton-
methyl peak area/internal standard peak area).

Oxydemeton-methyl, wt % = {R/R") X (WiW) X P

where R and R' = average response ratios for sample and
standard solutions, respectively; W and W = weight, mg, of
oxydemeton-methyl in standard and samples solutions, re-
spectively; and P = purity of oxydemeton-methyl standard,
%.

H. Safety Note

Mammalian toxicity for oxydemeton-methyl formulations
is as follows (Mobay Corp. Product Material Safety Data
Sheet):

MSR 50 Cone: Oral LD% for male rats 105 mg/kg; for
female rats 70 mg/kg. Dermal LD for male rats 350 mg/
kg; for rabbits ca 225 mg/kg. Inhalation LD for male rats
I. 5mg/L/h.

MSR SC: Oral LD for male rats 125 mg/kg; for female
rats 138 mg/kg. Dermal LD for male rabbits 359 mg/kg;
for female rabbits 253 mg/kg. Inhalation LD for rats
>1.69 mg/L/h.

DYLOX/MSR: Oral LD for male rats ca 524 mg/kg;
for female rats 488 mg/kg. Dermal LD30 for rabbits >1000
mg/kg. Inhalation LD%0for rats >8 mg/L/h.

Ref.: JAOAC 73, May/June issue (1990).
CAS-301-12-2 (oxydemeton-methyl)
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PESTICIDE AND INDUSTRIAL CHEMICAL RESIDUES

Simplified Cleanup and Liquid Chromatographic Ultraviolet Determination of Linuron and

Three Metabolites in Potatoes
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Asimple and efficient method Is presented for the extraction,
cleanup, and liquid chromatographic (LC) determination of
linuron and 3 of its metabolites, 3-(3,4-dIchlorophenyl)-1-
methyl urea (DCPMU), 3-(3,4-dichlorophenyl) urea (DCPU),
and 3,4-dIchloroanillne (DCA), In potatoes. Samples are ex-
tracted with acetone, partitioned Into dichloromethane-
hexane (1 + 1), and cleaned up using disposable silica
cartridges. LC determination is performed using a LiChrosorb
NH2 5 fim column, with an isopropanol-isooctane gradient
mobile phase and UV detection at 248 nm. Recoveries of
linuron and 2 of the metabolites from untreated samples
fortified at 0.02-2 pg/g ranged from 80 to 102%, while
recoveries for the metabolite DCA ranged from 60 to 78%.
The detection limit was 0.015 pg/g for linuron and each
metabolite; the minimum quantitation level was 0.5 jug/g.
The developed method was applied to potato samples from a
field experiment.

Herbicides are widely used to protect agricultural production
from weeds. Linuron, 3-(3,4-dichlorophenyl)-I-methoxy-I-
methylurea (1), is a selective herbicide used in Greece mainly
in potato, carrot, and onion fields. In potato plants, linuron is
applied after planting and before sprouting, at doses between
0.75 and 1.25 kg active ingredient/ha. Following application,
linuron is taken up by the roots of the plant, translocated, and
degraded to DCPMU, DCPU, DCA, and other metabolites
0).

)Linuron tends to undergo thermal decomposition during
gas chromatography. Therefore, determination of linuron in
food by this technique is usually performed indirectly by
determining its stable derivatives (2). In contrast, determina-
tion of linuron by liquid chromatography is performed direct-
ly with a UV detection system (3).

However, in the investigation of food contamination, it is
not sufficient to determine only the parent herbicide; the
metabolites should also be included in the toxicological and
ecological assessment of the residues. An established method
(3) fordetermination of linuron in potatoes and other vegeta-
bles, using a deactivated Florisil column for cleanup and a
LiChrosorb Si 60 column for LC determination, was ineffec-
tive for the simultaneous determination of linuron and its
metabolites. It was therefore decided to develop a simple and
efficient method for the analysis of potato tubers for residues
of linuron and its metabolites. The extraction procedure is
based on that of Luke et al. (4), as modified by Lawrence (3),
followed by a simplified and fast cleanup, using Sep-Pak
silica cartridges and a new LC determination using a LiChro-
sorb NH2 column with gradient elution.

Received August 7, 1989. Accepted November 3, 1989.

METHOD

Materials and Reagents

(a) Solvents.—Dichloromethane, acetone, and hexane,
GR grade. Isopropanol and isooctane, spectroscopy grade
(Merck).

(b) Sodium sulfate.—Anhydrous GR, ACS, ISO
(Merck).

(c) Sodium chloride—GR, ACS, ISO (Merck). Prepare
saturated solution.

(d) Linuron and metabolites.—Linuron analytical stan-
dard (Hoechst), DCPMU and DCPU analytical standards
(Velsicol). 3,4-Dichloroaniline for synthesis (Merck, assay:
98%). For LC, prepare 250 jug/mL stock solution of each
compound in dichloromethane. Dilute stock solutions as re-
quired with dichloromethane and prepare 2.5 ;ig/mL stan-
dard mixture working solution.

(e) Silica cartridges.—Sep-Pak (Waters Associates
Inc.), containing 1g silica.

(0 Potato samples.—Potato samples came from field ex-
periments in the area of Marathon, near Athens. Linuron
was applied at the recommended dose of 1kg a.i./ha and at
double the dose. Control potato samples were collected from
untreated plots of the same field.

Liquid Chromatographic System

(a) Solvent delivery system and injector.—Microcom-
puter-controlled pump module, Series 3B (Perkin-Elmer,
Norwalk, CT). Syringe-loading sample injector (175 pL),
Model 7105 (Reodyne, Berkeley, CA).

(b) LC column.—LiChrosorb NH2 5 yumcolumn, 4 mm
X 250 mm (Merck), preceded by Spherisorb S 10 W, 5 cm
guard column (Phase Separations, Queensferry, Clwyd,
UK).

(c) Detector—LC 75 variable wavelength UV detector
and LC 75 autocontrol (Perkin-Elmer). Compounds are
monitored at 248 nm. System is set up to obtain f FSD for 7
ng linuron.

(d) Recorder.—Model 023 (Perkin-Elmer).

(e) Mobile phase.—The following elution program is
used at ambient temperature (25°C): 10% isopropanol in
isooctane (0—22 min), linear gradient elution from 10 to 40%
isopropanol in isooctane (12-13 min), and 40% isopropanol
in isooctane (13-22 min). Peaks of linuron and the 3 metabo-
lites are well resolved at these conditions (Rs> 1.2).

Extraction Procedure

Wash marketable tubers (those greater than 5cm in diam-
eter) to remove adhering soil and towel dry. Macerate un-
peeled potato sample in vegetable mixer and mix thoroughly.
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Figure 1. Typical LC chromatograms of potato tuber ex-

tracts. A, untreated sample without prior cleanup (10 /xL); B,

same sample, after cleanup (20 pL)\ 1, linuron; 2, DCA; 3,

DCPMU; 4, DCPU. Detector range 0.01. Other conditions
described in procedure.

Blend 35 g potato pulp in Sorvall Omni-mixer with 100 mL
acetone at speed 6 for 4 min. Filter through Whatman No. 1
paper in Buchner funnel into 250 mL vacuum flask. Rinse
cup with 20 mL acetone and pass rinse through same Buch-
ner funnel. Transfer extract to 500 mL separatory funnel and
partition with 200 mL hexane-dichloromethane (1 + 1).
Transfer lower (aqueous) phase to 150 mL separatory fun-
nel, add 15 mL saturated NaCl solution, and extract with
three 70 mL portions of dichloromethane.

Collect organic extracts and combine with that in first
separatory funnel. Add 7.5 g Na:So 4, shake until solution
clears, and let stand 5 min. Filter through Whatman No. 1
paper into 1L round-bottom flask. Evaporate solvent care-
fully to ca 2 mL, using rotary evaporator at 50°C and vacu-
um 2.5 X 104 N/m2 Continue solvent evaporation with
gentle stream of air to ca 0.5 mL. Transfer concentrate into 5
mL volumetric flask and dilute to volume with several 0.5 mL
washings of hexane.

Cleanup Procedure

Condition silica cartridge with 10 mL hexane. Add, by
means of 10 mL syringe, 1 mL sample in hexane, at rate of 3
mL/min. At the same rate, rinse with 10 mL dichlorometh-
ane-hexane (1 + 9); then elute linuron and metabolites from
the cartridge with 2 mL dichloromethane-isopropanol (1 +
1), collecting in 5 mL vial. Stopper vial and shake to mix
contents.

Analysis

Equilibrate LC system with mobile phase of 10% isopro-
panol in isooctane at flow rate of 1 mL/min. Inject 10 juL
sample or 0.8-2.8 jxL working standard solution. Determine
linuron and metabolite concentrations in sample by external
standard method, using standard solutions containing lin-
uron and metabolites in similar concentrations to that of
sample. Calculate concentration of linuron and each metabo-
lite in sample (jxg/g) using calibration curve. With each
series of samples, carry at least 3 standards and one control
sample through same procedure. After each day of running
samples, wash analytical column with 100% isopropanol for
20 min and leave overnight to remove any strongly adsorbed
material from column.

B
DCPMU DCPMU
li li
DCA
DCPU DCA
L/ DCPU
|
1
!
V] 10 20 o 10 20
Time(min) Time (min)

Figure 2. Typical chromatograms. A, 2.8 p\- standard mix-

ture of linuron and Its metabolites (7 ng each); B, extract (20

pL) of potato fortified with linuron and its metabolites at 0.1

pg/g (7 ng). Detector range 0.01. Other conditions described
in procedure.

Results and Discussion

The developed method consists of 3 main steps: extraction,
cleanup, and LC analysis. The extraction procedure used by
Lawrence (3) was satisfactory. Acetone was a suitable sol-
vent for the extraction of linuron and its metabolites from
potato tubers. Partitioning between the dichloromethane and
aqueous phase resulted in a clear solution. The critical step in
obtaining satisfactory recovery levels and good reproducibili-
ty was the evaporation of the organic solvent on the rotary
evaporator. DCA and DCPU were subject to loss when a high
vacuum was applied or when the evaporation was allowed to
proceed to dryness. Evaporation conditions were therefore
optimized as described in the method for minimizing DCA
and DCPU losses.

The proposed cleanup step with the silica cartridge was
fast, effective, and economical because of the small solvent
volumes used. The final eluate used for LC analysis was a
clear, slightly yellow solution. Figure 1illustrates chromato-
grams of a potato control sample before and after cleanup
and clearly demonstrates the efficiency of the cleanup proce-
dure.

In chromatogram A, prior to cleanup, the region of linuron
and DCA is completely masked by a large interfering peak
from the dichloromethane extract. The region of DCPMU is
close to an interfering peak and the region of DCPU is clear.

Chromatogram B was obtained with the same extract as
above, but after cleanup. The injection volume in chromato-
gram B is 20 fxL, double that in chromatogram A (10 ixL), to

Table 1. Recovery of linuron and metabolites DCA,
DCPMU, and DCPU (x £ cv, %) from spiked potato
samples3

Concn, Linuron, DCA, DCPMU, DCPU,
ixg/g % % % %
0.02 91 + 6 62 + 5 97 + 16 93 + 12
0.05 102 + 11 68+ 5 89 + 11 8l + 16
0.1 96 + 7 60 + 9 90 + 8 80 + 10
0.2 83+ 20 60 + 13 94+ 9 94 + 8
0.5 93 + 3 70+ 9 89 + 7 83+ 14
1 94 + 5 78 + 10 82+ 7 80 + 12
2 93+ 7 62+ 9 81 + 4 83 + 15

aEach sample was analyzed in triplicate.
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have the same quantity of coextracted material. The back-
ground is greatly reduced after cleanup, and there are no
interferences.

Transfer of the sample prior to cleanup into hexane solu-
tion was necessary to obtain proper solvent polarity so that,
by passing through the silica cartridge, linuron and its me-
tabolites were retained on the cartridge. Linuron and metab-
olites remained on the cartridge during rinsing and were
totally eluted by 2 mL dichoromethane-isopropanol (1 + 1).
The more polar coextracted material remained on the car-
tridge.

The mechanism of LC separation occurring with the
LiChrosorb NH 2 column is polar/anion exchange. A Li-
Chrosorb Si 60 (5 pm) normal-phase column was ineffective
in separating the linuron and DCA peaks. Linuron and DCA
were separated from each other, as well as from peaks of
extracted interferences, by using the amino bonded phase
column and 10% isopropanol in isooctane mobile phase. Gra-
dient elution to more polar mobile phase (40% isopropanol in
isooctane) was used for eluting DCPMU and DCPU. With
this gradient program, DCPMU and DCPU are eluted more
quickly than with the isocratic elution and are detected as
sharp peaks with higher sensitivity.

Peak heights were measured for quantitation. Studies on
LC quantitation indicate no significant difference between
measurements of peak height and peak area (5, 6). Figure 2
shows chromatograms of a standard mixture solution and of
a spiked sample. Chromatogram A comes from the working
standard mixture solution (2.8 /,L) and represents 7 ng lin-
uron and each metabolite. Chromatogram B (20 pL) comes
from an untreated potato sample spiked at 0.1 pg/g of lin-
uron and each metabolite (7 ng each).

Recovery of linuron and metabolites from potato tubers
was evaluated. Seven samples, each of 35 g pulp of untreated
potato tubers, were prepared by adding, respectively, 0.7,
1.75,3.5,7.0,17.5,35, and 70 pg linuron and each metabolite
from standard mixture solutions. The corresponding spiking
levels of linuron and each metabolite were 0.02,0.05,0.1,0.2,
0.5, 1 and 2 pg/g. The spiked samples were extracted,
cleaned up, and analyzed immediately according to the
method. The spiking procedure and analysis were performed
in triplicate. Recoveries (Table 1) ranged from 80 to 102%
for linuron, DCPMU, DCPU, which is satisfactory for resi-
due analysis (7). Recovery of DCA ranged from 60 to 78%

because of losses during the concentration procedure. The
coefficient of variation (CV) is less than 20%, as shown in the
table, and within the accepted range (7).

A minimum detectable concentration of 0.015 pg/g was
established for linuron and each metabolite in potato tubers.
This concentration represents a peak height equivalent to 3
times the average noise level. The minimum quantitation
level was 0.5 pg/g. The detector response to linuron and each
metabolite was linear through the origin to at least 7 ng
(equation of line for linuron: y = 1.2x + 0.045, r = 0.999).

No linuron or any of the 3 metabolites was detected in 14
potato samples from different plots treated with linuron at
the recommended dose or in one sample from a plot treated
with double :he dose. Potato tubers were sampled 108 days
after treatment, at which time linuron was detected in soil
samples at the 0.05 pg/g level, for the recommended dose
treatment, and at the 0.2 pg/g level, for the double dose
treatment (8).

The method outlined here provides an efficient and simple
cleanup, designed so that 2 mL solvent is sufficient to elute
linuron and its metabolites. This miniaturization facilitates a
rapid and economic analysis. The method also allows inde-
pendent detection of linuron and its metabolites at the 0.015
pg/g level and determination at the 0.5 ng/g level in pota-
toes.
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Solid-Phase Extraction of Carbofuran, Atrazine, Simazine, Alachlor, and Cyanazine from

Shallow Well Water
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Extraction of several nitrogen-containing pesticides from
water on solid-phase C18 cartridges was rapid and accurate.
One analyst can extract >48 samples/day. Recovery effi-
ciencies were 77, 95, 92, 90, and 99 % with detection limits
of 0.20, 0.05, 0.05, 0.20, and 0.10 ¢ig/L for carbofuran,
atrazine, simazine, alachlor, and, cyanazine, respectively.
Extraction of the atrazine and simazine dealkylation prod-
ucts (deethylatrazine and deethylsimazine) was less effi-
cient, e.g., 26 and 9%, respectively. Comparisons with 10
U.S. Geological Survey samples gave similar results.

A recentreport (1) stated that when pesticides were found in
groundwater, an overwhelming number of cases could be
attributed to normal use of these pesticides. If so, the impor-
tance of rapidly and accurately assaying for normal-use pes-
ticides in groundwater is imperative, because of the large
number of well water samples that may have to be assayed.

Several methods exist for extracting pesticides from water
(2-4). Most are liquid-liquid extractions [e.g., U.S. Environ-
mental Protection Agency Method 1 (1)]; however, solid-
phase extraction has recently become the method of choice
when the analytes of interest are known (5-8). Solid-phase
extraction is faster and does not require large amounts of
organic solvent, thereby purchasing costs and waste solvent
disposal costs are reduced. Solid-phase extraction also avoids
the emulsions often encountered in liquid-liquid extraction
(2).

Some solid-phase extraction methods use Ci8 cartridges
(1, 7,9,10). Davoli etal. (6) demonstrated that for 1L water
samples atrazine recovery using C/s cartridges was linear
over the range of 0-50 ppt. Brooks et al. (5) demonstrated
that alachlor, atrazine, and metolachlor could be extracted
from groundwater with efficiencies >90%. Junk and Richard
(10) reported recovery efficiencies of 91, 80, 92, and 92% fo
alachlor, atrazine, cyanazine, and carbofuran, respectively,
when 100 mL water volumes were extracted.

The present paper describes use of solid-phase cartridges
for routine large-scale extraction of several nitrogen-contain-
ing pesticides from well water. The pesticides are: carbofuran
[2,3-dihydro-2,2-dimethyl-7-benzofuranyl methylcarba-
mate (CAS-1563-66-2)]; atrazine [6-chloro-A-ethyl-./V/-(I-
methylethyl)-1,3,5-triazine-2,4-diamine (CAS-1912-24-9)];
simazine [6-chloro-A”A'-diethyl-1,3,5-triazine-2,4-diamine
(CAS-122-34-9)]; alachlor [2-chloro-7V-(2,6-diethyl-
phenyl)-A-(methoxymethyl)acetamide (CAS-15972-60-
8)]; cyanazine [2-[[4-chloro-6-(ethylamino)-1,3,5-triazin-2-
yllamino]-2-methylpropanenitrile (CAS-21725-46-2)];
deethylatrazine [2-chloro-4-amino-6-(isopropylamino)-i-
triazine]; and deethylsimazine (deisopropylatrazine) [2-
chloro-4-amino-6-(ethylamino)-s-triazine]. Two hypotheses
were made about this method: Recovery for different fortifi-
cations should be the same, and recovery should be 100%.
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METHOD

Apparatus

(@) Gas chromatograph.—Equipped with nitrogen-phos-
phorus (NP) detector. Operating conditions: 60 m X 0.75
mm id glass capillary column coated with 1/am SPB-20; oven
temperature—initial 210°C for 1 min, program rate 5°/min
to 230°C, and final time of 21 min; He carrier gas at 4-4.5/
min.

(b) cis solid-phase cartridges.—0.4 g (Part No. 51910,
Waters Associates).

(c) Teflon tubing.—0.5 cm id.

(d) Funnels.—For Cis cartridges.

(e) Pipets.— 1 mL, for use as suction tubes.

(f) Glassware.—Graduated test tubes, 13 mL (Kontes);
disposable Pasteur pipets, 23 cm; solvent dispensing units, 5
and 10 mL repeating pipets with 500 mL flasks.

(g) Other equipment.—Vacuum chamber; aspirator suc-
tion; pipettors, 1 and 5 mL; balance.

Reagents

(@) Solvents.— Methanol, ethyl acetate, and purified wa-
ter (distilled in glass, or equivalent).

(b) Anhydrous sodium sulfate.

(c) watersamples.—< 1L actual, controlled, or fortified.

(d) l4C-atrazine.—Specific activity 62 ;uCi/mg (pur-
chased from commercial source).

Sample Extraction

Samples were extracted in sets of 16, with both control and
fortified samples included in most sets.

Weigh sample with bottle and store 24-48 h at 5°C. Re-
move sample 1/2 h before extraction. Join two Cig car-
tridges, using 1 cm piece of Teflon tubing, and funnel in
series to vacuum chamber. Adjust suction to >5 kPa, and
consecutively add 5, 5, and 10 mL ethyl acetate, methanol,
and water, respectively, to funnel. Remove funnel, attach 30
cm piece of Teflon tubing between 1 mL pipet and top car-
tridge, insert pipet into water sample, and clamp pipet so end
isca 1cm from bottom of bottle. Initiate suction to vacuum
chamber and adjust suction to obtain ca 7-10 mL water/min
through cartridge. After sample has passed through car-
tridge, continue suction >10 min. Disconnect Teflon tubing
from cartridge, attach funnel to top cartridge, and add 0.5
mL ethyl acetate. Release suction and place rack with 13 mL
tubes into vacuum chamber. Initiate suction of <10 kPa and
place 2.3 mL ethyl acetate in funnel. Continue suction ca 1
min after solvent has passed through cartridge. Add ethyl
acetate to bring extract in 13 mL tube to 2 mL above any
water, and then add very small amount of anhydrous sodium
sulfate to 13 mL tube, and shake.

Sample Fortification

In a preliminary extraction experiment, 175 pg l4C-atra-
zine in ethanol was placed in a 4 L bottle, ethanol was
evaporated with N2 gas, and 3.5 L filtered well water was
added. The bottle was shaken and stored at <5°C. After
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Pesticide concentrations (/tg/L) used to fortify well water samples

Table 1.
Solution Deethylatrazine Deethylsimazine Atrazine
0 0.00 0.00 0.00
1 0.02 0.02 0.03
2 0.10 0.12 0.13
3 0.62 0.70 0.64

Simazine Carbofuran Alachlor Cyanazine
0.00 0.00 0.00 0.00
0.02 0.07 0.06 0.04
0.07 0.35 0.30 0.22
0.24 177 152 1.09
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about 1 week, treated water was divided among seven 500
mL bottles. A 1mL aliquot of treated water was taken from
each bottle for 14C-counting on 67th day of storage, and 2 of
the 7 samples were extracted. The remaining 5 samples were
extracted after 150 days. The extracts were assayed by both
liquid-scintillation counting (LSC) and NP gas chromatog-
raphy (GC). l4C-Counts in each extract were compared with
mean of counts from the seven 1 mL aliquots taken on 67th
day.

Routinely, well water samples were fortified with pesti-
cides dissolved into 3 ethyl acetate solutions. Glass bottles (1
L) with Teflon-lined caps were treated with one of the solu-
tions (0, 1, 2, or 3) shown in Table 1. Ethyl acetate was
allowed to evaporate by leaving cap off. Well water (ca 1L)
was pumped directly into the treated bottle. To make certain
the pesticides desorbed from the bottle and went into solu-
tion, bottles were shaken and stored >2 weeks at <5°C
before extraction.

To ascertain that loading capacity of cartridges was well
above expected residue amounts, well water was fortified
with 187 and 430, 436 and 939, and 145 and 348 /ug/L of
atrazine, alachlor, and cyanazine, respectively, in same man-
ner as before.

Gas Chromatography

Perform analysis under conditions described in Appara-
tus. Use relative retention time vs standards for qualitative
analyses.

For quantitative results, use peak areas for calculation as
follows:

Pesticide, /zg/kg = (AS/A SXD) X (CSTD/R E)

X (W Is) X (Vex/W T) X 100

where As = peak area of sample; Astd = peak area of
standard (from curve); Cstd = concentration of standard,
ng/~L; Re = recovery efficiency; Istd = volume of standard
injected, ¢¢éL; Is = volume of sample injected, pL; Vex =
volume of extract, mL; and WT = amount of water extract-
ed, g.

Statistical Analysis

An SAS GLM (general linear model) (SAS Institute, Inc.,
Cary, NC) was used to test the statistical hypotheses. A f-test
was used for comparison between sample pairs.

Results

The method is simple and rapid. A C]g cartridge is used for
sample extraction. Water is drawn through the cartridge
under suction, the pesticides are eluted, and the extract is
assayed (4). We extracted 16 samples simultaneously. One
analyst can extract at least 3 sets of 16 samples (<1 L) per
day. Using pipets as suction tubes frees the analyst to carry
out other parts of the procedure during sample extraction.

Although most well water samples are clear, an occasional
sample may contain particulate matter. Particulates seemed
to reduce recovery efficiency in our earlier extractions, so we

let the samples stand >20 h before extraction. Using a second
cartridge in series filtered out any remaining particulate
matter and assured that all pesticides were adsorbed from the
large volumes (<1 L) of water extracted. The additional
cartridge possibly overcame the need for 1.6% methanol in
the water sample, as suggested by Brooks et al. (5), to prevent
the formation of a hydrophobic envelope around the adsor-
bent. Under the conditions presented here, addition of meth-
anol had no effect on recoveries (results not presented).

In the preliminary extraction experiment, atrazine recov-
ery from well water, measured by both LSC and GC, was 97
and 103%, respectively (Table 2). The difference between the
results for the 2 methods was almost uniform at 5.5%, indi-
cating a discrepancy between the GC standard and radioac-
tivity. A i-test confirmed that the 2 methods were statistical-
ly different. Nevertheless, the recoveries confirmed the re-
sults of other studies (1, 10) that the C|g cartridges were
efficient for the extraction of atrazine from 500 mL water.
During routine extractions of well water, atrazine recovery
was 95% (Table 3).

Simazine, alachlor, and cyanazine recoveries were 92, 90,
and 99%, respectively, during routine extractions of well
water (Table 3) and confirm the results of Junk and Richard
(10) for concentrations from 0.1 to 1yug/L and of Brooks et
al. for concentrations from 1 to 5 /ig/L (5). Carbofuran
recovery was the lowest (77%) of the parent pesticides, but
was statistically uniform. Recoveries of deethylatrazine
(26%) and deethylsimazine (9%) were poor because of the
large volumes ofwater extracted. Deethylatrazine and deeth-
ylsimazine recoveries improved when <100 mL water was
extracted.

Detection limits on routine groundwater samples were
0.20, 0.05, 0.05, 0.20, and 0.10 pg/L for carbofuran, atra-
zine, simazine, alachlor, and cyanazine, respectively. Sam-
ples of <1 L had correspondingly higher detection limits.

Recoveries of fortification 1 were statistically different
from fortifications 2 and 3, because fortification 1 was at or
near the limit of detection (Table 3). Recoveries from both

Table 2. Recovery (50 pg/L) of 14C-atrazine from fortified
water samples3
Rec., %
Days at 5°C uw GC
67 98.2 103.9
67 100.1 105.8
150 98.7 104.4
150 97.9 1035
150 100.4 106.1
150 95.8 101.3
150 88.4 93.4
Mean 97.1 102.6
CV, % 39 39

3The 2 methods for measuring atrazine were significantly different by
a f-test.
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Table 3. Recovery (%) of several pesticides from fortified water samples

SEa SE SE SE
Solution Deethylatrazine CV, % Deethylsimazine CV, % Atrazine CV, % Simazine CV, %
0 NDb —¢ ND _ 0.8 — ND —
0 ND —_— ND — ND — ND —
0 ND — ND — ND — ND —
Mean — — — — 0.2 — — —_
1 25.3 3.4 NMd _ 99.7 3.8 101.6 5.2
1 6.5 2.5 NM — 68.1 5.7 82.1 4.3
1 NM —_— NM — ND — — —
1 NM — NM — 147.0 — — —
Mean 8.0 150.5 — — 78.7 78.4 91.9 15.0
2 30.1 0.1 37.6 8.3 93.2 55 90.1 7.2
2 27.8 1.6 0.0 — 84.5 0.6 64.1 0.3
2 24.6 7.5 0.0 — 120.2 6.1 119.6 4.7
2 25.6 11.2 8.8 3.8 92.5 10.4 98.9 9.9
2 NM — NM — 98.8 0.9 131.9 0.2
Mean 21.6 56.8 9.3 175.5 97.8 13.8 100.9 26.1
3 8.2 19 2.4 0.4 89.9 59 62.1 4.9
3 33.1 0.7 NM — 85.5 1.7 81.2 1.7
3 29.7 — 23.7 — 102.5 — 109.6 —
3 66.7 5.9 15.1 2.7 89.6 3.6 81.7 2.2
3 16.1 1.5 1.8 0.5 87.9 6.5 78.1 15.9
Mean 30.8 73.1 8.6 120.4 91.1 7.3 82.5 20.7
Mean 2-3 26.2 92.6 8.9 212.8 94.5 15.6 91.7 33.3
SE SE SE
Solution Carbofuran CV, % Alachlor CV, % Cyanazine CV, %
0 ND J— ND J— ND —
0 ND — ND — ND —
0 ND — ND — ND —
Mean — — — — — —
1 97.9 0.6 103.9 17.9 111.6 7.7
1 49.9 55 ND — 75.6 4.6
1 ND — ND — ND -
1 ND — ND — ND -
Mean 36.9 3.9 26.0 17.9 46.8 8.9
2 89.8 3.6 88.9 55 95.4 15.1
2 78.5 0.1 66.0 0.1 97.5 0.4
2 —_ — 112.5 3.6 130.3 53
2 54.9 6.9 104.9 12.6 103.3 17.1
2 86.6 0.1 82.9 0.7 99.6 4.8
Mean 77.4 7.8 91.0 14.2 105.2 23.9
3 62.6 5.9 94.6 6.6 92.2 10.2
3 94.5 1.3 71.7 1.2 85.6 1.9
3 70.3 0.0 103.1 0.0 108.8 0.0
3 64.8 4.7 86.7 1.5 98.2 6.2
3 92.0 18.4 93.2 3.7 81.3 5.0
Mean 76.8 19.9 89.9 7.8 93.2 13.1
Mean 2-3 77.1 21.4 90.4 16.2 99.2 27.3

aSE = standard error of mean following each value and CV = coefficient of variation following each mean.
» ND = not detectable.

¢ One sample only, if not measurable.

« NM = not measurable.

fortifications 2 and 3 were statistically the same, except for fortification 3. The exceptionally large coefficients of varia-
simazine, by the SAS G LM procedure. Statistically, recover- tion (Table 3) was the reason recoveries from fortification 1
ies from all 3 fortifications (1,2, and 3) were 100%, except were statistically 100%.

for deethylatrazine and deethylsimazine, and carbofuran for Figure 1shows chromatograms of standards and extracts
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Figure 1. Chromatograms of nonfortified well water extracts (A, B, and C) and deethylatrazine, deethylsimazine, atrazine,

simazine, carbofuran, alachlor, and cyanazine (D). Standard amounts were 0.52, 0.58,0.64,0.35,1.77,1.52, and 1.09 ng at re-

tention times of 10.29,10.37,11.56,11.71,12.18,15.68, and 21.43 min, respectively. Chromatogram A shows deethylatrazine,

deisopropylatrazine (deethylsimazine), and atrazine. Chromatogram B shows deethylatrazine, deethylsimazine, atrazine, and

simazine. Chromatogram C shows deethylsimazine, atrazine, and simazine. Any deethylatrazine in chromatogram C was not
separated from the deethylsimazine.

of water from shallow wells. Deethylatrazine and deisopro-
pylatrazine (deethylsimazine) usually were separated on the
SPB-20 column, when the concentration of one was no more
than twice that of other product. Separation of the 2 dealky-
lation products was good on an SPB-5 column (same length,

diameter, and similar conditions, except initial temperature
was 175°C). Separation of atrazine and simazine posed no
problems unless their concentrations were less than 5 times
that of other products. (Simazine and carbofuran were not
separated on the SPB-5 column.)
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Table 4. Concentration (fig /L) of atrazine In well water
samples provided by the U.S. Geological Survey (USGS)
(December 1987)

Sample USDAa USGS
GSo01 0.29 0.30
GS02 1.17 1.0
GS03 4.5 3.1
GS04 22.4 16
GS05 0.54 0.4
GS06 3.08 2.7
GS07 1.08 0.6
GS08 0.28 0.2
GS09 0.53 0.5
GS10 1.50 1.0

aU.S. Department of Agriculture. Student’s ttest indicated no signifi-
cant differences between the 2 laboratories’ results.

The U.S. Geological Survey (USGS) provided 10 well
water samples from the Midwest in December 1987. For
determination of atrazine, a i-test showed no differences
between USGS results by their method and our results by the
present method (Table 4).

Overloading the Cig cartridges was not a problem. Recov-
eries of 95 + 15, 119 + 20, and 106 + 21 were obtained for
atrazine, alachlor, and cyanazine, respectively, at concentra-
tions between 145 and 939 fig/L. Most (99%) of our well
water samples contained <100 jug/L of atrazine; 81% con-
tained <1 fig/L of atrazine.

In conclusion, the method is accurate for atrazine, ala-
chlor, carbofuran, cyanazine, and simazine, but not for the
dealkylation products of atrazine or simazine. The method is
rapid when conducted in sets of 16 samples, can be applied to

NASH: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

water samples of <1 L, required no prefiltering and only
small amounts of organic solvents, and let the analyst con-
duct other portions of the procedure during extraction.
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Improved Extraction of Atrazine and Metolachlor in Field Soil Samples

LEE Q. HUANG1and JOSEPH J. PIGNATELLO?2

Connecticut Agricultural Experiment Station, PO Box 1106, New Haven, CT 06504

A method was developed for extraction of weathered resi-
dues of atrazine and metolachlor from field soils; soils had
last been treated with commercial formulations of the herbi-
cides 8-15 months prior to sample collection. Maximum
yields were obtained by batch extraction at 75°C for 2-16 h
with methanol-water (80 + 20) In a sealed vial. Hydrolysis or
other decomposition reactions were minor or negligible, de-
pending on the extraction time. This method is an improve-
ment over published methods that are validated by spike
recoveries; the proposed method gives 1.7-1.8 times higher
yields compared to shaking for 2 h at room temperature, and
1.3-1.8 times higher yields compared to Soxhlet extraction.
The reproducibility of the method was better than 12%. The
results underscore the Impact of nonequilibrium sorption of
organic compounds on analytical methodology and empha-
size the need to validate extraction methods with field sam-
ples.

The customary validation of analytical methods for organic
compounds in soils involves extraction of analyte from forti-
fied samples, i.e., the spike recovery. There is growing evi-
dence, however, that time-dependent nonequilibrium sorp-
tive processes can render some of the analyte more resistant
to extraction (1-4). Consequently, actual recovery from
weathered field samples could give values lower than those
predicted on the basis of a freshly added spike.

There have been few attempts to systematically optimize
the extraction of contaminant residues in field samples, al-
though discrepancies with spike recovery have been acknowl-
edged (2, 3). Complete extraction of residues of the soil
fumigant 1,2-dibromoethane (EDB) in field soils required
hot solvent for prolonged periods (e.g., methanol, 75°C, 24 h)
(4). The EDB residues in these samples consisted mainly of
less mobile fractions that were resistant to leaching and
microbial degradation (5). Common extraction methods,
such as Soxhlet, sonication, and purge-and-trap were ineffi-
cient, despite satisfactory recoveries of spikes (4). A hot
solvent technique similar to that used for EDB was also
needed for complete recovery of the less mobile fractions of
several other halogenated solvents and soil fumigants (6).

It is important to optimize the extraction of weathered
residues of organic contaminants in order to predict their fate
in the environment. We describe here an improved method
for extracting the herbicides atrazine (2-chloro-4-ethyl-
amino-6-isopropyl-1,3,5-triazine) and metoachlor (2-chloro-
IV- [2-ethyl-5-methylphenyl] -N - [2-methoxyl-1 - methyl-
ethyl]-acetamide) in field soils to which the herbicides had
last been applied several months prior to collection. These
herbicides are widely used, often in combination, and have
been associated with surface and groundwater contamina-
tion (7, 8).

Typically, atrazine and metolachlor are extracted from
soil by shaking at room temperature with methanol, acetoni-
trile, or dichloromethane for 2-24 h (9-15), or by sonication

Received August 25, 1989. Accepted December 15, 1989.
1Department of Analytical Chemistry.
2 Department of Soil and Water.

with acetone-hexane (16). McGlamery etal. (17) found that
a 2 h Soxhlet extraction with methanol or chloroform gave
the highest recovery of spiked atrazine. Xu et al. (18) used
Soxhlet extraction with methanol for 24 h. In the only study
involving field residues, Mattson et al. (19) showed thata 1h
reflux with acetonitrile-water (90+10) gave the highest
yields of atrazine residues in 2 field samples, when compared
to other solvents (methanol-water (90+10); chloroform) or
conditions (Soxhlet extraction; room temperature shake).

Even very mild conditions, such as a 2 h shake with metha-
nol-water (90+10), gave satisfactory recoveries of spiked
atrazine and metolachlor (9). However, the method reported
here is more efficient than the above methods for field sam-
ples.

Experimental

Apparatus and Reagents

A ll solvents used were Optima grade from Fisher Scientif-
ic Co., Springfield, NJ. Standards of atrazine and metolach-
lor were obtained from the U.S. Environmental Protection
Agency, Research Triangle Park, NC. Standards of 15N ,13C-
alachlor (M SD Isotopes, Montreal, Canada) and 2H 5-atra-
zine (Cambridge Isotope Laboratories, Inc., Woburn, M A)
were >98% isotopically pure.

Determinations of atrazine and metolachlor were carried
out with either Hewlett-Packard (HP) 5988A GC/MS or
HP 5970 GC/M S instrumentation (9).

Procedure

(@) Sample collection and handling.— Soil 1 (Merrimac
fine sandy loam, Typic Dystrochrept) was collected using a
hand auger from the top 15 cm ofa corn plot at the Universi-
ty of Connecticut experimental farm in Coventry, CT. The
soil contains 53% sand, 33% silt, 14% clay, and 2.4% organic
carbon. The clays are mainly illitic. Metolachlor had been
applied to this site at 2.2 kg active ingredient (A1) per ha (2
Ib/A) in 1986,1987, and 1988. Atrazine had been applied at
1.1 kg Al/ha (1 Ib/A) in 1986 and 1987, and 1.4 kg Al/ha
(1.251b/A) in 1988. These rates are typical for pre-emergent
weed control. The last application was 8 months prior to
sampling.

Soil 2 (Merrimac sandy loam, Typic Dystrochrept) was
collected from the top 15 cm of a corn plot at the Valley
Laboratory ofthe Connecticut Agricultural Experiment Sta-
tion in East Windsor, CT. The soil contains 61% sand, 38%
silt, 1.6% clay, and 0.91% organic carbon. The clays in this
soil are mainly illitic. This plot was treated with metolachlor
at 9 kg Al/ha (8 Ib/A) 17 months prior to sampling. An
untreated control soil (Merrimac fine sandy loam) was col-
lected from the same area.

Soils were sieved at field moisture (ca 10-15% water)
through a 2 mm screen and mixed to homogeneity by tum-
bling. The moisture in the soil kept particles from segregating
by size. The soils were stored frozen.

(b) Soil extraction.— For batch extractions, soil (8.5 g
moist weight) was combined with solvent (35 mL) ina40 mL
screw-cap vial with a Teflon-backed silicone rubber liner
(Pierce Chemical Co., Rockford, IL). After ensuring that
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Table 1. Comparison of solvents for extraction of atrazine
and metolachlor from soil 1a
Solvent Atrazine, /xg/kgé ~ Metolachlor, ag/kgb

Methanol 178 £ 2 334 £ 25
Acetone 165 +6 365 + 22
Acetonitrile 170+ 6 348 + 12
Methylene chloride 137+ 2 283 + 15
Hexane 59+ 2 109 £ 2

a75°C for 5 h.
b Mean and range of duplicates.

vial lip and liner face were free of particles, the samples were
incubated with agitation on a hematology mixer (Fisher Sci-
entific) (21°C and 50°C experiments) or on an orbital shak-
er (75°C experiments), or without agitation in a thermostat-
ed oven (95°C experiments). As a precaution against injury
that could result from breakage, the vials incubated at 75°C
and 95°C were shielded within a box and were not handled
until cool. The cooled vials were centrifuged for 15 min at
750 X g (IEC Model UV centrifuge) and the supernatant
liquid was removed for analysis.

Soxhlet extraction was carried out using 20 g soil and 100
mL methanol.

(c) GC/MS determination.— Analyses were carried out
as described previously (9) except that the cleanup of soil
extracts from (b) involved a liquid-liquid extraction tech-
niqgue described below in place of solid-phase extraction.

Briefly, soil extract (10 mL) and water (100 mL) were
placed in a separatory funnel along with known amounts of
2H 5-atrazine and 15N ,13C-alachlor as internal standards for
atrazine and metolachlor, respectively. The herbicides were
phase-transferred to 10 mL dichloromethane, which was
subsequently concentrated to about 2 mL for splitless injec-
tion to the GC/M S instrument. Quantitation of atrazine and
metolachlor was based on the response of the isotope-labeled
standards, which ensured good accuracy and precision (9).

(d) Decomposition rate constant measurements.— The
untreated control soil (8.5 g) and methanol-water (80+20)
(35 mL) were placed in 40 mL screw-cap vials and spiked
with a smallvolume of stock herbicide in methanol to achieve
300 Mg/L of herbicide. After shaking briefly, one replicate
was sacrificed as the time zero point. The remaining repli-
cates were incubated for various times at 75°C (with shak-
ing) or 95°C (without shaking). Workup consisted of centrif-

110
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Figure 1. Relative efficiency of methanol-water solutions

to extract herbicides from soil 1. Water content of solution
Includes soil moisture.

Table 2. Extraction yields from soil 1 using methanol-
water (80+20)
Yield, Aig/kga
Temp.,
°C 2h 4h 10 h 16 h 24 h
Atrazine
21 139 152 143 139 NT6
50 213 215 189 191 NT
75 209 225 208 190 NT
95 236 233 198 170 NT
Metolachlor
21 281 316 361 402 406
50 325 390 443 465 476
75 363 438 453 510 470
95 321 437 505 498 408
aDuplicate analyses. Mean range: atrazine, +3.4; metolachlor, £9.8
Atg+g-

b NT = not tested.

ugation followed by phase-transfer of analyte to dichloro-
methane, exactly as described above for the soil extracts.

Results

Solvent.— Methanol, acetone, and acetonitrile all gave
high extraction yields of herbicides from soil 1 compared to
the less polar and water-immiscible solvents dichlorometh-
ane and hexane (Table 1). Among the 3 water-miscible sol-
vents, methanol was selected because chromatograms had
fewer background peaks compared to acetone and acetoni-
trile. This effect has been noted previously (10).

The optimum water content of the methanol was 20%
(v/v) for extraction of both herbicides (Figure 1). Cotterill
(10) showed that approximately 20% water in methanol was
optimum for simazine and also was more efficient than meth-
anol alone for extracting fluometuron, lenacil, linuron, metri-
buzin, and propyzamide from air-dried soils. Others (2, 3)
also have found that water improves the efficiency of the
extractant.

Temperature and time.— Extraction yields from soil 1
with time at 4 selected temperatures between 21°Cand95°C
are given in Table 2. In general, yields increased with tem-
perature up to 75°C, with only slight (if any) improvement at
95°C. Although yields at the lower temperatures remained
constant or increased modestly with time, those at the higher
temperatures peaked at intermediate times and then de-
clined. The optimum combination of temperature and time
for metolachlor was 75°C, 16 h. The optimum for atrazine
was 95°C, 2-4 h.

Soil 2, which had been obtained from a site with a different
application history, gave similar results to soil 1 with respect
to extraction of metolachlor (Figure 2). Atrazine had not
been applied to this Field. Again, the higher temperature
leads to a considerable improvement in yield. W ith this soil,
however, the yield peaked at 4 h compared to 16 h for soil 1.

The apparent decline in yields at longer times at 75°C and
95°C could be explained in part by hydrolysis or other de-
composition reactions. Both atrazine and metolachlor are
subject to solvolysis in methanol-water. Atrazine undergoes
hydrolysis at the 2-position of the triazine ring with displace-
ment of chloride to give the hydroxy derivative (20, 21). In
water or moist soil, the reaction isvery slow atroom tempera-
ture and around neutral pH. The hydrolysis of metolachlor
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Figure 2. Yields of metolachlor from soil 2 using methanol-

water (80+20). Triplicate analyses; error bar represents
standard deviation.

has not been reported but other chloroacetanilides are
cleaved at the amide group (22).

Regardless of the nature of the decomposition reactions,
herbicide disappearance can be modeled as a pseudo first-
order process. Decomposition rate constants, kobs (Table 3),
were determined at 75°C and 95°C in methanol-water
(80+20) from the slopes of the decay plots, as illustrated in
Figure 3 for atrazine. Soil organic matter is believed to
catalyze the hydrolysis ofatrazine (21); therefore, to account
for catalytic effects of the soil, the reactions were carried out
in the presence of a surface soil that was similar to soil 1
except that it was free of herbicide.

The rate constants were used to generate correction factors
to compensate for decomposition losses according to the fol-
lowing equation:

Correction factor = (actual yield/observed yield) = ekts

where tis the extraction time. The correction factor at each
time is given in Table 3 and the corrected extraction data for
soil 1 are shown in Table 4. The corrected values exceed the
actual values by 5% or more only for atrazine at 95°C at
times greater than 2 h, and for metolachlor at 95°C, 24 h. By
comparison with Table 2 it can be seen that the optimum
conditions are hardly changed by including a correction fac-
tor for decomposition. It is also evident that the correction
does nottotally compensate for the apparent extraction losses
of herbicide at longer times. This may reflect catalytic differ-
ences between soil 1 and the control soil.

Table 3. First-order decomposition rate constants in
methanol-water (80+20) in presence of soil, and resulting
correction factors for extraction

Correction factor6

Temp., 103 kas
°C (h"13 2h 4h 10 h 16h 24h
Atrazine
75 20+ 05 1.00 1.01 1.02 1.03 NT
95 16+ 1 1.03 1.07 1.18 1.29 NT
Metolachlor

75 12+ 02 100 1.00 101 1.02 1.03
95 22+ 04 100 101 1.02 1.04 1.05

a Mean + standard error of estimate.
b Actual yield is observed yield multiplied by correction factor.
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Figure 3. First-order decomposition plots for atrazine in

methanol-water (80+20) in presence of herbicide-free con-
trol soil.

Reproducibility.— Replicate samples of soil 1 were ex-
tracted at 75°C for 16 h once per week over 4 weeks to check
the reproducibility of the method. The results (Table 5) are
uncorrected for decomposition. The relative standard devi-
ations, which combine the analytical and extraction variabili-
ties, were 6.7% for metolachlor and 11.8% for atrazine.

Comparison with Soxhlet extraction.—The 2 h Soxhlet
extraction prescribed by McGlamery etal. (17) and the 24 h
Soxhlet extraction prescribed by Xu et al. (18) using metha-
nol were compared with the batch hot solvent method. Rela-
tive to the highest yields obtained from the batch hot solvent
method, the yields obtained with the 2 h Soxhlet extraction
were 60% for atrazine (soil 1), and 63 and 65% for metolach-
lor (soils 1 and 2, respectively). The relative yields obtained
with the 24 h Soxhlet extraction from soil 1 were 56% for
atrazine and 77% for metolachlor.

Discussion

Extraction at 75°C in methanol-water (80+20) efficient-
ly removes the herbicides from the soil matrix. Although
extraction at 95°C gives slightly better yields of atrazine
than extraction at 75°C, decomposition is more pronounced
at this temperature. Therefore, to avoid the uncertainties
associated with decomposition, it is recommended that the
extraction be carried out at 75°C. The optimum time at this
temperature is 4-16 h for metolachlor and 2-4 h for atrazine.
In cases where both compounds are present in a sample, a
relatively short extraction period (e.g., 4 h) may be used since
acceptable yields of metolachlor (86% of maximum) were
obtained from soil 1 after that time.

Table 4. Extraction yields In Table 2 corrected for
decomposition
Yield, frg/kg
Temp.,
°C 2h 4h 10h 16 h 24h
Atrazine
75 210 227 212 196 NT3
95 244 249 232 220 NT
Metolachlor
75 364 440 458 520 484
95 322 440 516 516 430

NT = not tested.
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Table 5. Repeated analyses of soil 1to test
reproducibility of extraction method (75°C, 16 h)
Subsample
extracted Metolachlor, Atrazine,

during: pg/kga pg/kga
Week 1 510+11 227 + 0.4
Week 2 510 + 20 227 + 17
Week 3 450 + 14 226 + 9
Week 4 462 + 18 199 + 18
Mean 483 + 32b 220 + 266

aStandard deviation of triplicate analyses of a single soil extract.
b Propagated error.

The batch hot solvent method is an improvement over
published room temperature and Soxhlet extraction meth-
ods. This was demonstrated using 2 soils with different his-
tories of herbicide application. Compared to the best yields at
75°C, only 55-62% yield was achieved by shaking for 2 h at
21°C. Furthermore, extension of the room temperature
shake from 2 to 24 h resulted in only minor improvement.
Soxhlet extraction achieved yields ranging from 56 to 77%
compared to the best yields by the batch method. A likely
explanation for the inefficiency of Soxhlet extraction is that,
even though the solvent boils close to 65°C, its temperature
in the thimble never exceeds about 53°C. It is also possible
that the lack of agitation in the thimble impedes extraction.

In contrast to the need for high temperature extraction for
the field residues, a 2 h shake with methanol-water (90+10)
was sufficient to quantitatively recover herbicide spikes after
a 1h equilibration period (9). It is known that organic com-
pounds undergo slow, diffusion-retarded sorption in soils as a
consequence of the porous nature of soil particles (1). These
slow sorptive processes, which may continue for months or
years, can result in nonlabile fractions that are more resistant
to extraction. With time, the nonlabile fractions can make up
an increasingly larger proportion of total analyte as diffusion
continues and as degradation and leaching processes in the
field remove the labile fractions. Batch and column leaching
studies showed that a large fraction of the total atrazine and
metolachlor in these soils at the time of collection existed in a
nonlabile sorbed state (23).

Due to convenience and the common assumption that sorp-
tive equilibria are established rapidly, the equilibration peri-
od used for the determination of spike recovery is seldom
more than 24 h. By contrast, equilibration times in the field
can be years. Because the nonlabile fractions are believed to
be retained mainly by diffusional resistance rather than by
irreversible chemical reactions (1), the herbicide residues are
ultimately leachable and need to be accounted for in monitor-
ing programs and fate modeling.

In view of the findings here and elsewhere (1, 4, 6), a re-
evaluation of extraction methods for other pesticides and
chemical contaminants is warranted.
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PLANT TOXINS

Determination of Total Gossypol in Cottonseed and Cottonseed Meals by Derivative UV

Spectrophotometry

NICKOS A. BOTSOGLOU and DIMITRTOS C. KUFIDIS
Aristotle University, School of Veterinary Medicine, Laboratory of Nutrition, 54006 Thessaloniki, Greece

A new method for the determination of total gossypol In
cottonseed and cottonseed meals has been developed. The
method Involves oxalic acid hydrolysis of the bound gossypol
in a methyl ethyl ketone-water azeotrope, partitioning the
liberated gossypol Into chloroform, and quantification by 2nd
derivative UV spectrophotometry. The 2nd derivative trans-
formation and measurement of the conventional analytical
band around 300 nm permits direct quantification of all com-
pounds containing naphthalene nuclei; chromogenlc reaction
is not required. The method was tested at concentration
levels of total gossypol normally expected for cottonseed
and cottonseed meal. Precision and accuracy data suggest-
ed an overall relative standard deviation of 4.0% and an
overall recovery of 89.5%. Although results for cottonseed
and solvent-extracted cottonseed meal analyses were com-
parable to those obtained by use of American Oil Chemists’
Society methods, results were lower for screw-pressed
meals. The lower results were attributed to the partial con-
version of gossypol, during the cooking process of these
meals, to compounds that differ In composition and structure
from gossypol and which react with aniline to give false
readings.

Cottonseed meal, the by-product of the cottonseed-oil pro-
cessing industry, is a high protein material with valuable
nutritive properties, which has found widespread application
as animal feed. However, its utilization in animal nutrition is
limited by the presence of gossypol, a well characterized
polyphenolic binaphthyl aldehyde, and gossypol-related
compounds. Gossypol and many of these compounds are
toxic to nonruminants such as poultry (1-3) and swine (4-6),
and young ruminants such as calves (7, 8) and lambs (9).

Gossypol and its related compounds are found primarily in
the pigment glands of cottonseed. During cottonseed process-
ing, moisture and heat convert most of the gossypol to the so-
called “bound gossypol,” a compound that has the aldehyde
groups condensed with free amino groups of proteins to form
a Schiff base. The formation of a Schiff base, while resulting
in some detoxification of gossypol, also lowers the nutritive
value of the cottonseed meal by reducing the availability of
lysine, the limiting essential amino acid in cottonseed (10).
Therefore, bound gossypol and, consequently, total gossypol
(free plus bound) content is an important quality factor of
cottonseed meal.

Several analytical methods for estimating total gossypol in
cottonseed and cottonseed meals have been reported. Early
methods, gravimetric procedures (11-13) that require hot
aniline extractions and time-consuming handling, have been
substituted by spectrophotometric methods. Pons et al. (14)
first developed a spectrophotometric method based on the p-
anisidine reaction of the gossypol liberated after oxalic acid

Received July 24, 1989. Accepted November 29, 1989.

hydrolysis of its bound form. This was essentially the Official
American Oil Chemists” Society (AOCS) method Ba 8-55
for total gossypol (15), except aniline was substituted for p-
anisidine as the coloring agent (16). Later, Smith (17) short-
ened the analysis time by omitting the acid hydrolysis step,
and proposed treating the sample with a mixture of aniline-
ethanol to convert bound gossypol to dianilinogossypol. Pons
et al. (18) further shortened the analysis time by using 3-
amino-1-propanol in dimethylformamide to hydrolyze and
complex bound gossypol, and determined gossypol, after ad-
dition of aniline, as dianilinogossypol. This aminopropanol
hydrolysis procedure was subsequently adopted by AOCS as
official method Ba 8-58 (19), later Ba 8-78 (20). Fisher et al.
(21) modified method Ba 8-78 to make it applicable to cot-
tonseed containing less than 10 ppm total gossypol. Admasu
and Chandravanshi (22), described an alternative method in
which ferric nitrate is used in place of aniline, and reported
identical results to those obtained by method Ba 8-78 for
cottonseed and cottonseed meal presscakes.

However, it has been shown that spectrophotometric
methods based on dianilinogossypol formation may lead to
false readings (23, 24) due to the presence of extraneous
compounds that react with the coloring agent. Therefore, a
simple method not based on reaction with aniline might offer
another approach to the accurate and precise determination
of total gossypol in cottonseed materials, and, thus, the
means of verifying the results for the AOCS methods.

The present report deals with the development of a new
method for the determination of total gossypol in cottonseed
and cottonseed meals by the use of 2nd derivative UV spec-
trophotometry (25-28) so that the reaction of gossypol alde-
hyde groups with aniline or other chromogenic reagents
could be bypassed.

METHOD

Reagents

(a) Aqueous acetone.—Mix 700 mL ACS grade acetone
with 300 mL water.

(b) Methyl ethyl ketone-water azeotrope.—Mix 1106
mL reagent grade methyl ethyl ketone with 110 mL water
and distill, rejecting the first 100 mL of distillate. Azeotrope
distills at 73.5°C. Store in brown bottle.

(c) Oxalic acid solution.—0.1M. Dissolve 12.6 g ACS
grade oxalic acid dihydrate in methyl ethyl ketone-water
azeotrope, and dilute to 1000 mL with azeotrope. Store solu-
tion in brown bottle.

(d) Barium acetate solution.—0.5M. Dissolve 136.73 g
ACS grade barium acetate hydrate in water and dilute to
1000 mL with water.

(e) Solvent mixture.—Mix 715 mL ACS grade ethanol,
285 mL water, 200 mL ACS grade, peroxide free, diethyl
ether, and 2 mL reagent grade glacial acetic acid. Store in
brown bottle.
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Normal (a, b) and corresponding 2nd derivative (a', b') UV spectra of gossypol working solution (3.4 pg/mL) and extract of

cottonseed meal.

(f) Other chemicals—ACS grade chloroform, sodium
sulfate, and hydrochloric acid.

(9) Gossypol standard solution.—Weigh ca 12 mg gossy-
pol acetic acid (89.62% gossypol; Makor Chemicals, Ltd),
and dissolve in and dilute to 50 mL with solvent mixture.
Dilute aliquots of this stock solution to prepare working
solutions in range 1-4 yg/mL.

Apparatus

(a) Spectrophotometer.—Perkin-Elmer Model 512 dou-
ble beam UV-Vis spectrophotometer with 10 mm quartz
absorption cells. Derivative UV spectra produced by elec-
tronic differentiation of spectrophotometer output signal and
monitored on Perkin-Elmer Model 165 chart recorder. Per-
kin-Elmer Model 200-0507 derivative accessory permits se-
lection of six (1, 2, .... 6) time constants (sensitivities) for
electronic differentiation of output signal. Positive as well as
negative signals may be expected in derivative spectra; set
recorder pen at 50% full scale deflection before scanning.
Obtain 2nd derivative spectra in range of 250-340 nm at
scanning speed of 240 nm/min with monochromator slit set
at 3 nm and time constant 5.

(b) Water bath.—Tamson Model T.X. V.45 constant tem-
perature control (accuracy +0.1°C).

(c) Rotary vacuum evaporator.—Buchi, Model Rotava-
por-R.

(d) Laboratory mill.—Retsch KG type SKI mill
equipped with 1 mm screen.

Sample Preparation

Grind ca 50 g cottonseed meal or dehulled cottonseed
sample in laboratory mill through 1 mm screen. Grind cot-
tonseed carefully to avoid overheating and oil expression.

Procedure

Accurately weigh ca 1 g sample material into 100 mL
volumetric flask and add 25 mL oxalic acid solution. Place
flask in 15°C water bath, allow to equilibrate, then stopper
flask and heat 6 h. Remove flask from bath, cool to room
temperature and add 25 mL aqueous acetone followed by 5
mL barium acetate solution. Mix contents of flask and dilute
to volume with aqueous acetone. Let stand 10 min for com-
plete precipitation of formed barium oxalate and filter
through Whatman No. 41 paper into glass-stopper flask,
discarding first 10 mL of filtrate. Pipet 25 mL aliquot of
filtered extract into 250 mL separatory funnel and add to
funnel 50 mL chloroform followed by 100 mL water acidified
with 1 mL hydrochloric acid. Shake funnel 3 min to accom-
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Table 1. Raw data and regression equation of calibration
curve for gossypol determination by 2nd derivative
spectrophotometry

Gossypol concn Mean Rel.
in std soin, height,3mm Std std
/¢g/mL n="7 dev. dev., %
1.280 41.3 1.0 2.4
1.706 53.4 15 2.8
2.133 67.7 0.9 13
2.559 80.6 0.9 11
2.986 94.9 11 1.2
3.413 110.6 11 1.0

3 Regression equation: y = -0.74 + 32.2x. R2 (adjusted for
df) = 0.997.

plish partitioning, let stand 5 min, and filter lower organic
layer through anhydrous sodium sulfate on Whatman No. 40
paper into 100 mL round-bottom, glass-stopper flask. Rinse
sodium sulfate by filtering through paper 10 mL chloroform,
and evaporate filtrates to dryness by using initially rotary
vacuum evaporator at 40°C and, finally, nitrogen stream.
Dissolve remaining residue with 50 mL solvent mixture and
stopper flask.

Derivative Spectrophotometry and Calculation

Pipet appropriate aliquot of sample solution into 10 mL
volumetric flask and dilute to volume with solvent mixture.
Size of aliquot depends on total gossypol content of sample:
for sample with expected total gossypol content <3000 ppm,
use > 1.0 mL aliquot; 3000-5000 ppm, 1.0 mL aliquot; 5000-
7000 ppm, 0.7 mL aliquot; 7000-9000 ppm, 0.6 mL aliquot;
9000-11 000 ppm, 0.5 mL aliquot; 11 000-13 000, 0.4 mL
aliquot. For maximum precision, resulting final solution
should contain ca 2.5 fig gossypol/mL. Record 2nd derivative
UV spectrum of final solution against solvent mixture, ac-
cording to previously described conditions, and calculate its
gossypol concentration (/ig/mL) by measuring DiD: height
(Figure 1) and comparing it to heights obtained from spectra
of gossypol standard solutions (calibration curve).

Calculate total gossypol content of cottonseed product as
follows:

Total gossypol, ppm = (2000 X C)/(V X W)

where C = gossypol concentration, /;g/mL, of final solution
from standard curve; V = volume of aliquot taken, mL; W =
weight of sample, g.

Results and Discussion

The performance of 2nd derivative vs normal UV spectro-
photometry in the identification of gossypol is shown in Fig-
ure 1 The absorbance differentiation d2A /d\2 where A =
absorbance and A = wavelength, resulted in transformation
of the normal spectrum into a series of sharp maxima and
minima that were used for qualitative purposes. When the
derivative spectrum of a 3.4 ~g/mL working solution of
gossypol was recorded, a maximum (Di) and a minimum
(D2 appeared, corresponding, respectively, to the inflection
point and to the maximum of the conventionally recorded
analytical band around 300 nm. The appearance of such
extremes improved the resolution so that, while the normal
spectrum of a cottonseed meal extract gave little informa-
tion, its 2nd derivative spectrum permitted direct quantifica-
tion of gossypol in the extracts by measuring the distance, in

Table 2. Effect of hydrolysis time on the determination of
total gossypol In various samples
Gossypol found,3ppm
Type of
sample Oh 6h 16 h

1860 ppm gossypol

soln 1770 (95.2%)
3719 ppm gossypol

soln 3560 (95.7%) 3380 (90.9%) 1897 (51.0%)
Screw-pressed

meal6 - 3444 (89.5%) 1887 (49.0%)
Screw-pressed

meal6

+ 1921 ppn

gossypol 5164 (89.5%)
Solvent-extracted

meal0 — 6619(89.5%) 3715(50.2%)
Solvent-extracted

meal0

+ 2293 ppm

gossypol 5164 (53.3%)

3Values In parentheses are percent recoveries.
6Meal containing 3848 ppm total gossypol.
0Meal containing 7395 ppm total gossypol.

the ordinate direction, between the characteristic maximum
Dj and the adjoining minimum D2, since the D]D2height was
in good linear relation to gossypol concentration (Table 1).

The hydrolysis process was that proposed by Pons et al.
(14) and the partition process was that reported by Schramm
and Benedict (29). Since it was found that 16 h hydrolysis
leads to serious destruction of gossypol and/or gossypol-
related compounds, 6 h hydrolysis was adopted instead. The
data given in Table 2 indicate that a 5% loss of gossypol
occurs during the partition process.

Interferences in extracted samples may cause inaccurate
gossypol determination, so a standard addition method of
analysis was evaluated. In this study, 9 of 12 samples from a
solvent-extracted cottonseed meal were spiked at 3 fortifica-
tion levels with standard gossypol and all samples were as-
sayed for total gossypol content. Least-squares and regres-
sion analysis of the data (Table 3) based solely on the 3-level
spiking showed that the relationship between “added” and
“found” was adequately described by a linear regression (R2,
adjusted for degrees of freedom, = 0.989). The intercept
(6543) of the regression line (y = 6543 + 0.907x), which
actually is the value in ppm predicted for the unspiked sam-
ples, was found by the M est not significantly different from
the arithmetic mean (6618.7 ppm) of the unspiked samples.
This finding indicated that interferences were not present in
extracted samples.

The lack of interfering bands of other absorbing com-
pounds permitted accuracy evaluation using the data from
both the spiked and unspiked samples (Table 3). Least-
squares and regression analysis of these data showed that
linearity was quite acceptable (R2 adjusted for df, = 0.995).
Therefore, the slope (0.895 + 0.043) of the regression line (y
= 6596 + 0.895x) could be used as an estimate of overall
recovery (89.5% =+ 4.3) in the analysis for total gossypol in
cottonseed products.

The precision of the proposed method was also studied by
assaying, on each of 3 different days, 6 samples from a
solvent-extracted cottonseed meal. To estimate the overall
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Table 3. Accuracy data based on recovery of gossypol

added to a cottonseed meal at 3 levels

Spiking Gossypol Gossypol found,
level added,3ppm ppm
- 0 6591
- 0 6606
— 0 6659
1 1828 8485
1 1822 7973
1 1811 8198
2 3665 9844
2 3612 9848
2 3620 9674
3 5407 11508
3 5445 11588
3 5469 11412

aConcentration differences among samples of gossypol added are
due to unavoidable variation in weights of samples taken for analy-
sis.

precision, the raw data (Table 4) were subjected to “analysis
of variance and expected mean squares for the one way
classification-random effects model” (30). Within-day preci-
sion was 3.7%, between-day precision 1.3%, and overall preci-
sion was 4.0%.

Application of the proposed procedure to the analysis of
total gossypol in cottonseed and solvent-extracted cottonseed
meal samples gave results in substantial agreement with
those obtained by using the AOCS methods Ba 8-55 and Ba
8-58 (Table 5). The considerably lower values observed when
the proposed method was applied in the analysis of screw-
pressed meals might be attributed to partial conversion of
gossypol, during the cooking process of these meals, to com-
pounds of various composition and structure (31, 32) that
differ from that of gossypol. Based on these observations and
on previous work on the structure of gossypol, we attempted
to find what is exactly quantified by the proposed method.

According to Adams and Kirkpatrick (33), an examina-
tion of the normal spectra of gossypol (34, 35) and many of
its related compounds shows them all to be characterized by a
maximum at approximately 250 nm and a maximum around
300 nm with logarithms of molal extinction coefficients close
to 5 and 4, respectively. A comparison, on the other hand, of

Table 4. Precision data for determination of total gossypol
in cottonseed meal
Gossypol Mean value, Std Rel. std
Day found, ppm ppm dev. dev., %
1 6699,6342,6610
6643, 6701,6852 6641 168.4 25
2 6551,6658,6651
6908, 7572, 6721 6843 376.0 55
3 6703, 6637, 6579
6527, 6749, 6359 6592 139.8 21
Overall 6692 261.0 3.9

Variance estimates:

Source Rel. std dev., %
Within day 3.7
Between day 13
Overall 4.0

Table 5. Total gossypol content of cottonseed products as
determined by different methods
Gossypol found,3 ppm
Type of AOCS method AOCS method
product (Ba 8-55) (Ba 8-58)  Proposed method6
Solvent-extracted
meal 7134 7767 7437
Solvent-extracted
meal 5871 6093 6116
Cottonseed
(local variety) 4751 5383 4991
Cottonseed
(local variety) 3978 4314 4425
Screw-pressed
meal 5324 4962 4416
Screw-pressed
meal 4418 4490 3813

aDuplicate determinations.
6Values corrected for recovery.

the absorption spectrum of gossypol with those of substituted
naphthalenes indicates that it is of the same general shape
but with more intense peaks (36, 37). If this intensity were
due merely to auxochromes in the molecule, the peaks of the
normal spectra of the various gossypol-related compounds in
which the functional groups differ should vary considerably
from those of gossypol. However, this has been found (33)
not to be the case; apogossypol hexamethyl ether, which has 2
aldehyde groups less than gossypol, shows only minor differ-
ences in the 2 main peaks from that of gossypol. These
findings led Adams and Kirkpatrick (33) to the conclusion
that the enhancement of the intensity in the gossypol spec-
trum was due to the presence of 2 naphthalene nuclei in the
gossypol molecule. Based on these spectroscopic investiga-
tions, it may be considered that the proposed 2nd derivative
method that involves transformation and measurement of the
analytical band around 300 nm measures, in fact, not only
gossypol per se, but also those compounds that contain naph-
thalene nuclei.

In conclusion, the present study shows that the use of 2nd
derivative spectrophotometry provides a selective, accurate,
and precise method for the determination of total gossypol at
concentration levels normally expected for cottonseed and
cottonseed meals. One analyst can easily process 6 samples in
a 8 h work day. Although this method does not offer im-
proved speed over AOCS methods, it does give to the analyst
an alternative way of measuring total gossypol in cottonseed
material.
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Enzyme-Linked Immunosorbent Assay for Microcystins in Blue-Green Algal Blooms

FUN S. CHU, XUAN HUANG, and R. D. WEI
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Toxicology, Madison, W 153706

A direct competitive enzyme-linked immunosorbent assay
(ELISA) for the freshwater blue-green algal toxin microcystin
(MCYST) in algae and water was developed. The assay
involves coating antl-MCYST-variant leucine-arginine (LR)
antibody to the ELISA plate and the use of MCYST-LR-
peroxidase as the enzyme marker. The linear portion of the
standard curve for MCYST In phosphate buffer containing
saline (PBS) was 0.5-10.0 ng/mL (25-500 pg/assay). The
minimum detection level for MCYST-LR was 0.20 ng/mL (10
pg/assay). Contaminated water could be directly used in the
ELISA. The overall analytical recoveries for MCYST-LR add-
ed to water at levels of 1-20 ng/mL was 83.4%. For analysis
of cellular MCYST, the toxin was first extracted from the
algae with 0.1M ammonium bicarbonate, diluted with PBS to
less than 0.5 mg dried algae/mL (<5.0 mg wet weight/mL)
and directly used in the ELISA. C-18 reverse-phase Sep-Pak
cartridges effectively adsorbed MCYST from the toxin-con-
taining solutions. The toxin could be recovered from the
cartridge by eluting with 60% methanol. Using this ap-
proach, an algae extract that was relatively free of MCYST
was prepared and was used in a recovery study. The overall
analytical recovery of MCYST added to the algae extract in
the range of 0.25-20 ppm was 83% with a coefficient of
variation of 11.9%. The detection limit for MCYST In dried
algae was about 0.25-0.5 pg/g (0.25-0.5 ppm) lyophillzed
algae sample. This method was applied for the analysis of
several naturally occurring algal blooms. Limited samples
were also analyzed for MYCST by liquid chromatography.
ELISA data were in general agreement with those obtained
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by liquid chromatography. MCYST concentrations from
0.006 to 2.9 /ug/g (6 to 2900 ppb) and from 26 to 5200 pg/g
(26 ppm to 5200 ppm) were found in water and algae (dried
weight), respectively.

Microcystins (MCYST), nodularin (NODLN), and related
hepta- and pentacyclic peptides are a group of toxins pro-
duced by certain freshwater blue-green algae (cyanobac-
teria), including Anabaenaflos-aquae, Microcystis aerugin-
osa, Oscillatoria agardhii, and Nodularia spumigena (1-5).
These toxins cause intermittent but repeated poisonings of
wild and domestic animals in many parts of the world as well
as liver damage, gastroenteritis, diarrhea, and dermatitis in
humans (6). Thus, the presence of these toxins in the environ-
ment is considered to be potentially hazardous to human and
animal health. To decrease the risk of exposure to the toxins,
monitoring the toxins in water, foods, and feedstuff is essen-
tial. Currently, liquid chromatography (LC) and mouse bio-
assay are most frequently used (7-10) to detect the toxins in
cyanobacterial water blooms (2-5). LC analysis involves ex-
tensive cleanup before the assay and is very time consuming;
the mouse assay, is nonspecific.

Investigations in our laboratory and in others have led to
methods for the production of specific antibodies against
several important MCYSTs, including monoclonal antibody
against the leucine-alanine (LA) variant of MCYST
(MCYST-LA) (11) and polyclonal antibodies against the
leucine-arginine variant (MCYST-LR) (12). An indirect
ELISA tha: involves coating of MCY ST-LA directly to the
microtiter plate (11) and a sandwich immunoassay format
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(12) were reported; however, the sensitivity for the toxin
analysis was low and the standard curve for the assay was in
the microgram range.

Most recently, an effective method for the production of
polyclonal antibodies with high affinity to the MCYST-LR
variant was developed in our laboratory (13). The antibodies
have good cross-reactivity with MCY ST-arginine-arginine
variant (MCYST-RR), MCYST-LR, MCYST-tyrosine-
arginine (YR), and nodularin (NODLN), but less reactivity
with variants MCY ST-leucine-tyrosine (LY) and
MCYST-leucine-alanine (LA). The antibodies did not
cross-react with ozonolyzed MCY ST-LR. We also tried to
develop ELISA protocols for the analysis of microcystins in
different matrixes. Details for the determination of micro-
cystins in water and algae as well as application of this
method for the analysis of several naturally occurring algal
blooms are described in the present paper.

Experimental

M aterials

Microcystin-LR, produced by M. aeruginosa PCC-7820,
was supplied by W. W. Carmichael of Wright State Univer-
sity (Dayton, OH). Bovine serum albumin (BSA; RIA
grade), o-phenylenediamine (OPD), and 30% hydrogen per-
oxide were from Sigma Chemical Co. (St. Louis, MO). I-(3-
Dimethylaminopropyl)-3-ethylcarbodiimide (EDPC) was
obtained from Aldrich Chemical Co. (Milwaukee, WI).
Horseradish peroxidase (HRP) (ELISA grade) was from
Boehringer Mannheim Biochemicals (Indianapolis, IN).
The HRP substrate, o-phenylenediamine, in tablet form
(OPD, 4.0 mg/tablet), was supplied by ldexx (Portland,
ME). Antibodies against MCY ST-LR were prepared in rab-
bits after immunization with EDA-BSA-MCYST-LR con-
jugate according to the method of Chu et al. (13, 14).
MCYST-LR was conjugated to peroxidase by a method
using water-soluble carbodiimide (EDPC) as previously de-
scribed (13). Sep-Pak C-18 reverse-phase cartridges were
from Waters Associates (Milford, MA). All chemicals and
organic solvents were reagent grade or better.

Apparatus

(@) ELISA washer.—Automatic (Dynatech Model B
Miniwasher or equivalent).

(b) ELISA reader.—Dynatech MR 600 or equivalent.

(c) ELISA plates.—Nunc Microwell (high binding ca-
pacity, Nunc Co., Denmark).

(d) Automatic pipets.—Titertek 8 channel (50-200 yL)
and single channel such as Gilson (50 and 100 yL).

Immunoassay Reagents

(d) Phosphate-buffered saline (PBS).—Sodium phos-
phate buffer, 0.01 mol/L (or 0.1 mol/L, as specified), con-
taining 0.15 mol NaClI/L, pH 7.5.

(o) Tween-PBS.—0.1% (v/v) Tween 20 in PBS.

(c) Standard solutions.—Dissolve MCYST-LR stan-
dard in small amount of ethanol and then diluted to appropri-
ate concentrations in PBS for ELISA. Ethanol concentra-
tions were less than 1%

(d) BSA-PBS solution.—0.1%. Dissolve 0.1 g BSA in
100 mL PBS (0.01M, pH 7.5).

(e) Substrate buffer.—Citric acid (0.05 mol/L) plus 0.1
mol NaH:2P. 4 /L, pH 5.0.

() Enzyme substrate solution (ESS).—Dissolve 40 mg

OPD or 10 OPD tablets plus 0.04 mL 30% H20 2in 100 mL
substrate buffer. Prepare fresh daily and use within 60 min
after preparation.

(g) Stopping reagent (SR).—1NHCL1.

Preparation of Samples

(a) Water—Standard MCYST-LR was first dissolved in
small amount of ethanol to approximately 2 yg/mL, diluted
in distilled water, and then added to tap water for the recov-
ery study. No cleanup of water samples before ELISA was
necessary.

(b) Algae.—Algae collected from typical lake algal
blooms generally was separated from water by centrifuga-
tion. The algae portion was lyophilized to dryness. Microcys-
tins in the aqueous fraction were analyzed according to the
method described above. For dry algae, appropriate amounts
of lyophilized algae (<0.5 g) were blended in a Waring
blender (or homogenized in a homogenizer) with 10-20 mL.
0.1M ammonium bicarbonate for 4 min. The homogenate
was centrifuged 30 min at 16 000X g. One mL (25 mg dry
algae/mL) of supernatant solution was then diluted with
PBS to a final solution containing <0.5 mg algae/mL and
used directly in the ELISA.

To ascertain the validity of the above procedure, 2 natural-
ly occurring toxic algae samples and one M. aeruginosa
PCC-7820 culture extract were further subjected to the fol-
lowing treatment. One mL of the above algae extract with
pH adjusted to 7.0 was loaded onto a Sep-Pak cartridge.
After washing with water, the cartridge was eluted with 5 mL
each of 20, 60, and 100% methanol. Concentration of
MCYST in each fraction was determined by ELISA. An
analytical recovery study was carried out by adding 0.5-10
ng MCYST-LR to each mL of an algae extract (0.5-4.0
mg/mL) from which MCYST had been removed by car-
tridge treatment.

Direct Competitive ELISA

The protocol for the direct ELISA is essentially the same
as we previously described for aflatoxin Bi (15) except that
the antibody was diluted in 0.01M PBS (1 to 1000, with 0.1
mL coated to each well). The coated plate was incubated
overnight at 4°C, and the plate was washed with PBS-Tween
(0.35 mL/well; 0.05% Tween 20 in PBS) followed by incuba-
tion with BSA-PBS (0.17 mL/well; 0.01% BSA in PBS) for
30 min at 37°C. The plate was washed again with PBS-
Tween (0.35 mL/well) 4 times followed by incubation with
standard MCYST-LR (0.05 mL/well) at different concen-
trations or blank buffer, or sample solution together with
MCYST-LR-HRP conjugate (0.05 mL/well) for 60 min at
37°C. The plate was washed 4 times with PBS-Tween (0.35
mL) and incubated with 0.1 mL of freshly prepared OPD-
substrate solution at room temperature for 15-20 min, and
then 0.1 mL stopping reagent was added. The color was read
at 490 nm. Samples were run in triplicate.

Standard Curve and Calculation of MCYST Concentration

The standard curve was established by plotting the % of
binding of the enzyme, i.e., %0f maximum absorbance, to the
plate vs the concentration of standard MCYST-LR, in log
scale, at various concentrations. The % of binding of the
enzyme to the plate was calculated from the following formu-
la: (A/AQ) X 100, where A is the absorbance reading for the
sample or standard and AQis the absorbance reading for the
blank in PBS. Thus, for an unknown solution, the concentra-
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Figure 1. Standard curve for immunoassay of MCYST-LR
in PBS. MCYST-LR-labeled HRP was used in the direct
ELISA. Fifty pi. portions of different concentrations of stan-
dard MCYST-LR in PBS were used in each assay. All data
were obtained from the average of 3 sets of experiments.
Concentrations (0.05-50 ng/mL or 2.5-2500 pg/assay)
shown on the x-axis are in log scale.

tion could be directly estimated for the standard curve or
calculated from any of the established computer programs
directly after reading the absorbance.

Liquid Chromatography

Limited samples were subjected to LC analysis using the
method of Harada et al. (7). All samples were analyzed in a
Waters Associates LC system equipped with a Model 6000A
pump and a Model 440 detector. A Waters /uBondapak C-18
reverse-phase column (P/N 27324, 3.9 mm X 30 cm) was
used. The column was equilibrated with a solvent system
containing 4 parts of 0.05% trifluoroacetic acid in water and
6 parts of methanol and was run isocratically with the same
solvent at a flow rate of 1 mL/min. The elution pattern was
obtained by measuring absorbance at 254 nm. In general,
10-100 pL of sample in methanol was injected onto the
column. Quantitation was performed by comparing the peak
areas of the unknowns with a standard, which was estab-
lished by injecting various concentrations of MCYST-LR
(50-500 ng/injection) onto the column. To identify an extra
peak in the unknown samples, a nodularin standard was also
injected onto the column. All the algae samples were subject-
ed to cartridge treatment, and only the 60% methanolic elu-
ate was used in the LC analysis.

Results and Discussion

Standard Curves for ELISA of MCYST-LR

A standard curve for direct competitive ELISA of
MCYST-LR in different matrixes is presented in Figure 1
Under the experimental conditions, the values for the blank
(AQ, no toxin added) were generally about 0.9-1.2. It is
apparent that the linear response of inhibition of binding by
MCYST in the direct competitive ELISA was in the range of
0.5-10 ng/mL (25-500 pg/assay). Assuming the concentra-
tion of MCYST to cause a 10-15% inhibition of binding of
MCYST-HRP to the coated antibody as the minimum de-
tection level, the minimum detection level for MCYST-LR
in the ELISA would then be about 10 pg/assay (0.20 ng/
mL).

Table 1. Recovery by direct competitive ELISA of
MCYST-LR added to water
Recovery

Amt cv,

added, ng/rrL ng/mL % SD %
20 17.9 89.5 1.82 10.2

10 8.2 82.0 0.65 7.9

5 3.9 78.0 0.24 6.2

1 0.84 84.0 0.10 11.9
Overall 83.4 9.05

Recovery of MCYST-LR Added to Water

Recovery results for MCYST-LR added to water are giv-
en in Table 1 The overall recoveries, between 1 ng and 20
ng/mL (1-20 ppb), were 83.4% with a CV of 9.05%. At the 1
ng/mL level, the solution was diluted one-fold before
ELISA; thus, as low as 0.5 ng/mL of the toxin in water could
be determined without any treatment of the sample.

Recovery of MCYST-LR Added to Algae

Investigation of the analytical recovery of MCYST in
algae was a very difficult task because practically all the
algae collected from the naturally occurring blooms con-
tained toxic Microcystis. Cartridge cleanup of the algae ex-
tract effectively removed almost all of the MCYST. Our first
task was to prepare “a toxin-free extract (TFE)” by passing a
preparation cf algae extract through the cartridge and then
to study the effect of this extract on ELISA. Results for the
effect of 2 different algae preparations on blank absorbance
readings are shown in Figure 2. The blank readings for the
solutions containing <0.3-0.6 mg dried (lyophilized) algae/
mL, almost approached the standard deviations of the blank
readings obtained in PBS, which suggests that algae at 0.5
mg/mL could be directly used in the ELISA. Since the 0.5
ng/mL was the lowest concentration for MCYST in PBS in

100

80

60

40F .

% MAX ABSORBANCE

20r 1

0 L 1 L L
0 1 2 3 4 5

ALGAE CONC (mg/mL)

Figure 2. Effect of algae extract on ELISA of MCYST. Algae
sample A (lower curve), containing primarily Microcystis,
Lyngbya, and Gioeotrichia and sample B (upper curve), con-
taining primarily Microcystis, were collected from Lake Men-
dota (Madison, WI) and Lake Winnebago (WI), respectively.
Algae samples were lyophilized to dryness and then extract-
ed with ammonium bicarbonate. Extracts were then cleaned
up on a reverse-phase C-18 cartridge according to proce-
dures described in the text. Unabsorbed material was used in
the ELISA. Algae concentrations on x-axis are weight equiv-
alent to original lyophilized algae before cleanup.



Table 2.
Amt algae, mg/mL
Amt 0.5 1.0
toxin added,
ng/mL Ree., % CV, % Malg Ree., % CV, %
0.5 94.0 4.3 1 90.0* 10
1.0 86.0 19.6 2 83.0* 20.5
5.0 78.7 8.2 10 84.7 11.2
10.0 80.7 2.9 20 76.7 15.9
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Recovery by direct competitive ELISA of MCYST-LR added to algae extract*

2.0 4.0
Mglg Ree., % CV, % Mglg Ree., % CV, % Mglg
0.5 86.0* 7.5 0.25 130.0* 13.6 0.125
1 73.0* 7.6 0.5 101.0* 6.8 0.25
5 78.7 10.6 25 92.7 10.7 1.25
10 69.7 23.7 5.0 76.7 18.5 2.5

aMCYST-LR was added to an algae extract after cleanup. Amounts of algae shown are algae concentrations before cleanup.
* Data corrected for small amount of MCYST (0.1 ng/mg) present In algae extract.

the linear portion of standard curve (Figure 1), our results
suggest that results would be best at toxin levels >1 jug/g (1
ppm). However, the limit of detection would be lower. Since
the detection limit for the standard curve in buffer was about
0.20 ng/mL, the present method could detect as low as 0.4
/ig/g (0.4 ppm) of MCYST in algae. The wet weight for the
dried algae was approximately 10 times that of the dry
weight. Thus, the detection limits for algae on a wet-weight
basis were about 40 ppb.

For the analytical recovery study, an algal extract was
subjected to Sep-Pak treatment. After such treatment, the
absorbance for the blank solutions that contained 0.5, 1, 2,
and 4 mg toxin-free algae/mL decreased 1.1, 2.7, 2.2, and
20%, respectively. From the data obtained in the 4.0 mg
algae/mL set, the toxin concentration in the TFE was esti-
mated to be 0.1 ng MCY ST/mg extract. Various amounts of
MCYST-LR were then added to the TFE, followed by
ELISA. A wide range of toxin levels (0.125-20 Mg/g) was
covered in this recovery study (Table 2). Recoveries were
good for solutions between 0.5 and 4.0 mg algae/mL except
in one group that contained 0.5 ng toxin and 4.0 mg algae,
with a recovery of 130%. The overall recovery and CV be-
tween 0.25 and 20 ppm were 83% and 11.9%, respectively.
These data suggest that the detection limits in the presence of
algae would be about 0.25 Mg/g (0.25 ppm) for the lyophi-
lized algae.

ELISA of MCYST-LR In Algae Extracts Before and After
Cleanup

In recognizing the problems for carrying out a good ana-
lytical recovery study, a number of samples obtained from
naturally occurring algal blooms were analyzed. We found
much less interference than we expected because the toxin
concentrations were above 1 ppm for the lyophilized algae
cells in most cases. Thus, considerable dilution was needed
for such analysis and a PBS standard curve was used in the

Table 3.

M. aeruginosa extract

Treatment tg/mL %
1. Original extract 62.70 (4) 100
2. Sep-Pak washing 0.08 (2) 0.1
3. 20% Methanol eluate 3.21 (3) 51
4. 60% Methanol eluate 56.20 (4) 89.6
5. 100% Methanol eluate 1.02 (2) 1.6

studies. Nonetheless, we tested a cleanup procedure using the
C-18 reverse-phase Sep-Pak cartridge. Three toxic algal
samples were used. The first was an algae extract supplied by
Dr. Carmichael’s laboratory and was obtained from M. aeru-
ginosa strain 7820 grown in the laboratory. The solution was
found to contain 62.7 My MCYST-LR/mL. The second
(sample A) and third (sample B) samples were collected
from Lake Mendota (Madison, WI) and Lake Winnebago
(W) in July 1989, and contained primarily Microcystis,
Lyngbya, and Gloeotrichia. For the second and third sam-
ples, we first separated the algae from the water by centrifu-
gation, and then the algae were lyophilized to dryness. The
toxin was extracted from the algae with 0.1M ammonium
bicarbonate and analyzed by ELISA. In these 2 samples, the
toxin levels were 124 and 101 Mg/g of dried sample A and B,
respectively.

All 3 extracts were subjected to cleanup as described
above. MCY ST was recovered from the cartridge by elution
with 5 mL each of 20%, 60%, and 100% methanol in water.
The MCYST in each of these fractions was then determined.
Part of the original solution (no cartridge treatment), diluted
in PBS, was also subjected to ELISA. Results of different
treatments are shown in Table 3. The results clearly demon-
strate that the aqueous eluant contained <0.4% of the total
original toxin. More than 90% of the MCY ST present in the
original extracts was detected in the fractions that were
eluted with 20-100% of methanol; 88-99% was distributed in
the 60% methanolic fraction. Two conclusions could be
drawn from these data: (7) cartridge treatment of algal ex-
tracts is an effective method for removal of a considerable
amount of matrix interference substances and could be used
as a cleanup or partial purification method for MCYST; (2)
no cartridge treatment for the analysis of algal extracts by
ELISA is necessary because the ELISA data for the original
extract are consistent with those after cartridge treatment.
Since the toxin levels of lyophilized algae samples were very

Recovery of MCYST from C-18 reverse-phase cartridge treatment*

Algae bloom A Algae bloom B
Mg/mL % Mg/mL %
285 (3) 100 143 (3) 100
0.008(1) 0.3 0.006(1) 0.4
0.075 (2) 2.6 0.038 (2) 2.7
25 (3 88.4 140 (3) 98.6
0.049(1) 17 0.036(1) 24

aOne mL of original sample extract was applied to a Sep-Pak C-18 cartridge and then eluted with water, 20%, 60%, and 100% methanol as de-
scribed in the text. Original solution and materials obtained from each fraction were diluted in PBS (dilution factors, in log scale, are shown In pa-
rentheses) and subjected to ELISA using standard curve established in PBS. See text for description of samples and sample preparation.
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Table 4. ELISA of MCYST In algae and water of naturally
occurring algal blooms
Water,
ey Algae, (99
Sample ELISA ELISA LCa

Algae 338* 0.19 26.3 —
Algae 3396 0.24 40.5 -
Algae 2C 0.006 32.4 -
Algae 3d 0.14 101 132
Algae 4e 215 76 72
Lake Mendota' 29 124 126
Algae 8969-001® —h 2900 1150 (+1030)
Algae 8969-0029 —" 5200 1400 (+1500)
Algae 8969-0039 —h 2800 950 (+1250)
Algae 8969-0049 —n 1500 900 (-450)

aTwo major peaks, one identified as MCYST-LR and the other, which
eluted 1 min earlier than MCYST-LR and was also immunoreactive
with the antibodies in ELISA, were observed for the 8969 series
samples. Only MCYST-LR concentrations are reported in this col-
umn. Values in parentheses indicate the estimated concentration for
the unknown peak using MCYST-LR as the standard.

bLake Winnebago (W) sample collected on 7/12/89.

CBig Long Lake (W) sample collected on 7/13/89.

“Lake Winnebago sample collected on 7/17/89.

eFox River sample collected on 7/31/89.

1 collected from Lake Mendota (Madison, W) on 7/24/89. Microsgop-

ic examination revealed that the sample contained MICFOCyStIS,
Lyngbya, and Gloeotrichia.

9 Samples supplied by Milton Smith, National Wildlife Health Re-
search Center. The original samples were supplied by Minnesota
Dept of Nature Resources from a bloom that occurred in, Lake
Elysian, MN, in July 1989. The primary algae were MICI’OCySIIS and
Anabaena.

No sample was available.

hich, arsicerablediiutionoftte sarpleswas recsssary tofit
ntestarardane rate. Innost s, kstten0.0bmg
driedalgeevies usad neach aelysis.

ELISA of MCYST InAlgae and WaterofNaturally Occurring
Blooms

To testtre effectivaess of tre aalytical protools deel-
god In tre presatt study, saples dotained fram saaal
retural lyooouming bloars during thesummer of 1989 ntte
Lhinted States were abjected o ELISA. Limited saples
thatvere foud tohave caoaraticswithin LC detectian
Iimitswere aloabjected O LC adlhyais. Results shon n
Tabled iticatettatMCY ST cocantratias invateraried
Tran0.006 (/g oashighas 2.9 ;6 Levels ndriedalcgee
varied fram 26 1 5200 ). ELISA citaare gaerdlly n
good agreamentwirth ttosedotained fran LC aalyses. How-
e, I the 8980 sries saples (Hgure J), 2 pdks were
deenad intte LC chramatogran. One wes idntified s
MCYST-LR; ths, the coontrationves acarately ceter—
mined. The otter, which had aretenaontaineof Imin sl
then MCYST-LR, wes tantatiely ichntified as NODLN .
We also adlleded tre naterials dotaired fram both pegks
and anallyzed them by ELISA. Bothmaterialswere immuno-
known LC pesk lesvere estinated frantre
peek arees oF teMCY ST - LR stadhrd are. Using auch
estirates, tre aaoatratias of Al MCYST (oesk A +
MCYST-LR peek) are arsistantwith those dotained fram
ELISA. Ingaeral, ELISA data vwere dligtly higer tten

9b
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e
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—
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Figure 3. LC analysis of 2 algae extracts. Chromatograms
A and B were obtained from sample extracts 8969-2 and
8969-3 of Table 4, respectively. Peak a was tentatively
identified as NODLN. Peak b was identified as MCYST-LR.
First peak was solvent front. Materials obtained from both
peaks were immunoreactive with the antibodies.

LC data et sanplle 8332, mwhich ELISA catavere
almost 153% higer tren ttose dotained by LC adlysis.

Conclusion and Comments

Inesticatios n aur ldoatory have ke 10 a sasithe
ELI1SA methad far tte detecticn of MCYST inwvater ad
alge. MCYST ata aantratian of 1ppb invater can ke
e=lly determired; hovever, a natrix interferae was do-
srna for te algge saples. Algpl edracts in which
MCYST had been removed by C-18 cartride treatment
inerfaadwith tdan detection ata cocentratian ove 1-2
mg dried algee/ML. Thus, tre detection limits farMCYST
indriedalgeeviere anly ntre rage of0.25-0.5 ¢¢/0 (0.5
0.5 pam; ar 25-50 pob farvet algge). Noettreless, we
et the presstmethod Bsasitive enouch Tar cetection of
todac alal bloars becase tre t©dn lbd nalge innmost
todacbloarswes higherthen 1000 g/ (2-6).- The detectian
Imitfar LC aalysiswes ntre rage ofF50-100 ¢ gtodan/g
dry s (7-10), which salmost 200 tines kssadEithvetten
the ELISA. Analyses of saadl returally coourirg alcal
bloars ntre summer of 1980 cofimed ttet te ELISA B

far tre determination ofF MCYST  inwater ad
algee. The EL 1 SA dataaregararal ly ingood agreamentwith
telC mis

Intre presant study, the C-18 reersedese Sep-Pak car-
tricieeffiectinely reroved nost of tre interfareepresatn
tre saple mratrpes. Thus, 1ifhich ssatMity Tar tre detec-
tnofMCYST toan nttealgee Bresdd, we recamend
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Sep-Pak treatmant far cleanyp kefore ELISA. The alcl
extract auld fast be pessed thraugh tre artride, which
auld then be weashed with water and 20% metharol 1o re-
move tre intarfarirg naterials. The todn auld thenbe re-
aovered from tte artriciewirth 100% mettarol, cooentrat-
ed, and firdlly sbjected tOELISA.

Since the entalboodies ussd Intte presant study heve good
atsHeectimity with MCYST-arginine-arginine \ariant
(MCYST-RR), MCYST-LR, MCYST-tyrosine-arginire
(R), ad rodllarin (NODLN) , the presnt method can
cetectmostmgjor MCY ST variants (13). ItBnotauxisiy
tret nnost asss, tte ELISA valussvere grarally higer
then LC r=uilts Tar tte raturally acooumirg algal bloos.
Four alcal sanples analyzad inthe presant study aontained
aother imuoreective MCYST naddiicm toMCYST-
LR. Although thistodn stentatively icetifiedlasNODLN ,
the eact demical reture remains o e studied. Thus, e
EL 1SA cata reflattioal todncaontration nttesaple. It
nust be pointed aut et tte atssHesctvty with \eriants
MCYST-leucine-tyrosine (LY) and MCYST-leucine-ala-
nire (LA) ntteELISAwes anly4and 2% ofMCYST-LR,
reqectinely. Thus, thepresantmethod woulld ke lesssarsitive
farcetectin of ttese 2MCY ST \ariaits.
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VETERINARY TOXICOLOGY

lon-Exchange Liquid Chromatographic Determination of Nitrate and Nitrite in Biological

Fluids

BRIAN C. LIPPSMEYER, MARK L. TRACY,

and GREGORY MOLLER1

California Veterinary Diagnostic Laboratory System, Toxicology Laboratory, University of California,

Davis, CA 95616

A rapid, ion-exchange liquid chromatographic method for the
determination of nitrate and nitrite In biological fluids Is
presented. Samples are deprotelnated by ultrafiltration fol-
lowed by removal of chloride using a silver form cation-
exchange resin. Nitrate and nitrite are measured by lon-
exchange liquid chromatography with conductivity detec-
tion. Recoveries from serum, ocular fluid, and water were
determined for fortifications from 10 to 150 mg/L. Average
recoveries ranged from 96 to 104% for nitrate and from 89 to
105% for nitrite. Pooled RSD values ranged between 1.5 and
1.9% for these analytes in all matrixes examined. The meth-
od of joint confidence hexagons was applied to the data to
determine constant and relative bias of the method for each
of the 3 matrixes Inthe study.

nmamal ian aoute todaasis (1-4). Sudies have includd
e bictrarsfomation of tte nitratle and ritritenoieties ad
resltarg methemoglobinemiia and anemic hyoda. Analyti-
al methods have inclucd G99, mgEafic
electrak (10), demiluninesoence (10), ad daratizatian
priartoges chramatography (12, 13) and liqadchronatog-
rapghy (). Each hes itsdissdantages. Glarnetricasly-
S5 N is\arias fors ettar hes Timited saEitmMty, Lsss
cangerous resgats, ar reguires a carpllex procedre. Gas
dhraratographic aalysis methods determine anly nitriate.
lonrgeaficelectratss vield satisfectay reslitsanly farhigh
aEtratias of nitrate in saples free of nterfarig ge-
as

In reaEtyears, lioad chraretography hes demanstrated
tre relidble performance and lov detection Iimits recpired
forrautiredisgsticaalysisofitrateand nitrie nbiolay-
i flucs. The biolagical fiunds of inarest: inrcluce serum,
oalar flud, uire, ad dooresal fld. loredae ol
unns are uisd far i, ad the varias methods of
cetection have included UV dsortence (15), UV vecaoy
@6), ad crdctivity (17-19). These LC nmethods have
ehibited cetection Iimits nagueous solutias bellov 1mg/

L. Food and water saples have been analyzed by icHzIr-

igchraretography (@)-

Al trese methods presant difficliiss in determining ni-
trale ad nitrite cooentratias N te presae of a lage
anount of tte dhllorice In as a resit of colum saturatian
ad cooonitently rsiffiaat resolution. This camonly
oors intre aslysis of brires and biolagicall fluads where
ledks of dhlarice rautirely exaead 103mg/L. Treditiaelly,
dlorice interferaces are elimirated by precipitatin as tre
sha slit, iy sha reegaits ar siha-laecd atiarec
dane resirs (21-23). Hovever, solalityprodct aarsider—
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1Address correspondence to this author.

atioswam gpirst tre gplicatin of sha-precipitaion far
some common anicnarelysss such assbramide, silie, phos-
dete, ad aters.

In previas LC work on hiolagical fluids, proteirs vwere
removed by precipitation. Recent advences inulrafiliation
tedholayy pamit a partitionirg  of the high nolecular
weigt protein carponats inbiolagical flus. This process
allos prodlction of a protein-firee fluid vhille maintaining
treauilibriunaroantratias of lov fomulaveigit analy-
s @, D). Sine te partiticiry, diltio, ad Indvo-
maetographiic aralysis procaacs quilckly with a hiigh degree of
precisionand acauray, tremethod hes been develqued ssa
rouarediagostaicprocedure.

METHOD

Reagents

(a) Eluant.— Distilled inghess, deionizd 18megohmwa-
&, 0.AmM sodiunm bicarhorete (Rdar Saatific), USP,
ad22mM sodiuncartorate (allindaadt, c), aslvis-
&l reegmtgrace. Dillute stodksoluianofF A m M- bicarbon-
aeand 20mM carborate toworking stragth chily.

(b) Nitrite + nitrate mixed stock solution.— 20000 mg/
L. Dissohe 30.00g sodium ritrite, arelytical reesgat gracke
(Gger Saetafic), and 27.42 g sodiun nitiake, arelytical
reegentgrace (Vallinrdaadt, k), n1000nL.

© Working strength standards.— Prepare 3.0, 20.00,
10.0,6.00, and 2.00mg/ L by s dilutaasof20 000mg/
L stocksoludm.

(@ 1on-exchange resin— Govert Dowex SOW-X8 it
inedhate resn, 200-400 mesh (Bio-Rad Laboratries),
fran hydrogen form to siha-form using Ag23C4,99.999%
Aldrid). Work under recuosd Tigt acoditias, with faill-
wrapped glessnare iffssile. Sluryedk 150mm X 15mm
lov pressure cgoped colum Bio-Rad Laboratories) with
resin. Place olidAg2SC4, 176X milllieunalents of resinbed
GGEaaty, artgpofresinocolum. Use panstaliticpump topess
1mL /minof18megohm waterthrough collum. Qocesiiaal-
ymnitor effluentpH, using irdicator striys; reutral pH ad
uniform lightening of resin bed collar irdicate anersion
ghafom. Wash resinbedwith4-8 L reegatvater, usirg 1
mL/min flov. Copletely dry anverted resinby camectirg
ocolum tiptovacuum lireand pullirgair through resinbed.
Asolutedryress Brecsssary Tar log-temstorae. Trasfer
resin o arber ottle far stoae. Test sihaform resinfar
resicLal anion aotamiretdon by usirgvater edractianof 10
mg sarplle and inchravatograahy.

© Bovine serum.— Sigma Chemical (.

(f) Bovine ocularfluid.— Pooled fromeyes collected fran
bovire postmortem disgostac saples.

@) Spiking solutions.— Prepare 15000, 10000, 530,
300, and 1000 mg/L solutaas from 20000 mg/L stok
mixed starchrd by sarial diltios.
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Apparatus and Materials

(a) centrifuge.— Damon IECHT Cntrifuewitha 55°
foadaygle .

(b) 10n chromatograph.— Dionex Model 40008 equippd
with cetector. Goditias: Dionex lapec
HPIC-AS4A ocolum prececed by Dianex laypec HPIC-
AG5 guard colum; micro-renbrane cation SjIressiay;

cetector saEitvity D ps ar 10ps Kl sake.
Eluent progran: 22mM carboate + 0.7mM  bicartorete
a 15m/min far62min; 2 mM carboate + 7.0mM
bicatoatea25m/min far 1L.8min; 22mM carborate+
0.7mM bicartorateat 1.5mL/min far3min.

© Data processing system.— I1BM PS-2 Model 50 per-
Sepz| omwterard P.E. Nelson Turbochrom chraretogra-

ﬁ%/ Analytical centrifuge.— ClayAdars

(e) Touch vortex mixer.—

(f) Ultrafiltration filters.— GnirifreeMiagoartiian fil-
fas, Anicon Gap., Danvers, MA.

@ syringe filters.— Cameo 04 pm LC rylm 'ﬁlElS,
Micron Sgaratias, Ic., Honeoye RS, NY .

Sample Storage and Preparation

Serum, cwular flud, aboresal flud, o uriire should e
frazn (-5°C) ifimediate aelysis Brot pesiole. Studies
in this ldoatory have shoan thet frazen biokagical fluds
have been stored Tar up 104 weeks without deteriarataan of
nitrate ldks. Cases of nitratlehitrite toaasss fourd inthis
Isoratory have shonn high ledls (50 mg/L) of both ni-
traleand nitrite nurre; horever, we have fourdnost dini-
al postnortem sanples of serum and caular fluldtoantain
precomiretely the nitrate form. Huids fourd inanteriarand
posteriardhanbers oftre eye have been found ecogpteble tar
asahsis (D). As a restofpostmortem IS, eanina-
tin of tre ol coular fluids foud ntte eye BgEERElly
el ifmore then 12 h hes pessad simedath.

U ltrafiltration

urire tosgarateany gel ledproteireceosnaterial and alllov
essy trasiar by digissble Pasteur pret. Trasfer 1.0mL
flud tomiageartiion fille fa- ssaration of proteirs fran
saple. Cntrifioe capped filerdevice a 2800 X ¢ for 0
min. Altate reoenies dould be 0.3-04 ML instarclrd
gplicatios. Altate can be anenientdly stared by freezirg
atttespoint nsanple prgaratian.

Removalof Chloride and Dilution

Pipet200, L ultradfiliaieto 10mm X 76mm polystyrae
alture te. Add a5mg ghar resn, &p, and vortex-mix
Tar Vs Diluemixturewith800p L reegantvater and mix o

Table 1. Typical calibration data, area (pV-sec) vs

concentration (mg/L)*

Concentration

lon 2 6 10 20 30

Nitrite 998 021 3 192 527 5507 651 11 378 073 17 368 106
Nitrate 904 748 2 798 501 4 803 509 10 216 854 16 075 437

aCalibration equations:

Area = [NO02_] » 572800

Area = [N03“j2+2729.7 + [N03"] «454414
Mean of 3 determinations.

SERUM BEFORE SILVER DOWEX TREATMENT

2 28 =8 g 52 B g =
o.5—| T — - -
‘ NITRITE
oS 4 OBSCURED BY GHLORIDE
3 NITRATE
690.554—]
sss.m—i /
s
zu.ss—i
g’—III’I e o -
s
g B = e
N s P e
2.00 4.00 6.00 8.00 10.00
SERUM AFTER SILVER DOWEX TREATMENT
2 = Z = = 8 B2 = = 3
999.999—| . - B
3 NITRITE
W e
E NITRATE
wan 3
s
m.m—é
é'lf 1 n-
a0 .
g g = = § =
E SE 2= g =
......... o ARRRAL AR T e R AR
2.00 4.00 6.00 8.00 10.00
Figure 1. The major anionic components of bovine serum

before and after treatment with silver form cation-exchange
resin.

achieve 5Holddilutinofsarple. Dillution aftar-precipitation
with siharminimizes formation of colloicl sihar dlarice.

mixture Ga 1 min, ad draw sypermatant lioud
intoplestic 1mL nmmllns;nga. Inectsaple thrauch 3
mm diareter 0.6 Amsrirge fill-

In rautire sanplle aelysis Tar nitrake alae, the dillarice
raroval d, wsing Shar icredaTe resn, can ke elimi-
reted. It safficettoadd 1.8mL water fara toal 10-old
dilutio. The methaod retairs good resolution and ssitiMity
Tarbiolacl nitrate lkedsat thisdilutio,

Calibration and Analysis

The aalysis procedure ves stachrdizd far e
eqerinatby usirgagueous solutios0f2.0,6.0,10.0,20.0,
and .0mg/L eechnitriteand nitrate. The calirationane
of integrated area \s coantratian far nitrale KN wes a
seood order polynanial with a foroad y-intleragat of 0. A
sinple lireer alibaton farnitrie inwsing ae stachrd at
10mg/L andafocd i through zroves dll tetwes
reguired. Morre eldorate alibration eqatias did ot yield
any inprovemant intregoochess offitiar extter o Typical
cAlibration chta are presated nTeble 1 For rauarework,
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Table 2.

Added, mg/L Recovered,1mg/L
Sample NO2- NOs- NO2' NO3
W-1 10 10 9.1 9.5
W-2 10 10 9.0 9.4
W-3 10 10 9.6 10.0
W-4 30 30 28.3 29.3
W-5 30 30 28.2 29.3
W6 30 30 27.6 28.4
W-7 50 50 48.6 50.2
W-s 50 50 49.2 50.0
W-9 50 50 49.4 50.0
W-10 100 100 100.0 100.1
W-11 100 100 100.6 100.3
W-12 100 100 99.9 99.5
W-13 150 150 150.6 148.4
W-14 150 150 151.7 149.2
W-15 150 150 153.6 152.2

J. ASSOC. OFF. ANAL. CHEM.
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Recovery of nitrate and nitrite from water

Mean deviation Mean ree., % RSD.s %
NO2- NTg NO2- NO:s- no2- NOs-
- 0.8 0.4 92.3 96.3 2.9 2.8

2.0 1.0 93.4 96.7 11 15
0.9 0.1 98.1 1001 0.8 0.3

0.2 0.0 1002 100.0 0.3 0.4

2.0 0.1 101.3 100.0 0.8 11

aRecoveries corrected for blank nitrite (0.00 + 0.00 mg/L) and nitrate (0.38 + 0.07 mg/L).

s Includes uncertainty of blank measurement.

we have fourd tret satasfectay alilration farnitralecan be
dotaired usilg a sirgie 10mg/ L starchrd, but ths restriats
tredynamic rage obelav 10my/l .

Recovery Study

Trplicate 1.00mL sarples ofppoolledbovirneserun, poolled
bovirecaular fluid, and vaterwere oikedwirth 10riL Spikiing
luia s tachiee firdl caotratias of 0,10, 30, 50,100,
and 150mg/L oerendogenas bk, bdsof
nitrale ad nitrite in tre coular fluld and serun used ntre
study were determined by tripdlicie aralysss and albtracted
frontre anounts determined afta fartificatio

Results and Discussion

Paired chraretograns of tremajor enicnicoonponents of
nitrate- and nitrte-spikad bovire serum are shown NFIgUre
1 The laner chromatogram shons the dllarice reroval eF-
fesoftresiharesin. Pretreatnentwith ttesithaform o
exdhae resn allos resolution of tre formerly dosoured
nitrite pegk. Besides nitrate and ritrite, it Bgarant tet

Table 3.

Added, mg/L Recovered,3mg/L

Sample N NO3 NO2- NO:s -
S-1 10 10 8.9 9.1
S-2 10 10 9.2 9.8
S-3 10 10 9.0 9.8
S-4 30 30 29.3 30.0
S-5 30 30 29.7 30.9
S-6 30 30 29.7 315
S-7 50 50 51.4 51.2
S-8 50 50 48.2 50.3
S-9 50 50 51.1 51.3
S-10 100 100 101.1 100.4
S-11 100 100 105.5 103.1
S-12 100 100 106.1 104.6
S-13 150 150 157.3 150.7
S-14 150 150 158.2 154.4
S-15 150 150 155.3 150.6

aRecoveries corrected for endogenous nitrite (0.01 +
b Includes uncertainty of endogenous measurements.

inredays dranatography can ke used o aalyze far
branide, sifate, grogdate, and other lovnolecularveigt
ias n biodkoical flus. Bromice, sifae, ad dmdnte
ceteminatias do rot tolarate sihar resin
sha-antaniration of tte aralytacal colum. 'Ihepeekpre—
axding dhllarice in biolagical fluids antairs acetate I, a
anbiration of other argenic acids, ad a traceof flloice.

The siha-chlarick precipitation process calsss a sustan-
tH= redctaon n tte perfomance of tte inedae LC
oolums usd N tis study Tar anias with insolilble Sihar
siits. This its fran tresral | butrot irsignificantoblbil-
ityoftresha sdis. The dissohadand collloichl Shageoes
in tre injected sanplle bird 1o tre aalytical colum. This
preciucss aalysis of some common s auch as Cl-, B,
PO.3-, ands0.2- ontteamtaminated colum. Contaminat—
ed colums can ke striped of this sha- cattaniretdon by
wsing menufecturer—recommended metal stripirg ad  re-

Inveses.

Biolagical fluids antain many arganiic anias thet can

elute vary sloly n an iooatic adhsis. This can case

Recovery of nitrate and nitrite from bovine sera

Mean deviation Mean ree., % RSD,* %
NO2- NOs- NOs- NOs- no2- NO3-
1.0 0A 90.4 95.4 17 4.4
-0.4 0.8 98.6 102.7 0.7 21
0.2 0.9 100.5 101.9 2.9 1.0
4.2 2n 104.2 102.7 21 17
6.9 1.9 104.6 101.3 0.8 1.2

0.02 mg/L) and nitrate (1.22 + 0.30 mg/L).
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Table 4.

Added, mg/L Recovered,3mg/L

Sample NO2 no3 NO2¢ no3"
0-1 10 10 8.8 9.9
0-2 10 10 9.1 9.8
0-3 10 10 8.8 9.5
0-4 30 30 27.0 29.2
0-5 30 30 27.9 29.5
0-6 30 30 28.0 28.8
0-7 50 50 46.9 51.0
0-8 50 50 48.7 50.8
0-9 50 50 47.7 48.4
0-10 100 100 94.6 96.9
0-11 100 100 98.3 102.4
0-12 100 100 95.7 98.8
0-13 150 150 147.8 144.4
0-14 150 150 150.7 146.9
0-15 150 150 154.6 148.8

LIPPSMEYER ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

Recovery of nitrate and nitrite from bovine ocular fluid

Mean deviation Mean rec. ,% RSD,b%
no2 NOY NO2* no3~ NO2~ NO3
1 -0.3 89.0 97.3 2.0 3.6
2.4 -0.8 92.1 97.2 1.7 15
-2.2 0.1 95.5 100.1 1.6 2.4
-3.8 -0.6 96.2 99.4 1.6 2.4
1.0 -3.3 100.7 97.8 1.8 1.3

aRecoveries corrected for endogenous nitrite (0.03 £ 0.00 mg/L) and nitrate (6.37 + 0.32 mg/L).

b Includes uncertainty of endogenous measurements.

ustable eselires n Ha- croatograns. A gradient pro-
gram with a 10-old inaesse of eluant stratth, after tre
asliytes of Naestare deteted, elutss ttee osand mailn-
tars TH a besdllire Tar the et chromatogram.. Gradiient
elution hes proved essantial fTarautoneted rautireashysis.
Tables 2, 3, ad 4 presat tte reovary trel resulits far
matrix eqerimatves desiged o esteblisha point of com-
parisn of tre biclaoical flud aalysss far tre edluation of
nitrate ar nitrate binding 1o protelins removed by ulichilltia-
o Teble 2 shows satisfeday renwaries of nitrite ad
nitrate firan the Tartifievater sarples. The average parcait
renanies rare fran .3 o 101.3% far nitrite ad fram
6.3 10 100.1% for nitrake. The relatie starchrd deviatian
(RSD) far nitrite remwary ranged between 0.3 and 2.9%4;
wheress ttenitraleeerinatmaintainedRSDs fran0.310
2.8% aatss the caomtratian range studied. To determine
ultrahilrataon membrane retentaan, an acbirtiael data st
(ot shown) wes develgoed 1o carpare remweries of rnitrite
and nitraie fransaplles Tartiiadbeforeand afta treultra-
filtratinstsp. The imultsofthiseperiment do ot augesta
satiticl diffaeae; hae, retention on tte menbrane B

ot it
The realits far tte serun natrix, foud nTeble 3, alo
show renaies. The renaies farni-

stisfeday

trite rae fran 0.3 o 11646, and tre nitrate ranearies
range from B.2 o 108.64. The serum nitrite and nitrale
RSD vales raged fran 08 102.9% ad fran L0t 4.44,
reqectinely. InTable 4, tre renanies fran fartafid bovire
aular flud display simillarly satisfedtay s s, Nitritea-
erae renanies rae fron 8. 9% at tre 10mg/L fatifics-
tin lkd 10 101.0sattte 150mg/L Ibd. The nitrateres its
are aloaauragirg. The values rage fran 97.1 10 100.1%
fartreaerage ey aacs the frtificaiion rage examn-
ired. As vell, e RSD \alues oftre caular fluld eqeerimant
denonstrated good precisionwith nitriiealluess betnween 1.6
ad 2.0%band tre nitrate\alues between 1.3ad 3.6k,

The aocouracy and precisian of tre ulriafiltraanand 0t
excdhange LC approach o aelysis ves studied wsig e
AOAC recomended lirer regression method of Limilg,
Vercel, and Retersm (&), ad Mandel and Limig ),

e desoribed by Wernimont (B)- The rotationusad herelin
stﬂmfrun\/\bmlmwt This method mresimtﬂere

ia=lly, ﬁertacqx@)ardslqce@i)sfmldbeOard 1,
regeEctinely, but random aras make the values uartain,
ad

Systamatic biesss change tre st fitakes. The afi-
dence intendl far tte interagptand slge jointdy san dliipse
with isantrod at the most prdseblie valle far the bieses.
study lireer riegessindila, and trevarical adas stteslqe
of tret chta. Hence iftte dliiie antairs the ickal point @,
D, tte method s fiee of biss within tre precisian of tte
method. Cofidenoe hexagans have besen shonn tole aprac-
tid altaratie 10 tte diipse garerated by the satisticaAl
anficene inenal between tre slqe and it of a
renery study (). The utillity of tismethod B thet tte
revery carectinand aafidence interal canbe computed
far ay led of aalvie. Since tre megnituce and type of
anas are evaluated by this procedure, aslytical methods
can ke ssteratically ealuated Tarpotential envor SurGss.

Table 5 antairs sare Satstical data from the
study. The rgeeatsbility measured by the pooled RSD B
ood, at 1.5-1.94. Note that the pooled RSD djesmtn—
clute tte variane due 1o tte blark g blraction, sinee this
would rot be done mordirery cetemiretias. The starcard
arar of tte Y-estinate, s/, Ban irdicator of tre oadll
precision of the renvery poesss, and itsusd o cladlate
aredlosumarized nTable b

The jont 95% aofidae hexagons Tar tte remvery of
nitrate fram vater, serun, and oaular fluld are plotied n
Figure 2 aooording 1o te proosdure of Mandell and Limig.
The el Q) point (et = Oad slge= D B
rearesanted by a bladk dot at the aanter of tte grgh. The
anfidence rgio s far trevater and caular fludantain e
©,D) =l The serum regin, located above this ickal oint
rgaesats a srall positive prgoortiaeal biss n et natrix.
This an, n@At, be asxited 1o tre nolar volure of tte

dissohad protein and rgaresants a maximum 3.6% positive
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Table 5.
Mean
Added, mg/L reed, mg/L Corrected

[A] [R] [C]

10 9.03 10.5
30 29.6 29.9
50 50.3 49.4
100 104.2 100.3
150 156.9 150.0

mean of 3; endogenous nitrite (0.01 mg/L) subtracted.
([R] — b0)/bi, using b0 = —2.08 and bi = 1.06.
Added above endogenous level.

[R]
[C]
[A]

relative ceviatian at a 95% aonficence limit far the concen-
tration range exanined. Caullar flud, a8 prgarad, antairs
aly srall anount of dissohvad protein. The eqerinatal
cuentatation of nitrate ceronstrates effedtive blakaing, al-
allation ofendogenous nitrateand instrurent rejoee fec-
t]sesctmr\mtyuoqmnyofﬁemﬁmmm
thezaro Interapt ot

The data far tre nitrite i nvater, serun, and aular
fludare graohed nFigure 3. Once aain, vwater and cular
fludaess are foud ntre sare region of e grgdh.. Com-
paris of the nitrate and nitrite resulits illstrae thet e
vatermatrixmaintains asralleranficaearea teneitter
of the biolagical fluids, henoe a sraller rage of deviatian of
eqerirattal from acttal contration. The aanroid of
each of tre arfidae hexegons shons a recative aostant
bissand apositive rekatinelizs. For tte serum res s, partof
tre positive relative biss Btte effet of tre mollar vollure of
thedisohedprotein. The ncative arstant biss, reflected in
the nrptinve intaragt of the 95% aoxfidae rgionof tte 3
natrbes, Bsigificat. This bias could res it fran reectian
ofttenitritemoiety during tre ssoplle praparatianand arall-
vais procecres. During the renvery study, stachrts were
vater solutias antaining sodiun nitrateand sodium nitrrte
at tre requirad cooentratia s tretvere ot sLbjected to tte
ultrafilrationand dhlarice raroval stesoftte sanplle prap-
aatin. The epirical\aluss of sigeand inaagpt frantre
recnery study shoulld be usad o anrect asalvical rslts
when tre bsstaocouracy Bnescd.

95% Confidence Hexagon for Nitrate
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Figure 2. The 95% confidence hexagon plots for nitrate
recovery from serum (top), water (middle), and ocular fluid
(bottom). The Ideal (0,1) point Is shown by the large dot.

Correction of nitrite recovery from bovine sera

Mean recovery Mean deviation C.l
corrected, % corrected 95%
100-[C]/[A] [C]-[A]

104.3 0.5 +2.1
99.5 -0.1 +2.0
98.7 -0.6 +1.9

100.3 0.3 +2.0

100.0 0.0 +2.3

The resiits of tte axfidae area aralyses st et
coirg tre sanple preparation procecres o tre cliaation

fartified aftar ultrahiltration and rerovall of dnlarice. Farts-
Tied reegant vater tretves refther ultra-filtered o trested
far dhlorice reoval wes alo aalyzad. The na-
apisoftte renvery data, asdesorited by tre cantroid of tre
95% anficence hexegmn, were decressed framabout 2mg/L
toabout 1mg/L, irdicatirg some ks duriing the saplle
pracaratian procedres. The souraess of tre srall regatine
biss tret remains BUEr nestication. As shown mFgure
1, tte resid.al dhllorice pesk and the nitrite peek are rot
resohed attre besdlire. Elimination of integationanarasa
cause of tre chviation requiires study. A measurement erar
in tte endogenous nitriite ledls Sould ot ke inolved be-
CGALEE reegatvater antairs noe.

Table 6 antairs an exaple of tte carectios O te
reneraed aantratias far te nitrie inbovire ssra data
sing treegation: [C] = ([R1-b0/, using te intercept
\alle, o = —2.8, ad tte slqe\ale, bi = 1.6, dotaind
fran tte aantroid of the 95% anfidance hexagon far serun
nitrite foud nFigure 3. As shoan inTeble 4, the conected
percant renveries and mean ceviatias are aarsickrably Im-
proved folloming this gogorcech. The aafidene nenaks n
Table 4vere clalatsdwith e precisin stetiticss from tre

95% Confidence Hexagon for Nitrite
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Figure 3. The 95% confidence hexagon plots for nitrite
recovery from serum (top), water (middle), and ocular fluid
(bottom). The Ideal (0,1) point Is shown by the large dot.
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Table 6. Precision and bias statistics for recovery of
nitrite and nitrate
Sample RSD,a % bo bi sxy
Nitrite:
Serum 1.8 -2.08 1.06 1.48
Water 15 -1.89 1.02 0.90
Ocular fluid 1.7 -2.51 1.01 2.25
Nitrate:
Serum 1.9 0.02 1.02 1.43
Water 15 -0.54 1.00 0.91
Ocular fluid 1.8 0.30 1.00 1.70

aPooled repeatability %RSD, not Including variance of endogenous
measurements.

renary regressin lirethus (9):
= (W/biXI/n® + 1h+ ([C]-X02Z15;0)12

wheren” = 3 Btte nurber ofmeasuremants ofanalle; N =
15 strenurber ofmessurenents ntreremary stidy; X =
63 sttemean oftre ke bds; ad

Exx = (EX2-(£X)2n).

Conclusions

Garerally good remeries ad precisinare fourd far tte
cetermination of nitrate and nitrite in bickagicall fluics by a
method ofultrafilration, Sharesindschlariceiaan, and LC
icredae dyoatogrady. Acourate determinatian of
vary lov ledisofmitritevall reqpireel imireationd, arcorrec-
ton 1o, a lov led rgptive arstant biss. A negative con-
Stant bies 5ot oilly uneqeected in arsicaration of te

of nitrite. The methaod of crfidae heegs, a5
glied o this stLdy, hes shown tre dallity g entitatively ©©
aess this sl arstant biss in tte aslysis of tre ritrie
o

The method hes damornstrated thedatistical antrl, mini-
mal ast, ad raaloilylmmedfrdltadlagm]csn
\eterirary and human nediicire. This sBof geat\alle n
arsiciration of the todclaical inpect of inoessig kbds
of ground water nitrate and airbome N O x
). ﬂeneﬂndmspmm\alwblenﬂ“ereplddlagmsof
aoute nitrate toaasis in Iinestokand hes been nraurewse
nts ldoatoy far 3yars. In atiian, tte methad hes
alloved us toexamire the rleofnitrateand ritrie inbovire
ortion.
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Liquid Chromatography and Fluorescence Detection of Vitamin A in Animal Feeds,

Finished Feeds, and Premixes
VIRGINIA A. THORPE

Michigan Department ofAgriculture, Laboratory Division, 1615 S Harrison Rd, East Lansing, M | 48823

A simple liquid chromatographic method for vitamin A (reti-
nol) in animal feeds Is described. The feed is saponified,
diluted to minimize interferences, and extracted into petro-
leum ether with a single step. The analysis is sensitive and
specific with liquid chromatography and a fluorescence de-
tector. The minimum level of detection is 15 ng/mL, which is
equivalent to 10 000 units/Ib vitamin A. The method includes
a stable and reproducible standardization of vitamin A that is
used to calibrate standard peak heights in terms of units
retinol/mL. Guarantees of 10 000 units/Ib up to premix levels
can be analyzed with good recoveries and precision.

RegulationofviteaminA manimal feosby demical ashsis
hes been Iimited because oftie lagthy and complex officel
methods aaileble (). With syhisticated liguad chroneto-
gghic (LC) equiprentand flloressaedstedors, tistask
auld becaore rautire nvell equipped Horaloies. But a
reviev of tre litadure shoned the ladk of a sinplle LC
method for vitamin A in tre difficit mtrbes foud n
animal feak (25).-

The dojective oF tre presmt study ves tocevelgpan LC
method thraetwould be sinplle, yet acourate and praae. This
inohvada sizbleand rgarad.ciblle starchrdizatin of retardl;

asrge genttatinve edracticn ofvitamin A fran treallka-
Irediest; elimiration of lbriascleanpsgs; adanLC
system et Bsrsithe, gEdfic, ad lrer forvitamin A 0
thatboth lovand high led garantees (fran 10000 wnits/
bup opramix lkedb) cen be aalyzd.

Note: The term vitamin A B0l vitamin A aladol ar
retrdl; 1uit (IU) eqels 0.30pg retrdl. The tams vite-
minA ad retirol are used synoymously nthismranusoript.
Comntratiasofvitanin A areeqressd nterms ofunits/
mL arunits/Ibbecausemost U.S. states lepllyraireguar—
atessofvitaminA naninal faxs asuits (IUyY
b, Units/irl. can be anverted to /ug/MiL by nultaplyirg by
0.31.

METHOD

{Note: Solutias ofvitamin A are ligtesasithe. Protect

stathds, fexs, and syplemant edradts fran direct sun-
Igtaratifical Idt)

Apparatus and Reagents

(a) Liguid chromatograph — Waters Model 510 LC
pump ecuippedwith Waters 740 datamodule (Waters Asso-
aeies, e, Mifod, MA 01757) and Kratos Seectroflov
990 fluoresae detector (Kratos Divisian, AB1 Arelivtical,
It , Rarsey, NJ 07446); autoraticarmanual lop ngedar.
Q:ixad lap njedtas dauld ke oafilld at 4-5 tives lap
\olure.) Gereral qerating aoditios: 100 pL  Ijedtion;
edtatovaelegth 330 m; enissinvaelagth 470 nm;
15 mL/min flov e

Received May 22, 1989. Accepted October 31, 1989.

(b) chromatographic column.— 10cm X 2mm dstain-
ks ded guard colum antainig Garasill folloned by Wa -
tasfeaal, 39mm X 30 an, sanless sed colum (Wa-
fas/AssoEss, o).

© Mobile phase.— Heane-chlorofom, LC gradss (@8
+ 4)). Al thragh FH, 05pm il (illipore Grp.,
Bedford, MA OL730) ©).

© Alcohol.— B); methernol arettarol.

© Potassium hydroxide solution.— Di$)|\e709 KOH
n/0mL vater, mix, ad aol. Prepare fresheach tine.

(D L-Ascorbic acid.

@) Petroleum ether.— ACS grack.

(@) 2-pPropanol.— LC grak.

@ vitamin A standard.— AllHrastetrol, sntetic,
aysdlire, 896, saledamule, ar 70%, whidnever sdotain-
able (Sigra Chemical ®.)

Preparation and Standardization of Vitamin A Standard

Trarsferantentsof 100mg retmol arpule ©S0mL fresh
aottorsssdal antained n 100mL glessstqgeer Erlemeyer
Tlehof adtinicdiess. Sheke and Etstard inrefrigaratorca 2
weeks toasure anplete soluin of retardl ndl. Retirol B
stebleunder ttese coditilo s.

Weigh@05+ 01g notaad 5mL bder. Trasfer o
100 mL voluretric flaskwith petroleum etter and dilie ©
volure with tte same soha.

Place 5.0 mL aligot o 50 mL voluretric flesk ad
dilutetovolurewith 2qargoarol . Measure eosorbance @ )of
Dluinat 35 nm wsirg 2-prgearol as refarate. Glallate
arotratian N unirts/L by nultaplyirg absorbence by
183, afador darvad fran the edaction aefhicet far
retiol.

Place 50 mL aligot ino 50 mL voluretric flak ad
dilute o volure with petroleun etter. Imediately et
10 pL o LC colum ad measure pesk heigt as de-
Sibed uder Apparatus. Govert pesk heigtt © 1 unit
retirol by dividirg peek helight by unirts/l franabove cita.
Thisvaluewll ke referred toas* F,”” pesk ANt and wall e
usd for calailatarg unitsAtl of sarple coontratios.
Carry aut this stathrdization each day tret saiples are

aslyzd.

Preparation of Sample Extract

Grind carearElleted feas topess 0mesh siee. Weigh
100 gsamle R0gsaple fa-pranpes) NoS00mL dgiess-
stgyer Erlemeyer flekk Add ca 0.5 g asaorbic aod, ad
diger=e saple with 10-15 mL vater, t2kirg care et
Tod agpreptes are st and ascovbic acid B N olutio
Add 1gfresh cottoresed al, 10mL KOH solutian, S0mL
aldol, ad megetic dir bar. Attach vater codarser 10
Tk}, place onmegretiic stinarhot plte, and refluc 0 min
withstimrgat a2 drges/s. Cool repidlyand trasfer to 20
mL voluretric fiak dilute o volure with aladol-water
Dludon @ + D Mix toroughly ad e partides st
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Figure 1. Recovery of vitamin A vs dilution factor.

(Vitamin A is stable in this alkaline digest if protected from
light, and further steps can be carried out within the same
week.)

Transfer 10.0 mL (5.0 mL for premixes) supernatant lig-
uid to 100 mL volumetric flask and dilute to volume with
alcohol-water solution (3 + 1). (This step—a 10-fold dilu-
tion— is necessary to obtain complete extraction ofvitamin A
into petroleum ether.) Pipet 10.0 mL of this dilution into 50
mL centrifuge tube, add 20.0 mL petroleum ether, stopper
tightly, place on a tilt rocker platform, and extract 1 h.
Centrifuge and inject 100 ¢¢L supernatant liquid into liquid
chromatograph using conditions described under Apparatus
(a). Use peak height for quantitation. Calculate concentra-
tion of vitamin A as follows:

Pk ht dilution
Units/lb = X 20 X X 454
F wt sample

Discussion and Results

Information provided by Thompson (7) regarding prob-
lems of vitamin A analysis contributed to the design of this
method: solid retinol standards are unstable and deteriorate
rapidly once the container is opened; retinol is stable in
cottonseed oil; concentrations of retinol standard solutions
should be determined by the UV absorbance at 325 nm;
dilute solutions ofretinol are unstable; evaporations of retinol
solutions and redissolving the residue cannot be done without
losses ofvitamin A; and diluted standards are less stable than
extracts of samples where lipids and antioxidants provide
protection.

Thompson (7) further emphasizes that alkaline hydrolysis
is necessary for complete extractions ofvitamin A. It releases
the vitamin from protective coatings and converts esters to
retinol; fats are converted to soaps that can be separated from
vitamin A by extraction with organic solvents, and many
other interferences are broken down and eliminated.

Vitamin A is stable for at least 1 week in this alkaline
digest containing an antioxidant such as pyrogallol. The effi-
ciency of the extraction with hexane and thus the minimum
number of extractions needed is affected by the concentra-
tion of fatty acids in the digest, which must be controlled (7).

Our laboratory confirmed these problems, and the stabil-
ity ofretinol in cottonseed oil was used to prepare the vitamin
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Figure 2. Recovery of vitamin A vs volume of extractant.

A stock solution. The standardization procedure is based on
the fact that all-trans-vitamin A alcohol or retinol has an
absorption maximum at 325 nm and the extinction at this
wavelength is directly proportional to the vitamin A concen-
tration. Therefore, ng/mL ofvitamin A can be converted to
units/mL by multiplying by 18.3 if measurements are made
in isopropanol using 1 cm quartz spectrophotometric cells
(8).

Many workers (8) correct for irrelevant absorption by
applying the Morton-Stubbs correction, that is, making 3
measurements, one at the maximum (325) and 2 at6/7 ofthe
maximum extinction (310 and 334 nm). We did not find that
application of the Morton-Stubbs correction was justified,
because errors are magnified at less than maximum absorp-
tion, interfering substances are absent in high quality retinol
standards stabilized in cottonseed oil, and routine analyses of
animal feeds for vitamin A favor simplicity.

Measurements by LC and UV absorption should be made
immediately because dilute stock solutions are unstable. For
example, when the LC standard was interspersed with sam-
ples, losses of standard potency ranged from 8 to 10% within
a 1 h period and use of BHT did not improve the stability.
Samples, however, did not appear to deteriorate within this
time period, confirming Thompson's statement that this is
due to the protection from the lipids and antioxidants
present.

The efficiency ofthe vitamin A extraction from the saponi-
fied alkaline digest with petroleum ether is not affected by
the amount of vitamin A present in the digest and is not
affected significantly by multiple extractions, but is affected
by the concentration of fatty acids present (7). This was
easily controlled by dilution. The minimum dilution required
for maximum recoveries was 10-fold (see Figure 1).

The ratio of extractant to diluted digest was another criti-
cal factor in obtaining maximum recoveries. A 2:1 ratio
provided the most complete recovery (see Figure 2).

We attempted to increase the sensitivity of the method so
that levels lower than 10 000 units/Ib could be quantitated.
This was done by pipetting 10.0 mL of the 20.0 extractant,
evaporating under nitrogen just to dryness, immediately dis-
solving in 1.0 mL petroleum ether, and injecting into the LC
column for vitamin A measurement. Losses ranged from 25
to 50%, confirming Thompson’'sobservation that evaporation
steps result in losses of vitamin A.
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Table 1. Vitamin A analysis on 5 consecutive days from a 24 1
single saponified extract per sample, showing stability of 22 — 2
extract and precision 20
Guarantee, Mean, 18 d
units/lb units/lb SD CV, % 16
M\é\&\
30 000 29 326 2678 9.13 " -
60 000 59 700 2967 4.97 12
100 000 118 850 6326 5.32 10
2 000 000 2 155 562 82527 3.83 8
No guar. 7944 1532 19.28 o
4 /././
Table 2. Data regression for peak height : e
0 T T T T T T T T T T T T T T |
Concn units/mL Peak ht F (peak ht/unit) 0 0.2 0.4 06 08 ! 12 14 16
0.066 977 14803 " BRI O RCHITINT = F
0.132 1975 14962 Figure 3. Units of vitamin A vs peak height for fluorescence
0.197 2913 14787 detector.
0.263 3852 14646
0.329 4723 14356
0.987 13877 14060 last 2 samples to contain about 30 000, 60 000, and 100 000
1.645 22815 13869 units/Ib by spiking the feed with “no guarantee” with the
Constant 168.1859 premix guaranteed to contain 2 000 000 units/lb. Based on
Std err or Y est. 70.92601 actual calculated formulations, recoveries averaged 102.7%.
R squared 0.999935 By standardizing the method to specific sample weights
No. of observations 7 (10 g for feeds and 2 g for premixes), volume of alkaline
Degrees of freedom 5 digest(200 mL),aminimum 10-fold dilution, and 2:1 ratio of
X coefficient 13803.45 extractant to extracted, the method cannot be modified to
Std err of coefficient 49,5711

The USP Reference Standard for Vitamin A (Vitamin A
Acetate in Cottonseed Oil, contained in gelatin capsules) was
carried through the proposed procedure: saponification, dilu-
tion, extraction, and LC measurement. Recoveries averaged
94.3% with a standard deviation of 2.07.

Table 1 shows stability of the saponified extract over a 5
day period and the precision of the method. The first 3
samples were formulated on the basis of initial results of the

increase the sensitivity of the measured vitamin A in low level
sample guarantees, 10 000 units/lb. To compensate for this
lack of flexibility, the choice of the LC detector used for the
final measurement becomes an important part ofa successful
method.

Reverse-phase systems with UV detection are neither as
sensitive nor as specific as a normal-phase system with fluo-
rescence detection (3). A simple 10-fold dilution step in the
proposed method provides a suitable matrix solution sothat a
single extraction of the saponified digest can remove quanti-
tatively the vitamin A. This dilution results in the concentra-

N %
100 +——— b

e (o2

1 . %o%e?
b2 < Jo%0%e J
KX 1S oo |
90 (3 S o003 |
(X S %% |
(XY KRR XA |
Ro%e 2 o%e%e [
Dosed K R )
_~ fo%e% ode! Podel i
80 03020 X BEXH !
w %o 5 Psesy !
= KK 0% R ]
= K] be%es Jo%e%e i

Z () oe! Jo%ess
& 70 Fo%e pode! KKK (o
< < wme 5o
2 XX %% KX [XX
o KX 0 KX %]
RS XK K 2
w 60 10 KX R RR]
&) (X553 2L KRS %%
do%e% ol ool 305,
%% 0 KX 1%
z 5 605 R 3o
P 50 3 5% KR XX
¢ o0 [ R3] 1’
x (2] 2% R 1
W (6 ode: Jode% (XX
w0 ol ol i K
oo S %% [0S
[ 5 0 oo
[ XK [ (]
0 PeSe%s 2 2000%
3 oo [0S
30 [0 [ XXX
(55 S (XA So2e%
15 £ ook
90523 K5 X
(5 K Sode%
20 S &2 )
0% 00 2]
XXX KX 94%%
%% KK 153
10 D% ook [553
[0S LS 34
XXX R [
6% KX 156
020 KRS [0
0 %% RS ool

I
14,000 16,000 20,000 40,000 40,000 50,000 79,500  100.000 150.00C 60.00¢
GUARANTEE (UNITS/LB)
Il o oiLUTION BRXY 10700 DaLuiion
Flgure 4. Guarantee vs percent of guarantee for determination of vitamin A In market samples.
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4 6 0

Figure 5. Chromatograms of 100 juL injections of samples
with 10 900, 30 900, 153 000, and 240 000 units/lb of total
vitamin A (retinol). Retention time 4.80 min.

L

02 4 6 0 2 2 4 6

tion of vitamin A in the ng/m L range; therefore, the detector
must be extremely sensitive. Fluorescence provides this sensi-
tivity as well as specificity which eliminates cleanup proce-
dures and simplifies the chromatograms. Fluorescence re-
sponse to vitamin A is linear over the entire range of guaran-
teed levels of vitamin A in finished feeds and premixes.

Comparisons showed peak heights to be superior to peak
areas by regression analyses (Table 2). The constant and
standard error was consistently lower and the use of a single
factor (F) for calculation was shown to be linear over the
entire concentration range. F is peak height/unit of vitamin
A and is calculated by dividing peak height by units/mL
standard. W ith this validation, it then becomes necessary to
use only one LC standard per run as described in the method.
Table 2 shows regression analysis of peak heights with graph-
ic representation in Figure 3.

Figure 4 shows an average 34% increase in recoveries of
vitamin A on market samples by the 10-fold dilution of the
saponified extract prior to extraction.

Figure 5 shows chromatograms of samples containing

10 900; 30 900; 153 000; and 240 000 or 2 400 000 units/Ib
of total vitamin A (retinol). Retention time is 4.80 min.

Conclusion

In conclusion, the objectives of this study were met. The
method is standardized to specific sample weights (10 g for
feeds and 2 g for premixes), volume of alkaline digest (200
mL), aminimum 10-fold dilution, and a 2:1 ratio of extrac-
tant to extracted. The method describes a stable and repro-
ducible standardization of retinol, a quantitative extraction
ofretinol from the saponified extractin a single step, elimina-
tion of laborious cleanup steps, and an LC system with sensi-
tivity, specificity, and linearity that allows integration of
peak heights as low as 15 mg/mL, equivalent to 10 000
units/lb. The method is applicable to guarantees from 10 000
units/Ib up to levels in premixes, with good recoveries and
precision.
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Liquid Chromatographic Determination of Total Niacin in Beef, Semolina, and Cottage

Cheese

THEODORE A. TYLER and JUDITH A. GENZALE

Herbert V. Shuster, Inc., 5 Hayward St, Quincy, MA 02171

A sensitive and precise liquid chromatographic method has
been developed for the determination of total niacin in beef,
semolina, and cottage cheese. The samples are extracted
with Ca(OH)2, cleaned up using C18 Sep-Pak cartridges, and
chromatographed on a C18 column using a mobile phase
consisting of 23% acetonitrile, 0.10% H3P04, and 0.10%
sodium dodecyl sulfate In water. Niacin Is detected using an
absorbance detector operating at 254 nm. This chromato-
graphic system produces an unusually sharp peak for niacin,
enabling a detection limit of approximately 0.05 m g/100 g.
The mean recovery was 99.5 % and the coefficients of varia-
tion for beef, semolina, and cottage cheese were 3.58,1.02,
and 10.0%), respectively.

The standard methods for the determination of niacin in
foods are microbiological (1) and colorimetric (2). Both
methods suffer severe drawbacks. The microbiological proce-
dure requires maintaining a culture of viable microorgan-
isms, and the assay requires an incubation period of 3 days.
The colorimetric procedure requires the use of CNBr. To
reduce the dangers of externally generated CNBr, the meth-
od has been modified by substituting CNC1 for CNBr and by
replacing the manual operations by a semiautomated flow
system (3, 4).

Although several workers have been able to determine the
niacin content of fortified foods (5-7) with reasonable preci-
sion, determination of niacin in unfortified foods is consider-
ably more difficult. Skurray (8) used acidic and enzymatic
digestion followed by treatment with NaOH and potassium
ferricyanide in the sample preparation. The application of
this method to meat samples (9) yielded a tiny niacin peak
riding on the tail of a large interfering peak. Other workers
have also experienced difficulties with interfering peaks (10-
12). Van Niekirk et al. (13) developed a method similar to
the column switching technique used by Snyder and Kirk-
land (14) and concluded that the niacin peak from a food
sample extract could not be adequately separated from inter-
ferences on a single column.

In the method presented here, the niacin peak has been
adequately resolved in 3 major food groups by using a single
column and an isocratic mobile phase.

METHOD

Apparatus and Reagents

(a) Liquid chromatograph.— waters Associates Model

6000A pump, or equivalent, operating at 1.5 mL/min; Wa-
ters Associates WISP autosampler, or equivalent; Supelco
Cat. No. 5-8348, LC-18-DB, 15 cm X 4.6 mm, 5gm C18
analytical column, incorporating Waters Associates C18
Guard-Pak guard column; Waters Associates Model 441
fixed wavelength detector, or equivalent, operating at 254 nm
and 0.02 AUFS and Waters Associates Model 730 data
module, or equivalent.

Received May 12, 1989. Accepted October 20, 1989.

(b) Cleanup cartridges.— sep-Pak Plus C I8 cartridges
(W aters Associates Part No. 11191).

(c) Chemicals and reagents.— Organic-free water pre-
pared by passing reverse osmosis water through Milli-Q™
water purification system (Millipore Co., Bedford, M A
01730). LC quality acetonitrile, reagent grade o-phosphoric
acid 85%, ethanol, calcium hydroxide, LC quality sodium
dodecyl sulfate, and oxalic acid (Fisher Scientific Co., Med-
ford, M A 02155) and niacin (Sigma Chemical Co., St. Louis,
MO 63178).

(d) Mobilephase.— Dilute 1.00 m L phosphoric acid in 600
m L water and filter through 0.45 /,m filter. Dissolve 1.00 g
sodium dodecyl sulfate in solution composed of 120 mL
water and 230 mL acetonitrile. Bring total volume to 400 mL
with water, filter through 0.45 /¢m filter, and add to 600 mL
acidified water. Mix well.

(e) Stock standard solutions.— Accurately weigh 200 mg
niacin into 100 mL volumetric flask. Dissolve in ethanol-
water (1 + 1), dilute to volume with ethanol-water (1 + 1),
and mix well. This solution is stable at least 2 weeks at room
temperature.

Preparation of Standard

Dilute niacin stock solution 10:100 X 10:100 X 10:100
with water to obtain niacin concentration of 0.200 mg/100
mL water. Pipet 20 mL final dilution into 500 mL erlenmey-
er flask containing exactly 180 mL water, add ca 10 g
Ca(OH)2 and carry standard through Sample Preparation
I, beginning with autoclave step.

Sample Preparation |

Calculate sample weight estimated to contain 0.04 mg
niacin, using formula, SW = 4/C, where SW = sample
weight in g and C = niacin claim in mg/100 g. Accurately
weigh this quantity of sample into 250 mL blenderjar. Esti-
mate volume of water, W, in sample weight, add (200 — W)
mL watertojar, and add 10gCa(OH)2 Blend ca 30 sat high
speed and transfer to 500 mL erlenmeyer flask.

Autoclave 15 min at 121°C. Cool in ice bath at least 30
min, and then filter cold solution through Whatman 2V
fluted paper. Transfer ca 100 mL filtrate to 250 mL erlen-
meyer flask containing 300-320 mg oxalic acid. M ix well and
adjust final pH to 6.5-7.0 by dropwise addition of filtrate or
by addition of a few crystals of oxalic acid. Filter slowly
through 1or 2 pieces of Whatman No. 42 paper so that clear
filtrate is obtained. If desired, these filtrates may be stored
overnight at refrigerator temperature before proceeding to
next step.

Condition cleanup cartridge with ca 10 mL ethanol fol-
lowed by ca 10 mL water. Slowly pass 10 mL clear sample
filtrate through cartridge. Discard first 6 mL and collect next
3.5 mL in small sample vial. Add 1drop of 85% H 3PO4and
mix well.

Sample Preparation Il

For many food samples, the calculated sample weight, 4/
C, gives avalue too small to yield a representative sample. In
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Figure 1. LC chromatogram of semolina sample.

these cases, use sample weight, SW = 4F/C, where F =
factor selected by analyst to give areasonable sample weight.
Carry SW through Sample Preparation /, but dilute sample
solution with water by the factor F immediately before car-
tridge cleanup step.

Procedure

Inject 200 pL each of standard and sample solutions. Du-
plicate injections should differ by less than 2%. Calculate
results, using following formula:

Niacin, (mg/100 g) = (4F/SW) X (A/A")

where F = 1 for Sample Preparation I; F = dilution factor
for Sample Preparation Il; SW = sample weightin g; A and
A' = areaofniacin peakin sample and standard, respectively

Results and Discussion

The key to this method is the unusually sharp peak ob-
tained from the chromatographic system. The injection of
niacin in a large volume (200 ¢¢L) of dilute phosphoric acid
results in a plate count approximately 20 times greater than
what would be expected for the column being used. This
“ peak-sharpening” effect increases with increasing injection
volume and with increasing concentration of acid in injection
solution. The effect is independent of the niacin concentra-
tion. A graph of peak response vs concentration in the usual
working range of 0.004-0.040 mg niacin/100 mL yields a
linear response for both peak area and peak height. The
effect is shown by all columns that we have tested including
the Waters 30 cm and 15 cm yuBondapak columns and the
Chemcopak Chemcobond 30 cm C18 column. The Supelco
column was chosen for its high plate count combined with a
low back-pressure.

The cleanup procedure following hydrolysis with calcium
hydroxide uses oxalate to precipitate excess calcium and
bring the solution pH to about 7. At this pH, niacin is not
retained on the C18 column but a large number of colored
compounds are retained. Cleanup following basic hydrolysis
is more effective at pH 7 than at acidic pH. The chromato-
graphic scans following this cleanup contain few interfering
peaks because the system requires that the molecule be unre-

M NIACIN

WAW

10.00 -

Flgure 2. LC chromatogram of cottage cheese sample.

tained from an aqueous mobile phase at pH 7 and strongly
retained from 23% acetonitrile at acidic pH in the presence of
an ion-pairing agent. Niacin, with its ability to assume a
positive or a negative charge depending on pH, is one of the
few molecules that fits into this category.

As seen from Figures 1-3, the cleanup is effective in re-
moving interfering peaks. The semolina sample had to be
diluted by a factor of 5 before the cartridge cleanup and
showed niacin as the only significant peak beyond 3 min. The
meat sample and the cottage cheese sample were cleaned up
without dilution. The scan of the meat sample was clean but
the cottage cheese sample indicated a large peak at about 6
min, which returned to baseline before the niacin eluted. In
the case of samples of very low niacin content such as cottage
cheese, it may be desirable to use less than the calculated
sample weight to avoid overloading the cartridge. Overload-
ing will not result in aloss of niacin but will result in leakage
of potential interferences into the sample solution.

Certain batches of mobile phase show a slight drop in the
baseline immediately before the niacin peak in both the stan-
dard and the sample. We suspect that this drop is due to
unknown impurities in the acetonitrile or in the ion-pairing

agent.
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o
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Figure 3. LC chromatogram of beef sample.



TYLER & GENZALE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990) 469

It should be noted that certain food samples (such as
instant coffee) give results higher than those obtained by the
microbiological method. Evidently, some interference is be-
ing carried along with the niacin peak to account for the high
results. Thus, the method is not a general method for foods
and can be used only with those food samples that have been

Table 1. Niacin assay values (mg/100 @)
Cottage
Beef Semolina cheese
LC method
3.35 6.46 0.27
3.29 6.62 0.31
341 6.55 0.31
3.32 6.62 0.32
3.20 6.56 0.27
354 6.64 0.25
Av. 3.35 6.58 0.29
SD 0.12 0.067 0.029
CV, % 3.58 1.02 10.0
Added, mg 0.0400 0.2000 0.0400
Reed, mg 0.0400 0.1998 0.0394
Reed, % 100.0 99.9 985
Microbiological method
4.24 6.29 0.31
3.89 5.93 0.24
Av. 4.07 6.11 0.28

No rapid deterioration ofthe LC columns was found using
this detergent-based mobile phase. The buffer system yields a
pH of about 2.8; at this pH, bonded silica columns are rea-
sonably stable. After large sample runs, the column was
washed with 60% methanol in water, the Guard-Pak was
changed, and the column was washed with 100% methanol
and allowed to stand in methanol. At start-up, the column
was washed with acetonitrile and equilibrated with mobile
phase.

The same samples that were assayed by the LC method
were assayed by the microbiological method (1). As shown in
Table 1, the 2 methods are in good agreement.

tested against the microbiological method.
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Rapid Analysis of Nutritionally Important Free Amino Acids in Serum and Organs (Liver,
Brain, and Heart) by Liquid Chromatography of Precolumn Phenylisothiocyanate

Derivatives

GHULAM SARWAR and HERBERT G. BOTTING

Health and Welfare Canada, Health Protection Branch, Food Directorate, Ottawa, Ontario KIA 0L2, Canada

An amino acid analysis method for protein hydrolysates,
using precolumn phenylisothiocyanate (PITC) derivatization
and liquid chromatography, was modified for Its application
in rapid analysis of commonly occurring free amino acids In
serum and other physiological samples. The modifications
included changes in column temperature (47.5°C compared
to 25-35°C used in analyzing protein hydrolysates), method
of preparing standard and test samples, and gradient condi-
tions. By using a Waters Pico-Tag amino acid analysis 15 cm
long column (which is also used for analyzing protein hydro-
lysates), separation of 27 PTC-amino acids in human serum
and rat liver, brain, or heart was completed In 20 min by the
modified method. The total time for analysis and equilibration
was 30 min. The modified method was much faster than the
traditional lon-exchange methods (2-3 h) or the existing
liquid chromatographic methods using PITC derivatization
(66-80 min) for determining nutritionally important free
amino acids in physiological fluids and tissues. Variability of
the method (expressed as coefficients of variation) for the
determination (including deprotelnlzatlon, derivatlzation,
and liquid chromatography) of all amino acids was less than
5%, which compared favorably with the reproducibility of
ion-exchange methods.

Sarwar et al. (1) recently modified the precolumn phenyl-
isothiocyanate (PITC) derivatization liquid chromatography
method (2-5) for accurate and rapid determination (12 min)
of methionine (as methionine sulfone) and cystine/cysteine
(as cysteic acid) and all other amino acids, except trypto-
phan, in hydrolysates of foods and feces. A simple liquid
chromatographic method (requiring no derivatization) for
the analysis of tryptophan in alkaline hydrolysates of foods
and feces was also developed by Sarwar et al. (1).

The development of this rapid, accurate, and reproducible
method for the determination of amino acids in protein hy-
drolysates provided the impetus for its application to physio-
logical samples such as serum and liver, heart, and brain.
Amino acid analysis of serum and organs is of ongoing inter-
estin our laboratory and other centers conducting nutritional
research.

In determining amino acids in protein hydrolysates by
liguid chromatography of precolumn PITC derivatives, a
W aters Pico-Tag amino acid analysis column (15 cm) is
normally used. Limited studies reported in the literature (6-
7), however, revealed that a longer (25-30 cm) and more
expensive column is required for better resolution of all
amino acids in plasma and other physiological fluids. Lavi et
al. (6) demonstrated the separation of 23 PTC-amino acids
from physiological samples in 80 min by using a 25 cm long
column, while Cohen and Strydom (7) were able to separate
40 PTC-amino compounds in about 66 min by using a 30 cm
long column. Since several of the amino compounds separat-
ed by Cohen and Strydom (7) have limited nutritional signif-

Received September 18, 1989. Accepted October 12, 1989.

icance, there is a need to develop a rapid method for deter-
mining commonly occurring free amino acids in physiologi-
cal fluids and tissues.

Early and Ball (8) attempted to separate plasma amino
acids using the faster-eluting Waters Pico-Tag amino acid
analysis column for protein hydrolysates. They were able to
achieve good separation of 17 PTC-amino acids, but failed to
obtain adequate separation of some of the nutritionally im-
portant amino acids such as tryptophan (an essential amino
acid), glutamic acid, glycine, glutamine, serine, and orni-
thine (8). In this preliminary report, Early and Ball (8) did
not provide information about variability of the faster meth-
od, and did not study its application to determining free
amino acids in biological tissues such as liver, brain, and
heart.

The purpose of the present investigation was to modify the
method of Sarwar et al. (1), used in amino acid analysis of
protein hydrolysates, to permit its application in rapid analy-
sis of free amino acids in biological samples. This was
achieved by using the same column (W aters Pico-Tag amino
acid analysis column, 15 cm) but by changing column tem-
perature, altering method of drying standard and test sam-
ples, and using different gradient conditions than those used
by Sarwar etal. (1). The PITC derivatization method report-
ed in this investigation could be used for rapid (20 min)
analysis of 27 nutritionally important amino acids in serum,
liver, brain, and heart samples.

Experimental

Reagents and Apparatus

(a) Reagents.— The chemicals and solvents used were
analytical and chromatographic grade, respectively. Aceto-
nitrile, methanol, glacial acetic acid, and phosphoric acid
were obtained from J. T. Baker Chemical Co. (Phillipsburg,
NJ 08865). Sodium acetate (anhydrous) was obtained from
BDH Ltd (Poole, Dorset, UK) and disodium hydrogen phos-
phate was purchased from Mallinckrodt, Inc., Science Prod-
ucts Division (St. Louis, MO 63134). Triethylamine (TEA-
99%) was purchased from Aldrich Chemical Co., Inc. (M il-
waukee, W | 53201) while phenylisothiocyanate (PITC) and
amino acid standard H containing 17 amino acids and am-
monia (representative of a protein hydrolysate) were ob-
tained from Pierce Chemical Co. (Rockford, IL 61105). One
mL of the amino acid standard H contained 1.25 ¢¢moles of
cysteine (Cys) and 2.5 ¢¢moles of arginine (Arg), histidine
(His), isoleucine (lie), leucine (Leu), lysine (Lys), methio-
nine (Met), phenylalanine (Phe), tyrosine (Tyr), threonine
(Thr), valine (Val), alanine (Ala), aspartic acid (Asp), glu-
tamic acid (Glu), glycine (Gly), proline (Pro), serine (Ser),
and ammonia.

Another amino acid standard (representative of a physio-
logical sample) containing 27 amino acids and ammonia was
prepared by adding 2.5 ¢¢moles of a-aminobutyric acid (a-
ABA), asparagine (Asn), citrulline (Cit), glutamine (Gin),
hydroxyproline (OHPro), 1-methylhistidine (I-C H 3His), 3-

of
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methylhistidine (3-CH3His), ornithine (Orn), taurine (Tau),
and tryptophan (Trp) to 1mL ofthe commercial amino acid
standard H. The individual amino acids were purchased from
Sigma Chemical Co. (St. Louis, MO 63178-9916). Amino
acid solutions were prepared in 0.1 N HC1 and were stored at
-70°C until analyzed. The final concentration of amino
acids in the standard used for derivatization was 150 nmoles/
mL.

(b) Apparatus.— As described previously (1), high purity
water generated by a Milli-Q -W ater System from Millipore
Corp. (Bedford, M A 01730) was used in the preparation of
buffers and solutions. The PITC derivatization was carried
out in 10 X 75 mm culture tubes from American Hospital
Supply Canada, Inc. (Mississauga, Ontario). Samples were
centrifuged by a Model IEC CENTRA-7R, 831a rotor from
International Equipment Co., Division of Damon Corp.
(Needham Heights, M A 02194) and dried by a Meyer N-
Evap analytical evaporator from Organomation Assoc., Inc.
(South Berlin, M A 01549). An LC gradient system consist-
ing of 2 Model 510 pumps, a 712 Wisp autoinjector, a Model
490 multiwavelength detector, a 840 Data System, and a
temperature control module purchased from Waters Chro-
matography Division Millipore Corp. (Milford, M A 01757)
was used. A Waters Pico-Tag amino acid analysis column
(3.9 mm X 150 mm, Cat. No. 88131) was used for the
determination of all amino acids.

Preparation of Samples

(a) Serum samples.— The samples were deproteinized by
adding an equal volume of acetonitrile, thoroughly mixing,
and centrifuging, at 3000 X g for 15 min to remove the
precipitated protein. Then 50 pL of the deproteinized serum
(supernatant) was processed as described below.

(b) Liver, brain, and heart samples.— Free amino acids
from these tissues were extracted by mixing (vortexing) 50
mg of freeze-dried and powdered (by mortar and pestle)
sample with 2 mL of 0.1N HC1 for 30 s. The mixture was
then centrifuged at 3000 X g for 10 min. The supernatant
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liquid was filtered through a 0.2 /jm filter (Millex-GS M illi-
pore). Then 50 pL of the filtrate was processed as described
below.

Drying and Derivatization

Samples ofthe deproteinized serum, liver, brain, and heart
and amino acid standard (50 pL) contained in the culture
tubes were evaporated to dryness at 35°C under nitrogen for
15 min on the analytical evaporator. The dried samples of the
standard, serum, and tissues were mixed with 50 pL metha-
nol + water + TEA (1 + 1+ 1) and redried 15 min at 35°C
to remove ammonia that co-eluted with I-C H 3His. Norleu-
cine may be used as an internal standard because it elutes just
after the reagent peak following leucine.

The derivatizing solution was prepared just before use, by
mixing 200 pL methanol, 50 pL water, 50 pL TEA, and 20
pL PITC. All amino acids were derivatized by adding 50 pL
derivatizing solution to the tubes containing dried samples of
standard, serum, and tissues. The samples were mixed, and
the tubes were covered with Parafilm and allowed to stand 20
min at room temperature for completion of derivatization.
The excess reagent was evaporated under nitrogen for 15 min
at 35°C, and then the derivatized dried samples were redis-
solved in 200 pL sample diluent [prepared by dissolving 710
mg disodium hydrogen phosphate in 1 L water-acetonitrile
(19 + 1) and by adjusting the pH to 7.40 with phosphoric
acid] for chromatography. A 20 pL (in the case of standard
and organs) or a 40 pL sample (in the case of serum) was
then injected into the chromatographic system. The addition
ofsample diluent to the dried-derivatized samples may result
in the formation of aturbid solution. In this case, the samples
should be centrifuged (3000 X g for 10 min) to obtain a clear
supernate.

Chromatography

(a) Solvents.— Solvent A was prepared by mixing 11.45 g
sodium acetate dissolved in 900 mL water with 46.5 g aceto-
nitrile and 0.5 mL TEA. The pH of the solution was adjusted
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Figure 1.

Elution profile of 27-amino acid standard showing resolution of each PTC-amino acid by liquid chromatography.
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Figure 2. Elution profile of human serum showing resolution of PTC-amino acids by liquid chromatography.

to 6.40 with glacial acetic acid, and then diluted to a final
volume of 1 L. The preparation of solvent B included the
addition of 410 g water to 475 g acetonitrile followed by
mixing and degassing.

(b) Gradient conditions.— Elution was commenced at 0.5
mL/min with 100% solvent A. A convex curve (curve 5) was
used to increase solvent B to 10% over 6 min. The flow rate
was increased linearly to 1 mL/min from 6 to 7 min. Then
curve 4 was used to increase solvent B to 25% over the next 8
min. The solvent composition and flow rate were held at these
levels for the next 2.5 min. Between 17.5 min and 20.9 min,

both flow rate and solvent B were increased linearly to 1.6
mL/min and 40%, respectively. Solvent B was then increased
linearly to 100% over the next 0.5 min and held at that level
for 2.4 min. The column was then returned to 100% solvent A
and equilibrated for 6.2 min. The column temperature was
maintained at 47.5°C. The detection range was set at 0.2
AUFS and the UV absorbance at 254 nm.

Calculations

The amounts of free amino acids in the serum and tissue
(liver, brain, and heart) samples were calculated as follows:
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Figure 3. Elution profile of rat liver showing resolution of PTC-amino acids by liquid chromatography.



SARWAR & BOTTING: J. ASSOC. OFF. ANAL. CHEM. (VOL. 73, NO. 3, 1990)

473

o}
-
5}
0.5 4
2
0.4 3 s
o
w a
Q 03+ 2
<
o
<
[}
g 0.2
@ o
]
*1 Nl
(2]
D=
IO
0.0
T T T T T T L T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
TIME (min)
Figure 4. Elution profile of rat brain showing resolution of PTC-amino acids by liquid chromatography.

~mole amino acid/100 mL serum =
(PA/PA") x (nmole/mL STD) x DF x (IV'/IV) x (1/10)

nmole amino acid/mg dried tissue =
(PA/PAO x (nmole/mL STD £ W) x (IV/IV) x V

where PA = area for an amino acid in sample chromatogram;
PA' = area for the same amino acid in standard chromato-
gram; DF = dilution factor for deproteinization, 1.1 (2); IV'
= injection volume of standard in mL; IV = injection volume
ofsample in mL; W = weight of dried tissue extracted (about
50 mg); V = volume in mL of extraction solution (2 mL).

Results and Discussion

The standard containing 27 amino acids revealed good
separation of each amino acid (Figure 1). Free amino acids in
several samples ofhuman or rat serum, liver, brain, and heart
were determined by using the procedure described in this
investigation. The amino acid elution profiles of samples of
human serum, rat liver, rat brain, and rat heart are shown in
Figures 2,3,4, and 5, respectively. In general, all amino acids
in the serum and organ samples were satisfactorily resolved.
There were no major unknown peaks in the test samples; the
peak between leucine and phenylalanine was also present in a
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Figure 5.

Elution profile of rat heart showing resolution of PTC-amino acids by liquid chromatography.
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Table 1. Free amino acid concentrations (/imole/100 mL)
in serum of rats fed 8 % protein diet
Amino acid Mean concna SD CV, %
Asp 3.0 0.08 2.6
Glu 18.2 0.06 0.3
OHPro 5.6 0.13 2.3
Asn 5.4 0.14 2.6
Ser 38.6 0.45 1.2
Gin 68.6 154 2.2
Gly 34.1 0.42 1.2
His 11.4 0.14 1.2
Cit 11.9 0.10 0.8
Tau 27.2 0.24 0.8
Arg 11.9 0.10 0.8
Thr 30.3 0.22 0.7
Ala 88.3 0.88 1.6
Pro 24.5 0.60 2.4
a-ABA 1.8 0.05 2.7
Tyr 8.0 0.05 0.6
Val 11.2 0.05 0.4
Met 7.6 0.20 2.6
lie 8.7 0.15 17
Leu 8.0 0.08 1.0
Phe 5.2 0.15 2.9
Trp 9.8 0.14 1.4
Orn 13.8 0.40 2.9
Lys 24.8 0.26 1.0
an =

reagent blank. Although the resolution of Asn/Ser/GIn/Gly
was not ideal, it was adequate for the estimation of these
amino acids in most samples. The resolution of Asn/Ser/
GIn/Gly obtained in this investigation was significantly bet-
ter than that reported by Early and Ball (8). More research,
however, is required to further improve separation of these
amino acids in biological samples by using the faster-eluting
Waters Pico-Tag amino acid analysis column for protein
hydrolysates.

To estimate the variation of the liquid chromatography
method, 4 samples of rat serum and 7 samples of pig liver
were individually analyzed. The variability expressed as coef-
ficient of variation (CV) of the entire analytical procedure,
including deproteinization, derivatization, and chromatogra-
phy, for all amino acids was less than 3 and 5% in the serum
and liver samples, respectively (Table 1). To obtain informa-
tion on the efficiency of the method used in the present
investigation, a sample of rat serum or pig liver was analyzed
with or without added amino acid standard. For example, a
sample of rat serum or pig liver was divided into 2 portions.
The amino acid standard (dried) was re-dissolved in one
portion of serum or liver sample before deproteinization or
extraction. Both the portions (i.e., with and without added
standard) were then deproteinized/extracted, derivatized,
and analyzed. The recovery of each amino acid listed in
Table 1or 2 was calculated by comparing data for serum or
liver alone and serum or liver plus standard. The average
values for the recovery of amino acids in the serum and liver
samples were 100.4 and 96.6%, respectively.

Lavi et al. (6) reported some difficulty in determining
lysine, threonine, cysteine, and histidine in physiological flu-
ids by precolumn derivatization with PITC and separation of
the derivatized amino acids by reverse-phase chromatogra-
phy. These workers (6) used methanol and sulfosalicyclic
acid as deproteinization agents that have been reported (7) to

Table 2. Levels (nmole/mg freeze-dried tissue) of free
amino acids in liver of weanling pigs
Amino acid Mean level3 SD CV, %
Asp 11.3 0.21 1.8
Giu 55.6 1.08 1.9
OHPro 14 0.04 2.8
Asn 215 0.46 21
Ser 52.5 2.28 4.3
Gin 29.0 1.06 3.6
Gly 79.9 3.57 4.5
His 28.4 1.02 3.6
Cit 12 0.02 17
Tau 16.7 0.80 4.8
Arg 5.3 0.13 2.4
Thr 15.9 0.75 4.7
Ala 76.4 1.46 1.9
Pro 18.8 0.30 1.6
Tyr 11.4 0.50 4.4
Val 19.9 0.55 2.8
Met 9.1 0.30 3.3
Cys 0.9 0.02 2.2
lie 12.7 0.31 2.4
Leu 31.2 0.88 2.8
Phe 12.3 0.30 2.4
Trp 3.0 0.09 3.0
Oorn 20.8 0.80 3.8
Lys 5.0 0.20 4.0
3n=17.

cause considerable losses and reduced yield of many PTC-
amino acids. More recently, ultrafiltration has been used for
deproteinizing samples prior to analysis by liquid chromatog-
raphy. However, sample pretreatment (including acidifica-
tion with HC1) and selection of appropriate membrane are
important in obtaining recoveries of 90% or more. The acid of
acetonitrile as a deproteinizing agent in the present investiga-
tion gave good results as clearly demonstrated by high yields
of amino acids in the recovery studies.

A comparison of the liquid chromatography method with
an established method of amino acid analysis was not consid-
ered necessary in this investigation because amino acid anal-
ysis by liquid chromatography of precolumn phenylisothio-
cyanate derivatives has been successfully validated by the
ion-exchange chromatographic methods in our laboratory
(1) and other research centers (3, 5).

In conclusion, the liquid chromatographic method report-
ed in the present study can be used for accurate, rapid (20
min), and reproducible determination of most nutritionally
important amino acids including taurine in serum and organs
such as liver, heart, and brain. Taurine is the major free
intracellular amino acid in animal tissues and it has become
the focus of study by many as a conjugator of bile acids, as a
protector of cell membranes by attenuating toxic substances
and/or by acting as an osmoregulator, and as a possible
neurotransmitter (9). Since the method developed in this
investigation employs the same short column (15 cm) as the
one used for protein hydrolysates, the analysis of biological
and food samples can be conveniently switched back and
forth, eliminating the need for the more expensive column
(25-30 cm) for analyzing biological samples.
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TECHNICAL COMMUNICATIONS

Combined Sample Preparation and Inductively Coupled Plasma Emission Spectroscopy
Method for Determination of 23 Elements in Solid Wastes: Summary of Collaborative

Study

CHARLES SELLERS

U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,

W ashington, DC 20460

An inductively coupled plasma (ICP) atomic emission spec-
troscopy method (EPA Solid Waste Method 6010) for the
determination of 23 elements was subjected to collaborative
study in 1986 and 1987 (C. L. Jones, V. F. Hodge, D. M.
Schoengold, H. Biesiada, T. H. Starks, and J. E. Campana,
EPA contracts 68-01-7159 and 68-01-7253, University of
Nevada, Las Vegas, NV). The results of the study were
reported for 7 waste samples and 2 check samples containing
different known levels of each element submitted from 9
laboratories in the United States (NTIS PB88-124318, Na-&
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donai Technical Information Service, Springfield, VA).
Three of the waste samples were National Institute of Stan-
dards and Technology Standard Reference Materials River
Sediment 1645, Coal Fly Ash 1633a, and Estuarine Sedi-
ment 1646. One sample was an EPA standard reference
material designated as mine tailing. The 3 other waste sam-
ples were contaminated soil and 2 industrial sludges.

Since the ICP method is used after samples are digested
with strong acid (SW-846 Method 3050), collaborators were
provided with both predigested sample extracts as well as raw
samples to assess the effect of the digestion method on the
ICP determination. The predigested samples are designated
as Method 6010. Samples digested by each collaborator are
designated as Method 3050/6010. Each of the 7 samples was
analyzed in duplicate. Each sample was also spiked with 19
of the 23 elements and analyzed in duplicate. An evaluation
of the methods (Tables 1-3) shows that precision is very high.

Each collaborating laboratory also received 2 blind quality
control samples, which were used to assess accuracy. An

Table 1. Relative standard deviations (%) of collaborative study data for ICP determination of 23 elements in spiked bulk
digests
NIST SRMa
River Fly Estuarine Electro-

Hazardous Sediment Ash Sediment Industrial plating Mine

Element waste 1 1645 1633a 1646 sludge sludge tailing

Al 1 19 16 1.9 n 13 7.6

Sb 5.6 52 73 8.7 3.2 24 4.4

As 13 n 83 22 25 8.6 5.3

Be 5.8 5.8 57 4.8 6.4 9.9 8.5
Cd 1 6.6 5.7 7.6 31 9.8 12

Ca 8.8 9.4 5.6 5.3 8.5 7.0 7.9
Cr 6.2 5.5 36 7.6 5.8 7.8 39
Co 1n 14 21 3.8 6.7 n 15
Cu 4.4 4.3 9.7 5.0 n 7.8 12

Fe 6.6 8.3 8.8 6.0 6.9 8.4 8.4

Pb 15 7.2 22 4.7 3.9 5.6 8.0
Mg 8.8 8.1 15 9.4 8.0 20 10

Mn 10 13 14 n 1 9.6 55
Mo 20 33 19 28 16 36 21
Ni 9.4 8.9 8.1 5.4 51 9.2 12
Se 7.5 13 16 6.2 13 13 19
Ag 44 23 17 46 47 19 27
Tl 19 13 22 29 30 20 29
\% 12 58 7.5 7.3 55 1 18
Zn 9.1 6.7 7.6 15 10 25 16
Ba 1 10 8.7 6.4 8.0 20 11

Na 17 38 49 4.7 5.8 9.8 7.9

K 8.8 7.4 4.2 4.8 13 5.8 7.9
Median % RSD 10 10 16 6.8 8.0 1 n

aNational Institute of Standards and Technology Standard Reference Material.
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Table 2. Relative standard deviations (%) of collaborative study data for ICP determination of 23 elements in solids
(not spiked)

NIST SRMa
River Fly Estuarine Electro-

Hazardous Sediment Ash Sediment Industrial plating Mine

Element waste 1 1645 1633a 1646 sludge sludge tailing
Al 19 32 19 23 15 23 17
Sb 38 78 — — 47 68 57
As 53 48 32 18 83 44 28
Be 31 27 27 35 42 70 41
Cd 37 17 57 52 17 22 59

Ca 9.0 13 10 1 10 17 8.6
Cr 1 19 28 22 12 12 90
Co 24 60 23 12 21 46 30
Cu 10 9.4 16 17 17 12 20
Fe 13 24 52 10 14 12 18
Pb 8.0 12 33 37 16 17 17

Mg 6.0 1 20 10 18 14 9.2
Mn 8.6 17 24 10 18 21 11
Mo 30 42 20 58 56 49 26
Ni 14 25 34 21 16 20 40
Se 42 61 — 30 43 74 77
Ag 41 43 47 14 38 54 60
Tl 31 30 — — 38 45 120
\ 21 72 15 17 28 35 47
Zn 14 12 20 8.6 12 9.2 20

Ba 7.4 11 4.3 14 24 38 8.8
Na 66 52 34 9.1 16 17 13
K 23 34 20 17 32 9.6 24
Median % RSD 21 27 23 17 18 22 26

3National Institute of Standards and Technology Standard Reference Material.

Table 3. Relative standard deviations (%) of collaborative study data for ICP determination of 23 elements in spiked solids

NIST SRM3
River Fly Estuarine Electro-

Hazardous Sediment Ash Sediment Industrial plating Mine

Element waste 1 1645 1633a 1646 sludge sludge tailing
Al 17 24 20 22 14 18 26
Sb 27 56 25 62 28 40 58
As 13 26 16 22 20 20 22
Be 16 13 7.6 1 18 7.0 16
Cd 13 8.4 9.3 14 19 18 20
Ca 7.3 9.0 12 10 12 14 12
Cr 7.9 22 9.7 7.1 18 12 26
Co 18 22 12 9.2 18 13 18
Cu 12 14 10 9.7 19 9.4 12
Fe 14 19 44 16 18 14 18

Pb 15 6.4 9.6 1 20 19 5.8
Mg 5.9 8.4 17 9.0 16 10 10

Mn 14 9.0 11 10 16 18 9.4
Mo 19 31 24 18 18 43 20
Ni 13 20 9.7 10 20 15 17
Se 13 9.4 9.8 10 15 18 12
Ag 19 7.6 50 34 30 27 50
Tl 19 28 34 28 18 43 44
\% 18 19 12 10 18 39 24
Zn 14 12 11 13 20 8.2 20

Ba 8.4 9.8 7.2 14 16 30 7.2
Na 14 40 32 9.4 20 15 12
K 19 17 18 18 22 5.7 16
Median % RSD 14 17 12 1n 18 18 18

3National Institute of Standards and Technology Standard Reference Material.
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Table 4. Accuracy estimates for ICP determination of 23 Table 5. Precision values for ICP determination of 23
elements in QC solutions by Method 6010 and Method elements In QC solutions by Method 6010 and Method
3050/6010 3050/6010

Concentration, mean/target Method 6010a Method 3050/6010b

Element Method 6010 Method 3050/6010 Element RSDC % Element RSDC %

Al 1.00 0.98 Ag 9.1 Ag 51
Sb 1.00 1.00 Tl 8.5 As 13
As 0.99 0.97 Zn 8.3 Cd u
Be 1.02 0.98 Cr 8.2 Se 10
Cd 0.98 1.03 Sh 7.7 Tl 9.5
Ca 1.02 0.99 Se 75 Mo 8.9
Cr 1.01 0.99 Ca 7.4 \Y 8.4
Co 0.96 0.96 Cd 7.0 Sh 7.7
Cu 0.97 0.96 Mo 6.9 K 7.2
Fe 1.00 0.99 K 6.6 Zn 6.8
Pb 0.98 0.95 Y, 6.6 Ba 6.8
Mg 0.98 0.95 Mg 6.5 Ca 6.7
Mn 1.02 0.96 As 6.4 Ni 6.6
Mo 0.99 0.96 Al 6.3 Mg 6.2
Ni 1.00 0.98 Co 5.9 Na 5.8
Se 1.04 0.97 Fe 5.9 Pb 5.6
Ag 1.00 0.53 Pb 5.9 Fe 5.3
Tl 1.02 0.93 Be 5.8 Cr 5.2
Y, 0.95 0.96 Ni 5.7 Mn 45
Zn 0.95 0.93 Cu 5.6 Co 4.3
Ba 1.00 0.96 Mn 4.3 Al 4.0
Na 0.96 0.97 Na 4.2 Be 2.9
K 0.96 0.95 Ba 31 Cu 2.6
Mean 0.99 + 0.03 0.97 £ 0.03 aMedian RSD = 6.5%.

bMedian RSD = 6.7%.

cRSD data are presented in order of increasing precision.
evaluation of these data (Tables 4 and 5) shows high accura-
cy and precision. The overall accuracy of Method 3050/
6010, as shown by median percent recovery (Table 6), is

good.
Summary of Methods
Method 6010 is a simultaneous, multielement ICP deter- Table 6. Accuracy estimates for ICP determination
mination. The method measures element-emitted light by (Method 3050/6010) of elements spiked Into solids
optical spectrometry. Samples are nebulized and the result- Median Median
ing aerosol is transported to the plasma torch. Metal-specific Element % recovery Element % recovery
atomic-line emission spectra are produced by a radio-fre-
quency inductively coupled plasma. The spectra are dis- Ala — Mn 9
persed by a grating spectrometer, and the intensities of the Sb 51 Mo 88
lines are monitored by photomultiplier tubes. gs 84 N 9
; L e 87 Se 87
Method 3050 describes the digestion of a 1-2 g (wet cd 88 Ag 68
weight) sample in nitric acid and hydrogen peroxide. The Caa _ T 73
digestate is refluxed with either nitric or hydrochloric acid, cr 87 v 85
depending on the metals and instrumental techniques. Co 81 Zn 97
Cu 93 Ba 97
Recommendation Fea _ Na 45
On the basis of the collaborative study, the General Refer- Pb 92 K 48
ee recommended that the method be adopted official first Mga —

action. Not spiked.
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Sodium hydroxide digestion of unhomogenized kidney and
skeletal muscle for 20 min at 70°C was a superior method for
extracting gentamicin from tissues, compared with simple
homogenization, trichloroacetic acid precipitation of homog-
enized tissue, and sodium hydroxide digestion of homoge-
nized tissue. Fluorescence polarization immunoassay was
used to quantitate gentamicin. Sodium hydroxide digestion of
unhomogenized tissue allowed for the recovery of 90.0
5.9% (X £ SD) from renal cortex and 79.9 + 3.5% from
skeletal muscle. The limit of sensitivity was 17.4 ng/g kidney
tissue, 15.8 ng/g digested muscle, and 39.0 ng/g digested
heart. The withln-assay coefficient of variation (CV) at 100
ng/g kidney was 9.2%; at 500 ng/g kidney, the CV was
2.5%; and at 2000 ng/g kidney, the CV was 1.5%. The
between-assay coefficient of variation was <7.5% for all
concentrations from kidney, and the 99 % confidence inter-
val at 100 ng/g kidney was 71.7-112.4 ng gentamlcin/g
kidney. The wlthin-assay coefficient of variation (CV) at 100
ng/g muscle was 15%; at 500 ng/g muscle, the CV was
2.6%; and at 2000 ng/g muscle, the CV was 2.3%. The
between-assay coefficient of variation was <15% for all
concentrations from muscle, and the 99% confidence inter-
val at 100 ng/g muscle was 72.5-136.8 ng gentamlcin/g
muscle. Gentamlicin-free milk could be distinguished from
milk containing gentamicin concentrations of 10 ng/mL milk
with 95 % confidence, and from milk containing concentra-
tions of 30 ng gentamicin/mL milk with 99% confidence.
Quantitative results at or below the tolerance level can be
obtained within 90 min of sample acquisition using these
extraction and assay methods.

Several methods have been used in the past to measure the
amount of gentamicin sequestered in kidney as well as in
other tissues. The method most frequently employed involves
homogenization of the tissue with subsequent centrifugation
and analysis of the supernatant liquid with a confirmed se-
rum aminoglycoside assay (1-3). Other studies have used
protein precipitation to enhance the recovery of aminoglyco-
sides from renal tissue (4). Recently, in response to increas-
ing evidence that aminoglycoside antibiotics bind to anionic
tissue constituents (5-8), Gilbert and Kohlhepp developed a
method using homogenization followed by tissue digestion in
a heated sodium hydroxide (NaOH) solution, which im-
proved recovery from 37 to 96% over a trichloroacetic acid
(TCA) precipitation method (9). Preliminary studies from
this laboratory further indicated that NaOH digestion with-
out homogenization provided excellent recovery from renal
tissue (10).

Received July 11, 1989. Accepted December 5, 1989.

The purpose of this study was to compare NaOH tissue
digestion with other extraction methods for gentamicin using
homogenization, and to demonstrate the usefulness of an
automated fluorescence polarization immunoassay devel-
oped to quantitate gentamicin in serum for quantitating gen-
tamicin in tissue extracts from kidney, skeletal and cardiac
muscle, and milk.

Experimental

Apparatus

The following was used: automated fluorescence polariza-
tion immunoassay system (TDx) (Abbott Laboratories, Di-
agnostics Division, Irving, TX); high-speed stainless steel
homogenizer (Tekmar Corp., Cincinnati, OH); ultrasonic
disruption probe (Sonics and Materials, Inc., Danbury, CT).
All centrifugations were conducted in a nonrefrigerated ta-
ble-top centrifuge (Dynac, Clay Adams Division, Becton,
Dickinson and Co., Parsippany, NJ).

Reagents and Chemicals

The following were used: gentamicin sulfate (524.38 ng
active gentamicin/mg dry weight; Lot B No. 20150-146,
AHFR No. 87-167) (gift from Schering Veterinary Corp.,
Kenilworth, NJ); gentamicin fluorescence polarization im-
munoassay kits (Cat. No. 0951220; Lot Nos. 01695AZ,
04748AZ, 05557AZ, and 08486AZ) (Abbott Laboratories,
Abbott Park, IL). All other chemicals were reagent grade
(Sigma Chemicals Co., St. Louis, MO).

Temperature and pH Stability Studies

Gentamicin sulfate was added to phosphate-buffered sa-
line (PBS; 140mM NaCl, 1.72mM NaH2P 04, 9.05mM
Na2HP04;pH = 7.4 + 0.1) to make a stock solution contain-
ing 8.00 ng gentamicin/mL. Three aliquots were incubated
at 37,56,70, and 90°C in a shaking water bath for 15,30,60,
120, and 240 min. Three additional aliquots were adjusted to
pH 3.4, 5.5, 7.4, 9.5, or 11.5 with either glacial acetic acid or
10N sodium hydroxide (NaOH). Then, 2 mL aliquots of
these samples were tightly capped in polystyrene tubes and
incubated at 70°C for 15, 30, 60, 120, and 240 min. After
incubation, samples were readjusted to pH 7.5 £ 0.2 with
either IN NaOH or acetic acid (either glacial or 1%). All
samples were then cooled to room temperature and analyzed
in duplicate for gentamicin. If the analysis was not performed
the same day, all samples were stored at —4°C until time of
analysis.

Tissue Extraction Methods

Renal cortical samples were obtained from experimental
sheep and cattle that had not been exposed to any aminogly-
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cosides within the previous 6 months. Tissue samples were
stored at —20° C until the time of the in vitro study. A sample
of renal cortex or skeletal muscle (300-400 mg wet weight)
was accurately weighed. Gentamicin sulfate diluted in PBS
to a concentration of 500 jug/mL was added to achieve con-
centrations of approximately 0, 9, 45, or 90 pg gentamicin/g
tissue. Samples were stored at —4°C until time of analysis.
Five tissue samples were assayed after extraction using one of
4 extraction procedures below:

Homogenization method.—Six hundred pL PBS was add-
ed to the sample, and the mixture was incubated at room
temperature for 1 h. The mixture was homogenized using a
stainless steel ultrasonic homogenizer for 20 s at medium
speed. The homogenizer probe was rinsed thoroughly with
PBS, and the rinse was pooled with the original homogenate
until the rinse appeared clear (1.8-2.4 mL PBS). The suspen-
sion was centrifuged at 1000 X g for 10 min, and the superna-
tant liquid was measured, and the specific gravity of the
liquid was determined for final calculation.

Trichloroacetic acid (TCA) precipitation method.—
Three hundred pL PBS was added to the tube and incubated;
then 1 mL 50% TCA was added. The mixture was homoge-
nized, the homogenizer probe was rinsed with 0.8 mL PBS,
and the rinse was pooled with the homogenate. The suspen-
sion was centrifuged, and the supernatant liquid was trans-
ferred to another tube; the pH was adjusted to ca 7.5 with
either 10N or IN NaOH. The supernatant liquid was
weighed and its density was determined for final calcula-
tions.

Sodium hydroxide homogenization/digestion method.—
Three hundred pL PBS was added to the tube and incubated;
the contents were homogenized, and the homogenizer was
rinsed with 2 volumes of PBS, which were pooled with the
original homogenate. An equal volume of 2N NaOH (w/v)
was added to the homogenate, and the mixture was incubated
20 min at 70°C, and then cooled to room temperature. The
pH was adjusted to 7.5 £ 0.2 with either 10% or 1% acetic
acid and IN NaOH. If the pH decreased below 7.0, the
solution became cloudy. The tubes were reweighed and the
density of the solution was measured.

Sodium hydroxide digestion method.—Twelve hundred
pL PBS was added to the tissue sample and incubated. An
equal volume of 2N NaOH (w/v) was added, and the mix-
ture was incubated 20 min at 70°C. The digested homoge-
nate was cooled to room temperature and the pH was adjust-
edto 7.5 £ 0.2. The tubes were reweighed and the density of
the solution was measured. To increase the sensitivity of the
assay, PBS was eliminated from the method, thus reducing
dilution of the drug in the digested tissue.

Tissue Disruption Methods

Tissue disruption using a high-speed rotary stainless steel
homogenizer was compared with tissue disruption using an
ultrasonic cell disruption probe and minced tissue. The
amount of drug recovered from tissue fortified with 31 pg/g
tissue (using PBS homogenization method) as well as the
bench time required for tissue disruption were compared.

Drug Assay Procedure

A liquid aliquot of each sample extract was assayed for
immunoreactive gentamicin using an automated fluores-
cence polarization immunoassay system. Reagent kits de-
signed to quantitate gentamicin in serum were obtained. The
sample volume was increased from 1to 20 pL to increase the
sensitivity of the system. In all instances, standard tissue

Table 1. Comparison of recovery of gentamicin (pg/g)

from renal cortex samples by various methods of extraction
Calcd concn, Measured concn, Recovery,

Method pg/ga pg/g6 %

Homogenizationt 0 0.76 + 0.85 NAC

9 5.80 £+ 0.33 64.6 +3.7
45 25.7+ 150 57.2+3.3
90 49.8 + 3.10 55.4+3.5

TCA-precipitatione 0 0.74 + 0.67 NA
9 7.83 £ 0.37 86.9+£4.0
45 374+ 0.33 83.8+0.8
90 74.1 + 2.53 82.4+2.8

NaOH-digestion/ 0 0.05 + 0.10 NA
homogenization® 9 8.42 £ 0.63 93.7 £6.9
45 35.7 £ 2.10 79.4+4.6
90 76.0 + 1.97 84.4+2.2

NaOH-digestion’ 0 0.37 £ 0.54 NA
9 8.50 + 0.40 945 +4 .4
45 40.7 + 1.33 90.3+2.9
90 76.7 £ 3.90 85.3+4.3

aRenal cortical homogenates to which gentamicin was added to
achieve each concentration.

6n = 5.

cNA = not applicable.

de" Methods with different superscripts significantly different (P <
0.05) using Student-Newman-Keuls multiple range test.

samples equivalent to 100, 250, 750, 1500, and 3000 ng
gentamicin/g tissue were used in duplicate to create the
calibration curve generated using the on-board computer.
Fortified tissues at concentrations of 100, 500, and 2000 ng/
g tissue served as controls to evaluate the standard curve, and
were analyzed in quadruplicate on 4 successive days to evalu-
ate both within-day variation from day-to-day variation.
Standard curves were rejected (7) if the percent error be-
tween duplicate standards was greater than 3%; (2) if the
residual mean square error between the standards and the
calculated curve was greater than 1.00; or (3) if the control
tissue samples were not predicted within 15% of their expect-
ed value.

Statistics

The limit of sensitivity is defined as the upper bound of the
99% confidence interval of the predicted concentrations of
the 0 ng/g standard, using the between-day variation (the
concentrations that can be distinguished from 0 ng/g with
99% confidence). Drug recovery by the methods was com-
pared by 2-way analysis of variance. Extraction methods
were compared using Student-Newman-Keuls multiple
range test. Significance was set at P < 0.05, unless otherwise
stated. Data are reported as mean + standard deviation (X +
SD).

Results

Temperature and pH Stability Studies

Gentamicin was not significantly affected by temperature
or pH from pH 3.5to 11.5.

In Vitro Tissue Assay

Extraction methods.—The recovery of gentamicin from
renal cortical samples by NaOH digestion was 90.0 + 5.9%
(Table 1). Recovery using the NaOH digestion method was
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Table 2. Comparison of recovery of gentamicin (ng/g)
from skeletal muscle samples by various methods of

extraction

Calcd concn, Measured concn, Recovery,

Method ngtga Mg/g6 %

Homogenization" 0 0.079 + 0.177 NAC

10.8 5.29 + 0.81 49.0+7.5
26.3 10.6 + 1.00 40.4 +3.8
54.0 26.0 £ 5.13 48.2+9.5

TCA-precipitations 0 0.00 £ 0.00 NA
11 788+ 038 710+ 3.4
27.7 183+ 0.33 66.0 £ 1.2
52.7 38.3 £+ 2.53 72.7 £4.8

NaOH-digestion/ 0 0.035 + 0.079 NA
homogenization" 10.8 8.39 * 0.75 77.7 £6.9
27.0 20.6 + 0.68 76.3+2.5
52.7 40.8 + 1.05 775+2.0

NaOH-digestion’ 0 0.20 £ 0.18 NA
105 8.33 + 0.35 79.3+3.3
27.7 219+ 15 79.1+5.4
54.0 43.9 + 0.38 81.3+0.7

aSkeletal muscle homogenates to which gentamicin was added to
achieve each concentration.

"n = 5.

c¢NA = not applicable.

deJ Methods with different superscripts significantly different (P <
0.05) using Student-Newman-Keuls multiple range test.

significantly higher (P < 0.05) than all other extraction
methods (Table 1), whereas recovery using the simple ho-
mogenization method was significantly lower than that from
the other extraction methods (P < 0.01). Recovery of genta-
micin from skeletal muscle samples using the 2 NaOH-diges-
tion methods were significantly higher (P <0.01) than that
from either simple homogenization or TCA-precipitation
and homogenization (Table 2). Recovery of gentamicin from
skeletal muscle using the simple homogenization method was
significantly lower than that for the other 3 extraction meth-
ods (P <0.01).

Tissue disruption methods.—The recovery of gentamicin
from calf muscle by using ultrasonic probe tissue disruption
was equivalent to recovery for the stainless steel rotary ho-
mogenizer tissue digestion (45.7 + 4.78% vs 40.4 + 3.80%,
respectively). Use of the ultrasonic probe reduced the time
required to disrupt the tissue samples by approximately 35%
over the stainless steel rotary homogenizer.

Drug Assay Procedure

The limit of sensitivity of the FPIA method in kidney was
17.4 ng gentamicin/g kidney. Calculated concentrations of
the fortified control kidney tissues were within 10% of ex-
pected concentrations (Table 3), the within-day coefficient
of variations (CV) were less than 9.2% on each of 4 consecu-
tive days, and between-day CVs were less than 7.5% at all
concentrations. The 99% confidence interval at 100 ng genta-
micin/g of kidney was 71.7-112 ng/g kidney tissue.

The limit of sensitivity of the FPIA assay in skeletal mus-
cle was 15.8 ng gentamicin/g skeletal muscle. Calculated
concentrations were within 15% of expected concentrations
(Table 4), and between-day CVs were less than 15% at all
concentrations. The 99% confidence interval at 100 ng/g
digested muscle was 72.5-137 ng/g skeletal muscle.

The limit of sensitivity of the assay in heart muscle was
39.0 ng gentamicin/g digested heart. Except for the 500 ng/
g control tissue, all calculated concentrations were within
10% of the expected values (Table 5), and between-day CVs
were consistently less than 10%. The 99% confidence interval
of 100 ng gentamicin/g digested heart muscle was 66.5-150
ng/g digested tissue.

Blank milk showed no gentamicin (consistent results of
0.00 ng/mL milk), and control milk samples of 30 ng genta-
micin/mL were assayed at 32.5 + 2.67 ng gentamicin/mL
milk (99% confidence interval of 16.9-48.2 ng/mL milk) on
day 0 and 29.6 £ 1.27 ng gentamicin/mL milk (99% confi-
dence interval of 22.2-37.0 ng/mL or day 1 (Table 6). Sta-
bility of the standard curve was only marginal, remaining
stable for only 24 h after calibration. In particular, the upper
end of the standard curve drifted consistently over time (see
Table 6).

Discussion

The results of the present study that compare the NaOH
digestion procedure with and without homogenization show
no advantage to homogenization prior to NaOH digestion. In
every comparison, recovery of gentamicin was higher when
the NaOH digestion method was used without homogeniza-
tion. However, for more fibrous tissues, either homogeniza-
tion or treatment with proteolytic enzymes may be needed to
optimally extract aminoglycoside antibiotics from those tis-
sues.

The FPIA method has never been pushed to these lower
limits of detection because the assay was developed for moni-
toring therapeutic concentrations of gentamicin in human
serum. Furthermore, the method has only been used for

Analysis of gentamicin (ng/g) from digested kidney using FPIA calibrated from digested kidney samples fortified

with gentamicin

Table 3.
Day
Conen,
ng/g 0 1
0 0 0
100 95.8 84.0
250 232 225
750 742 786
1500 1480 1650
3000 2900 3210
100a 96.6 + 8.87 90.2 + 6.62
500s 477 + 9.21 507 £+ 10.0
2000a 2290 + 33.2 2590+ 125
an = 4.

b99% confidence interval (n = 16) over all 4 days.

2 3 X + SDa
2.54 5.55 202+ 264
101 92.9 93.3 + 6.97
241 232 232 + 6.62
734 749 753 + 99.0
1490 1500 1530 + 78.2
3180 3180 3120 + 142
92.6 + 5.83 89.0 + 6.25 71.7-112s
504 + 116 495 + 8.16 452-539"
2550 +42.2 2500 + 86.4 2080-2890"
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Table 4.
Day
Concn,
0 3.60 5.72
100 954 97.3
250 252 239
750 752 730
1500 1610 1530
3000 2890 2830
100a 102 + 8.54 100 + 10.5
500a 540 + 3.38 519 + 135
2000a 1900 + 13.6 1970 £45.5
an = 4.

*99% confidence interval (n = 16) over all 4 days.

Table 5. Analysis of gentamicin (ng/g) from digested
heart muscle using FPIA calibrated from digested heart
samples fortified with gentamicin

Day
Concn,
ng/mL 0 1 2 3 X + SDa
0 13.1 8.14 18.9 13.1 13.3+ 4.40
500 585 517 561 514 544 + 34.8
1500 1480 1380 1500 1430 1450 +51.8
3300 3460 3220 3560 3460 3410 + 144
6500 6560 6030 6840 6680 6530 + 348
10000 9790 8800 9790 9510 9470 + 470
100 110 98.4 115 107 67.4-150*
500 601 576 678 630 366-877*
2000 2030 1920 2120 2060 1530-2530*
3n = 4.

*99% confidence limit (n = 4) for all 4 days.

tissue extracts in studies of gentamicin kidney depletion aris-
ing from this laboratory (11, 12). In those studies, the limits
of sensitivity were not extended to the tolerance level for
gentamicin in kidney because the concentrations observed in
those studies was much greater than the tolerance level.
From the present study, the limit of sensitivity for all of the
samples was lower than the 99% confidence interval for tis-
sues fortified at 100 ng gentamicin/g tissue. The limit of
sensitivity in milk allowed for differentiation of milk concen-
trations of 50 ng/mL milk with 99% confidence and of 10 ng/

Table 6.
Day
Concn,
ng/mL 0 1
0 0.00 0.00
30 27.6 26.1
100 100 89.7
200 211 186
600 530 455
1500 1400 1210
80 325+ 2.67 29.6 £ 1.27
250a 261 £3.13 236 + 5.59
1000a 931 +34.1 807 + 40.4
3n = 4

b99% confidence Interval (n = 16) over all 4 days.

Analysis of gentamicin (ng/g) from digested skeletal muscle using FPIA calibrated from digested muscle samples
fortified with gentamicin

2 3 X+ SDa
2.67 6.82 470 £ 1.90
99.2 103 98.7 + 3.10
278 262 258 + 16.9
840 838 790 £ 57.1
1720 1750 1650 + 104
3600 3610 3230 + 432
112 + 146 105 + 9.59 72.5-137*
586 + 2.39 583 + 11.2 467-647*
2150+34.3 2120+29.8 1710-2360*

mL with 95% confidence. Thus, the analytical method pro-
vides the sensitivity required for detection and quantitation
of gentamicin residues in milk and edible tissues at or below
the tolerance level.

The entire process, from the time of acquisition of tissue
through the digestion procedure to reporting of results, can
be done in less than 90 min. Furthermore, the digestion
methods are easy and inexpensive. The process appears to
have some application to the field situation if the automated
FPIA system can be modified to provide more transportabili-
ty. The FPIA method has been shown to provide a sensitive
and expedient method of determination of gentamicin in
serum and now in tissue extracts. Providing reagent kits can
be created for other aminoglycosides used in food-producing
animals, this technology can provide fast, quantitative results
in the laboratory or field situation. This type of general
extraction method for aminoglycosides may be useful for the
surveillance of the meat industry for aminoglycoside residues
in the future.
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Quantitation of gentamicin from milk samples (ng/mL) using FPIA method

2 3 X+ SDa
0.00 0.00 0.00 + 0.00
222 26.1 255 + 231
90.1 93.1 93.2 + 4.76
185 188 193 + 125
473 486 486 + 32.3
1320 1480 1350 + 112
27.0 £2.98 29.3+ 2.25 21.0-38.2*
224+4.42 241 + 3.46 198-283*
720 +25.7 847 + 252 580-1070*
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