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Get the
worst out

Universal TraceR esidue EXxtractor.

SGE’s Universal Trace Residue Extractor -

Unitrex - gets the worst out of your samples. Unitrex
has been developed as an efficient and economical
clean-up system for the recovery of pesticides and
organic residues from meat fats, butter, cheese,
vegetable oils and awide range of samples.

Operating and maintenance costs have been kept
to a minimum. Unitrex can process 10 samples
simultaneously, and only small amounts of solvent and
gas are required. The processing is fast and reliable -
and Unitrex has rapid warm-up and + 1°C temperature
stability.

Performance is excellent. Recoveries for arange of
pesticides, both organo-chlorine and organo-
phosphorous compounds, are betterthan 90% for'
most samples at ppb levels, and the extract is clean
enough for direct chromatographic injection-into
capillary columns or packed columns, even with highly
sensitive detectors such as ECD, FDP. ahd NPD.

UNITREX

Head Office and International Sales
Scientific Glass Engineering Pty Ltd
7 Argent Place Ringy
Victoria 3134 Australia.

Telephone (03)8746333

Sciertific: Glass Engineering (UK) Ltd
ientific Glass Engineerin

Potters Lane Kiln Fgrm J o

Milton Keynes MK11L 3LA Great Britain
Telephone (0908)568344

U.S.A. Sales Office

Scientific Glass Engineering Inc

2007 Kramer Lane Suite

Austin Texas 78758 USA

Telephone (512)837 7190

German (BRD) Sales Office
Scientific Glass Engineering GmbH
Flchterweg 15

D-6108 Weiterstadt 1

Telephone (06150) 40662
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Day and night the Model 601 AUTOVAP[Y
GPC SYSTEM runs unattended.

The system will process 23 samples from
GPC clean-up through evaporation and
solvent exchange—with transfer to storage
vials—ready for GC or HPLC analysis.

For replacing rotary evaporation and
other manual techniques, the Model 602
AUTOVAP" allows for automated evapo-
ration/concentration of 23 samples
ranging from 10 mLto 250 mL each.

Besides increasing production, ABC's
automated systems free your scientific
people to handle other laboratory
responsibilities.

OTHERBENEFITS...

 Improves precision— microprocessor
controlled for exacf replication of evap-
oration conditions.

« Achieves recoveries equal to or greater
than manual techniques, such as rotary
evaporation or KD

 Reduces physical contact with samples
containing toxic or hazardous materials.

* Prevents loss of analyte through precise
control of system parameters.

AUTOMATED SAMPLEPREPARATION-THEANSWER ISABC

ANALYTICAL

BIO-CHEMISTRY: . -
LABORATORIES, INC.

PO. Box 1097, Columbia, MO 65205
Telex: 821-814

Phone:314-443-9021

Name

ANALYTICAL BIO-CHEMISTRY LABORATORIES, INC.
P.0. Box 1097, Columbia, MO 65205

The GPC Autoprep is recognized by EPA
FDA USDAand USDI as an accepted
sample clean-up method for pesticide
residues and priority pollutants in sail,
sludge, and biological matrices. The
addition of the AUTOVAP" as part of this
system further automates the sample
preparation process.

For more about the Modd 601
AUTOVAP"/GPC SYSTEM or the MocH
602 AUTOVAP" ... Mail in coupon, or
call 1-314443-9021

I'm interested in knowing more
about AUTOVAP®/GPC SYSTEM.
(] Please call me

[C] Send your AUTOVAP®/GPC

Title

brochure with fechnical

information
{1 Send information on

Company.
Address

Ciy, Stte, Zip

updating my ABC Autoprep

Phone number.

%omm with the
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What's the simplest way to determine nitrogen, carbon
and sulphur In al liquid and solid substances?

Weigh your samples*, load Inthe NA1s00
autosampler and... see you later.

NA ... for N.,Cand S

the favorite autom atic nitrogen/protein contentanalyzer now offers
simultaneous determ ination of nitrogen, carbon and sulphur

Rapid analysis No manual calculations
3 minutes tor nitrogen DP 110 PRG Data Processor autom atically
5 minutes for nitrogen and carbon computes and prints results for each sample

8 minutes for nitrogen, carbon and sulphur
) ) ‘Some"” applications
Wide analysis range Coal, coke, oils, foods, polymers, plastics,
10 ppm to 100% of N, C and S soils, papers, fibers, fertilizers, metals, animal
feeds and .. your samples.

** Between 0.5 - 100 mg

CARLO ERBA
STRUMENTAZIONE

Strada Rivoltana - 20090 Rodano (Milan)-Italy
Telephone (2)950591/9588161 - Telex 340449 CEST | circle 44 on reader service card



There's really only one sure

way to find out if you’re using

the most effective sample or

reagent preparation methods.

That to try ours. Andwe make

it easy—and economical—for you to do so. We've put
together 6 different Applications Kits for sample and reagent
preparation. Each Applications Kit contains qualified com-
ponents (and protocols) that insure successful separations
time after time.

Application Kits are available for:

« Detergent removal

* Reagent deionization

« Electrophoresis sample/reagent preparation
« Ethidium bromide removal

« HPLCsample preparation

* Protein concentration

Here are some of the outstanding
features of these convenient applications kits:

« Achoice of protocols and materials to insure success with a
variety of samples.

« Each kit contains necessary components and complete
step-by-step directions for each application.

« Each component is individually tested.

« Highest quality products.

« Economical sample/reagent preparation.
« Simple procedures.

« Technical assis* ance provided—based on 30 years of
chromatographic expertise.

Circle the reader service number for more information on
Bio-Rad’s sample/reagent application kits or, better yet, give
our technical staff acall at 1-800-843-1-H2.

i 1414 Harbour Way South Also InRx:IMIIeCeme NY; I—bmsb/ a; Viemg,
BI1O -RAD g_he_m_lcal Richmond, CA 94804 Austna, SSi end Mnch
vision (415) 232-7000 sa@  Uredt,
800-843-1412 ﬂ’el\bﬁm Gatlingg SMtzeri
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Food Chemistry

by Hans-Dieter Belitz and Werner Grosch
Translated by D. Hadziyev

Food Chemistry has been completely updated, revised, and
translated for the American scientist. Focused exclusively on
chemical composition and reactions in food, it features: 22
chapters, each devoted to an important food constituent or
commodity;  separate discussions of food additives and con-
taminants: « emphasis on the role of chemical and physical
properties in production, processing, handling and analysis;
« a multitude of tables and figures for easy reference.

1987/774pp, 345figsicloth $79-50/4#15043-9

Water Analysis

APractical Guide to Physico-Chemical, Chemical,
and Microbiological Water Examination and
Quality Assurance

Edited by Wilhelm Fresenius, Karl-Emst Quentin, and
Wdhelm Schneider

This bench-top manual for practitioners in water analysis and
quality assurance contains detailed instructions for sampling,
analysis, and data evaluation. The analysis of organic and
inorganic compounds is discussed, as are microbiological
problems and guidelines for waste water, surface and ground
water, and drinking water quality. This volume will be an in-
dispensable laboratory reference, and useful for staff training
programs.

1987/App 1000pp!cloth $89.50 (tent.)/#17723-X

Analytical and Chromatographic
Techniques in Radiopharmaceutical
Chemistry

Edited by D.M. Wieland, M.C. Tobes, and T.J. Mangner

“Sets the current standard for the definition of radiochemical
purity...An excellent reference for scientists involved in radio-
pharmaceutical research." — Clinical Nuclear Medicine

“An exceedingly useful reference for anyone with a serious
interest in radiochromatographic techniques. It will be the
authoritative text for this subject matter in the near future.”
—Journal ofNuclearMedicine

1986/300pp, 115figs/cloth $54.50/4#96185-2

Lasers in Chemistry

by David L. Andrews

This book prorides a concise introduction and overview of
laser applications in chemistry. It explores the three-fold link
between lasers and chemistry: the important chemical princi-
ples involved in the operation of lasers; techniques used to
probe systems of chemical interest: and the induction of
chemical change in a system via laser light. Extensive exam-
ples illustrate the breadth of possible applications, from
fundamental research to routine chemical analysis.

1986/176pp. 115figs!paper $39.00/#16161-9

Springer-Verlag

New York Berlin Heidelberg London Paris Tokyo
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Books for professional chemists

Practice of High Performance Liquid
Chromatography

Applications, Equipment, and Quantitative
Analysis

by H. Engelhardt

This book is a practical guide to the applications of HPLC,
including determination of acids in pharmaceutical and tox-
icological analysis; methods for the analysis of components
that do not possess a chromophore: and derivatization pos-
sibilities for amino acids before and after separation. Also
included are discussions of equipment, quantitative analysis,
the basics of preparative application and liquid-liquid
distribution.

1986/461pp 189figs/cloth $79.00/#12589-2

Reviews of Environmental Contamination

and Toxicology
(Formerly Residue Reviews)
Series Editor: George W. Ware

Publishes authoritative reviews on the occurrence, effects,
and fate of pesticides and other contaminants in the total
environment. Each volume provides in-depth information in
such areas as analytical chemistry and methodology;
agricultural microbiology, biochemistry, toxicology, and
food technology

Volume 99: Biological half-lives of chemicals in fishes (AJ.
Niimi) : Propylene chlorohvdrins: toxicology, metabolism, and
environmental fate (R.S.H. Yang): The pyrolysis of canna-
binoids (R.S. Tjeerdema): Pesticide fate from vine to wine

(P. Cabras et al ) ; Transport and transformations of organic
chemicals in the soil-air-vvater ecosystem (WA Jury etal).

1987/175pp, 31figs!cloth $41.00/4#96498-3

Surfactants in Consumer Products

Theory, Technology, and Application
Edited byjiirgen Falbe

Discusses the physical-chemical principles, manufacture, and
application of surfactants in products such as cleaning agents,
cosmetics, and toiletries. Ecological and toxicological ques-
tions are probed in-depth, and economic aspects and future
trends are considered. The book is a valuable, state-of-the-art
summary of developments in the field.

1987/547pp, 260figs!cloth $126.50/#17019-7

Dictionary of Surfactants

English/German and German/English
by Kurt Siekmann

This supplement to Surfactants in Consumer Products
provides English/German and German/English translations
of over 3,200 keywords on the chemistry, technology, and

applications of surfactants.

1987/160pp/paper $39.00/#17555-5

To order by credit card, please call our toll-free number:
800-526-7254 (in NJ call 201-348-4033) To pav bv check (include
$2.50 for postage and handling; NY, NJ, and CAresidents please add
sales tax) or for more information, write to: Springer-Verlag New
York, Inc., Attn. E Wwvlock, Dept. S712,175 Fifth Avenue, New York.
NY. 10010
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NEW PRODUCTS

Higher Speed, Higher Volume
Centrifuges

Sulfite Analyzer for Foods and
Beverages

trites, nitrates, and phosphates;
switches rapidly from one kind of

132A

Four compact new centrifuges that
spin more sample at higher speeds
and forces than other general purpose
models are being introduced by Beck-
man Instruments, Inc. Called the
“GP” series, the centrifuges will be
available with or without refrigera-
tion in tabletop models and in por-
table floor models. Beckman Instru-
ments, Inc.

Circle No. 103 on reader service card.

Ultracentrifuge

The new Model L7-65 ultracentrifuge
from Beckman Instruments, Inc.,
spins samples at 65000 rpm and
485 000 g. It is useful in laboratories
isolating plasmids, DNA, or RNA by
using cesium chloride gradients.
Beckman Instruments, Inc.

Circle No. 104 on reader service card.

Biotechnology Systems

Five different multicomponent sys-
tems for biotechnology projects have
been introduced by Savant Instru-
ments, Inc. Each system contains all
components and accessories needed
for vacuum drying and concentrating
biochemical materials for a specific
type of application. Savant Instru-
ments, Inc.

Circle No. 105 on reader service card.

Concentrator and Dryer for DNA
Preparations

“Gene Jockey’s Delight” is the name
given by Savant Instruments, Inc., for
an equipment arrangement that con-
centrates and dries natural and syn-
thetic preparations of DNA. The
system consists of a SpeedVac
concentrator, a slab gel dryer, me-
chanically refrigerated trap, and vac-
uum pump, all mounted on a 2 -shelf
cart with 4 electrical outlets. Savant
Instruments, Inc.

Circle No. 106 on reader service card.

Sample Preparation System

Each new Waters Sep-Pak sample
preparation system contains sample
reservoirs, reservoir supports, Sep-
Pak C,§cartridges, and an air pres-
sure pump. The assembly functions
as a cartridge holder, sample/solvent
reservoir, and positive pressure flow
adapter for either sorbent extraction
or membrane filtration. Waters
Chromatography Division.

Circle No. 107 on reader service card.

Food and beverage producers need to
equip their laboratories with more
sensitive, accurate test methods for
analyzing true levels of sulfites to meet
new, more stringent U.S. Food and
Drug Administration regulations. The
Waters sulfite analyzer cuts analysis
time to 5 min, and it uses the Waters
Model 460 electrochemical detector
to provide detection limits of low
parts per billion as opposed to 10 parts
per million by conventional meth-
ods. Waters Chromatography Divi-
sion.

Circle No. 108 on reader service card.

Purification Kit

Antibodies can be purified and con-
centrated in 90 min with a new Kkit
that uses rProtein A (a trademark of
Repligen Corp.) introduced by Beck-
man Instruments. Beckman Instru-
ments, Inc.

Circle No. 109 on reader service card.

Multiple Sample Processing Station

Vac Elut SPS 24 multiple sample pro-
cessing station processes as many as
24 Bond Elutbonded silica extraction
columns simultaneously. The deluxe
vacuum manifold features time sav-
ings for complex methods, complete
flow control, and flexible operation
for elution into a variety of collecting
devices. Analytichem International,
Inc.

Circle No. 110 on reader service card.

Robot-Compatible Columns

Bond Elut LRC (laboratory robot
compatible) extraction columns can
be used with any commercially avail-
able laboratory robot, allowing the
automation of repetitive tasks in the
laboratory. Analytichem Interna-
tional, Inc.

Circle No. 111 on reader service card.

New Kjeldahl Apparatus

With the fourth generation of Kjeltec,
the Kjeltec Auto Plus, a sample is
weighed, distilled, recorded, and
evaluated automatically, all in about
2 min. Tecator, Inc.

Circle No. 112 on reader service card.

Automatic System for Water Analysis

The new Aquatec System water anal-
ysis system from Tecator is based on
the flow injection analysis technique.
The system analyzes ammonium, ni-
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analysis to another; conducts analy-
ses in accordance with standardized
methods; is sensitive to ppb levels;
operates at speeds 0 f30-40 s/sample;
and handles 40 or 100 samples. Te-
cator, Inc.

Circle No. 113 on reader service card.

Measurement of Polyphenol in
Beverages

Total phenol content in beer, wine,
and fruit juices can be measured by
a method developed on the Auto-
Analyzer 1l from Technicon Indus-
trial Systems Corp. The same instru-
ment can also be used to analyze for
bitterness, diacetyl, air oxidizable
precursors, and acetoin. Bran +
Luebbe, Inc.

Circle No. 114 on reader service card.

Automated DNA Scanner System

The automatic Gene-Master DNA
scanner system has been developed
in cooperation with E. M. Southern
and J. Elder of Oxford University.
The system includes an optical scan-
ner based on a linear CCD array de-
tector, pattern recognition and se-
guence assignment software, and an
IBM AT or compatible computer.
Bio-Rad Laboratories.

Circle No. 115 on reader service card.

Fraction Collector

The Model 2100 fraction collector
from Bio-Rad Laboratories collects
fractions on either a time or avolume
basis—the switch on the front panel
may be set to the collection mode
wanted. Bio-Rad Laboratories.

Circle No. 116 on reader service card.

Low-Cost LC Pump

The SM-909 isocractic LC pump from
Anspec has features usually found
only in higher priced pumps: auto-
matic or manually set compressibil-
ity; 1\ piston design with one set of
check valves; integral purge valve;
digital readout of flow, pressure, or
compressibility; optional microbore
or preparative capabilities. The An-
spec Co., Inc.

Circle No. 117 on reader service card.

Nitrogen-Specific GC Detector

Applications on the Model 705 ni-
trogen-specific GC detector from An-
tek Instruments range from detection
of nitrogenous compounds in air,



NEW PRODUCTS

water, or soil samples for environ-
mental testing to the analysis of pe-
troleum fractions for quality control
or product development. The instru-
ment measures only nitrogen—with-
out the sulfur, phosphorous, halo-
gens, or hydrocarbons that have
complicated this type of work in the
past. Antek Instruments, Inc.

Circle No. 118 on reader service card.

Gas Cell for FT-IR Spectrometers

A new, variable, long-pathlength gas
cell is designed to provide the re-
ported advantages (over previous
methods ofanalysis) ofgas and vapor
analysis with FT-IR spectrometers,
i.e., increased sensitivity, better res-
olution, and more rapid data acqui-
sition. Spectra-Tech, Inc.

Circle No. 119 on reader service card.

NWASTATPAK My /A SNANEY

Statistical Analysis and Graphics Statistical Quality Control

GRAPHICS

High quality graphics suitable for analysis, presentation
and publication. Setup is rapid and easy. Plots can be

saved for editing and replotting.

DATATRANSFER
Data can be read directly from instruments or through
interface software such as Labtech Notebook or Lotus

Measure.

STATPAK and QUALITY ANALYST can be the core of M
your analytical workstation. Both read and write DIF, SYLK,
fixed field, and delimited ASCII files and are compatible
with packages such as 1-2-3 and dBASE Il

Microwave Digestion Bombs

Parr Instrument Co. has introduced
entirely new microwave acid diges-
tion bombs that speed the digestion
of laboratory samples at higher tem-
peratures and pressures. These new
bombs are Teflon-lined and combine
the advantages of closed high pres-
sure and high temperature digestion
with the special requirements of fast-
er microwave heating. Parr Instru-
ment Co.

Circle No. 120 on reader service card.

Automatic Preparative Gas
Chromatograph

Varex Corp. offers the PSGC 10/40
preparative gas chromatograph. This
fully automated system consists ofan
oven module that accommodates up
to eight 1 cm x 1m columns (four 4

cm X 1 m columns), a module for
fingertip control of all operating pa-
rameters, and a microcomputer for
fully automated, unattended repeti-
tive processing of samples. Varex
Corp.

Circle No. 121 on reader service card.

Centrifugal Partition Chromatography

Centrifugal partition chromatogra-
phy is a new liquid chromatographic
technique which uses liquid-liquid
partition—counter-current distribu-
tion to fractionate complex mixtures
of chemical substances. It offers ad-
vantages for the isolation of materials
of biological origin, e.g., natural
products, biopolymers, antibodies,
and genetically engineered mole-
cules. Sanki Laboratories, Inc.

Circle No. 122 on reader service card.

UALIT

"mmml EASYTO USE

Unlike mainframe-style packages, STATPAK and QUAL-
ITY ANALYST do not use complex procedural languages.

The prompt/response set-up allows you to concentrate on

your project irstead of your software.

NWA does not trade power for ease of use. You are in full

major projects.

world.

control with “hands-on” computing power that can handle

THE NWACOMMITMENT M
NWA is a professional technical software house; this has
been our orly business since 1978. By using NWA
software, you will be joining thousands of users around the

I S O U R CE CODE

Source code is available, and you can customize and
extend NWA software to meet special requirements.

NWA customer support people have technical back-
grounds and understand your application. This support
comes without charge and without waiting.

Call or write now for more information.

Northwest Analytical, Inc
Single copy: NWA STATPAK-$495; NWA QUALITY 520 NV Davis Street » Portl OR97209« (503) 247727
ANALYST-$495. Academic and volume discount. LAN Tde(z%aééd}\v\p\srAT

and Site licenses available. Versions available for
PC- DOS, MS-DOS, CTOS/BTOS, Macintosh. For
G.S.A. contract purchase call Technology Services,

Inc. (703) 631-3333.

Trademarks: NWA, NWA STATPAK, NWA QUALITY ANALYST-Northwest
Analytical, Inc.; Labtech Notebook-Laboratory Technologies; 1-2-3, Measure-
Lotus Development Corp.; dBASE lll-Ashton-Tate; PC-DOS-IBM Corporation;
CTOS-Convergent Technologies; BTOS-Unisys; Macintosh-Apple Computer

Company.
CIRCLE57 ON READER SERVICE CARD
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NEW PRODUCTS

Miniature Pressure Regulator
The Model 4000 pressure regulator
from Porter Instrument Co., Inc.,
measures only 1\&sin. in diameter and
features 15 turn adjustment for 0-10,
0-30, 0-60, 0-100 psig range. Its
compact design makes it suitable for
panel mounting or use in small in-
struments. Porter Instrument Co., Inc.
Circle No. 123 on reader service card.

Liquid Delivery System
A liquid dispenser from Penn Sys-
tems, the Compu-Feed, allows for the
control of up to 4 accurately metered
streams at the same time. The pro-
grammable microprocessor-based
controller can operate 1,2, or 4 pumps
continuously at fixed rates or can
make them deliver precise batch vol-
umes or can meter liquids as a func-
tion of temperature, pressure, pH,
liquid level, viscosity, conductivity,
RPM, mechanical coordinates, or

other analog signal. Penn Systems,
Inc.
Circle No. 124 on reader service card.

Audio Courses

“Effective Management of Chemical
Analysis Laboratories” is the title of
an audio course produced by the
American Chemical Society. This
course gives an in-depth understand-
ing ofthe problems and solutions in-
volved in analytical laboratory
mangement. Instructors are John H.
Taylor, Jr. Analytical Technologies,
Inc., and Mary M. Routson, Bechtel
Corp. Includes 4 cassettes (3.8 h play-
ing time) and 120 page manual.
American Chemical Society.

Circle No. 125 on reader service card.

James Kaufman, director of the Lab-
oratory Safety Workshop of Curry
College, Milton, MA, is the instructor
on an audio course, “Laboratory

TRAINNG MANUAL

FOR ANALYTICAL ENTOMOLOGY

Safety and Health,” which offers an
understanding of the guidelines for
dealing with accidents in the labo-
ratory and for making health and
safety concerns an integral part of ef-
fective laboratory practices. Ameri-
can Chemical Society.

Circle No. 126 on reader service card.

Computer Bulletin Board Service

ChemSoftware BBS. the first com-
puter bulletin board service for mem-
bers of the paint and chemical in-
dustries, allows callers to locate
sources of raw materials and equip-
ment, read and leave messages, and
monitor news of interest to the chem-
ical community. Membership is open
to industry members who have an
IBM computer or compatible and a
300-1200 baud modem. Chem-
Software BBS.

Circle No. 127 on reader service card.

IN THE FOOD INDUSTRY— FDA Technical Bulletin No. 2

Praised for
Usefulness and

Used by FDA
Personnel in

Organizations
Can Set Up
In-House

Training

Courses Training

Chaprers on:

Microsco Insect Morphol and Dis-

section; ICI)((?i’sén'uflcatlon af Whole _Insects: én%u%gan NalwggoEntomlog%olFan%n%ned

Recognltlon and ldentification of Insect Stored Food Prgts What. Hap-

ments, Vertebrate Pests, Structure and &ans N a S?tmt'fa'“sc%n InspectFlfn Advlﬁ on
mon

Ide tification of Animal  Hairs; Molds™ in Y,
&oogg of Useful References; Pronouncing

Foods; Extraction Methods; Mlscellaneous
Flth; Macroscopic Methods: Advice on Set-

174 pages. 1978. Prices: Members $26.75 inU.S., $27.75 outside U.S.; Nonmembers $29.50 in U.S., $30.50 outside
U.S. Order from Association of Official Analytical Chemists, 1111 North 19th Street, Suite 210-J, Arlington, VA 22209.

Please enclose remittance with order.

134A ). ASSCC. OFF. ANAL CHEM (MOL 70, NO. 5, 1987)



BOOKS IN BRIEF

Foodborne Microorganisms and Their
Toxins. Developing Methodology.
Edited by Merle D. Pierson and Nor-
man J. Stern. IFT Basic Symposium
series. Published by Marcel Dekker,
Inc., 270 Madison Ave, New York,
NY 10016, 1986. 496 pp. Price:
$59.75 United States and Canada;
$71.50 all other countries. ISBN
0-8247-7607-0.

This volume presents the proceed-
ings of the Ninth Basic Symposium
sponsored by the Institute of Food
Technologists and the International
Union of Food Science and Technolo-
gy. Information offered includes the
current status of instrumental tech-
niques, spoilage indicators, predictive
modeling, and indicator organisms, and
applications of DNA hybridization, im-
munology, and hybridoma technology
to the detection of foodborne micro-
organisms and toxins.

Water Activity: Theory and Applica-
tions to Food. Edited by Louis B.
Rockland and Larry R. Beuchat. 1F T
Basic Symposium Series. Published
by Marcel Dekker, Inc., 270 Madison
Ave, New York, NY 10016, 1987.
424 pp. Price: $59.75 United States
and Canada; $71.50 all other coun-
tries. ISBN 0-8247-7759-X.

This book offers an up-to-date, in-
tegrated, and comprehensive review of
both basic research and practical ap-
plications concerning water activity and
its influence on food. It comprises the
Tenth Basic Symposium ofthe Institute
of Food Technologists and the Inter-
national Union of Food Science and
Technology.

Biotechnology: Applications and Re-
search. Edited by Paul N. Cheremi-
sinoff and Robert P. Ouellette. Pub-
lished by Technomic Publishing Co.,
PO Box 3535, Lancaster, PA 17604.
716 pp. Price: $95.00.

The new information and reference
data in the 49 chapters of this volume
are intended to provide an authoritative
reference work for all those involved in
the research, development, and use of
biotechnology.

Food Product-Package Compatibility.
Edited by B. R. Flarte, J. lan Gray,
and J. Miltz. Proceedings of seminar,
School of Packaging, Michigan State
University, July 146, 1986. Pub-

lished by Technomic Publishing Co.,
Inc., PO Box 3535, Lancaster, PA
17604, 1987. Approx. 300 pp, soft-
cover. Price: $75.00. ISBN 0-87762-
520-4.

Interested readers will find reports on
major topics in food packaging mate-
rials, performance, and safety; exami-
nations oftoday’simportant food pack-
aging materials, with test and
performance data; special reports on
tamper-proof packaging, FDA testing
of materials, and packaging for micro-
wave food products.

Practical Statistics for Engineers and
Scientists. By Nicholas P. Cheremi-
sinoff. Published by Technomic Pub-
lishing Co., Inc., PO Box 3535, Lan-
caster, PA 17604, 1986. 211 pp. Price:
$29.00.

This monograph is intended as a ref-
erence of standard statistical analyses
and data regression techniques. Process
engineers, chemists, and researchers
should find it to be a handy guide in
designing experiments and analyzing
data.

Organic Pollutants in Water: Sampling,
Analysis, and Toxicity Testing. Ed-
ited by I. H. Suffetand Murrugan Ma-
laiyandi. Advances in Chemistry Se-
ries No. 214. Published by American
Chemical Society, 1155 Sixteenth St,
NW, Washington, DC 20036, 1987.
816 pp. Price: $109.95 United States
and Canada; $131.95 export. ISBN
0-8412-0951-0.

This book offers several schemes in
its 36 chapters for isolating and con-
centrating trace contaminants from
water. All ofthe analytical methods dis-
cussed are based on phase-transfer pro-
cesses in which the compound is iso-
lated by a second phase or separated by
a membrane phase.

Separation, Recovery, and Purification
in Biotechnology: Recent Advances
and Mathematical Modeling. Edited
by Juan A. Asenjo and Juan Hong.
ACS Symposium Series No. 314.
Published by American Chemical
Society, 1155 Sixteenth St, NW,
Washington, DC 20036, 1986. 226
pp. Price: $54.95 United States and
Canada; $65.95 export. ISBN 0-8412-
0978-2.

Successful production of biotechnol-
ogy products hinges on their separation
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and recovery from the production site
and subsequent purification. This new
work discusses the most recent ad-
vances and latest developments in op-
erations used for bioproduct recovery
in biotechnology and fermentation sys-
tems and includes a mathematical anal-
ysis and modeling of such operations.

Citrus Fruits and Their Products: Anal-
ysis and Technology. By S. V. Ting
and Russell L. Rouseff. Food Science
and Technology Series/18. Published
by Marcel Dekker, Inc., 270 Madison
Ave, New York, NY 10016, 1986.
312 pp. Price: $59.75 United States
and Canada; $71.50 all other coun-
tries. ISBN 0-8247-7414-0.

Methods of citrus analysis are brought
together in this volume, including those
to determine quality and nutritional
value and those to detect and control
adulteration in citrus juices.

Laboratory Safety: Principles and Prac-
tices. Edited by Brinton M. Miller,
Dieter H. M. Groschel, John H.
Richardson, Donald Vesley, Joseph
R. Songer, Riley D. Housewright, and
W. Emmett Barkley. Published by
American Society for Microbiology,
1931 | St, NW, Washington, DC
20006, 1986. 374 pp. Price: $38.00
member; $55.00 nonmember. ISBN
0-914826-77-8.

Managers and other personnel in lab-
oratories dealing with biohazards are the
intended audience for this reference. It
includes discussions of safety and train-
ing programs, hazard assessment (sev-
eral hazardous microorganisms are de-
tailed), containment and personal
protective equipment and techniques,
and a range of accidents and medical
emergencies.

Quantitative Analysis Using Chromato-
graphic Techniques. By E. Katz. Pub-
lished by John Wiley & Sons, Inc.,
One Wiley Dr, Somerset, NJ 08873,
1987. 446 pp. Price: $69.95.

The publishers describe this as the
“most comprehensive manual avail-
able on quantitative techniques in all
areas of chromatography.”

How to Find Chemical Information: A
Guide for Practicing Chemists, Edu-
cators, and Students. 2nd edition. By
Robert E. Maizell. Published by John
Wiley & Sons, Inc., One Wiley Dr,
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Somerset, NJ 08873, 1987. 402 pp.
Price $44.95.

This second edition updates and ex-
pands by 40% the material of the first
edition, including new information on
computer-based and on-line database
systems.

Chromatographic Theory and Basic
Principles. Edited by Jan Ake Jons-
SON. Chromatographic Sciences Se-
ries/38. Published by Marcel Dekker,
Inc., 270 Madison Ave, New York,
NY 10016, 1987. 408 pp. Price:
$79.95 United States and Canada;
$95.50 all other countries. ISBN
0-8247-7673-9.

This book surveys the basic termi-
nology and common concepts that tie
together the different facets of chro-
matography, covers peak-broadening
and peak-shaping mechanisms operat-
ing in all chromatographic methods, fo-
cuses on the use of chromatography for
chemical analysis, provides a detailed
discussion of chromatographic funda-
mentals, and helps chromatographers
optimize and customize their work.

Silent Spring Revisited. Edited by Gino
J. Marco, Robert M. Hollingworth,
and William Durham. Published by
American Chemical Society, 1155
Sixteenth St, NW, Washington, DC
20036, 1987. 214 pp. Price: $29.95

United States and Canada; $35.95
export. ISBN 0-8412-0981-2.

Where are we some 25 years after
Rachel Carson’ssilent spring was pub-
lished? The major result of her book
was the establishment of the Environ-
mental Protection Agency, and virtual-
ly all the problems she explored are in
some stage of correction. This 12 chap-
ter book addresses the issues that Ra-
chel Carson raised and focuses on their
pertinence then and now.

Applications of New Mass Spectrome-
try Techniques in Pesticide Chemis-
try. Edited by Joseph D. Rosen. Vol-
ume 91 in chemical Analysis: A Series
ofMonographs on Analytical Chem -
istry and its Applications. Published
by John Wiley & Sons, Inc., One Wi-
ley Dr, Somerset, NJ 08873, 1987.
264 pp. ISBN 0-471-83280-4.

The purpose ofthis volume is to bring
the researcher up to date on the de-
velopments in the field of mass spec-
trometry that are of interest to pesticide
chemists. Techniques covered include,
among others: gas chromatography/
mass spectrometry, selected ion moni-
toring, negative ion chemical ioniza-
tion, and liquid chromatography/mass
spectrometry.

Standard Methods for the Analysis of
Oils, Fats and Derivatives. 7th Re-

A OAC Announces the Publication

of an

Indispensable Statistical

Reference Book

vised and Enlarged Edition. Com-
piled by C. Paquot and A. Hautfenne
for International Union of Pure and
Applied Chemistry, Applied Chem-
istry Division, Commission on Qils,
Fats and Derivatives. Published by
Blackwell Scientific Publications, Os-
ney Mead, Oxford OX2 OEL, En-
gland; distributed in the United States
and Canada by Blackwell Scientific
Publications, PO Box 50009, Palo
Alto, CA 94303, 1987. 347 pp. Price:
$96.00. ISBN 0-632-01586-1.

This volume is the first revision of
IUPAC’s book of methods since 1979.
It enlarges on the 6th edition and in-
corporates some organizational amend-
ments.

Laboratory Robotics: A Guide to Plan-
ning, Programming, and Applica-
tions. By W. Jeffrey Hurst and James
W. Mortimer. Published by VCH
Publishers, Inc., 220 East 23rd St,
New York, NY 10010-4606, 1987.
129 pp. ISBN 0-89573-322-6.

Laboratory robotics is an extension
ofprogrammable computers which per-
mits computers to do physical work as
well as process data. This guide intro-
duces the reader to the concepts, the
language, and the reasoning behind the
purchase ofa laboratory robot and tells
the practicing laboratory scientist
whether such a robot may relieve some
of the work load.

USE OF STATISTICS TO DEVELOP AND EVALUATE ANALYTICAL METHODS
Grant T. Wemimont, Author

William Spendley, Editor

W ith the aid of this manual, the analytical investigator can, with a knowledge of only simple
statistical procedures, use the experimental designs and techniques described to determine and evaluate
assignable causes of variability.

Appendixes: Tables, Statistical Computations, Glossary. Index.

1985. xvi + 183 pages. Softbound. ISBN 0-935584-31-5.
Price-Members: $47.55 in U.S., $50.55 outside U.S.; Nonmembers: $52.50 in U.S.. $55.50 outside U.S.

To obtain book, send order with your name and address and check to:
AOAC, 1111 N. 19th Street, Suite 210-J, Arlington, Virginia 22209 USA
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COME TO

THE 102nd AOAC ANNUAL

INTERNATIONAL
MEETING AND
EXPOSITION

AT THE BREAKERS,
PALM BEACH, FLORIDA

AUGUST 29-SEPTEMBER 1, 1988
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Keep Essential
Analytical Inform ation
At Your Fingertips

0O Use of Statistics to Develop and
Evaluate Analytical Methods

By G.T. Wernimont. Ed. by W. Spendlcy.

1985. 199 pp. Index. Figures. Tables.

Glossary. Softbound. ISBN 0-935584-31-5.

Members: S47.55 in U.S., S50.55 outside U.S.

Nonmembers: $52.50 in U.S., $55.50
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

Statistical Manual |
ofthe !y
®®

© ©

N\t

| Assoctation of Official
Analytical Chemists

O Statistical Manual of the AOAC

By W.J. Youden and E.H. Steiner. 19"5.

96 pp. Softbound Illustrations.
ISBN 0-935584-15-3.

Members: $18.55 in U.S., S19.55 outside U.S.

Nonmembers: $20.50 in U.S., $21,50
outside U.S.

A do-it-yourself manual for statistical analysis

of interlaboratory collaborative tests.

TODAY!

And take advantage of AOAC Membership Discounts too!

PRINCIPLES .
GOD ANALYSIS o

O 1T, DECOMPOSITION .

"AND FOREIGN MATTER

O Principles of Food Analysis for
Filth, Decomposition, and
Foreign Matter— FDA Technical
Bulletin No. 1

1981. 286 pp. 2nd printing 1985.

Illustrated. Softbound.

Members: $42.60 in U.S., $45.60

outside U.S.

Nonmembers: $47.00 in U.S., S50.00

outside U.S.

Comprehensive laboratory manual/text

on basic concepts of food sanitation

analysis.
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KEY FOR IDENTIFICATION
-] OF MANDIBLES
STORED-FOOD

INSECTS

O Key for Identification of
Mandibles of Stored-Food
Insects

1985. vi4-166 pages. Illustrated. 125

photographs. Softbound.

ISBN 0-935584-32-3.

Members: $42.00 in U.S.. $43.50

outside U.S.

Nonmembers: S-t6.50 in U.S.. $48.00

outside U.S.

Enables food sanitation analysts to

identify' species from all major stored-

food insect pest groups.
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BACTERIOLOGICAL
BAM | ANALYTICAL

MANUAL

O FDA Bacteriological Analytical Manual,
6th Ed.

1984. 448 pp. Looseleaf. ISBN 0 935584-29-3.

Members: S44.85 in U.S.. S4T85 outside U.S.

Nonmembers: S49.50 in U.S.. S52.50

outside U.S.

Provides regulators- 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.

O Classification of Visible Can
Defects—poster/pamphlet

1984. 24"x36" chart. In color with

photographs. Minimum order. 1 package of

10 charts. S40.00 + S3.00 postage: 2nd

package of 10. S30.00 4-S3.00 postage; each

additional package, S25.004-S3.00 postage.

To order, please note quantity desired in the box
beside each title; then complete and mail this page
lor photocopy ) and payment to:

AOAC
1111 North 19th St., Suite 210-J
Arlington, Virginia 22209 USA

Total Amount of Order: S
US. Funds Only

Please Print
Send to:
Name

Organization

Street Address

City

State (Country) Zip

VM

Member No- (to qualifyfor member price, in-

clude Member Number with order.)



FOR YOUR

M eetings

October 11-14, 1987: Western Agri-
cultural Chemicals Association, 58th
Annual Meeting, Hotel del Coronado,
San Diego, CA. Contact: Lisa M. K.
Zetterberg, Director of Public Affairs,
6650 Belleau Wood Lane, Suite 209,
Sacramento, CA 95822, telephone 916/
393-4050.

October20-21, 1987: AOAC Europe
VI/AFSILAB joint meeting, “Ad-
vanced Techniques for Vitamin and
Microbiological Determinations,”
Hoffmann-La Roche Amphitheatre,
Neuilly sur Seine, France. Contact:
Margreet Lauwaars, PO Box 153, 6720
AD Bennekom, The Netherlands, tele-
phone 011 + 31-8389-18725.

October 20-21, 1987: Mid-Canada
AOAC Regional Section Meeting. Con-
tact: Joe Hilliard, Manitoba Research
Council, Canadian Food Products, De-
velopment Centre, 810 Phillips St, PO
Box 1240, Portage la Prairie, MB R1N
3J9, Canada, telephone 204/857-7861.

November 12, 1987: New York/New
Jersey AOAC Regional Section Meet-
ing, Sheraton Hotel, Newark Airport,
Newark, NJ. Contact: George Boone,
FDA, 850 Third Ave, Brooklyn, NY
11232, telephone 718/965-5033.

November 1987: Eastern Ontario/
Quebec AOAC Regional Section Meet-
ing. Contact: Milan Ihnat, Agriculture
Canada, Land Resource Research
Centre, Ottawa, Ontario K | A 0C6, Can-
ada, telephone 613/995-5011.

December 8, 1987: 9th Annual Mid-
west Conference on Environmental
Laboratory Technology, University of
Minnesota, St. Paul, MN. Contact: John
Vollum, Department of Professional
Development, Continuing Education
and Extension, University of Minne-
sota, 315 Pillsbury Dr SE, Minneapolis,
M N 55455, telephone 612/625-1534.

February 10-14, 1988: Instrumen-
tation Turkey '88, Istanbul Hilton Con-
vention & Exhibition Centre, Istanbul,
Turkey. Contact: Gerald G. Kallman,
Kallman Associates, 5 Maple Ct,
Ridgewood, NJ 07450-4431, telephone
201/652-7070, telex 264 715 GDWD
UR, telefax 201/652-3898.

March 22-25, 1988: 7th Symposium
on the Transfer and Utilization of Par-
ticulate Control Technology, Stouffer
Nashville Hotel, Nashville, TN. Con-
tact: Claudia Runge, Symposium Co-
ordinator, Electric Power Research In-

INFORMATION

stitute, PO Box 10412, Palo Alto, CA
94303.

April 19-22, 1988: Analytica ’88,
Munich Trade Fair Centre, Munich,
Federal Republic of Germany. Contact:
Gerald G. Kallman, Kallman Associ-
ates, 5 Maple Ct, Ridgewood, NJ 07450-
4431, telephone 201/652-7070, telex
264 715 GDWD UR, telefax 201/652-
3898.

April 26-28, 1988: AOAC Infant
Formula Conference Il, Radisson Fran-
cis Marion Hotel, Charleston, SC. Con-
tact: Margaret Ridgell, AOAC, 1111 N
19th St, Suite 210, Arlington, VA 22209,
telephone 703/522-3032.

May 16-19, 1988: International
Symposium on the Analysis of Anab-
olizing and Doping Agents in Bio-
samples, Ghent, Belgium. Contact: C.
Van Peteghem, Pharmaceutical Insti-
tute, State University of Ghent, Har-
elbekestraat 72, B-9000 Ghent, Bel-
gium, telephone 091/21-89-51, ext. 235.

Spring 1988: Northeast AOAC Re-
gional Section Meeting. Contact: Ger-
ald Roach, FDA, 599 Delaware Ave,
Buffalo, NY 14202, telephone 716/846-
4494,

June 1988: Pacific Northwest AOAC
Regional Section Meeting. Contact:
John Neilson, Neilson Research Corp.,
446 Highland Dr, Medford, OR 97504,
telephone 503/770-5678.

June 1988: SoutheastRegional AOAC
Section Meeting. Contact: Frank Allen,
Environmental Protection Agency, Reg.
4 ESD, Athens, GA 30613, telephone
404/546-3387.

June 1988: Midwest Regional AOAC
Section Meeting. Contact: Howard Cas-
per, North Dakota State University,
Veterinary Diagnostic Laboratory, Far-
go, ND 58102, telephone 701/237-7529.

August29-September 1,198 8:102nd
AOAC Annual International Meeting
and Exposition, spotlight on “Biotech-
nology,” The Breakers, Palm Beach, FL.
Contact: Margaret Ridgell, AOAC, 1111
N 19th St, Suite 210, Arlington, VA
22209, telephone 703/522-3032.

September25-28,1989:103rd AOAC
Annual International Meeting and Ex-
position. The Clarion Hotel, St. Louis,
MO. Contact: Margaret Ridgell, AOAC,
1111 N 19th St, Suite 210, Arlington,
VA 22209, telephone 703/522-3032.

September 9-13, 1990: 104th AOAC
Annual International Meeting and Ex-
position, The Clarion Hotel, New Or-
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leans, LA. Contact: Margaret Ridgell,
AOAC, 1111 N 19th St, Suite 210, Ar-
lington, VA 22209, telephone 703/522-
3032.

Workshops and Short Courses

Brigham Young University and the
State of Utah Center for Excellence in
Supercritical Fluid Separation Tech-
nologies are joint sponsors ofthe 1988
W orkshop on Supercritical Fluid Chro-
matography to be held at the Prospector
Square Hotel, Park City, UT, January
12-14, 1988. Supercritical fluid chro-
matography (SFC)is anovel method for
the analysis of foods, drugs, pesticides,
fragrances, polymers, household com-
pounds, and industrial mixtures. The
BYU workshop, which will include oral
presentations, invited lectures, infor-
mal discussions, and hands-on sessions
using SFC equipment, will provide a
forum in which to discuss uses of the
technique. Registration fee (after Sep-
tember 1, 1987) is $400.00. Contact:
Milton Lee, Department of Chemistry,
Brigham Young University, Provo, UT
84602.

For the fifth consecutive year, “Fun-
damentals of Chromatographic Analy-
sis,” an overview of chemical separa-
tions via chromatographic methods
sponsored by Nicolet Instrument Corp.
and by Kent State University’s Chem-
istry Department and University Con-
ference Bureau, will be presented at Kent
State University. The dates will be De-
cember 7-11, 1987. The course is dif-
ferent from other similar programs in
that gas, liquid, and thin-layer chro-
matography are presented as comple-
mentary rather than competing pro-
cesses. Contact: Carl J. Knauss,
Chromatographic Course Coordinator,
Chemistry Department, Kent State
University, Kent, OH 44242, telephone
216/672-2327.

The Center for Professional Ad-
vancement, EastBrunswick, NJ, will of-
fer courses in analytical chemistry in
February and March 1988. February
courses will include: “ Electrophoresis:
Principles and Applications in the Bio-
technology and Pharmaceutical Indus-
tries” and “Fourier Transform Infrared
Spectroscopy.” Those scheduled for
March are: “Automated Instrumenta-
tion for the Analytical Laboratory,”
“Mass Spectrometry: Recent Advances
and New Developments,” and “Thin
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FOR YOUR INFORMATION

Layer Chromatrography: Techniques
and Applications.” For course descrip-
tions, specific dates, costs, and enroll-
ment information, contact the Center
for Professional Advancement, PO Box
H, East Brunswick, NJ 08816-0257,
telephone 201/238-1600, telex 139303
(CENPRO EBRW).

Jo Yeargin Wins Wiley Scholarship

A career in cancer research is the goal
of this year's Harvey W. Wiley Schol-
arship winner, Jo Yeargin, a widowed
mother of 2whose husband died ofcan-
cer. Yeargin is a student at the Univer-
sity of California at San Diego, where
she is ajunior majoring in biochemis-
try. U ntil recently, she has worked near-
ly full-time, has pursued her college
course work (maintaining a 3.95 GPA),
and has been single parent to her 2 ac-
tive children. Her decision to quit her
job so as to commit herselffull time to
her education spurred her to apply for
the Wiley Scholarship. When she isn’t
studying or parenting, Yeargin plays and
has coached soccer, plays tennis,
and attends theatrical
tions.

AOAC will contribute $1000 over the

reads,

local produc-

Since 1884

AOAC

P jrj

next 2 years to help Yeargin complete
the course work for a bachelor’s degree
in biochemistry. The Wiley Scholarship
is awarded annually to a college soph-
omore planning to major in a scientific
area of interest to AOAC—food, agri-
culture, the environment, or public
health. Other qualifications include
maintenance of at least a “B” average
through the sophomore year and dem-
onstration of need of financial aid.

Nominations for the 1988 award must
be received by May 1, 1988. For infor-
mation on how to submitanomination,
write to AOAC, 1111 N 19th St, Suite
210, Arlington, VA 222009.

1987 Fellows ofthe AOAC

In recognition of at least 10 years of
meritorious service, the following in-
dividuals will receive honors as 1987
Fellows of the AOAC at the 101st An-
nual International Meeting and Expo-
sition in San Francisco, CA:

Patricia Bulhack, FDA. Associate
Referee: 1966-1970, subsidiary colors
in water-soluble AZO color additives;
1970-1979, arsenic and heavy metals;
1979-1981,
bined,

intermediates, uncom-
in other certifiable colors. Mem -

Invited

I
andu?a tes Tor

ber, 1980-1985, secretary, 1982-1984,
Committee on Feeds, Fertilizers, and

Related Materials. Member, 1985,
Committee on Foods |. Member, 1985-
present, Committee on Foods Il. Mem -

ber, 1983-1984, Centennial Commit-
tee.

David W. Fink, Merck Sharp &
Dohme, Inc. Associate Referee (3
methods adopted): 1973-1977,
dazole; 1973-present, sulfaquinoxa-
line; 1979-present, arprinocid; Asso-
ciate Referee ofthe Year Award, 1980.
Member,

roni-

1985-present, Committee on
Feeds, Fertilizers, and Related Mate-
rials. Member, 1983-present,
oratory Studies Committee,

Interlab-
subcom-
mittee on Guidelines for
Analysis.

Robert A. Isaac, University of Geor-
gia. General Referee: 1981-1986, plants.
Associate Referee (2 methods adopted):
1967-1968, sulfur in fertilizers; 1968—
1969, boron in fertilizers; 1969-pres-
ent, atomic absorption methods for
plants; 1981-present, plasma emission
spectroscopy. Member, 1973, Com mit-
tee on Ashing Methods. Member, 1982-
present, Committee on Instrumental
Methods and Data Handling.

Statistical

i\oolll\gr,g Inate

HARVEY W. WILEY

SCHOLARSHIP AWARD

A junior and senior year scholarship of sso0 per year
awarded annually to sophomores majoring in scientific
areas of interest to AOAC-food, agriculture, the
environment, and public health.

Qualifications:
character,
are not eligible.)

Each year,
about six weeks later.
1111 N. 19th Street,
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May 1 is the nomination deadline for the scholarship;

Virginia 22209;
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A "B" or better average during first two years of undergraduate study, good
and evidence of financial need. (Students majoring in medical or pre-medical programs

the award winner is announced
For information on how to submit a nomination,
Suite 210, Arlington,

please write to AOAC at

or call (703) 522-3032.



Join an AOAC Regional Section

or Start One In Your Area!

CurrentAOAC \Regional Sections

Mid-Canada Regional Section

President: Joe Hilliard
Manitoba Research Council
Canadian Food Products
Development Center
810 Phillips St. PO Box 1240
Portage la Prairie, MB R1N 3J9
Canada
(204) 857-7861 ext. 292

« Next Meeting: October 20-21, 1987

New York — New Jersey Regional Section
Chairman: George Boone
Food & Drug Administration
HFR-2160, 850 Third Ave.
Brooklyn, NY 11232
(718) 965-5033

* Next Meeting: November 12, 1987
Sheraton-Newark Airport
Newark, New Jersey

Eastern Ontario — Quebec Regional Section
Chairman: Milan Thnat
Agriculture Canada
Land Resource Research Centre
Ottawa, Ontario, K1A 0C6
Canada
(613) 995-5011 ext. 7846

* Next Meeting: November 1987

Northeast Regional Section
President George Willkens
Agway, Inc.
777 Warren Road
Ithaca, NY 14850
(607)257-2346

* Next Meeting: Spring 1988

Southeast Regional Section
President: Frank Allen

Environmental Protection Agency

Reg. 4ESD
College Station Rd.
Athens, GA 20613
(404) 546-3387

* Next Meeting: June 1988

Midwest Regional Section

General Chairman: George Rottinghaus
University of Missouri
Vet Medical Diagnostic Lab
Columbia, MO 65211
(314) 882-6811

« Next Meeting: June 20-22, 1988
Columbia, Missouri

Northwest Regional Section
Chairman: John Neilson
Neilson Research Corporation
446 Highland Drive
Medford, OR 97504
(503) 770-5678

* Next Meeting: June 1988

For information on starting a section, contact:

M arilyn J. Siddall, AOAC, 1111N.

22209, USA, Phone: (703) 522-3032

19th Street, Suite 210, Arlington, V A,
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Save Time and Money!
Enhance YourLaboratorys Reputation!

Facilitate Compliance with GovernmentRegulations!

Use

o —
: B

Heres What Users and

Reviewers Say About Oﬁicial

O fficial M ethods

e Methods of

", . .AOAC methods will stand in any

court of law in any country of this world. -
I don't know of a single organization in the I
world that tests methods as rigorously as

the AOAC."

—Perce McKinley, Ph.D., Former Director

General, Food Directorate. Health &
Welfare Canada O e

"We utilize AOAC procedures throughout
the laboratory.. .It's important that we use
a scientifically sound procedure."
—H. Michael Wehr, Ph D., Administrator,
Oregon Department of Agriculture

" .. the book belongs in the library of any e s«
analyst who must do official assays; assays Attains
agricultural products, pesticide formula-

tions, foods, food additives, cosmetics, ("sodaUonof
drugs, drugs in feeds, vitamins; looks for Official

filth and microbial contaminants in foods... Analytical
There is something for everyone from the Chemists
agricultural chemist to the budding Sher-

lock Holmes."

—Journal of Pharmaceutical Sciences,
Washington, DC

“Each method is clearly explained and
accompanied by pertinent references. .
The book is well organized, well illus-
trated, and easy to use."
—Neil H. Mermelstein, Senior Associate
Editor, Food Technology, Chicago, IL

1984 approx. 1100 pp., 173illus., index, hard-

bound. ISBN 0-935584-24-2.

Price—Members: $133.95 in U.S., $136.95
outside U.S.; Nonmembers: $148.50
in U.S., $151.50 outside U.S.

Edited by Sidney Williams
Served as Director of Division of Chemical Technology,

Chief of Pesticide Residue Branch,

Food and Drug Administration,

Washington, DC

Over 1,700 O fficially Approved, Collaboratively Tested

Chemicaland Microbiological Analytical Methods
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James J. Karr, Pennwalt. Associate
Referee (2 methods adopted): 1974—
1982, encapsulated methyl parathion;
1974-present, encapsulated organo-
phosphorus pesticides. Member, 1985-
present, Committee on Pesticides and
Disinfectants. Member, 1982-1983,
Long Range Planning Committee.
Member, 1985-present, Committee on
Meetings, Symposia, and Educational
Programs. Cochairman, 1984 Spring
Workshop. Coordinator, pesticides
poster session, 1984 Annual Interna-
tional Meeting. Organizer and chair-
man, Symposium on Industrial Ana-
lytical Chemistry, 1987 Annual
International Meeting.

Dick H. Kleyn, Rutgers University.
Associate Referee (3 methods adopted):
1967-present, rapid method for phos-
phates in dairy products; 1980-present,
enzymatic determination of lactose in
dairy products; 1986-present, fat in
milk.

Gerald R. Myrdal, Wisconsin De-
partmentofAgriculture. Associate Ref-
eree: 1969-1977, galactose-oxidase
method for meat products. Member,
1979-1982, Committee on Gas and
Liquid Chromatography for Pesticide
Formulations. Member, 1981-present,
chairman, 1984-1986, Committee on
Residues. Member, 1984-1986, O ffi-
cial Methods Board. Member, 1982—
1984, Committee on Instrumental
Methods and Data Handling. Member,
1983-1986, Midwest AOAC Regional
Section Executive Committee, repre-
sentative of Wisconsin.

Douglas L. Park, FDA. Associate
Referee (2 methods adopted): 1974-
1976, neutralizing value ofsodium alu-
minum phosphate; 1982-present, afla-
toxin methods. Secretary, 1986-pres-
ent, Committee on Foods |. Member,
1973-1978, Long Range Planning
Committee. Member, 1973-1978,
Committee on Meeting Arrangements.
Member, 1973-present, Committee on
International Cooperation. Member,
1985-present, Committee on Member-
ship. AOAC representative, 1983-pres-
ent, Joint Mycotoxin Committee. As-
sistant editor, Official Methods ofAnal-
ysis, 12th Ed. ISO correspondence
coordinator, 1973-1976.

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

M ethods Com mittee Associate
Referee Awardsfor 1987

Newly created in 1986, the Methods
Committee Associate Referee Awards
recognize the best Associate Referee in
a committee for a given year. Those
named for 1987 are: David F. Tomkins,
Committee on Pesticide Formulations
and Disinfectants; Elaine A. Bunch,
Committee on Drugs and Related Top-
ics; Douglas L. Park, Committee on
Foods I; James T. Tanner and Stephen
A. Barnett, Committee on Foods II;
Leon D. Sawyer, Committee on Resi-
dues; Russell S. Rowers, Committee on
Microbiology; and David L. Osheim,
Committee on Feeds, Fertilizers, and
Related Topics.

1SO Standards Published

The following standards have been
published by the International Orga-
nization for Standardization (ISO),
Technical Committee 34—Agricultural
Food Products. The standards are
available, at the prices indicated, from
American National Standards Institute,
Inc., 1430 Broadway, New York, NY
10018, telephone 212/354-3300.

ISO 949-1987: Cauliflowers—Guide to
cold storage and refrigerated trans-
port. $13.00.

ISO 5764-1987: M ilk—Determination
of freezing point—Thermistor cryo-
scope method. $18.00.

ISO 6883-1987: Animal and vegetable
fats and oils—Determination ofmass
per unit volume (“litre weight’) in
air. $15.00.

ISO 7366-1987: Animal and vegetable
fats and oils—Determination of
1-monoglycerides and free glycerol
contents. $15.00.

ISO 7700/2-1987: Check of the cali-
bration of moisture meters—Part 2:
Moisture meters for oilseeds. $18.00.

ISO 8460-1987: Instant coffee—Deter-
mination offree-flow and compacted
bulk densities. $18.00.

ISO 8588-1987: Sensory analysis —
Methodology—“A” -“not A" test.
$18.00.

ISO 8892-1987: QOilseed residues—De-
termination oftotal residual hexane.
$15.00.

IDF Standards Published

The following standards ofthe Inter-
national Dairy Federation (IDF) were
published between September 1986 and

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

June 1987. To inquire about cost or to
obtain copies, contact: in the United
States, USNAC, 464 Central Ave,
Northfield, IL 60093; in Canada, FIL-
IDF, Agriculture Canada, SirJohn Car-
ling Bldg, Ottawa, Ontario K1A 0C5,
Canada; in the United Kingdom, Giggs
Hill Green, Thames Ditton KT7 OEL,
United Kingdom; and worldwide, IDF,
Square Vergote, 41, 1040 Brussels, Bel-
gium.

IDF 20A: Milk—Nitrogen content
(Kjeldahl).

IDF 59A: Whey cheese—Fat content
(Rose Gottlieb).

IDF 73A: Milk and milk products—
Coliforms.
IDF 98A: M ilk—Nitrogen (protein)
content (dye-binding-amido-black).
IDF 103A: Milk and milk products—
Iron content.

IDF 108A: Milk —Freezing point
(thermistor cryoscope).

IDF 137: Butter—Water content (rou-
tine method).

New Journal Announced

The International Network of Food
Data Systems (INFOODS) has an-
nounced anewjournal, JournalofFood
Composition and Analysis. Thejoumal,
devoted to all aspects of the chemical
composition of human foods, will em-
phasize new methods of analysis; data
on composition offoods; studies on the
manipulation, storage, distribution, and
use offood composition data; and stud-
ies on the statistics and distribution of
such data and data systems. Target au-
dience for the journal includes analyt-
ical chemists, food scientists, nutrition-
ists, dietitians, epidemiologists, and
public health planners. The editor is
KentK. StewartofVirginia Polytechnic
Institute and State University. Associ-
ate editors are George H. Beaton, Ri-
cardo Bressani, Osman Galal, William
M. Rand, David Southgate, and Kyod-
en Yasumoto.

For more information or to sub-
scribe, contact: Academic Press, Inc.,
Journal Promotion Department, 1250
Sixth Ave, San Diego, CA 92101, tele-
phone 619/230-1840.

Special Issue of TrAC Available

TrAC, Trends in Analytical Chem-
istry, published a special issue devoted
to liguid chromatography to coincide
with the 11th International Symposium
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on Column Liquid Chromatography,
which was held in Amsterdam, The
Netherlands, June 28-July 3, 1987.
Copies are available for $10.00 prepaid
(Dfl. 20) from Derek Coleman, Coor-
dinating StaffEditor, PO Box 330,1000
AH Amsterdam, The Netherlands.

Database Expo

Five major scientific and technical in-
formation producers will join together
to host Database Expo, a day-long
product update, at the Disneyland Ho-
tel in Anaheim, CA, on October 19,
1987. In addition to introducing the
newest scientific and technical biblio-
graphic resources available, the update
will be a forum for discussing cost-ef-
fective searchingtechniques, vendordif-
ferences, and the unique applications of
and relationships among selected da-
tabases. Participants are: Biosis; Engi-
neering Information, Inc.; IFI/Plenum
Data Co.; Institute for Scientific Infor-
mation; and PsycINFO.

Fee for the program is $25.00 and
includes lunch and all activities. For
more information or to register, call En-
gineering Information, Inc., 800/221-
1044 (in NY and outside the United
States, call 212/705-7635).

Database Announcements

STN International (the Scientific &
Technical Information Network) an-
nounces availability ofthe DIPPR data
compilation file of physical property
data for 766 commercially important
chemical substances. Each substance in
the file is identified by its CAS registry
number, complete name, molecularfor-
mula, and compound family name. For
more information, contact: in Europe,
STN International, Postfach 2465,
D-7500 Karlsruhe 1, Federal Republic
of Germany; STN

in Japan, Inter-
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national, % Japan Association for In-
ternational Chemical Information,
Gakkai Center Bldg, 2-4-16 Yayoi,
Bunkyo-ku, Tokyo 113, Japan;in North
America, STN International, 2540
Olentangy River Rd, PO Box 02228,
Columbus, OH 43202.

Three new CD-ROM databases are
available from John Wiley & Sons: the
Kirk-Othmer Encyclopedia ofChemical
Technology, the Mark Encyclopedia of
Polymer Science and Engineering, and
the International Dictionary of Medi-
cine and Biology. These are in addition
to the 1987 Registry of Mass Spectral
Data, which became available in CD-
ROM format in March. Purchasing in-
formation for these products can be ob-
tained from Patricia Howe, John Wiley
& Sons, 605 Third Ave, New York, NY
10158, telephone 212/850-6189.

New Private Sustaining Members

The AOAC welcomes the following
new private sustaining members: Haar-
mann & Reimer Corp., Springfield, NJ;
Technological Institute, Copenhagen,
Denmark; and Schenley Distillers,
Lawrenceburg, NJ.

Interim Methods

The following methods have been ap-
proved interim official first action by
the respective committees and by the
Chairman o fthe Official Methods Board
and will be submitted for adoption as
official first action at the 101st AOAC
Annual International Meeting and Ex-
position, Sept. 14-17, 1987, at San
Francisco, CA: by the Methods Com-
mittee on Foods | —(1) Manual Deter-
mination ofMinced Fish Flesh in Mixed
Fillet-Minced Cod Blocks, by J. P. Lane
and R. J. Learson (submitted by F. J.
BCing, National Marine Fisheries Ser-
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vice, Gloucester, MA) and (2) Semi-
guantitative Determination of Soy Pro-
tein in Meat Products by an ELISA
Procedure, submitted by C. H. S. Hitch-
cock (Unilever Research, Shambrook,
Bedford, England); by the Methods
Committee on Foods |l—Determina-
tion ofSpecific Gravity ofBeerand Wort
Using a Digital Density Meter, AOAC-
ASBC Method, submitted by P. Gales
(Anheuser-Busch, Inc., St. Louis, MO);
by the Methods Committee on Feeds,
Fertilizers, and Related Topics—Rapid
Detection and ldentification of Seven
Families ofAntimicrobial Drugs in Milk
with a Microbial Receptor Assay, sub-
mitted by S. E. Charm (Penicillin As-
says, Inc., Malden, MA) and R. Chi
(Food and Drug Administration, Di-
vision of Mathematics,
DC).

Copies ofthese methods are available
from the AOAC office.

Washington,

AOAC Publication Wins Youden Award

Use o fStatistics to Develop and Eval-
uate Analytical Methods, written by
Grant T. Wemimont, edited by W il-
liam Spendley, and published by AOAC,
is the 1987 winner ofthe American Sta-
tistical Association’sprestigious annual
W. J. Youden Award in Interlaboratory
Testing. The award recognizes a pub-
lication that makes an outstanding con-
tribution to the design and/or analysis
ofinterlaboratory tests or that describes
ingenious applications o f statistics to the
evaluation of data from such tests. El-
igible publications must have been
professionally refereed as journal arti-
cles or monographs. AOAC is proud to
have been the publisher of this book
and extends its sincere congratulations
to Mr. Spendley and Dr. Wemimont’s
widow.



A newly updated compilation
ofover300 methodsfor _
pesticideformulation analysis

EPA MANUAL OF CHEMICAL
METHODS FOR PESTICIDES AND DEVICES

Compiled by EPA and state laboratories

For analysis of:

egerm icides e herbicides erodenticides

e fungicides einsecticides

Using thefollowing techniques:

egas-liqguid and high pressure liqguid chrom atography
einfrared, ultraviolet, and atom ic absorption spectroscopy
e classical chem icalprocedures

In som e cases, these are the only m ethods available

for aparticular form ulation.

Specialfeatures:

e Pesticide form ulations bibliography
« Special section on thin layer chrom atographic
analysis w ith detailed directions for the prepara-
tion of TLC plates, and tables listing optim um
solvent system s and visualization techniques for
each pesticide
e Cross-reference index - trade names cross-
referenced to the m anual
e Infrared spectra - m ore than 350 spectra of
pesticide com pounds
Contains 200 m ethods published in 1976, plus supplements
w hich added 20 m ethods in 1977, 30 in 1979, and 55 in 1982
1363 pages. With spectra. 1983. Includes 3 supplements and binder. ISBN 0-935584-23-4. Price—Members; *61.95 in

U.S, *64.95 outside U.S., Nonmembers: *68.50 in U.S.. *71 50 outside U.S. 1982 Supplement can be purchased separately
Price—Members: *15.40 in U.S., *16.40 outside U.S., Nonmembers: *17.00 in U.S.. *18.00 outside U.S.

1884-19,
O rder from AOAC, 1111 N. 19 * St.,, Suite 210},

A rlington, VA 22209 USA (U.S. funds only)



INFORMATION FOR SUBSCRIBERS, CONTRIBUTORS,

AND ADVERTISERS

THE ASSOCIATION

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

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

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

European Representatives For inform a-
tion about AOAC and its publications, per-
sons outside the U.S. may also contact the
following: Margreet Lauwaars, PO Box 153,
6720 AD Bennekom, The Netherlands, tele-
phone 31-8389-1-8725; Derek C. Abbott,
Green Gables, Green Ln, Ashtead, Surrey,
KT21 2JP. UK, telephone 44-3722-74856;
Lars Appelqgvist, Swedish University of Ag-
ricultural Sciences, Dept of Food Hygiene,
S 750 07 Uppsala, Sweden, telephone 46-
1817-2398.

THE JOURNAL

The Journal ofthe Association o f Official
Analytical Chemists (ISSN 0004-5756) is
published bimonthly by AOAC, 1111 N 19th
St, Suite 210, Arlington, VA 22209. Each
volume (onecalendaryear) willcontain about
1200 pages. The scope of the Journal en-
compasses the development and validation
of analytical procedures pertaining to the
physical and biological sciences related to
foods, drugs, agriculture, and the environ-
ment. Emphasis is on research and devel-
opment of precise, accurate, and sensitive
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methods for the analysis of foods, food ad-
ditives and supplements, contaminants, cos-
metics, drugs, toxins, hazardous substances,
pesticides, feeds, fertilizers, and the environ-
ment.

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

Manuscripts Prepare manuscripts double-
spaced throughout and carefully revise be-
fore submission; 4 copies should be subm it-
ted to Managing Editor, AOAC, 1111 N 19th
St, Suite 210, Arlington, VA 22209. AOAC
reserves the right to refuse manuscripts pro-
duced on dot matrix printers of less than
letter quality. “Instructions to Authors” is
published in the January issue ofthe Journal
(may also appearinotherissues)and isavail-
able on request from AOAC.

Page Charges Contributed manuscripts
accepted forpublication afterpeerreview are
subject to a charge of US$40 per printed
page. Payment is not a condition of publi-
cation. Requests for waiver may be sent to
the Managing Editor by the adm inistrative
officer of the author’s institution.

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

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

SUBSCRIPTIONS

Journal subscriptions are sold by the vol-
ume (one calendar year). Rates for 1987 are
as follows: Members: $84.57 in U.S.; $94.57
outside U.S. Nonmembers: $99.50 in U.S_;
$109.50 outside U.S. Two yearsubscriptions
are also available. Airmail $56.00 additional
per year. Claim for copies lost in the mail
will not be allowed unless received within
30 days of the date of issue for U.S. sub-
scribers or 90 days for all others. Claimants
must state that the publication was not re-
ceived attheirrecorded address. Address re-
quests forreplacementcopiesto AOAC, 1111
N 19th St, Suite 210, Arlington, VA 22209.
For subscribers outside the U.S., copies of
the Journallost in transit cannot be replaced
without charge because ofuncertain mailing
conditions.

Change o fAddress N otification should in-
clude both old and new addresses, with mail
code, and beaccompanied by a mailing label
from arecentissue. Allow 4 weeks forchange
to become effective. Subscribers outside the
U.S. should use airmail for notification.
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Microfilm Volumes on microfilm are
available from Princeton Microfilm Corp.,
PO Box 2073, Princeton, NJ 08540.

Single Issues Inform ation on single issues
is available from AOAC.

COPYING

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

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

ADVERTISING

Placement All space reservations and all
advertising copy are due 1h months in ad-
vance of publication at AOAC, 1111 N 19th
St, Suite 210, Arlington, VA 22209. Adver-
tising inserted 3, 6, or 12 times within 1lyear
of first insertion earns frequency discount
rates. Contact M arilyn Taub, AOAC, for size
requirements and schedule of rates.

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

New Products Notices ofnew products are
prepared from literature received from man-
ufacturers and othercompanies and are pub-
lished only as a service to readers. Publica-
tion ofnoticesofnew productsisnotintended
asan AOAC endorsementorapprovalofany
service, product, or claim made by the man-
ufacturers.
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Progress in
Analytical
Spectroscopy

Progress in Analytical Spectroscopy (PAS)
is an international journal for the
publication of comprehensive original
research papers and authoritative reviews
in all areas of analytical spectroscopy. The
journal publishes articles invited from
internationally recognized authorities
specially selected to write on important
areas of growth in various subjects
covering all major developments in the
field. PAS is significantly different from
other publications in this field in that itaims
to publish comprehensive articles which
will be of lasting value to readers as
established reference sources.

PAS will publish articles on fundamental
and applied aspects of analytical atomic
and molecular spectroscopy. The subjects
include atomic and molecular absorption,
emission and fluorescence spectrometry,
atomic mass spectrometry, x-ray emission
and fluorescence spectrometry, electron
spectroscopy, electron-beam and nuclear
analytical techniques, and instrument
developments.

Subscription Information
Published bi-monthly (Volume 10)
Annual subscription (1987)
Two-year rate (1987/88)

DM450.00
DM855.00

FREE SAMPLE COPIES AVAILABLE ON REQUEST
Advertising rate card available on request. Back issues and
current subscriptions are also available in microform.

The Deutsch Mark prices shown include postage and insur-
ance. For subscription rates in Africa, Asia, Australasia, UK
and Eire and the Americas apply to your nearest Pergamon
office. Prices are subject to change without notice.

PROGRESS IN
ANALYTICAL
SPECTROSCOPY

An International Research and
Review Journal

(Formerly Progress in Analytical
Atomic Spectroscopy )

Editor-in-Chief: C L CHAKRABARTI,
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SPECIAL REPORTS

Listeria monocytogenes—X Current Dilemma

H. MICHAEL WEHR

Oregon Department of Agriculture, 635 Capitol St NE, Salem, OR 97310

Since 1985, Listeria monocytogenes has gone from being an organism known to only a handful
of microbiologists to being a fully recognized food-borne pathogen of concern. With nearly
unprecedented speed and vigor, food processors, particularly inthe dairy industry, and regulatory
agencies have reacted in concert to resolve unanswered questions about Listeria SO as to assure
the safety of the food supply. This report summarizes what has been learned and what is being

done.

Two years ago, Listeria monocytogenes was an organism vir-
tually unknown to all but a handful of microbiologists. Since
then, this microorganism has gone through the stage of an
emerging pathogen to a fully recognized food-borne pathogen
of concern. Indeed, the term Listeria can evoke a feeling of
near panic within the dairy industry and may reach that stage
for other food products.

Listeria today represents the classical dilemma for food
processors and regulatory agencies serving the food and dairy
industries. Both segments are forced to deal with this mi-
croorganism with many unknowns. The food processor must
contend with an organism that is probably ubiquitous, but
without a clear knowledge of its biology and its behavior in
the environment and without good analytical methods. Sim-
ilarly, the regulatory agencies not only must deal with these
limitations but also must make decisions on food safety and
product recalls without a clear knowledge of the organism’s
behavior in foods, its survivability through processing, and
the dose level needed to cause illness.

Were it not for a single incident in 1985 that involved
multiple illnesses and deaths due to the presence of Listeria
monocytogenes in Mexican-style soft cheeses, the food in-
dustry would probably be proceeding still today as if Listeria
did not exist. What is Listeria? What is its history? What
occurred to create today’s problem? What is the status of the
biology and analytical methodology of Listeria? What is the
future for the food and dairy industry with respect to Listeria?
This paper will attempt to answer these questions.

What is Listeria? ... What occurred to
create today’s problem? ... Whatis the
future for the food and dairy industry with
respect to Listeria?

Received April 28, 1987.

Characteristics and History of Listeria

The Listeria organism is a small gram-positive coccoid rod
that occurs in short chains (1). It is a motile, nonspore-form-
ing, facultative anaerobe. Characterization after isolation (see
below) relies on colony morphology and gram staining, tum-
bling motility, a positive catalase reaction, beta hemolysis
on blood agar, and typical biochemical reactions. The or-
ganism grows at refrigeration temperatures; indeed, cold en-
richment is used as a selective enrichment procedure to iso-
late the bacteria (2). The pH growth range of the organism
is 5.0-9.6, but the organism can survive at lower pH values.
Listeriais an intracellular pathogen capable ofresiding within
macrophages and neutrophils.

Listeria monocytogenes is widespread in the environment
(3). It has been isolated from soil, animals, birds, fish, insects,
green plants, silage, water, and food products including milk,
cheeses, meat products, fruits, and vegetables.

Listeria causes a food-borne disease named listeriosis (4).
Primary manifestations of the disease in humans are men-
ingitis, abortion, and perinatal septicemia. Listeric menin-
gitis can result in death. Development of the disease in preg-
nant women results in abortion and the delivery of stillborn
or acutely ill infants. The mortality rate can be high, and
pregnant women and newborns are at greatest risk. Immu-
nocompromised individuals or persons with underlying ill-
nesses such as malignancy and cirrhosis also are at substan-
tially higher risk than healthy individuals.

Listeria is not a new organism. It was probably first seen
in tissue sections from patients as early as 1891 and was first
isolated in 1911 from rabbit liver in Sweden. The disease
syndrome, now referred to as listeriosis, was first recognized
in sheep in 1925; the first confirmed human listeriosis was
reported in 1929. Subsequently, Listeria was found as the
cause of abortion in cattle and sheep, septicemia in chickens
and fowls, encephalitis in sheep, and bovine mastitis.

Epidemiologically, Listeria has been regarded as zoonotic.
Routes of infection in humans can involve the handling of
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Table 1.
No. of Fatality
Year Place cases rate, %
1978 Massachusetts 23 —
1981 Nova Scotia 51 44 cole slaw
1983 Boston, MA 49 29
1985 Los Angeles, CA 85 33

newborn animals, contact with infected animals, contact with
infected feces, or ingestion of contaminated food.

The presence of Listeria in food is probably the result of
multiple causes, both direct and indirect. A circular route
can occur involving the shedding of Listeria from infected
animals, subsequent contamination of soil and grass, con-
tamination ofsilage produced from the grass, and réintroduc-
tion into cows or meat animals, leading to contamination of
milk and meat. Processing plant contamination can lead to
indirect contamination of food products.

Why the Concern with Listeria?

Today’sconcern with Listeria is due to an increased aware-
ness of the organism’s ability to cause food-borne disease
and the isolation of Listeria from foods. In particular, a single
incident in 1985 involving Mexican-style soft cheeses led to
followup investigations and multiple Listeria isolations in
dairy products.

Food-borne outbreaks implicating Listeria as the causative
agent have been relatively few. Only 5 such incidents have
been identified since 1978, as shown in Table 1 (5-7). Fol-
lowing the 1985 incident, investigations and analyses con-
ducted by the U.S. Food and Drug Administration (FDA)
and the dairy industry resulted in the isolation of Listeria
from numerous soft-style cheese products, from ice cream
products, and from processing plant environments. These
isolations, coupled with a lack of information about the or-
ganism and lack of ability to control it, have created today’s
concern with Listeria.

W hat Are the Problems Associated with Listeria?

Numerous problems with Listeria plague the industry and
regulatory agencies. Specific difficulties include: (7) inade-
quate analytical methodology; (2) lack of knowledge on sus-
ceptible dose; (5) lack of knowledge on how to control the
organism in the processing plant environment, including
questions involving its survivability through the pasteuriza-
tion process; (4) lack of knowledge on the biology of the
organism, including its behavior in sensitive food products.

Status of analytical methodology. —As with most current
microbiological procedures, Listeria methodology relies on
classic cultural procedures for its isolation and identification.
Procedures of this type rely on enrichment and/or selective
enrichment procedures, followed by isolation using selective
plating techniques, with confirmation by biochemical and
serological means.

Isolation procedures for Listeria utilize a cold (4°C) en-
richment procedure—an approach that creates an inherent
problem with the method. The Listeria methodology used
in the Massachusetts and California outbreaks (3) utilized
cold enrichment over a period of several weeks. Such an
approach obviously is inadequate to assure public health.
Efforts to date have resulted in modifications to available
methodology to make the procedure somewhat more timely.
The method currently used most frequently is that of the
FDA (8), which utilizes a 1- and 7-day cold enrichment step

Probable source

Mexican-style soft cheese
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Incidents of food-borne illness In which Listeria monocytogenes has been implicated

Probable cause

raw vegetables —

cabbage grown in field fertilized with sheep manure

pasteurized milk —

poor pasteurization and poor plant sanitation

followed by isolation on modified McBride’s agar and con-
firmation through biochemical, serological, and mouse
pathogenicity testing.

The FDA method, while better than earlier isolation pro-
cedures, still takes longer than desirable. Food processors,
especially dairy and meat processors, cannot hold a product
awaiting Listeria results. This creates the first dilemma. Pro-
cessors must ship and sell without knowing whether Listeria
is present.

Significant efforts are under way to try to remedy the meth-
odology problem. FDA has funded research comparing se-
lective plating procedures to identify the most beneficial iso-
lation medium for a variety of product types (D. Archer,
FDA). It has also committed significant resources to develop
a DNA probe technique for Listeria-, such a technique would
provide a much more rapid approach to Listeria identifica-
tion. Other work funded by the Dairy Research Foundation
involves research to improve the enrichment procedures for
Listeria. Additional research in the field seeks to develop
enzyme-linked immunosorbent assays and other techniques
for Listeria isolation/identification. Although confirmatory
procedures for Listeria may always remain somewhat time-
consuming, it is hoped that research and progress will lead
quickly to rapid and reliable screening techniques to resolve
the dilemma faced by industry: that of having to ship po-
tential problem products without knowing Listeria test re-
sults.

itis hoped that research ... will lead

.to... screening techniques to resolve
the dilemma: having to ship potential
problem products without knowing Lis-
teria test results.

Dose response. —At the present time, there is no clear pic-
ture as to the actual dose of Listeria needed to cause illness.
This lack presents a real dilemma to both industry and reg-
ulatory agencies. Without such data, regulators are forced to
specify a zero tolerance in processed items. Industry, on the
other hand, is forced to accept such a tolerance knowing that
it may be difficultto provide completely Listeria-free product
and having insufficient information about Listeria to predict
its characteristics in product or process environments. Re-
search is under way, again funded by the Dairy Research
Foundation, to obtain dose response information. The Cen-
ters for Disease Control have also implemented a program
to monitor closely Listeria-caused illnesses, not only to doc-
ument the epidemiology ofthe organism, but also to attempt
to determine dose response relationships. Meanwhile, we live
with the dilemma.

Survivability through pasteurization.—Of current concern
is the possibility that Listeria monocytogenes may survive
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the milk pasteurization process. Such a situation would pre-
sent a true dilemma for the dairy industry—one in which the
organism survives pasteurization, yet the industry is forced
to adhere to a zero tolerance because susceptible dose infor-
mation is lacking. While it appears likely that the current
pasteurization process guidelines of the pasteurized milk or-
dinance are adequate to destroy Listeria monocytogenes in
whole milk (9), some researchers report findings that suggest
Listeria monocytogenes may survive pasteurization (M. P.
Doyle, University of Wisconsin). Of importance is the fact
that Listeria monocytogenes is an intracellular pathogen ex-
isting within somatic cells and in this state may be able to
survive. Significant current research is in progress by FDA
and other investigators to clarify the survivability issue.

Survivability is a critical issue, but also important are the
environmental aspects of the organism. While FDA has in-
dicated (10) that postpasteurization contamination is a sig-
nificant factor which leads to finished product contamina-
tion, the behavior of Listeria monocytogenes in the processing
plant environment is not clear. Even though the presence of
Listeria in finished dairy products may be infrequent, its
presence in the dairy processing plant, on equipment, in drains,
air, etc. is more commonplace. Although its presence can be
documented, the cause of its presence is difficult to deter-
mine. More frustrating is the fact that Listeria frequently
remains in the processing plant (or returns to it) despite the
industry’s best efforts to eliminate it through vigorous san-
itation efforts. Significant research is under way to examine
the environmental sources of Listeria in dairy processing
plant operations to identify reservoirs, minimal growth con-
ditions, and modes of transportation of Listeria (Dairy Re-
search Foundation). Work is also under way to evaluate the
effect of sanitizers on Listeria. It is hoped that such work can
lead to a better understanding of how this organism responds
to the environment and how the presence of Listeria in pro-
cessing plants can be minimized or eliminated.

Behavior in sensitive food products.—Following the 1983
and 1985 Listeria outbreaks, it became clear that knowledge
of the behavior of Listeria in dairy and other food products
was lacking. Information on such items as the effects of pH
and salt or on competitive effects of lactic starter culture or
other microorganisms on Listeria was not available. Work
initiated since that time by the University of Wisconsin (11,
12) has shown the ability of Listeria under certain conditions
to survive in a variety of cheese types (cottage, cheddar,
camembert). The work also indicated that potentially Listeria
could grow during storage of certain cheeses such as camem-
bert. Extensive additional effort is under way to clarify the
behavior of Listeria under a variety of conditions (Dairy Re-
search Foundation). Its behavior in Mexican-style cheeses is
under study. Also, projects have been undertaken to deter-
mine the effects of competitive lactic starter cultures on Lis-
teria and the effects of ice cream components on Listeria. It
is anticipated that substantial additional work will occur in
this area.

Positive Steps to Resolve the Listeria Crisis

Several steps have been, or are being taken, to resolve the
concerns and problems associated with Listeria.

Dairy safety initiative program.—In April 1986, FDA be-
gan a program of intensified surveillance efforts for dairy
processing plants (J. Kozak, FDA). The program incorpo-
rated check ratings (audits of interstate milk plants), FDA
inspections, and microbiological testing for Listeria (10). Be-
tween the spring and fall of 1986, over 350 check ratings and
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inspections were conducted. The program yielded 9 pro-
cessing plants (2.5%) with products containing Listeria. Ac-
cording to FDA (10), extensive followup efforts in each plant
demonstrated that postpasteurization contamination is a sig-
nificant factor leading to finished product contamination.
Although defects in pasteurization equipment and plant de-
sign were noted, environmental sampling revealed plant con-
ditions that more likely contributed to postpasteurization
contamination. FDA noted that survivability through the
pasteurization process in the investigated plants was unlikely.
FDA has also drawn up recommended guidelines for con-
trolling environmental microbiological contamination in dairy
plants. Recommendations have been made in the areas of
pasteurization adequacy; postpasteurization contamination;
cross connections; the use of returned milk and reclaiming
operations; airborne contamination; plant operation, includ-
ing traffic patterns and personnel cleanliness; and quality
assurance sampling and testing programs. It is important to
note that most state dairy regulatory agencies have initiated
similar intensive investigation efforts on their own, using
FDA guidelines and related information.

Education and training.—The dairy industry, primarily
through its industry associations, including the Milk Industry
Foundation, the National Milk Producers Federation, and
the International Association of Ice Cream Manufacturers
and in conjunction with FDA, has sponsored a series of
meetings for processing plant operators to review procedures
for controlling and detecting Listeria. FDA recommenda-
tions noted above have been a key part in these education/
training seminars. Programs offered through state extension
specialists and direct company-sponsored educational efforts
have also been an important element.

The response to the Listeriaproblem may
well be unparalleled In the dairy Industry.

Intensified research efforts. —As noted throughout the dis-
cussion above, significant research on Listeria is under way
to learn more about the organism and how to control and/
or eliminate it from foods. The focus of this effort has been
the Dairy Research Foundation. Through the Foundation
and related dairy research funding organizations, including
the Wisconsin Milk Marketing Board, the National Milk
Marketing and Promotion Board, and the California Milk
Advisory Board, a true initiative has been undertaken to
resolve the knowledge gap on Listeria. The Dairy Research
Foundation, using a blue ribbon advisory group of scientific
experts, identified 4 basic areas of needed research. These
included: (a) analytical methodology, (b) dose response, (c)
survivability through product pasteurization, and (d) envi-
ronmental and behavioral aspects of Listeria. Research pro-
posals were requested, and on a rapid review/response basis
specific proposals in each of the 4 areas were approved for
funding through the Dairy Research Foundation and the oth-
er organizations noted above. The research program is es-
sentially on a 2-year completion basis to help assure a rapid
increase in our knowledge of Listeria.

The Future

The response to the Listeria problem may well be unpar-
alleled in the dairy industry. Both industry and regulators
alike have reacted promptly and intensively to assure the
safety ofthe food supply and to resolve unanswered questions
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about Listeria. While many of the dilemmas concerning the
organism still exist, the level of activity in plant sanitation
control, analytical testing programs, education, and research
has allowed the dairy industry to resolve some of its im-
mediate concerns and to anticipate a full resolution of the
Listeria problem.

While the dairy industry has been the center for Listeria
concern to date, other food product areas, particularly meats,
also present the potential for Listeria food-borne disease. It
is this area that will most probably be the next focus for
Listeria research and control efforts.
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History of the Food and Drug Administration’s Total Diet Study—1961 to 1987

JEAN A. T. PENNINGTON and ELLIS L. GUNDERSON
Food and Drug Administration, Divisions of Nutrition and Contaminants Chemistry, Washington, DC 20204

The Total Diet Study provides the Food and Drug Administration with baseline information
on the levels of pesticide residues, contaminants, and nutrient elements in the food supply and
in the diets of specific age-sex groups. The study also identifies trends and changes in the levels
of these substances in the food supply and in diets over time and thereby assists in identifying
potential public health problers. This paper describes the evolution of the Total Diet Study
from 1961 to 1987. Food collections, sites of analysis, diets, food commodity groups, analytes,
analytical methodologies, data transfer, publication of results, notable results, resources, and

advantages of the study are discussed.

The U.S. Food and Drug Administration’s (FDA) Total Diet
Study is a continuing program that determines the levels of
various pesticide residues, contaminants, and nutrient ele-
ments in foods and estimates the intakes of these substances
in representative diets of specific age-sex groups. These as-
sessments, which require the purchase, preparation, and
analysis of typically consumed foods, allow for the identifi-
cation of changes and trends in the pesticide residue, con-
taminant, and nutrient element content of the food supply
and for identification of potential public health problems.
Continuous monitoring of the food supply through the Total
Diet Study is necessary because the pesticide residue, con-
taminant, and nutrient element levels of foods may be altered
by changes in agricultural or manufacturing practices, pro-
cessing technology, or methods of food packaging or by en-
vironmental or industrial contamination.

Although the primary purposes ofthe Total Diet Study are
to provide FDA with baseline information on the levels of
pesticide residues, contaminants, and nutrient elements in
diets, to identify trends and changes in intakes of these sub-
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stances over time, and to identify potential public health
problems concerning these substances, the Total Diet Study
has proved to be of value beyond these purposes. Results
have been used by other government agencies and by aca-
demic and other nongovernmental organizations, both in the
United States and abroad. The program has been recognized
as a model system. Moreover, in addition to the purposes
stated above, the Total Diet Study also serves to: (1) assist
in determining the dietary sources of pesticide residues, con-
taminants, and nutritional elements; (2) guide FDA programs
by identifying analytes ofpotential public health significance;
(2) alert FDA about potential needs for action (e.g., increased
surveillance, regulation, or communication with industry);
and (4) monitor the effects and effectiveness of other FDA
regulatory activities.

The FDA initiated the Total Diet Study in May 1961
primarily in response to concern about levels of radioactive
contamination in foods from atmospheric nuclear testing.
Although government agencies had done fairly extensive
monitoring of milk and limited monitoring of other foods
for strontium-90, there was no nationwide government-
sponsored program designed to estimate total dietary intake
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Table 1. FDA regions and district offices

Region States/territories within regions  District offices within regions

1 Maine,* New Hampshire,* Boston
Vermont,* Massachusetts,*

Connecticut,* Rhode Island®

] New York,* New Jersey,* Buffalo, Newark, New York,3

Puerto Rico* San Juan

1l Pennsyivania,* Delaware,3 Baltimore, Philadelphia
Maryland,3West Virginia,3
Virginia,3District of Columbia3

\% Kentucky,3Tennessee,3South
Carolina,3North Carolina,3
Georgia,3Florida,3Alabama,3
Mississippi3

\% Minnesota,3Wisconsin,3
Michigan,30hio,3Indiana,3
lllinois3

\Y| Oklahoma,3Texas,3Arkansas,3
Louisiana,3New Mexico*

\YlI Nebraska,3lowa,3Kansas,3
Missouri3
Ml North Dakota,3South Dakota,3
Utah,* Montana,* Wyoming,*
Colorado*
IX California,* Nevada,*
Arizona,* Hawaii*

X Washington,* Oregon,* Idaho,*

Alaska*

« Northeastern/eastern slates/territories.

“ Name changed to Brooklyn District Office in 1983.
3Southern statestterritories.

3North central/central states.

*Western states.

' Previously a district office, currently a station office.

Atlanta, Nashville, Orlando

Chicago, Cincinnati, Detroit,
Minneapolis

Dellas, New Orleans
Kansas City, St. Louis'

Denver

Los Angeles, San Francisco

Seattle

of radicective naterial . Consurers Unilon advocated such
aprogram and conducted limited studies intte He 19905
and early 19805 (1)

The fastTotal Diet Study estinated tre ledks of strat-
tium-90 and aesiun-137 asvell as argarochiloriire pestiacice
rutriats inttediets ofyoung men @. The Total Diet Study
program hes aotinued on a yearly besis sinee 161, This
progran hes monitored tre leds of redianudlicess ¢-11),
pesticice resides, todc elerats, rdstrial danicls @,
1259, and sledtsd rutrients @, 37, 60-73) inthe Uniited
States™ food yplyand intredietsofseledtedage-sexgays.
Therehave beenmany dates, refireats, ad eqasias
in tte Total Diet Study program sine 1961 regardiing col-
lection Sikes, foods clledtad], aalytes, and arelytical meth-
ablagies. Many FDA amployees have been involved with
tre Total Diet Study including those inthe Total Diet Study

inKansas Gity, MO, intte FDA GanterfarFood
Safety and Applied Nutrtian (CFSAN) inVieshington,, DC,
intre Office of Regullatory Affairs (ORA) inRodalle, MD,
and NFDA destrictoffics tre United Sttes.

Numerous rgorts (2-73) have been plblished on Total
Diet Study r=ults over tre yaars; honever, a dyaolagical
desaription of tre Totall Diet Study hes not yett been pub-
Idel Individals regestirg information aoout the Total
Diet Study must attenpt to piee togettervarios rqortsar
geeskat lagthwith FDA employees armantly inohedwith
thestidy. An FDA antract rgoort issuedby CDP Assciates
(™) in 1933 ealuatirg tre Total Diet Study irdicated thet
the studyves inportant and valid for itspunposss, but tret
some non-FDA professiaels interviened by CDP Associ-
aesvere misinformed about the study and unavnare of ils

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987) 773

Table 2. Total Diet Study collections (cols)

No.f No.of Total
Year Col col. cols/ no. of

F) typé* districts district  cols Analysis location3

1961/62 A 1 4 4 collecting district
& Wash., DC

1962/63 A 5 8/12 4 collecting district
1964 A 9 4/8 40 collecting district
1965 A 3 6 18 collecting district
1966 A 5 5/6 28 collecting district
1967 A 5 6 30 collecting district
1968 A 5 6 30 collecting district
1969 A 5 6 30 collecting district
1970 A 5 6 30 collecting district
1971 A 5 6 30 Kansas City, MO
1972 A 5 7 35  Kansas City, MO
1973 A 18 123 30 Kansas City, MO
1974 A 19 1/2/3 30 Kansas City, MO
1975 A 20 1 20 Kansas City, MO

&~ 10 1 10 Kansas City, MO
1976 A 20 1 20 Kansas City, MO

I&T 0 1 10  Kansas City, MO
1977 A 20 12 25 Kansas City, MO

I&T 2 1 12 Kansas City, MO
1978 A 14 12/3 20 Kansas City, MO

I&T 9 12 10 Kansas City, MO
1979 A 14 1213 20 Kansas City, MO

I&T 9 12 10 Kansas City, MO
1980 A 15 12 20 Kansas City, MO

I&T 10 1 10 Kansas City, MO
1981 A 14 12 18 Kansas City, MO

I&T 0 1 10  Kansas City, MO
1982 A 8 12 9 Kansas City, MO

1&T 3 1 3 Kansas City, MO

198283 IND 12 1 12 Kansas City, MO
198384 IND 12 1 12 Kansas City, MO
198485 IND 12 1 12 Kansas City, MO
198586 IND 12 1 12 Kansas City, MO
1986/87 IND 12 1 12 Kansas City, MO

mA = adult male collections; I1&T = infant and toddler collections; IND =
individual food collections.

6Radionuclide analyses for Cs-137 were done at FDA Headquarters in
Washington, DC, from FY 1961/62 to FY 1966. During this time Sr-90
analyses were done In the collecting districts with duplicate check samples
analyzed In the Washington, DC, laboratory. There were no radionuclide
analyses between FY 1967 and FY 1972. Analyses since FY 1973 have
been done at WEAC in Boston, MA.

tre evolutdan of tre Total Diet Study, o sumarize te
atimities, darges, and eqarsias of the program from s
begimiing in 1961 1O the presat, 1O provice refaraess far
tre reauits of tre study, and 1o provice refaatess far tre
aslytical methodblogies used in tre study.

Food Collections

The foods fartre Total Diet Study program are colllected
by Ingectors fron FDA district difies. The nurber ad
location of FDA ditrict dffiess have varied over the years
oftre Total Diet StLdy. , thereare 21 dstrictoffices
& shown nTable 1 Teble 2 irdicates tre number of col-
lection Sites farthe Total Diet Study fran A&l Year (FY)
19%61/&2 through FY  1985/87, and Appendix A 1 secifisstre
atiss fram which foods were clledted and tre ditridsand
el (\O), arwest (W) between FY 1961/62 and FY 1982
ad est @, suth @, awal ©, arwest (W) from FY
12/83 toFY 1986/87— towhich ttese dtissare assigad.

For tre fast Total Diet Study, & foods were purdhesd
quarterly betiveen May 1961 and February 1962 fran gro-

1Appendixes for this paper are available from the National Technical In-
formation Service, Springfield, VA, Doc. No. PB87-151676/AS.
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Table 3. Total Diet Study diets
Years used
(RY] Diet basis

1961/62 1955
USDA
HFCS

Age-sex group

16-19-year male, 82
foods, 4200 kcal/
day, 3.76 kg food/
day, 14 day diet

16-19-year male, 82
foods, 4200 kecal/
day, 3.76 kg food/
day, 14 day diet

Diet type
national diet

1962/63-
1970

1955
USDA
HFCS

national diet with ad-
justments for re-
gional food pat-
terns for other
years

1971-1974 1965
USDA

HFCS

15-20-year mele, 120
foods, 3900 kcal/
day, 2.9 kg food/
day, 14 day diet for
FY 71-73, 28 day
diet for FY 74

15-20-year mele, 120
foods, 3900 kcal/
day, 2.9 kg food/
day, 28 day diet

6-month infant, 50
foods, 880 kcal/
day, 1.4 kg food/
day, 14 day diet

2-year child, 110
foods, 1300 kcal/
day, 1.5 kg food/
day, 14 day diet

6-11-month infant,
230 foods, 871
kcallday, 1.2 kg
food/day

2-year child, 224
foods, 1295 kcal/
day, 1.5 kg food/
day

14-16-year female,
201 foods, 1714
kcal/day, 2.0 kg
food/day

14-16-year male, 201
foods, 2520 kecal/
day, 2.7 kg food/
day

25-30-year female,
201 foods, 1576
kcal/day, 2.2 kg
food/day

25-30-year mele, 201
foods, 2541 keal/
day, 3.1 kg food/
day

60-65-year female,
201 foods, 1355
kcal/day, 2.3 kg
food/day

60-65-year mele, 201
foods, 1944 kcal/
day, 2.7 kg food/
day

regional diets for
northeast, south,
north central, and
west

1965
USDA
HFCS

1975-mid
1982

regional diets for
northeast, south,
north central, and
west

1982/83-
1986/87

1977-1978
USDA
NFCS &
NHANES I

national diets

aaystoss nttenetrgol iten area of tre District of Colum-
b food cllectiosand analyssswere aarplleted
by 5 FDA dstrict officess Battinore, Mimegolis,

San Aaciso, ad X Lauis) inthe seood year (FY 1952/
&3, by 9 detrict dffiess (Atlanta, Baltinore, Boston, Dilkss,
Denver, Mimegolis, & Ladis, Sen Raciso, ad Sette)
INFY 1954, and by 3 FDA detrict dffiess (Bstn, Kansas
Gity, and Los Ateles) nFY 19%6. From FY 1966 thrauth
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FY 1972, 5-7 collectios par year were made firan 5 FDA
and Mimegollis) far 28-35 yearly dllectios. Between FY
1973 ad mid-FY 192, dl FDA dstrict dffies vere in-
vohed infood clllectios fartre Total Diet Study. A sam-
plirgschene rotated tre ol lecticsamong treFDA distrids
intred geogrgrhiical aess. Stateswirthin these4 geogrgrhiical
arees ae il in Teble 1 Total Diet Study collectias
have been dotained fram dll Sates exogpt Alaska and fram
tre District of Colunbia and Rerto Rico.

Before FY 19/5, tre food cllectios te diet
of tre teaece o young adllt male @lit diet) (Teble 2.
Between FY 1975 and mid-FY 1982, gooraxinately to-
thirds of tte cllectios adllt diets and about
ae-third infantand chilldrans (tobllery diets.
Between FY 1967 and FY 1981, gopraximately 30 ollec-
tosperyearvwerenede. InFY 1977, the fisal yearwes 18
morths lag ([debtteanersinfrantte uly-dureAsAl
Year to the Cctober-Septarber Asal Year) alloving far 5
aliltand 12 infant and toddler ollectios. INFY 1981, 2
aliit dllectioswere anitted o allova pilotollectin far
the revisad Total Diet Study program whiich begen inmid-
FY 1982. Twehve clletios, 9 aclilitand 3 infantand tod-
dir, were made NFY 1982 befare the new program begen.

For tre revisd program, whiich begen nmid-FY 1922,
fooos are collectad 4 tines per yaar, ance from each of tte
4 ceagrghiical aress of te Uniited States. Each aollection
arsistsoftte purdese ofidantical fooss frongrooery staes
in 3 dtisswithin a gegrgrhical aea. The 3 subsarplles of
each food (fran the 3 atiss) are carbined to formasanple
faradhais. Because each dity s nadiffaat FDA detrt,
tre year's dllectios inohe 12 FDA distrds (@ ollec-
s X 3 detridsolledti).

Location of Food Preparation and Analyses

Foods of tte fast Total Diet Sty (FY 1961/82) were
prepared inan rstittticdl kitden inthe Baltinore district
ad aalyzad intte FDA Baltiimore District ldoratory and
tre FDA Washingtn, DC, . Between FY 1962/63
adFY 190, trefokoftreTol DletStleereprq:Hed
in rstitutio s kitdas within each FDA colllectirg ditrict
adanalyzed intteFDA allectirgdistrict lsboratory (et
far cesiun-137 aelysis, which wes done intre FDA Wash-
irgton, OC,  kooratary). Begiming inFY 1971, treaelytical
work was cantralizd at tre FDA Total Diet Leboratory in
Kansas Gity, MO, fargrester uniforminty and efficaty ntte
Lee of aelvtical equilpment and sEff. Thiis recessitated tret
tre fooos purdesad intte otrer distridisbe shilgped toKan-
antrected to te Home Eoconamilcs of X Mary
Oollee nleavennorth, KS, fromFY 1971 utall FY 1985,
when St Mary Gollece kst ilsHome Econamiics Department.
Foods of tte fast aollection N FY 1986 were preparad by
Johnson County Community Golllege inOverland Park, KS;
foods insussguent alllectio s have been prigpared by Can-
B Qap., which qerates in a fecbral huilding in Kansas
Gity, MO. RedioLclice aalysis, which wes disootanued
between FY 1967 and FY 1972, hes been performed at tre
FDA Windhester Bgirsering Aselytical Gnter (WEAC) In
Bostn, MA, sine January 1973. Food sanples are st o
WEAC fram tre Total Diet Leboratory in Kansas Gity.

Diets

Tablle 3d=ibes tteagp-sexgrop distsused intte Total
Diet Study fran FY  1961/&2 to tre presant, and Appendiix
B Isstte irdividLal foods collledtsd faraslysis. Food ao-
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Table 4. Total Diet Study food commodity group composites

FY 1961/62-1964*

FY 1965-mid FY 1982

adult

FY 1975-mid FY 1982

adult 1955 & 1965 infant & toddler
1955 HFCS diet HFCS diets 1965 HFCS diets
1. dairy products 1. dairy products 1. water
2. meat and eggs 2. meat, fish, poultry 2. whole, fresh milk
3. grain products 3. grains and cereal 3. other dairy products
products and substitutes
4. potatoes 4. potatoes 4. meat, fish, poultry
5. leafy vegetables 5. leafy vegetables 5. grains and cereal
products
6. dried beans 6. legume vegetables 6. potatoes
7. root vegetables 7. root vegetables 7. vegetables
8. smooth vegeta- 8. other vegetables 8. fruits and juices
bles
9. fruits 9. fruits 9. fats and oils
10. sugars, fats, and  10. fats, oils, and 10. sugars and adjuncts
oils shortenings
11. beverages 11. sugars and ad- 11. beverages
juncts
12. beverages

* Baltimore District only.

sunption data fran the US. Department of Agriculture’s
(USDA) 1985 Household Food Consunption Suney (B)
vere uisd todevelgp tre diet T the fastTotal Diet Study.
The dietwes besed on the gqentities of 11 food grayps sSLg-
o=sted farmales 16 10 19 yearsold ntre USDA Snocerate
astfood plan () ad follovad tre gereval dietary etternrs
ofmoderate income faniliesbutwith some nodificatio s O
meet rutritio el gaks. The digt, which aontained & foods
ingentities fara 4 day inde, vwes ecessive N @y
intake (2200 kal/thy) to assess maximum exposure o di-
elary axtanirents. This same diet wes used between FY
192/63 and FY 1970, with adjustrents for regiaal food
pettars, to ollet foods fran other US. laatias. Some
adjustments were made o tte diets in tre BHe 19935 &
prelimirery ceta fran USDA 5 1965 Householld Food Con-
suption Suney (77) becane aailkdle.

InFY 1971, the dietwes revised aocoording 1o cata fran
te USDA'5 19865 Household Food Consumption Suney
(77) and aoocording to the 1964 moderate aost food pllan far
15-20year-old malles (B). Four diets fargeogrghical aress
(rortresst, sauth, north antral, and west) were devellgpd
o tre 15-20~ear-old nale. ﬂeﬁnisadqsrﬂhesof
fooos N trese 4 digts varied among tre geagrghiical aess.
Each diet antaiined goproximetely 120 fooos and provided
aqom(inately:}lx)lmllcw.meestimtesofemﬁdeb—

ment intakewere exdirgolated thamore relisticcalaichese
oF 2850 kcal/thy <o et the dhilly inteke ofelemants would
rot be overestinated.

InFY 194, ragiasel diets far 6-month-old infants ad
2year-old toddlerswere added 1o the Total Diet Sty pro-
gran. The dits Tartrese 2 age grayss were devellgoed fram
irdivid el cataoftte sxrimgquarter ofUSDA 51966 House-
holld Food Consunpition uney (B). The infantand tactller
diets antained gooraxinately 50 and 110 foos, reseec-
tvdy. In gentities siffidat fara 14-cby pariad. Gllaric
antant of trese diets tpical indes far ttee
aegays. To accamodate tre 10 yearly allectiasoftte
infantand toddller dits, trenumber ofadlit ollectiosves
reclosd from 30 0 20 peryear-.

The mid-FY 1982 revisian of tre Total Diet Study pro-
gram alloved far ypdated diets, expanded coverage of age-
sxgays, and adlysis of individal fooks. Data from tre
USDA % 1977-1978 Natiorwiide Food Consumption Suney
@) and tre Natiaal Garter far Heallth Statastics” (NCHS)
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Table 5. Radionuclides—years analyzed and methods used30

Year Sr-90  Cs137 1131 Ru-106 K40  Ra-226
1961/62 BC GRS
1962/63 BC GRS
1964 BC GRS
1965 BC GRS
1966 BC GRS
1967
1968
1969
1970
1971
1972
1973c BC GRS GRS GRS GRS
1974 BC GRS GRS GRS GRS
1975 BC GRS GRS GRS GRS ASO
1976 BC GRS GRS GRS GRS ASO
1977 BC GRS GRS GRS GRS ASO
1978 BC GRS GRS GRS GRS
1979 BC GRS GRS GRS GRS
1980 BC GRS GRS GRS GRS
1981 BC GRS GRS GRS GRS
1982 BC GRS GRS GRS GRS
1982/83 BC GRS GRS GRS GRS
1983/84 BC GRS GRS GRS GRS
1984/85 BC GRS GRS GRS GRS
1985/86 BC GRS GRS GRS GRS
1986/87 BC GRS GRS GRS GRS

* Analysis for Pu-239 (84) has been intermittent; no Pu-239 has yet been
detected.

0BC = beta counting of daughter product yttrium-90 (85-87); GRS = gam-
ma-ray spectroscopy (88-90); AS = alpha spectroscopy (85).

cPartial yearly collection (8 composites in 6 months beginning January
1974).

“Only selected samples were analyzed.

Second Natiaal Health and Nutriition Bamination Suney
of 1976-1980 @D vere used o sletagrayp ofcommonly
consumed faos and o develgp reticelly rgaestatine
diets fars agp-sex groyss besed on trese fooks @, &). The
Glaric antatt of trese diets tpical indes ac-
adingoageand o ksanticipated trat tre food Ietad
dietsofthe Total Diet Study vl be revissdwhen never food
conaunptiior data become awailicble fran USDA ar NCHS.
(The rext Natiawide Food ion uney Bsded-
uled far 1987 ,and tre Third Natiaal Heallth and Nutriiian
Bamination uney Bsdedulled tobegin in 198.)

Food Commodity Groups

For tre fast 3 yaars of tte study, the foodsvwere analyzd
&5 a sirgle o diet food aposite; honever, tre foods
alled=d fran tre Baltinore District during trese 3 years
vere alo in 11 food commodity graup aonposites
(Teble 4). Begiming in tre faurth year (FY 195), te &
fooos fran each collection were divided among 12 com-
modity grogpaorpositesbeforeaslysis. The gaoraxinately
120 fooos of tre aclilt diet used between FY 1971 and FY
1982/ were alo aalyzed n 12 food commodity grogp
anposites. The Toods of tte infant and tocbller diets used
between FY 19/ and FY 1981/82were aallyzd in 11 fod
commodity graup aoposites. Begiming nFY 198/83, tre
234 fooosof the Tatal Diet Stuoyvere analyzed irdivic el by,
and food commodity graup aonpositeswere no laerusd.

Analytes

Aralytes have been and may be added to the Total Diet
Study acoordiing o the nesds and ancens ofte FDA. Ta—
bles5-7 show treyearly arelvtical scheme Tarradionudlicss,
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Table 6. Pesticide residues, industrial chemicals, and toxic elements—years analyzed and methods used

Analyte class*

XXX X XX XX
XX XX X XX

MXXEXXXXXXXXXXXXXXXXXXXXXXXXX W
XXX XX XXX XXX X

XXXXXXXXXXXXXXXXXXXXXXXXXX =
HKXEXXEXXXXXXXXXXXXXXXXXXXXXX

XX XXXXXXXXXXXXXXX

mAnalyte class, methodology reference:

1 organohalogen pesticides/metabolites, 91-103

2. polychlorinated biphenyls, 97, 98
. organophosphorus pesticides/metabolites, 104-112
carbaryl (X) and other (X3 W-methyl carbamates, 113-119
o-phenyiphenol, 120
. dithiocarbamates, 121
amitrole, 122
. ethylene dibromide, 123
. early eluting industrial chemicals, 124
. chlorophenoxy acids and pentachlorophenal, 99, 125-129
chloroethyl esters of fatty acids, 130,131

nitrate/nitrite, 132
. higher chlorinated dioxins (6-8 chlorines), 133
. arsenic, 134-137
. bromide, 138
. cadmium, 139-146
. lead, 144-148
mercury, 149-153

R RBREBow~Nonarw

&

mats, and farnutritiodl eleats, regactingly, fran FY
1961/ throch FY 1987/87.

As il n Teble 5, straniun20 and cesiun-137
veredsterminedbetween FY 1961/62andFY 19%. Because
redicectivity ledlls were dedlinig as a et of tre 1963
Limited Test Ban Treaty, FDA disontinued monitoring
rediaiclicss in fooks in 1557. The radiaclice portian
oftreTotal Diet Studywes reirstated inJanuary 1973 tore-
tain FDA s radicdamical aslytical Ggebility incese ofa

ical rcidt. The new program inclucd rautire
aslsis Tar stroun D, cesiun-137, iadirne-131, ruthe-
niun-106, and potassiun-40 and intemittant anallyses far
radiun-226 and plutoniun-239. Betiveen January 1973 ad
mid-FY 182, saaal (B-10) alit, nfat, o toddlermarket
kedets were analyzed (by commodity grayes) far redionu-
dids each year; sine ttemid-FY 1982 redsion, one com-—
plete allectin (34 individ el faoks) yearly hes been ana-
yzed for rediondllices.

Table 8 ntifies the types of resides and antaminents
included in tte Total Diet Study; Appendix C provices an
alfeetical Itigoftte aganic resid ssand aotamirents
tretare knoan tobe cetectzblie by tre Total Diet Study. The

9

XX XX XXX XXX

10 n 12 13 14 15 16 17

XX X X X X X

HXXXXXXXXXXXXXXXXXXXXXXXXXX
XXX XXX XXXXX

XX XXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXX

XX XXXXXXXXXXXXX
XXXXXXXXXXXXXXXXX

XXX X X X X

methods used are also cgeblle of cetectiirg other arganic
compounds farvwhiich arelvtical behavior Bnotyet knoan.
Teble s irdicates tre years of aralyses far these Sbstances.

far residles of or-

pesticice resid es and frpantadqlam'ﬂol Cataryl or
MHethyl carbanates have been rautirely determined sine
1934, and polychiorirated biprenyls have been ratirely
determined sine 1971 Other arganiic residLes or contami-
rents have been hely determined. Arsanic hes been
rautirely determined sine FY  1954; tol bramides were
determined between FY 1964and FY 19/0. Cadmium aral-
yaisbagen NFY 197, lkeedaslysisbegen nFY 1973, ad
rautire mercury aallyses begen nFY 1971,

The rutritic el elerents (Teble 7) have been detexmined
&6 art of the SHlected Mireralls in Foods Suney sine FY
1973, begiming with sellenium and zinc and eqpanding ©
otrerelemrents NFY 1974. Between FY 1974 and FY 1982
tre nutritical elerents vere analyzed i periadic ocles of
6-9 elerats per year fartte 3age-sxXgrays. Beglmlrgn
FY 1982/33, dl 11 essatial elamants were analyzed each

Ve



PENNINGTON & GUNDERSON:

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987) 111

Table 7. Nutritional elements—years analyzed and methods used (the Selected Minerals in Food Surveys)8

FY Na K Ca P Mg Fe
1973

1974 AMS  C AAS
1975 MS C AAS
1976 AAST  C AAS*  AAS
1977 AAS  AAS AAS  AAS
1978 AAS  AAS  AAS o AAS
1979 MS C AAS
1980 AAS  AAS AAS  AAS
1981 AAS  AAS AAS  AAS
1982 AAS  AAS AAS  AAS
1982/83 IcP IcP IcP IcP IcP IcP
1983/84 IcP IcP IcP IcP IcP ICP
1984/85 IcP IcP IcP IcP IcP IcP

Zn Cu Mn Se | Diet
AAS SPF adult male
AAS SPF a adult male
AAS SPF a 3 age-sex groups
AAS AAS* AAS RHE cP 3 age-sex groups
AAS AAS AAS RHE 3 age-sex groups
AAS RHE a 3 age-sex groups
AAS RHE d 3 age-sex groups
AAS AAS AAS RHE cP 3 age-sex groups
AAS AAS AAS RHE d 3 age-sex groups
AAS AAS AAS RHE a 3 age-sex groups
ICP ICP ICP RHE d 8 age-sex groups
ICP IcP ICP RHE a 8 age-sex groups
ICP IcP ICP RHE d 8 age-sex groups

*AAS = atomic absorption spectrometry (154-156); C = colorimetric method for phosphorus (157); Cl = colorimetric method for iodine (158); ICP = sequen-
tial inductively coupled plasma spectroscopy (159); RHE = atomic absorption spectrometry with rapid hydride evolution (137); SPF = spectrophotofluoromet-

ric analysis (160, 161).
“Infant and toddler diets only.
“ Adult diet only.
“ Also analyzed by neutron activation analysis (162).

Analytical Methodologies

Tables 5-7 a0 Irticate or give refarate to tte method-
olagies usad o aalyz tre ook Tar tre varias aslyies
oovered by tre Total Diet Study. Although varias methods
have been usad to determine tre redianuclicss (Jable 5 n
foxk, tte most arsistentdly usad methods have been beta-
antng of tre daughter pradlct, yatriun0 (&-87) for
stroaum-90; gamma—ray Soectrosay (83-0) far cesiun-
137, icdire-131, ruthenium-106, and potassiun-40; and al-
pha goectrosayy Tar radiun-226 ).

The methocbllagiies usad toamalyze farargardralagen, a—
irents (91-133) have advanced throughout tre history of tte
Total Diet Study, dicsely g develgents naa-
il denistry (Teble 6). Early work used peper and thin-
ke dyaetograty, polaayaty, colanetry, ad mi-
aoularetricgs . Formany years, aggnic
resides have been determined pircicallyw \erias gs
chomatogrgahic tedigLes. Anentdy, electron-captureand/
or elemant sedfic detectars (i, lelam, nitragm, phos-
phorus, s are usd. qujlddﬁrmamgraﬂy Bleed ©
determire tre A-methyl carbarates. Saveral diffaat tedh-
nioLes to anfirm substane dataty, including mess goec-
tuetry, ae il Because tre pupose of this study B
o determire intde leds ad becase many of tre leds
presatarequite lov, theaslytical methods have beenmod-
ifid o achieve g entitatine limits ae-fifth to ae-tenth of
thoee ussd far regulatory nonirtoring by FDA.

The asivtical methods used Tardetermination oftte todc
elerntsasaic, led, cadnium, and meraury (Tebles )rave
alo refletad advences n ical tedmiges I3-153).
Cadmium ves mitilly determined nFY 1967 by czallo-
ggchic polarography (13). Aurantdy, extrerdry sshr-grah-
e fumrece atomic absorption (I46) or dry ash-anadic strip-
ping\oltametric procedures (4) aeusd, sstteyaefar
le=d, which wes angirelly determined (FY 1973) by atamic
ebsorption seectroretry (AAS) (147, 1B). Golarnetricar-

snicaalysssvere nitiated inFY 1964134, 13), adAAS
aslysis with rapid hydride evolution wes adopted N FY
1976 (137). Mercury analysss anorrelly used a olanetric

cetermirative procecre (149); a flareless atomic asomp-
o tedmigue hes been used farover a decace (130-153).

Between FY 1973 and FY 1992, zat, calciun, o, mag-
nesium, aqgeer, manganese, sodium, and potassiun were

determined by AAS (I54-15%5), and a collarinetric method
V\as used far phogahorus (157) (Teble 7). Begiming nFY
198/83, ind.ctively couplled plasma oectrosayy () ves
tsed for trese 9 nutritioel elerents. Through FY 1975,
sectrgdotofluororetricaralysisies sdforseleniun(180,
168D, and fran FY 1976 award, seleniunwas determined
by AAS aelysiswith rgpid hydride eoluion (337). A aol-
arretricmethod hes been used far iadire (158) thragout
treTotal Diet Study; hovever, tteFY 1980 Total Diet Study
saplesvwere alo far iadire by neutron activalion
aslsisby FDA parsarel atthe Natdaral Bureau of Sten-
carts nGarttrersurg, MD (0, 1682). Inadbition, saientists
intte Department of Biodhamistry at the Lhinversiity ofMiin-

Table 8. Pesticide residues, industrial chemicals, and toxic ele-
ments detected in the Total Diet Study8

Chemical type
Incidental additives

organohalogens
organophosphates
N-methyl carbamates
carbaryl (a carbamate)
o-phenylphenol
amitrole

ethylene dibromide

dithiocarbamates

gas chromatographic early eluters
chlorophenoxy acids

other herbicides (e.g., triazines)
pentachlorophenol

plant growth regulators

Intentional additives
nitrites/nitrates

Incidental/accidental additives

polychlorinated biphenyls
other industrial chemicals

gas chromatographic early eluters
arsenic

bromide

cadmium

lead

mercury

higher chlorinated dioxins (CI6CI§

Residue type

pesticide

pesticide

insecticide

insecticide

fungicide

herbicide

fumigant, insecticide,
nematicide

fungicide

pesticide

herbicide

herbicide

fungicide, wood preservative

limiter or increaser of
plant growth

botulism preventive

industrial chemical
industrial chemical
environmental contaminant

environmental/industrial/
agricultural contaminants

* See Table 6 for years of residue determinations.
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Table 9. References for results of the Total Diet Study

Pesticide residues,

Radionu- industrial chemicals,

FY clides toxic elements Nutritional elements
1961/62 24,9 2,14 60
1962/63 2,4,59 212 14
1964 5,9 12-14, 22, 26, 28
1965 9 14,15,16,19,22,26,28
1966 9 16, 18, 19, 22,26, 28
1967 21,22,24, 26, 28
1968 23,24, 26, 28
1969 25, 26, 28, 30
1970 29, 30, 45
1971 31,45
1972 33,34,37, 4 37
1973 9,10 35, 36, 37, 45, 59 37
1974 9, 10 38, 45, 59 62, 63, 67, 71,72
1975 9, 10 39, 42, 45, 59 62, 63, 64, 67, 71,72
1976 9, 10 43-45, 59 63,67,71,72
1977 10 46, 47, 59 64-68, 71,72
1978 10 48, 49, 59 63, 65-68, 71,72
1979 n 53, 54, 59 67, 68,71,72
1980 1 55, 56 70-72
1981/82 1 57, 58 71,72
1982/83 73
1983/84 73
1984/85
1985/86
1986/87

resota (64-66) determined fluorick inTotal Diet Study com-
posites wsirg an ion slective dlectiae.

Data Transfer

Since tre 1982 revisin of tre Total Diet Study, aelytical
chta have been trarsfarred fran tte Total Diet Laboratory
inKansas iy, MO, viatreFDA PaﬂdaAnOcnwterCmter
inRadille, MD, 1 CFSAN in\Weshington, DC, by way
oftteORA izd Ldn'alorylvlanagemerrtgfsten
The Total Diet LaboratoryhesaVAX  11/750 carputer into
which ttedataare ataal. Bsfore tis ized systam
wes retituted, hard apies of data were nailled to CFSAN
from the Kansas City ar otter district lboratories and en-

taed INb CFSAN Soomputer systam faraslyais. Hard oop-
issof radioudlice data are sat fronWEAC 1o CFSAN.

Publication of Results

Table 9 irdicatss tre primary refaatss for siltsoftte
Total Diet Sty by fisel year- This listcoes rot irdluk
ssaodary refaatss (thoe tet quote or retzuliate Toal
Diet Sty res iits or tret desrite tre study for tre bay per-
7). Some oftte rsulitsfar rediondlicks, pesticice residLes,
ments have been releesad intte FDA Canplliance Program
Baluatias (10, B, 72). Some ofttexe ealuatias (B, 72)
areaaileble fran tre Naticral Tednical Information Ser—
Mie. Resticice resicdle and contaminent res s farFY 196
MFY ]976I13\,ebeen|c1blismj intteresticides Mon-
itoring Journal (]7, ]8, 2.—5, 27—31, 33, :‘B, :B, :9, 42—
44). Sine tre disoontinuatian of this joural in 181, tre
rallsra,ebeenpblisfm iNttelournal o fthe Association
of Official Analytical Chemists (45-49, 81, 53-8). Reults
fartre ruritic el elenants (tre Selected Minerals inFoods
S.I’\Q/) m\,ega”eallybeen p,blished inttesournal ofthe
American Dietetic Association (@, &3, 68,70, 71, I))-

Notable Results

Because the number of argenic ad rdstrid
demicals included inthe aurant Totall Diet Study (Appen-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

dix CD smuch lagathen tte number of demicals mea-
aured ntreaeadiapragram, trenumber of ttese abstanees
cetected N each colllection hes grestly inoreesed from about
a dozen nitelly © oer 60 anady. Glaldatd dietary
intde lkeds of pesticidss have gararally been s then 1%
oftre Acoptable Dailly Intaes (ADls) esteblidedby eqart
comirttees of the Worrld Health Orgenizatian (WHO) ad
the Food and Agriculiture Orgeniizatian (FAO) of e Uniited
Natias. An exeptian o this B ttet intdes of some pasis-
et chlorireted pesticidss were much dicser to treir ADIs
intre 1990s and 194, It Bayarant fran anait dia,
hovever, tret intdes of ttese parsistant naterials have de-
dired stestlily sine cessation of treir agricuiiual Lsss over
a decacke ap. This Bhest typified by dieldin, the anly pes-
ticactever togoproach isADI. Tadgy, dieldrin indesare
about ae-tventdieth of treir led 2 decaces ap. Although
tre indes ofprsistant dhllorinated pesticidsshave declind
draratically ntre bt20 yaars, resides antine toooor
freqently at low leeks. This sparticdarly tree far foods of

animal aign
In tre 1971 Total Diet Stdy, polychlorireted bienyl
(FB) resideswere foud na hreskfest el

Folloawp inesticatios revaalad tret the dnamiical mlgrataj

from the paperboard pedege whiich had been produced fram
PCB-cotaminated rencled pgper. This firding ultimately
lad o rgulatios limitirg the PCB aontant of pepertcard
inteod fa-food antect e, Intre 1975 Total Diet Stoy,
a reside of te presenative and fugicice pentadhlloro-
prerol (FCP) wes cetected inunflavored gelatin. PCP hed
been usad 10 et hidss In slaghterhousss, and many of
thesehicesvere ultinately shipped togelatinmrarufecturers.
Thiis use of PCP had been discotined by tre ULS. irdlstry
waal years priar o tre firdig; inestigption revealed tret
the sarplle ngestianvias amixture ofdarestic and Mex-
ican ggtin. The Mexican gelatinves found to antain tre
PCP and wes ultirately diverted firam food Lee

Among tre reaits Tar tte rutritio el elerats, tre most
roteble hes been tre high ledkls of iadire nU.S. diets (7,
7). Intde lkedsof iadire have raged from L7toer 10
times theRecommended Dietary Al lonanoss (RDA) farthis
elarait. The major saurass of thiselerent have been chiry
pradots, gain palas, ad foods antainirg te iadire-
antainirg red food colar FD&C No. 3

Resources

Arrendly, tre Total Diet Study recjires 20 parsaears
ofeffat (teecuinvalatof 0 ﬁjl—tlree”rplwees e yeer).

This tine Bdividad among tre Saffat CFSAN, tre Total
Diet Aralytical and Research Leboratories, teWEAC Lab-
aaay, tre daetricc diies, and ORA. The ast oftre pro-
gram (irchuding tre stlaries of tte FDA erployess, but ex-
cluding tte overhead asts of falitis) sabout 2 million
collarsperyear. These asts inclucke tre purdese and tras-
portation of the foos; kdooratory denicals; equiprent
mainterence; new equiprent; Iingector trargoortation ex-
pasasir(nlla:ugﬁms; periadic Total Diet Study meet-
iIgs INKansas City; computer herdhare, softvare, andmaiin-
tEae; and the antract far-food prgparation. Appendix D 1
providesanovervievoftteadtiMtiesand interactionofi-DA
amployess inohed with the Total Diet Study.

Program Advantages

The Total Diet Study providess faramual monitoring of
abroed range of pesticick resides, antamirents, and nu-
triateleats in foos in teir Ehleteady foms, ad it
alloss far yearly estinates of intee of pesticick resides,
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antanirents, and rutrient elerants of seledted agpsex
gayes bassd on ldoratory arelyaess. This tyee of informe-
a0, which sasilble fromno otter s, Bessatial
monitor tre safety and gality of tre U.S. food syply ad
o ity potential pblic health prdollers. The Total Diet
Study playad a mpjor e in early idntification of el
Tirdings @g., polychllarireted bihenyis, high ledls ofdiel-

orin, and ecsssive ledls of iadire intte food ayply), ad
moneSaMmﬂeeﬁanmofanetregMS
and aneillae ativities In prolectirg tre plbliic fran
harmful ledls of pesticick resides, antamirents, or nu-
triatelaatts nfaxk. The damorstrationofvery low leds
or asaee of resides or antaminants n fooks ad te
cemrstration of adeguate nutrient elerant inde by te
Total Diet Study are also of importance as they point aut
treantruirg safety oftre U.S. food yply. The Total Diet
Study also provides an inalueble eselire refaree farde-
temining te iInpact on the foaod syply ofeviramantal
aotamiretion acicants, eg., treAail 1986 nuclear resctor
accicent nCrermaoyl, Ukraire, US.S.R.

Data from tre Total Diet Study have been wickly used
and aocepied by other govermrent: agEcies, sty and
otrer gays. The Total Diet Study program,
which hes been qeeratirg far 25 yaars, savell-atmizd,
efficdat system offerirg ansite aosistaty of ashysis, an-
alytical methodology, and parsarel. Wirthoutt this program,
many eqasie, individal suneswould hae tobe rsti-
tuted o respod o agessiasl, consurer, and otter re-
oests made to FDA.
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METHOD PERFORMANCE

More Powerful Peroxide Kjeldahl Digestion Method

CLIFFORD C. HACH, BRIAN K. BOWDEN, ALAN B. KOPELOVE, and SCOTT V. BRAYTON

Hack Co., Technical Center, Loveland, CO 80539

Enhanced ammonia recovery and a simplified method are described
for a rapid Kjeldahl digestion using sulfuric acid and hydrogen per-
oxide as the sole digestion reagents. This micro procedure uses a
Vigreux fractionating head fitted to a 100 mL volumetric flask and
a hot plate with a solid-state controller. Continuous-flow peroxide
addition is controlled by a capillary funnel, and fumes are evacuated
through a side-arm vent leading to a water aspirator. Complete re-
covery of nitrogen from the refractory compound, nicotinic acid, is
obtained with less than 10 min digestion. The described method
reduces digestion time by 25-50% over the open-manifold peroxy
method. A digestibility index (DI), scaled 0-10, establishes the dif-
ficulty of digestion for each sample and assigns values to compounds.
A useful tool for determining the minimal amount of reagent and
digestion time required, the DI assigns zero for compounds not need-
ing digestion and 10 for nicotinic acid. Digested samples obtained
from the described method are suitable for direct colorimetric anal-
ysis of many elements in addition to Kjeldahl nitrogen. Distillation
of the digested sample is not required.

In the conventional determination of Kjeldahl nitrogen, a
sample is heated in concentrated sulfuric acid with salt and
metal catalysts added to speed the release of ammonia from
organic matter. Distillation into an acid solution followed by
titration completes the test.

Because large amounts of equipment, reagents, and time
are consumed by traditional Kjeldahl methods, alternative
methods have received extensive study. Several researchers
have proposed use of hydrogen peroxide as a digestion re-
agent. Kleemann (1) was able to speed the reaction by adding
hydrogen peroxide to the sample followed by digestion with
sulfuric acid and potassium sulfate. Koch and McMeekin (2)
obtained rapid oxidation with complete retention of am-
monia-nitrogen by carbonizing the sample in sulfuric acid
prior to the dropwise addition of hydrogen peroxide with
heating. Others have reported the importance of precarbon-
ization and multiple additions of peroxide (3) and the need
to heat the digestion mixture after initial clearing (4).

We have observed that the effective use of hydrogen per-
oxide requires a high residual concentration of peroxide at
high temperature for sufficient time to decompose organic
material (5). By carbonizing the sample in concentrated sul-
furic acid before the continuous-flow addition of a hydrogen
peroxide-sulfuric acid reagent (“peroxy” reagent), we are able
to achieve rapid digestion (as much as 25 times faster than
conventional procedures) for a variety of samples without
the use of metal catalysts. Digestion time for the difficult-to-
digest, refractory compound, nicotinic acid, is 17.5 min (5
min carbonization + 12.5 min flow digestion)—far less than
the 3 hthat Shirley and Becker (6) required for 100% recovery
of nitrogen from nicotinic acid when using the best of the
various Kjeldahl catalysts available in their laboratory (Fig-
ure 1).

Peroxy digests, prepared without mercury or other metal
catalysts, are suitable for direct colorimetric determinations
of phosphorus, calcium, magnesium, iron, copper, man-
ganese, and zinc as well as Kjeldahl nitrogen (7, 8).

Despite wide acceptance of the peroxy method by many
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Figure 1. Nitrogen recovery curves for nicotinic acid digested

by conventional Kjeldahl method and by 2 peroxide-sulfuric acid
(peroxy) methods. A, Vigreux manifold, peroxy method; B, open
manifold, peroxy method; C, conventional Kjeldahl method (6).

analysts (8, 9), we were concerned about occasional low ni-
trogen values obtained from standard test samples. A thor-
ough check of the system was undertaken to determine if
nitrogen losses were occurring, and if so, the source of such
losses. Slight nitrogen loss was identified as spray carry-over
in the ventilation air flow of the digestion apparatus. There-
fore, one of our goals was to redesign the digestion system
to achieve complete nitrogen recovery 100% of the time.

We also hoped to simplify use of digestion reagents and
to standardize the analytical procedure. As we described ear-
lier (5), the “peroxy” method requires analysts to prepare a
4:1 hydrogen peroxide-sulfuric acid digestion reagent by add-
ing 400 mL of 50% hydrogen peroxide to a 500 mL graduated
cylinder followed by the slow addition of 100 mL sulfuric
acid. This reagent is a strong oxidizer requiring careful han-
dling and storage in a vented container. For this reason, we
sought a procedure by which the acid and peroxide could be
used with greater ease and safety.
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Figure 2. Vigreux capillary-flow digestion manifold, digestion
flask, and heater with details of manifold design.
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Figure 3. Open-head capillary-flow digestion manifold.

Still another aim was to simplify the actual digestion pro-
cedure. During our investigations, it became obvious that an
easy-to-use, reliable index of sample digestibility, one ap-
plicable to all methods of digestion, would be useful in fore-
casting the degree of treatment (i.e., heating time, volume of
reagents) needed to bring about complete digestion for a
variety of samples.

Experimental
Reagents

All organic compounds such as amines, amino acids, ni-
trogen heterocycles, and porphyrins are reagent grade, used
as received.

(a) pigestion.—Concentrated sulfuric acid for carboniza-
tion, and hydrogen peroxide (50%6) and concentrated sulfuric
acid for digestion. Where 50% peroxide is unavailable, 30%
solutions may be used, but with ca 50% more digestion time.
{caution: Hydrogen peroxide and concentrated sulfuric acid
are strong oxidizing agents. Wear protective coverings, es-
pecially on hands, face, and eyes.)

(b) Colorimetric assayfor nitrogen. —Nessler reagent (Hach
21194), treated during manufacture to remove any mercu-
rous ion impurity. Dilute sample with 0.1 g/L solution of
polyvinyl alcohol (av. mol wt 10 000).

(€) Amino acids.—Purity 99% (Crescent Chemical Co.,
Hauppauge, NY 11788, and Calbiochem-Behring, San Di-
ego, CA 92112).

(d) Nicotinic acid.—Recrystallize before use.

(e) Reference materials. —Bovine Liver (NBS 1577); Or-
chard Leaves (NBS 1571); and fish meal, feather meal, and
soybean meal previously tested (8) by AOAC methods (10).

Table 1. Digestion indices obtained using open-head and Vi-
greux-head methods

Open head,
H2 2flow time, Vigreux head,
Material min 0-10 scale
Ammonium chloride 0 0
Ammonium sulfate 0 0
Ammonium perchlorate 0 0
Ammonium p-toluenesulfonate 0 0
Aspartic acid 1.0 0.8
Soybean meal 3.3 3.3
Feather meal 35 75
Tryptophan 4.7 6.7
Fish meal 10.0 10.0
Lysine HCl 15.0 8.3
Nicotinic acid 125 10.0

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70. NO. 5, 1987)

Apparatus

(a) Digestion.—100 mL volumetric flasks with ground glass
joints; 25-250 W disk element heater with solid-state con-
troller (Hach Model 21400 Digesdahl apparatus) (Figure 2);
glass digestion manifold designed in the form of a Vigreux
fractionating column with outer manifold containing side-
arm vent leading to water aspirator for fume removal and
capillary tube/funnel for controlling reagent addition at 3
mL/min (Hach Model 22873 manifold) (Figure 2).

(b) Ammonia measurement.—Dilutee/dispenser for with-
drawing aliquots of digest, diluting with polyvinyl alcohol
solution, and adding Nessler reagent for ammonia deter-
mination; single-beam spectrophotometer set at 460 nm with
a 2.5 cm pathlength pour-through cell for colorimetric assay.

Sample Preparation

Grind all grain, cereal, and feed samples in a chopper mill
to afine powder (less than 1mm or 20 mesh) before digestion.
Before milling coarse samples such as hay, grind first in a
food blender.

Procedure

(@) sample digestion. —\Weigh 0.25 g sample on weighing
paper or in tared container. Fold sample into paper and
transfer entire packet to 100 mL volumetric (digestion) flask.
If using tared container, transfer with funnel, making sure
all particles are transferred quantitatively.

Add 3 mL concentrated H,S04to digestion flask. Preheat
hot plate for ca 10 min and place flask on preheated plate.
(Samples were digested in a 2 in. diam. ceramic heater with
150 W input.) Connect fractionating head to flask and start
vent system (aspirator).

Heat ca 4 min to char sample and bring HS 04to boiling.
At this point, acid will reflux part way up the inside of the
flask. Continue heating and add desired volume 0f50% HD 2
(see Note following Colorimetric assay) to capillary flow fun-
nel. Make sure capillary tube is not air bound and peroxide
is flowing. After addition of peroxide is complete, continue
heating ca 1 min. (Allowing 1 min additional heating after
peroxide flow has stopped is a safety precaution that provides
sufficient time for excess peroxide to decompose.) Remove
flask from hot plate, cool, and dilute to 100 mL with deion-
ized water; mix.

This sample may be analyzed directly for protein nitrogen.
The lack of interfering substances such as heavy metal cat-
alysts also allows analysis of digested samples for phos-
phorus, calcium, magnesium, potassium, iron, copper, man-
ganese, zinc, and other metals (7, 8).

(b) Nitrogen recovery curves. —Repeat digestion and anal-
ysis for each sample, using different volumes of peroxide
(varying digestion times). Graph nitrogen recovery vs diges-
tion (peroxide flow) time to determine minimum time re-
quired for quantitative recovery. (The time needed to obtain
99% recovery is used in this study.) Although helpful for
minimizing digestion time, it is not necessary to determine
nitrogen recovery curves for routine analysis.

(c) colorimetric calibration. —Prepare ammonium chlo-
ride standards equivalent to 0-100% protein (Yoprotein = %
N x 6.25) and analyze by Nesslerization using procedure of
Hach et al. (5). Determine best-fit linear calibration line.

(d) colorimetric assay. —Use either semi-automated (di-
luter/dispenser) or manual procedure for Nesslerization giv-
en by Hach et al. (5). Read results in spectrophotometer at
460 nm. On the basis of linear calibration curve, convert
absorbance readings to concentration (%o N or % protein).
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A, Vigreux manifold; B, open-head manifold.

Note: Add as little as 6 mL or as much as 20 mL HD 2
depending on sample susceptibility to digestion (Digestibility
Index, Table 1). Laboratories running sporadic TKN mea-
surements or those testing a variety of samples can ensure
complete digestion of unknown samples by adding 20 mL
peroxide. Using slightly more peroxide than necessary does
not cause problems. However, laboratories regularly testing
similar samples will save considerable time by determining

the DI and using the minimal amount of reagent (and time)
suggested by the DI.

Results and Discussion

To determine if the ventilating air stream was carrying
spray out of the open-headed digestion flask (Figure 3), the
stream was passed through an all-glass, water-cooled con-
denser; the condensate was collected and analyzed for am-
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Table 2. Comparison of protein values obtained using open’
head, Vigreux, and AOAC Kjeldahl methods

Crude protein (W x 6.25), %

H2 2H 2504 methods
Sample Peroxy*" Vigreux" AOAC Kjeldah!*"
Soybean meal 47.2 47.3 46.4
Fish meal 65.5 65.9 66.1
Feather meal 85.3 85.3 84.8
Bovine Liver 67.1 63.8 66.3 + 3.8
(NBS 1577) (NBS certified)
Orchard Leaves 17.3 17.3 17.3 £ 0.3
(NBS 1571) (NBS certified)
Nicotinic acid 71.2 711 71.1 (caled)
Tryptophan 85.2 85.4 85.7 (caled)

* Brayton (8).

“Open head, 4:1 peroxide reagent (50% HD 2H2504).
"Vigreux fractionating head, 50% peroxide.

"Sec. 7.015 (10).

monia. Results showed that significant amounts of ammonia
were carried over when hot plate operating wattage was much
above 200 W. This was particularly evident when longer
peroxide flows were used for digesting resistant materials.
Carry-over losses for very refractory substances amounted
to as much as 0.4-0.8% absolute loss. For example, losses
were as high as 0.29% protein for a sample containing 35%
protein and 0.46% for one containing 57% protein.

In an attempt to eliminate nitrogen carry-over, a new head
was designed in the form of a Vigreux fractionating column
(Figure 2). Ammonia determinations on the condensate from
the airstream vent showed that this column is able to trap
all escaping ammonia and consistently reduce carry-over
losses below 0.3% (absolute). Thus a sample containing 50%
protein will register 49.85% or better.

The Vigreux column produces an additional benefit: diges-
tion speed is doubled. During digestion, we believe the col-
umn head retains hydrogen peroxide by fractional distillation
while allowing water vapor to pass to vent. The boiling points
of hydrogen peroxide and water are 150°C and 100°C, re-
spectively, so water is removed readily during fractionation;
concentrated peroxide returns to the digestion flask, thus
allowing an increase in digestion efficiency.

Studies with the Vigreux fractionating head showed the
4:1 peroxide-sulfuric acid reagent used in earlier work could
be replaced by a “straight” 50% hydrogen peroxide without
loss of efficiency or performance (Figure 4). Being able to use
peroxide in place ofthe mixed reagent is a decided advantage
because of the precautions needed for premixing peroxide
with concentrated sulfuric acid.

When straight 50% peroxide was used with the open-head
apparatus, it flowed into the hot digest and partially volatil-
ized before fully reacting with the sample. Under these con-
ditions, fume-removal air flow carried off some of the un-
reacted peroxy species. Therefore, peroxide was premixed
with sulfuric acid to raise the boiling point of the digestion
mixture and thus help retain peroxide in the hot digest. In
contrast, the Vigreux head allows use of 50% hydrogen per-
oxide because the fractional distillation function of the col-
umn retains evaporating peroxide and returns it to the diges-
tion flask. Peroxide builds up to a higher concentration in
the boiling acid and, for this reason, increases the rate (speed)
of sample digestion.

A comparison of protein values obtained using Vigreux
fractionating head (50% peroxide), open-head (peroxy), and
AOAC Kjeldahl methods is presented in Table 2. The data

were obtained from single sample digestions. Except for the
Bovine Liver sample which we believe deteriorated, results
obtained with the Vigreux fractionating method show equal
or enhanced recovery over those obtained with the previous
open-head peroxy procedure. Results from both methods are
comparable to those obtained using AOAC methodology.
Watkins et al. (9) also have reported good agreement between
peroxy and AOAC Kjeldahl methods.

A series of curves (Figure 4) compares the digestion of
several substances using both open- and fractionating-head
methods. Heat input (hot-plate setting) was identical for all
tests. The curves show the time required to achieve 99%
protein recovery with the fractionating head is about 50-75%
of the time needed when the open head is used.

A successful digestion requires 3 conditions: suitably high
sulfuric acid temperature, adequate concentration of hydro-
gen peroxide in sulfuric acid, and maintenance of these con-
ditions for sufficient time to allow complete digestion.

The duration of digestion is determined by the volume of
peroxide fed to the system, optimal temperature of the hot
plate, and rate and time of peroxide flow. Optimal flow rate
for peroxide with the Vigreux manifold is 3 mL/min; time
of flow (volume of peroxide used) is determined by the di-
gestibility of the sample.

Using the optimal flow rate, the amount of time required
for digestion depends on the digestibility of the sample. De-
colorization and clearing ofthe charred sample usually occurs
about 1 min after peroxide flow is initiated. In a careful study
ofthe minimal time required to digest a variety of substances,
complete nitrogen recovery was obtained for many samples
immediately upon clearing. However, resistant materials such
as nicotinic acid required ca 5 min continued peroxide diges-
tion after clearing to obtain 100% nitrogen recovery.

A digestibility index (DI) has been proposed (5) to compare
the ease or difficulty of digesting various materials by the
open-manifold, peroxy method. Defined as the number of
minutes of reagent flow required to secure 99% protein re-
covery under described conditions, the index correlates poor-
ly with data obtained using the Vigreux fractionating head
and method of peroxide addition described in this paper. For
this reason, we propose establishment of an arbitrary but
enduring DI with a scale of 0-10. Zero is reserved for am-
monium compounds not requiring digestion (e.g., ammo-
nium chloride) and 10 is arbitrarily assigned to the refractory
compound, nicotinic acid. (Although more resistant com-
pounds exist, nicotinic acid is the most digestion-resistant
compound normally encountered.) The DI for several sub-
stances is presented in Table 1 For comparison, the “old”
index (based on peroxide flow time) is presented in the same
table.

The use of a fractionating reflux head for the peroxide
Kjeldahl digestion achieves 3 significant improvements over
the previously described open manifold. Digestion speed is
doubled; spray loss of ammonia is eliminated, resulting in
more accurate protein measurement; and digestion is accom-
plished with agueous 50% hydrogen peroxide solution rather
than a hydrogen peroxide-sulfuric acid mixture.

The overall system—peroxide digestion and direct color-
imetric analysis—is highly accurate for all forms of nitrogen
determinable by the Kjeldahl method. Protein content of
most materials can be measured in 9 to 12 min from the
time the sample is weighed to completed ammonia deter-
mination. Because the digest is not contaminated by salts
and metal catalysts, it also is suitable for the determination
of other elements (7).
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A junior and senior year scholarship of ssoo0 per year
awarded annually to sophomores majoring in scientific
areas of interest to AOAC-food, agriculture, the
environment, and public health.

Qualifications: A "B" or better average during first two years of undergraduate study, good
character, and evidence of financial need. (Students majoring in medical or pre-medical programs
are not eligible.)
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about six weeks later. For information on how to submit a nomination, please write to AOAC at
1111 N. 19th Street, Suite 210, Arlington, Virginia 22209; or call (703) 522-3032.
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Evaluation of AOAC Microbial Diffusion Procedure for Analysis of Chlortetracycline in High

Mineral Feeds

STANLEY E. KATZ

Rutgers University, Cook College and New Jersey Agricultural Experiment Station,
Department of Biochemistry and Microbiology, New Brunswick, NJ 08903

HUSSEIN S. RAGHEB and LISA B. BLACK

Purdue University, Department of Biochemistry, Indiana State Chemist Laboratory,

West Lafayette, IN 47907

The performance of the AOAC microbial diffusion assay procedure
for the analysis of Chlortetracycline was evaluated in mixed feeds
and premixes as well as laboratory-prepared feeds, all with various
mineral contents. In 100 mixed feeds with a calcium content ranging
from <1 to >22%, no relationship was shown between calcium con
tent and incidence of Chlortetracycline deficiency. In 106 premixes,
a relationship was shown between Chlortetracycline content and ad-
herence to guarantee: below 10 g/lb, the incidence of deficiency was
high; in premixes containing 20 g Chlortetracycline and above, the
incidences of deficiency were less than 5%. In laboratory-prepared
feeds containing 12-15% calcium, grinding and storage at both 4°C
and at room temperature (20°C) caused no decrease in the Chlortetra-
cycline concentration. Only storage of the ground feed at 37°C caused
a distinct loss of activity. The temperature-related loss was attributed
to the epimerization of Chlortetracycline.

For at least 10 years, considerable concern has been voiced
over the capability of the official AOAC diffusion methods
(1) to assay for chlortetracycline and oxytetracycline in feeds
having a high mineral content. It has been quite common to
question the results obtained with the official diffusion pro-
cedures in so-called “high mineral feeds” when the assayed
potency was below guaranteed tolerance levels. Conversely,
it has been a modest heresy to defend any low results obtained
in the analysis of these feeds by the official diffusion methods.
To resolve the “high mineral feed”” problem, a modification
of the official assay procedure was suggested, such as the use
of EDTA as a chelating agent to overcome the binding of
the tetracyclines to Group Il and Group Il cations. However,
the use of EDTA did not resolve the problem; the results of
an AAFCO check sample assay that included the modifica-
tion were essentially the same as those from the official AOAC
microbial method (E. Glocker, private communication, 1983).

There is little doubt that the tetracyclines can chelate with
Group Il and Group Il cations (2). However, the concept
that such chelations occur in animal feeds between solid
materials is tenuous, at best. In addition, if such chelation
reactions occurred readily in the solid phase, it would be
completely illogical for manufacturers of tetracycline-con-
taining premixes to formulate with calcium carbonate as a
carrier; yet, this is a common practice.

It was the purpose of the study reported here to investigate
the capability of the official AOAC microbiological assay
procedures (1) to determine the tetracycline content in feeds
containing high levels of minerals. Chlortetracycline was cho-
sen as the pilot antibiotic because of its ease of assay by
different analytical techniques, thus allowing for greater in-
sight into any reactions that could occur.
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Experimental
Methods

(a) Microbiological assay procedure for Chlortetracycline
in feeds and premix, 42.232-42.235 (1).

(b) Fluorometric assay procedure for Chlortetracycline in
feeds (3).

M aterials

(@) premixes.—Containing label guarantee of 50 g Chlor-
tetracycline (CTC)/Ib.

(D) High mineralfeed. —Manufactured by Furst-McNess
Co., Freeport, IL; Beef Balancer 50, containing ingredients
and guarantees listed in Table 1

Results and Discussion

Because of the recurring concerns of control officials and
industry representatives that the official AOAC microbiolog-
ical methods for chlortetracycline and Oxytetracycline (1)
could not measure accurately the potency of these antibiotics
in animal feeds containing high mineral levels, the authors
undertook a review of the performance of the diffusion meth-
ods. The literature provided little or no insight into the prob-
lem because of a paucity of published information on the
subject. Thus, it appeared that a retrospective review of the
analytical results obtained in 1984 in the laboratories of the

Table 1. Contents of high mineral feed

Guaranteed analysis, %
Crude protein, min. (this includes not >48.0% equiv.

protein from nonprotein N) 50.0
Crude fat, min. 0.0
Crude fiber, max. 30

Minerals, %
Calcium, min. 128 Zinc 0.044
Calcium, max. 153 Iron from iron sulfate 0.033
Phosphorus, min. 10 Manganese 0.014
Salt, min. 73 Copper 0.013
Salt, max. 87 lodine 0.013
Potassium 127 Cobalt 0.0008
Sulfur 11 Selenium 0.00036
Magnesium 05
Vitamin potency (min. USP units/16):

Vitamin A 50 000

Vitamin D-3 5000

Vitamin E 50

Ingredients:

Calcium carbonate, potassium chloride, urea, salt, soybean meal (dehulled,
solvent-extracted), monoammonium phosphate, magnesium sulfate, po-
tassium sulfate, mineral ail, vitamin A supplement, D-actlvated animal
sterol (source of vitamin D-3), vitamin E supplement, iron sulfate, zinc ox-
ide, manganous oxide, copper oxide, ethylenediamine dihydriodide, cobalt
carbonate, sodium selenite, artificial flavor
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Table 2. Relationship of assay results for CTC in mixed feeds
with the guaranteed analysis and calcium content (CTC as the

sole drug)
Frequency of occurrence at percent of
guaranteed analysis
content, 90- 80- 70- 60- 50-
% >100 100 0 80 70 60 <50
<1 2 2 3 0 4 1 1
1-2 2 1 4 1 1 2 -
2-3 0 0 1 3 1 0 -
3-4 0 0 2 1 1 2 -
4-5 0 0 1 2 1 1 -
6-10 1 0 1 1 1 1 -
>10 3 0 0 0 2 0 —

Indiana State Chemist for feeds containing CTC and varying
mineral content could provide the analytical performance
and product-related information necessary to assess the prob-
lem. Because of the volume of data, CTC was used as the
pilot compound.

For the review, mixed feeds with a guaranteed analysis
were used; no special mixes were included. Calcium levels
were available for all but one of the feeds reviewed. Premixes
were also reviewed. The criteria used to examine the data
were as follows: (a) deficiency of CTC for mixed feeds was
defined as less than 70% of the guaranteed analysis; (b) pre-
mixes were deemed deficient in CTC when the potency was
below 95% of guarantee. The mixed feeds were organized
into 3 categories: (1) feeds that contained CTC as the only
medication, (2) feeds that contained CTC and a sulfonamide,
and (3) feeds having a combination of CTC, a sulfonamide,
and penicillin.

Table 2 shows the relationship of the potencies measured
to the guaranteed analysis as a function ofthe calcium content
of the feeds in category 1 (containing only CTC). Of the 50
feeds in this category, 31 were acceptable and 19 were deemed
deficient. There was neither a pattern nor any correlation
between deficiency and calcium content. Of the 19 feeds
deemed deficient, 10 had calcium levels less than 394 of the
31 feeds “meeting” the guarantee, 19 had a calcium content
less than 3% of the 19 feeds deemed deficient, 9 contained
calcium levels greater than 3% If there was an analytical
“failure” related to the mineral content, i.e., calcium content,
some pattern should have been noted; none was.

Table 3 shows the relationship between the concentration
of CTC, feed type, and frequency of deficiency. Neither the
feed type (category 1) nor the concentration was a factor. Of
the feeds deemed deficient, excluding one formulated to con-
tain 50 g CTC/ton and found to contain 5 g/ton, the measured
potencies ranged from 51.0 to 67.6% of the guarantee. The
coefficient of variation for this group of feeds was 9.7%. This
was a remarkably uniform level of deficiency; no explanation
based on fact was available to describe this observation. There
exists the possibility that some feeds are being formulated
to meet the permissible analytical value of 70% of guarantee.

Table 3. Relationship of concentration and feed type to

deficiency
Frequency of occurrence at g/ton
guaranteed analysis
Feed type <50 50-100 100-200 >200
Swine - 4 - 2
Sheep 2 2 — 1

Cattle 2 — 3 2

Table 4. Relationship of assay results for CTC in mixed feeds
with guaranteed analysis (CTC and a sulfonamide as the drugs)

Frequency of occurrence at

Calcium :
content, percent of guaranteed analysis
% >100 90-100 80-90 70-80 <70"
<1.00 2 4 5 3 1
1-2 3 5 6 3 2
2-3 1 2 1 - N

* Calcium conterr of the 5 feeds below 70% level ranged from 0.86 to
1.80%. All samples were deficient; one additional sample was deficient in
the sulfonamide.

Table 4 summarizes the distribution of analytical results
for the 40 feeds containing CTC and a sulfonamide (category
2). Thirty-three of the feeds guaranteed 100 g CTC/ton and
a constant sulfonamide level, indicating an abundance of a
single species feed (swine feed). The calcium content of feeds
in this category ranged from 0.21 to 2.20%. The 5 deficient
feeds had a calcium content ranging from 0.86 to 1.80%; the
6 feeds with assayed potencies above 100% of guarantee
contained calcium levels of 0.80 to 1.30%. The distribution
of results, although not classical Gaussian, did demonstrate
what might be the expectation of meeting guarantee: a small
percentage above 100%, a small percentage below the tol-
erance, and the majority of feeds within tolerances.

The third category was feeds that contained the combi-
nation of CTC, a sulfonamide, and penicillin; this group was
represented by only 9 feeds. The calcium levels in this cat-
egory ranged from 1to 15% Two of the 9 feeds were deemed
deficient, and one feed assayed above 100%. Table 5 shows
the distribution of the assay results as related to the calcium
content. As noted previously, no relationship between CTC
deficiencies and calcium content could be seen.

This overview of the results indicated no relationships
between calcium content and the incidence of deficient Chlor-
tetracycline assays. Ifa relationship existed between calcium
content and low assays, the greatest number of low assays
would occur in feeds having calcium levels above 2-3%.
Neither a relationship nor a trend toward such a relationship
was found.

The analytical results for 106 premixes were reviewed to
determine if any analytical patterns could be noted. Of the
106 premixes, 51 premixes contained CTC, a sulfonamide,
and penicillin, 36 premixes contained only CTC, and 19
contained CTC and a sulfonamide. Table 6 shows the results
of the microbial assays and the relationship between adher-
ence to guarantee and the potency of the premix. In the 106
premixes, 28 had CTC potencies greater than 105%; 30 were
greater than 100% but less than 105%; 26 were in the 95-

Table 5. Relationship of assay results for CTC in mixed feeds
with guaranteed analysis (CTC, sulfonamide, penicillin as the

drugs)
. Frequency of occurrence at
Calcium :
contert, percent of guaranteed analysis
% >100 90-100 80-90 70-80 <70
<1 — _
1-2 - 1 1
34 — 2 1 — —
5- 6 1 1 — —
6- 10 1
10 1
>10 — — — —



790 KATZ ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

Table 6. Summary of the analytical results for all premixes, and
relationship of product concentration to guaranteed analysis

Frequency of occurrence at

percent of guaranteed analysis
Potency CTC, 100- 95- 90- 85-
glb >105 105 100 3] 0 <85
<2-0 2 7 n - 5 8
2-7 2 2 1 - 2 4
10 1 1 - - - 1
20 14 14 10 — — 1
40
50 8 4 4 - 1 -
70 1 — — — — —

100% of the guarantee range, and 22 premixes were below
the 95% potency level. In the 106 premixes, 18 were deficient
in sulfonamide content, and 3 were deficient in penicillin.
One premix showed a deficiency in all 3 drugs; another pre-
mix showed a deficiency in both sulfonamide and penicillin.
Based solely on the deficiency parameters previously stated,
20.8% of all premixes were deficient in CTC content while
25.7% of the sulfonamide-containing premixes were deficient
in sulfonamide. For the 2 g or less CTC/Ib premixes, 39.4%
of the premixes were deficient; 54.5% of the premixes in the
2-7 g CTC/lb premixes were deficient, and 1 of 3 of the
premixes containing 10 g CTC/Ib was deficient. In contrast,
premixes containing 20 and 50 g CTC/Ib had deficiency in-
cidences of 2.5 and 5.9%, respectively. For all products con-
taining 20 g CTC or greater, the deficiency incidence was
3.4%.

It appears that the problem exists in those premixes where
CTC concentrations are below 10 g/Ib. This brings into ques-
tion the tolerances for meeting guarantee, namely, what tol-
erances should be assigned to what concentrations? Admit-

Table 7. Stability of laboratory-prepared high mineral feeds at
different temperatures

Feed A' Feed B>
” Total f» Total
Initial assay crC, Initial assay cre,
Day pa/g % pg/g pa/g % pa/g
37°C
0 1006.4 100.0 _ 941.6 100.0 _
4 10485 104.2 - 1001.2 106.3 -
17 902.9 89.7 - 798.8 84.8 -
2 896.6 89.1 A34 750.8 9.7 894.7
29 859.9 854 936.9 672.6 714 8661
20°C
0 1006.4 100.0 - 941.6 100.0 _
4 1121.3 1114 - 889.8 U5 -
17 992.6 9.6 - 875.9 93.0 -
2 1135.0 1128 1057.0 917.6 975 9061
29 11256 1118 1040.6 879.6 934 8993
4C
0 1006.4 100.0 — 941.6 100.0 —
4 1043.6 103.7 — 950.7 100.9 —
17 1000.2 9.4 — 8835 9338 —

22 1047.7 1041 954.0 919.9 97.7 909.8
29 1052.5 104.6 959.0 926.7 98.4 921.4

* Premix for Feed A assayed 49.95 g CTC/Ib. The feed was prepared by
adding 2.5 g premix to 250 g mineral mix. Theoretical concentration
1089.3 My CTC/g. Feed was 92.4% of theoretical.

»Premix for Feed B assayed 45.29 g CTC/lb. The feed was prepared by
adding 2.5 g premix to 250 g mineral mix. Theoretical concentration 987.7
My CTC/g. Feed was 95.33% of theoretical.

Table 8. Assay results, microbiological and fluorometric, in
commercial feeds of high mineral content

Chlortetracycline, g/ton

Calcium
Guaran- . Found guarantee,
Feed No. tee Micro. Huor. %
85-0637 1667 15487 1608.0 21.0-23.0
85-0638 3333 3421.9 4540.8 20.5-22.5
85-0639 6667 5641.8 6742.6» 20.5-22.5
85-0640 1000 25 941.8 7.8-8.2
85-0642 2000 17733 2000.0 9.5-11.5
84-1995 1000 528.3 669.4 7.5-8.0
84-2001 500 287.6' 2798 3545
84-2198 250 1310 1454 3.54.0
84-2404 500 375.7 500.0 2.8-38
84-2525 140 90.7' 87.9 6.0-7.2
84-2526 140 69.7' 99.9 5.0-6.0
84-2623 400 383.2 363.6 2.0-30
84-2650 234 127.7 1191 12.8-15.3
84-2659 140 90.5' 1154 3.75-4.75
mContains 24.6% eplmer (presumed).

»Contains 24.2% epimer (presumed).
' Deficient official AOAC procedures.

tedly, this is a regulatory function and not an analytical
problem; but, since these procedures are used for product
quality control, this aspect cannot be ignored. Should a + 30%
or even *25% tolerance be assigned to feeds regardless of
label potency? Ifwe are to expect that at 20 g/ton, the potency
will be within 5 or 6 g/ton, why should a 200 g/ton feed be
allowed to have an acceptable level of 140 or 150 g/ton? It
would appear that the concept of tolerances being a straight
percentage of label potency should be reexamined.

Retrospective studies were useful, but direct experimen-
tation to create the purported problem would allow for better
definition. Hence, laboratory-prepared feeds with a calcium
content of approximately 12-15% and also containing other
Group Il and Il cations were prepared using 50 g CTC/Ib
premixes (manufactured by 2 large pharmaceutical compa-
nies). The feeds were prepared to contain approximately 1000
MyCTC/g. The feeds were blended and finely ground to max-
imize any interactions in the feeds; they were assayed im-
mediately after grinding and prior to being divided into 3
parts for storage at 37°C, 20°C, and 4°C. The feeds were
assayed microbiologically (1) for potency over a 29 day pe-
riod and fluorometrically (3) for total chlortetracyclines after
22 days of storage. The fluorometric procedure determines
total CTCs, both epimer and active, since both are converted
to the fluorophane isochlortetracycline. Ifthe total CTC level
remains constant and the microbial activity decreases sig-
nificantly, epimerization has occurred. Other degradation
products do not affect the fluorometric assay.

Table 7 shows the relative stability of the feeds at different
temperatures. At both 20° and 4°C, the feeds were stable,
indicating either that no complexing of CTC with the min-
erals occurred or, ifit did occur, that such binding was broken
by the conventional acid-acetone extraction. Fluorometric
assays on days 22 and 29 confirmed the potency and indi-
cated little if any epimerization.

Feeds A and B showed a loss of CTC activity after storage
at 37°C for 29 days. Feed A lost 14.6% of the initial assay
potency; activity in feed B declined 28.6%. The total CTC
content of feed A (active and epimer) was 8-9% greater than
the microbially measured activity after 29 days; feed B had
a 12-13% greater total CTC content. There was significant
loss of chlortetracycline activity in feed B, stored at 37°C,
approaching 30% of potency. At 20° and 4°C, there was little
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or no loss of potency in either feed. The hypothetical binding
reaction between CTC and calcium and/or other trace min-
erals resulting in a significant loss of activity could not be
produced; even grinding to enhance the potential of such
reactions did not succeed. From these studies, it appeared
that the purported mineral-tetracycline interactions in feeds
did not occur or, if they did occur, the normal extraction
system of acetone-acid-water extractant and attention to the
pH ofthe extraction was capable of breaking the binding and
allowing for a reasonably accurate measurement of potency.

Another aspect of the problem was examined in commer-
cial feeds containing high mineral content, namely, the re-
lationship between the total tetracyclines, active and epimer,
and the microbially measured activity (Table s). Where the
microbial potency was low, below the 30% tolerance level,
the total chlortetracyclines were low; where the microbially
measured potency was in an acceptable range, the total chlor-
tetracyclines were equivalent to or greater than the guarantee.
Again, there was no correlation between the calcium content
and assay results.

As early as 1959, Tanguay et al. (4) reported that feed
extractives “protect chlortetracycline from inactivation by
high mineral concentrations.” Collaizzi and Klink (5) re-
ported that a pH of 1.0 or less was required for the disso-
ciation of calcium-tetracycline complexes. Klothen (s) re-
ported adding calcium hydroxide and increasing the pH to
8.5-11.5 stabilized chlortetracycline-containing premixes
through the formation of the calcium salt. Thus, it appears
that the presently used solvent extraction system is capable
of extracting chlortetracycline since the pH is low enough to
dissociate the calcium-tetracycline complex. In addition, it
would be both illogical and totally self-defeating to formulate

tetracycline-containing premixes in such a manner that the
materials would assay low and have the potential ofnot being
as efficacious because of the complexing reactions.

From the 1984 assay data examined and the laboratory
data developed, it was concluded that if chlortetracycline
were added to feeds at the proper level and mixed adequately,
the present AOAC microbial diffusion assay procedure (1)
would measure the chlortetracycline activity, reasonably ac-
curately, in feeds including those that are high in mineral
content. This conclusion was based on the following: (a) the
lack of correlation between the calcium content and the in-
cidence of deficiency in feeds, (b) the inability to create feeds
that reflect an interaction between minerals and chlortetra-
cycline that would result in low assay results, and (c) com-
mercial feeds having a high mineral content and found de-
ficient by the microbial diffusion assay also were low in
potency when assayed by a fluorometric procedure that mea-
sures total chlortetracyclines; conversely, feeds that met the
guarantee when assayed by the diffusion assay also met the
guarantee when assayed fluorometrically.
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PESTICIDE FORMULATIONS

Determination of TV-Nitrosodiethanolamine in Dinoseb Formulations by Mass Spectrometry

and Thermal Energy Analyzer Detection

YUK Y. WIGFIELD. NARINE P. GURPRASAD, MONIQUE LANOUETTE, and SHARON RIPLEY
Agriculture Canada, Food Production and Inspection Branch, Laboratory Services Division,

Ottawa, Ontario K1A 0C6, Canada

A new method is described to determine trace quantities of /\/-nitroso-
diethanolamine (NDE1A) in aqueous diethanolamine (DE1A) for-
mulations and in oil solutions of dinoseb. A formate anion-exchange
column is used in series with a cation-exchange column if there is
DE1A in the formulation. The eluate is then passed through a Clin
Elut® column. Depending on the concentration of NDEIA in the
sample, a packed silica-gel column is used to purify the extract fur-
ther. This extract is analyzed on a liquid chromatograph coupled
with a thermal energy analyzer (LC/TEA), using a mixture of meth-
anol-hexane-methylene chloride containing 0.1% acetic acid (8 +
56 + 35) as the mobile phase. This solvent system gives good sep-
aration of NDEIA from trace quantities of dinoseb remaining in the
extract. The NDEIA is also converted to the trimethylsilyl derivative
and analyzed by gas chromatograph coupled with a mass spectrom-
eter (GC/MS). Analyses of 11 commercial samples of dinoseb dietha-
nolamine salt showed NDEIA levels of 116-2409 ppm expressed
relative to the weight of dinoseb. In contrast, analyses of 2 samples
of organic solutions of technical dinoseb showed NDEIA levels to be
nondetectable and 0.3 ppm, respectively. Limit of detection by LC/
TEA is 6.5 ng (0.5 ppm), and by GC/MS it is 0.02 ng (0.15 ppm).
Recoveries from samples spiked at 0.514-1664 ppm range from 92.2
to 105.2%.

Recently, we reported a sensitive, specific, and reproducible
method for the isolation, detection, and quantitation ofjV-ni-
trosodiethanolamine (NDEIA) in 2,4-D diethanolamine for-
mulations (1). Trace levels of NDEIA were found in samples
of this formulation. The presence of NDEIA in pesticide
formulations is a matter of concern because it is carcinogenic
to laboratory animals (2).

2-Sec-butyl-4,6-dinitrophenol (dinoseb) is a contact her-
bicide formulated as the diethanolamine salt and as a solution
in oil for postemergent weed control, preemergent control of
annual weeds, and as a preharvest desiccant of crops (3). It
is produced by reacting 2 -(I-methylpropyl)phenol with sul-
furic acid and then with nitric acid at 60-80°C (4). Diethanol-
amine has been reported to be a precursor of NDEIA (5).
Therefore, as a continuing study of NDEIA in pesticide for-
mulations, different dinoseb formulations produced by sev-
eral pesticide manufacturers were analyzed for NDEIA con-
tamination. The method developed previously (1) was found
to be unsuitable for dinoseb formulations and, thus, a mod-
ified method, reported here, has been developed.

METHOD
Apparatus

(@ Liquid chromatograph/thermal energy analyzer.

Spectra-Physics (SP) (San Jose, CA 95134-1995) Model 8100
liquid chromatograph equipped with 25 cm x 4.6 mm Spheri-
5s cyano normal-phase column (Brownlee Labs, Santa Clara,
CA 95050); SP Model 8110 autosampler; SP Model 8440
variable-wavelength detector connected in series by pneu-
matic 3-way valve (Rheodyne Model 5302), which was con-
trolled by Autochrom® solenoid interface, to thermal energy
analyzer (TEA) detector Model 502A (Thermedics, Inc.,

Received March 10, 1986. Accepted October 29, 1986.

Woburn, MA 01888-1799); and SP Model 4200 dual-chan-
nel computer integrator equipped with SP Model 9600 Lab-
net® computer. Operating conditions: mobile phase flow rate,
I mL/min; UV wavelength, 234 nm; sensitivity, 0.02 AUFS;
carrier gas, high-purity argon, 100 mL/min; high-purity oxy-
gen, 45 mL/min; pyrolizer temperature, 600°C; vacuum, 1.2
torr; cold trap, ethanol maintained at -72°C using a Neslab
(Newington, NH 03801) Model CC-100 Il Cryocool im-
mersion cooler; attenuation, s ; chart speed, 0.5 cm/min.

(b) Gas chromatograph/mass spectrometer. —Finnigan
MAT (San Jose, CA 95134) Model 9610 gas chromatograph
with J & W Scientific (Rancho Cordova, CA 95670) Model
Il capillary on-column injector and Finnigan MAT Model
4500 mass spectrometer with pulsed positive-ion, negative-
ion chemical ionization and Townsend discharge ionization.
GC column: 15 m x 0.32 mm id DB-1 (J & W Scientific).
Data acquisition and MS control: Finnigan MAT 2300 Incos
data system. GC operating conditions: column temperature,
85°C for 0.1 min, then 5°/min to 150°C; head pressure, 3 psi;
carrier gas, helium UHP. Mass spectrometer source pressure:
0.48 torr. Oxygen (UHP) negative chemical ionization (ONCI)
with Townsend discharge mode: temperature, 100°C; dis-
charge current 70 pA, voltage 15 kV.

(c) Anion-exchange columns.—5 mL of anion-exchange
material AG 1-Xs (100-200 mesh) formate form packed with
water in disposable 11 mL polypropylene Econo-Columns
(Bio-Rad Laboratories, Richmond, CA 94804).

(d) Absorbent column. —Glass column (27 cm x 1.5 cm
od) packed with 3 in. of silica gel 60 (70-230 mesh ASTM)
in methylene chloride.

(e) Extraction tube. —Clin Elut" columns unbuffered (part
No. 1020, Analytichem International, Harbor City, CA
90710).

(f) All other apparatus were as reported in the previous
study (1).

Reagents

(a) Analytical standard. —Dilute appropriate aliquots of
stock solution to 10 mL with 10% methanol in methylene
chloride to give final concentrations 0f0.1, 0.3, 0.5, and 1.0
pg/mL. Handle standards and samples in fumehoods with
all appropriate safety precautions. Handle under red flu-
orescent lighting to avoid photodegradation of nitrosamines.

(b) Mobile phase. —Methanol-hexane-methylene chlo-
ride containing 0.1% acetic acid (s + 56 + 35).

(c) All other reagents as previously reported (1).

Extraction and Cleanup

Diethanolamine formulations.—Weigh 1gdinoseb dietha-
nolamine formulation in 25 mL (or 100 mL, depending on
concentration of NDEIA) volumetric flask and dilute to mark
with water. Measure 1 mL diluted formulation and mix in a
test tube with 1 mL sodium azide solution, an (V-nitrosation
inhibitor that prevents artifactual formation of nitrosamines.
Quantitatively transfer mixture with 15 mL water to drained
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anion exchanger in series with cation exchanger column,
prerinsed with 2 mL water, and elute directly into extraction
tube. Wait 3 min for eluted sample to be adsorbed onto dry
column. Place 500 mL round-bottom flask under column.
Elute NDE1A with 20 mL 10% acetone in ethyl acetate, wait
1 min to ensure efficient extraction of NDELA between 2
aliquots, then elute again with 230 mL same solution. Add
0.5 mL butanol to eluate to prevent solvent from going dry
under evaporation and concentrate to 0.5-1 mL on rotary
evaporator at 36°C. Quantitatively transfer concentrated so-
lution to 10 mL volumetric flask with 10% methanol in meth-
ylene chloride. Transfer aliquots to sealed vials for LC/TEA
analysis or prepare trimethylsilyl (TMS) derivative for GC/
MS determination.

Oil-based formulation.—Weigh 1 g dinoseb formulation
in 15 mL centrifuge tube, add 1 mL sodium azide solution,
mix, and dilute to ¢ mL with water. Quantitatively transfer
mixture with 12 mL water to drained anion exchanger col-
umn which elutes directly into extraction tube. Proceed in
same manner as for diethanolamine formulations up to point
at which solution is concentrated in 500 mL round-bottom
flask by rotary evaporation. Prepare silica gel column using
slurry of methylene chloride as follows: (a) plug bottom of
column with glass wool and top with - mm sand, (b) fill
column with 3 in. silica gel, and (c) top with 3 mm anhydrous
sodium sulfate. Quantitatively transfer concentrated solution
to this column with 10 mL methylene chloride. Elute with
120 mL 10% methanol in chloroform and collect eluate in
2 fractions, discarding first 50 mL, and collecting following
70 mL in 125 mL round-bottom flask. Add 0.5 mL butanol
to flask and concentrate to 0.5-1 mL on rotary evaporator
at 36°C. Quantitatively transfer concentrated solution to 15
mL centrifuge tube with s mL 10% methanol in methylene
chloride. Evaporate to 2 mL under nitrogen. Transfer ali-
quots to sealed vials for LC/TEA analysis or prepare TMS
derivative for GC/MS analysis.

LC Determination

Using the autosampler, inject 50 /L NDE1A aliquots into
LC/TEA system. Record peak areas and retention times with
SP Model 4200 computing integrator. Quantitate NDE1A
concentrations with an external standard. Calculate NDE1A
as follows:

NDE1A (ppm a.i.) = (A sam/A std) x (W std/W sam)
X purity of std

where A sam = area response of sample injected, A std =
area response of standard injected, W std = weight (/;.g) NDELA
standard injected, and W sam = weight (g) dinoseb calculated
from the amount of dinoseb (% w/w) contained in dinoseb
diethanolamine sample as determined by LC-UV analysis.

Preparation of TM'S Derivative

Evaporate 0.5 mL NDE1A extract from oil-based sample
or 1 mL from all others in 15 mL centrifuge tube under
nitrogen to dryness. Add 0.5 mL A/O-bis(tnmethysilyl)
acetamide (BSA), shake, stopper, and heat 30 min at 70°C
(). Cool to room temperature and dilute to 1 mL with ace-
tone. To prepare standard for GC quantitation, transfer 1
mL appropriate diluted standard solution into 15 mL cen-
trifuge tube, evaporate to dryness, and prepare silyl deriva
tive as above. Proceed to GC/MS determination within
24 h.

UV Confirmation Test

Transfer 1 mL NDELA extract to quartz cell and place
within 7 inches of UV source (1). After 2 h exposure, rean-

alyze extract by LC/TEA. Disappearance ofpeak correspond-
ing to NDE1A is good evidence of its identity.

GC/MS Determination

Inject 1 ftL aliquot NDE1A silyl derivative into GC/MS.
Quantitate NDE1A concentrations using external standard
and calculate as described in LC Determination.

Results and Discussion

Several cleanup methods to isolate NDE1A from the di-
noseb samples were attempted. For the dinoseb DE1A for-
mulation, the best method incorporates the following se-
quential steps: (a) dilution of the sample with distilled water;
(b) addition of sodium azide solution to prevent artifactual
formation of nitrosamine; (c) use of an anion-exchange col-
umn in the fermate form to retain the dinoseb anion, (d) use
ofa cation-exchange column to retain the diethanolammoni-
um cation, and (e) use ofa Clin Elut extraction tube to extract
the NDE1A into the organic phase. The resulting solution is
analyzed using an LC/TEA detection system. This extract
may also be converted into the trimethylsilyl derivative and
then analyzed using a GC/MS detection system. Telling and
Dunnett have chromatographed NDE1A directly usinga GC/
TEA detection system (7). They also described the difficulties
ofusing this system, which generated NDE1A peaks with bad
tailing. Our attempt to repeat and improve their chromat-
ographic procedures gave the same results. Therefore, we
used an LC/TEA detection system for NDE1A and a GC/MS
system for TMS derivative of NDE1A. In contrast to GC/
TEA, the 2 systems reported in the present work produced
sharp responses for NDELA and the TMS derivative.

For the oil-based formulation, the cleanup method in-
volves using the same anion exchange column and extraction
tube followed by a packed silica gel column to purify the
extract further and to improve the limit of detection for the
method. A cation-exchange column is not used because amine
is not present in this formulation.

In the dinoseb DE1A formulation, the active ingredient
reacts with amine to form a quaternary ammonium salt. It
was expected that the previously developed method (1) for
NDE1A in 2,4-D DEI1A formulations using an anion-ex-
change column followed by a cation-exchange column would
be a suitable cleanup method for the dinoseb amine samples.
However when the dinoseb sample was added to the chloride
form ofan AGI anion-exchange column, a milky eluate con-
taining a fine powdery solid was observed. The same effect
was observed using the AGI resin in the acetate and hy-
droxide forms. Attempts to use Bio-Beads* (Bio-Rad Lab-
oratories) to retain the dinoseb anion were also unsuccessful.
However, when the AG 1resin in the formate form was used,
the dinoseb anion was successfully retained, and the eluate
was a clear solution.

Because the relative selectivity of the formate counterion
is very low—4.6 compared with 2. for the chloride coun-
terion (s )—it was suspected that NDE1A, being a very polar
chemical, might also be retained by this column. Recovery
studies of the samples of the amine formulations spiked at
333, 832, and 1664 ppm, relative to the active ingredient
weight, gave 94.0,99.9, and 105.2%, respectively. Recoveries
of the oil-based samples spiked at 0.514 to 6.74 ppm ranged
from 92.2 to 100.0%. These results, shown in Table 1, in-
dicate that NDE1A was not retained by this anion-exchange
column.

For the organic oil-based formulations, although dinoseb
is present as a neutral molecule in the solution, an anion-
exchange column was useful in removing the dinoseb from
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Table 1. Percent recoveries of NDEIA from fortified
formulations, using GC/MS

Level
found -
Original Fortified original Recovery,
level, ppm level, ppm Found, ppm level, ppm %
571 333 884 313 94.0
571 832 1402 831 99.9
571 1664 2322 1751 105.2
ND' 0.51 0.47 0.47 92.2
ND 1.03 0.99 0.99 96.1
ND 2.06 2.06 2.06 100.0
0.3 6.74 6.95 6.65 98.7
Av. 98.01
SD* 4.34

*ND = nondetectable with a detection limit of 0.15 ppm.
OsD = standard deviation.

the solution due to the addition of the sodium azide solution.
Dinoseb has a pKa value 0f4.62 (3). The addition of sodium
azide solution changed the pH value of the dinoseb sample
from 4 to over s and thus enhanced the retention of dinoseb
by the column.

Before NDEIA was eluted from the extraction tube, the
tube was prewashed with hexane. However, this procedure
caused interference with the subsequent eluting solvent, 10 %
acetone in ethyl acetate. The use of methyl ethyl ketone as
an eluting solvent also was unsuccessful in that it produced
a yellow extract.

Samples of amine formulations were diluted 25 to 100
times before cleanup because of the high concentration of
NDEIA present in these samples. Initially, cleanup was con-
ducted on undiluted samples. In these cases, the extract from
the extraction tube was further purified :n various ways: viz
a Baker-10 SPEs silica gel disposable column (J. T. Baker
Chemical Co., Phillipsburg, NJ 08865); a Baker-10 column
packed with an additional equal volume of silica gel; a dis-
posable column packed with 5 mL silica gel; a silica gel Sep-
Pak disposable cartridge (Waters Chromatography, Milford,
MA 01757); and a Baker-10 SPE cyano (CN) disposable
column, all eluted with 10% methanol in chloroform; and a
silica gel Sep-Pak column eluted with 50% methanol in meth-
ylene chloride. These different cleanup procedures produced
similar yellow extracts, showing the presence of interferences
in the LC/TEA chromatograms. Those samples that con-
tained relatively high levels of NDEIA were diluted with
water before column cleanup because of the sensitivity of the
detection system used and the toxicity of this contaminant.
Further cleanup of the extract from the extraction tube was
unnecessary.

Due to the presence of two nitro groups in the molecule,
dinoseb shows a substantial response to the LC/TEA detec-
tion system. Therefore, trace quantities ofdinoseb in the final
aliquot will interfere with the analysis for NDEIA. However,
the mobile phase chosen was able to separate the dinoseb
peak from the NDEIA peak in a well-resolved manner, with
dinoseb responding at 3.21 min and NDEIA at 5.86 min as
indicated in Figure 1A. The most effective mobile phase to
separate these » peaks was a mixture of methanol-hexane-
methylene chloride (s + 56 + 35) containing 0.1% acetic
acid. Two other methanol-hexane-methylene chloride sol-
vent systems—b5 + 60 + 35 or 2 + 63 + 35 for 14 min and
then changed to s + 59 + 35—were also used as a mobile
phase but were less satisfactory. The first system generated
poor separation with a tailing dinoseb response. The second
system showed good separation, although dinoseb still re-
sponded in a tailing fashion.

NDEIA

O

0 4 8
MIN

Figure 1. Typical LC/TEA chromatogram of: A, sample 3; B,
sample 12; C, 52 ng (758 ppm) NDEIA standard.

For samples of the oil-based formulations, because of the
very low levels of NDEIA present in the samples, it was
necessary to analyze the samples without dilution to achieve
a low detection limit. Thus, a silica-gel column was used to
further purify the extract obtained from the extraction tube.
The eluate after concentration gave satisfactory LC/TEA
chromatograms as shown in Figure IB.

The identity of the NDEIA response was confirmed by (a)
its LC retention time, which is identical to that of a standard
solution of NDEIA (see Figure 1C), (b) the disappearance of
the response at 5.86 min after UV irradiation of the aliquot,
and (c) the chemical ionization mass spectrum of its TMS-
derivatized sample which is identical to that of a standard
NDE1A-TMS solution (1). The identity of the dinoseb re-
sponse was confirmed by its LC retention time, which is
identical to that of a standard solution of dinoseb, and by
its persistence after UV irradiation of the aliquot.

All NDEIA extracts were converted to TMS derivatives
by reaction with BSA followed by GC/MS determination
using single-ion monitoring at m/z 248.074 + 0.500 and
310.093 + 0.500. The former m/z value represents the ion
resulting from the loss of an NO group from the molecular
ion (M - 30). The latter m/z value represents the oxygen
adduct of the molecular ion (M + 32). Figure 2 shows the
GC/MS chromatograms of the sample, the sample spiked
with NDEIA and the standard solution of NDE1A-TMS de-
rivative.
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Figure 2. Typical GC/MS (ONCI) chromatogram of: sample 8;
sample 8 spiked with 0.26 ng (832 ppm) NDEIA; 0.52 ng (1664
ppm) NDEIA standard.

Samples 1to 11 in Table 2 of dinoseb diethanolamine
formulation and samples 12 and 13 in Table 2 of oil-based
formulations were analyzed for NDEIA contamination. Re-
sults for these samples from the GC/MS and the LC/TEA
systems, expressed in ppm relative to the active ingredient
weight, are shown in Table 2. Using GC/MS detection, the
NDEIA levels in samples of amine formulation ranged from
116.0 to 2409.0 ppm, whereas those in oil solutions were
nondetectable and 0.3 ppm, respectively. Analysis ofreagent
blanks using the same cleanup procedures gave NDEIA levels
below the limit of detection.

On the basis of the criterion that the minimum detectable
amount (MDA) of a compound gives a response equal to
twice the background noise, the MDA for LC/TEA was 6.5
ng. The MDA for GC/MS was 0.02 ng and was based on a
signal to noise ratio of 10:1. These values correspond to 0.5
ppm and 0.15 ppm, respectively, when they are expressed
relative to the active ingredient weight. The comparable re-
sults for the same sample produced from  different detection
systems demonstrate that NDEIA was not artifactually gen-
erated in the hot GC injection port and that the TMS derivati-
zation reaction was completed.

When LC/TEA was used to analyze the samples, the results
were less repeatable and the detection system was less sen-
sitive than when GC/MS was used. These undesirable effects
are presumably due to the need to freeze out the solvent
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Table 2. Level (ppm) of NDEIA relative to active ingredient found
in dinoseb formulations

NDEIA, ppm
Sample GC/MS LC/ITEA
1 1006.0 959.0
2 1112.0 1074.0
3 768.0 765.0
4 2230.0 2049.0
5 2409.0 2392.0
6 703.0 733.4
7 300.0 308.0
8 626.0 694.0
9 791.0 858.0
10 116.0 99.4
n 1684.0 1668.0
12 ND” —
13 0.3 —

*ND = nondetectable with a detection limit of 0.15 ppm.

before the eluate reaches the TEA detector and to the sub-
sequent venting of the solvent from the system after several
analyses. Thus, GC/MS detection is preferred for its sensi-
tivity and repeatability. In the absence ofa GC/MS detection
system, the NDE1A-TMS derivative could be analyzed using
GC/TEA (1) if more sensitive detection is required.

Technical-grade dinoseb may contain traces of nitrosating
agents due to the chemical process used to produce this prod-
uct (4). When dinoseb is formulated with an aqueous solution
of diethanolamine, these impurities react with the amine to
form NDEIA. Because the rate of nitrosation reaction is usu-
ally rapid (9), the level of nitrosamine produced will depend
on the concentration of nitrosating agents in the dinoseb;
high levels may be observed depending on the purity of the
herbicide used in the formulation. However, the formation
of nitrosamine requires the simultaneous presence of both
precursors in a mixture. Therefore, in an oil solution of di-
noseb where amine is not present, nitrosamine is not de-
tectable despite the presence of nitrosating agents. Table 2
shows the widely contrasting NDEIA results obtained with
these » formulations and supports the rationale discussed.
The high levels of NDEIA detected in the samples of the
amine formulation are probably indicative of the presence
of sufficient quantities of the nitrosating impurities in the
technical grade of this herbicide.

Sample No. 13 showed low but definite contamination by
NDEIA. In a reagent blank, analyzed simultaneously with
this sample, NDEIA was nondetectable. The cause of this
contamination is not evident.

Similar results for NDEIA in dinoseb DE1A formulations
have previously been reported, using the LC/TEA and LC/
UV systems (10). The detection limits for these systems were
10 and 3 ppm, respectively. However, the details of the sam-
ple cleanup procedures and recovery results were not re-
ported. This information is essential since the active ingre-
dient (dinoseb) responds to both detection systems. Dinoseb
products are usually dark brown, viscous liquids. In the pres-
ent study, the concentrations of dinoseb in different products
ranged from 30 to 50%. Therefore, it is important to separate
dinoseb from NDEIA before analysis so it will not interfere
with the detection and quantitation oftrace levels of NDEIA.
The procedures described here provide a method to isolate
and separate NDEIA from dinoseb and to detect NDEIA as
low as 0.5 or 0.15 ppm, depending on the system used.
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Determination of Ethylene Oxide in Ethoxylated Surfactants and Demulsifiers by Headspace

Gas Chromatography

JAMES R. DAHLGRAN and CARROLL R. SHINGLETON
BorgWarner Chemicals, Technical Centre, PO Box 68, Washington, WV 26181

A headspace gas chromatographic method for the determination of

traces of ethylene oxide in ethoxylated surfactants and demulsifiers

was developed. Samples are analyzed directly by the technique to a

1.0 ppm (w/w) quantitation limit. The procedure also performs well
for propylene oxide, acetaldehyde, and 1,4-dioxane. It is simple, sen-

sitive, and linear. The percent relative standard deviations for 0.5

and 30 ppm ethylene oxide in the surfactant were 2.8 and 8.3%,

respectively.

Recent studies and a review of the scientific evidence has
convinced the Occupational Safety and Health Administra-
tion that ethylene oxide is carcinogenic in laboratory animals
and that a significant cancer risk exists for workers exposed
to it (1). This report has resulted in a search for an analytical
approach to determine trace quantities of ethylene oxide in
ethoxylated surfactants and demulsifiers. Headspace gas
chromatographic techniques have proved useful in several
instances (1-3) to increase detection limits over methods that
require solvent extraction or dilution (4-6).

Trace ethylene oxide has been determined in sterilized
medical devices, polymeric materials, workplace environ-
ment, and foods, using headspace gas chromatography (GC).
No determination or methods have been described, however,
for determining ethylene oxide in ethoxylated surfactants and
demulsifiers. Most of these types of organic compounds are
viscous liquids and lend themselves nicely to headspace anal-
ysis with no sample preparation required.

This report describes a procedure for determining traces
of ethylene oxide in ethoxylated surfactants and demulsifiers.
In developing the methodology, one of our goals was to make
the test simple yet accurate. In the proposed procedure, the
surfactant is weighed into a headspace vial and analyzed by
headspace gas chromatography.

METHOD
Apparatus

(@) Gas chromatograph. —Perkin-Elmer Sigma 2000, or

equivalent, equipped with s ft x ‘/gin. stainless steel column
packed with 80-100 mesh Chromosorb 102 (Supelco, Inc.,
Bellefonte, PA) and fitted with an HS-100 headspace sampler
and a flame ionization detector. Operating conditions: de-
tector, 200°C; helium carrier at 30 mL/min; column 120°C
for 5 min, then programmed at 87min to 190°C and held
for 10 min; retention time for ethylene oxide. 6-7 min. Data

Received August 6, 1986. Accepted November 7, 1986.

collection, Perkin-Elmer LSI-100 integrator. Headspace
sampler conditions: sample temperature, 100°C; transfer
temperature, 130°C; thermostating time, 30 min; pressuri-
zation time, 0.7 min; injection time, 0.08 min; withdrawal
time, 0.2 min; cycle time, 30 min. Headspace vials should
not be vented to laboratory atmosphere.

(b) Gas-tight syringes.—25 ¢¢L, 50 pL, 100 pL, and 1.0 mL
syringes for manipulating standards (Ohio Valley Specialty
Chemicals, Inc., Marietta, OH).

(c) Vials.—10 mL hypovials with Tuf-Bond disks (septa)
(Ohio Valley Specialty Chemicals, Inc.) and aluminum crimp
seals for preparation of standards.

Reagents and Materials

Caution: Ethylene oxide is very volatile, explosive, highly
toxic, and a potential carcinogen and reproductive hazard
(7). All work in preparation of standards using this material
should be performed in a well-ventilated hood. All metal
containers and connections should be well grounded to avoid
static discharges. Avoid skin contact with this and all sol-
vents.

(a) Ethvlene oxide. —(Matheson Gas Products, Secaucus,
NJ.)

(b) Propylene oxide, acetaldehyde, and 1,4-dioxane. —(Al-
drich Chemical Co., Milwaukee, WI.)

(¢) Standard solutions. —I1) Ethylene oxide solution. —Dry
LC grade hexane, using anhydrous sodium sulfate or 3A
molecular sieves (8-12 mesh). (Refer to Ligure 1A and IB.)
Connect an ethylene oxide cylinder to 10 mL hypovial (sealed
with a Teflon-faced silicone septa) using short piece of Tygon
tubing and hypodermic needle inserted nearly to bottom of
vial. Connect a second piece of Tygon tubing, with hypo-
dermic needle attached to each end, between top of vial and
beaker of water (Figure 1A). Slowly purge (1-2 bubbles/s)
ethylene oxide through beaker of water for 15 min to remove
air from tubing. At this point, increase flow of ethylene oxide
to several bubbles/s. Attach dry needle to end of second piece
oftubing and insert into a 10 mL sealed (Teflon-faced silicone
septum) and tared vial containing 10 mL dry hexane (Figure
1B). Add 40-80 mg ethylene oxide to headspace above hex-
ane to prepare primary standard. Cool primary' standard to
ca 0°C and place 5 min on a shaker. Prepare additional stan-
dards by diluting primary standard. Store all standards at ca
—10°C when not in use. (2j Acetaldehyde, propylene oxide,
and 1,4-dioxane standards. —Prepare gravimetrically.
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Figure 1B. Addition of ethylene oxide to hexane.

(d) Calibration standards.—Vacuum-strip sample of sur-

factant material at 50-60°C on rotary evaporator to remove
any residual ethylene oxide. Prepare standards by weighing
2.00 g(x0.002 g) into headspace vials. Seal vials with Teflon-
faced silicone septa and inject known amounts of ethylene
oxide in hexane into sealed vials. Prepare standards at con-
centrations such that amount of hexane injected into each
vial (10iiL) is the same. This ensures identical sample matrix
effects between the standards and samples (s). The calibra-
tion standards are analyzed, and a plot of the area versus
amount of ethylene oxide in the surfactant is made.

Preparation of Samples

Weigh 2.00 g (x0.002 @) into headspace vials and seal as
with standards. Inject 10 jxL dry hexane into vial through
septa to ensure that samples and standards are ofan identical
matrix. Let vials stand 1 h before analysis.

Calibration

With LCI-100 integrator properly calibrated, results are
calculated and reported in ;tg/g ethylene oxide in the surfac-
tant.
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Figure 3. Shewart chart of ethylene oxide response from stan-
dards prepared over a period of time.

Results and Discussion

Initial studies in the development of suitable methodology
for ethylene oxide in surfactants were conducted by diluting
the surfactant with acetone and directly injecting the samples
onto the gas chromatograph. This procedure could not pro-
vide the sensitivity needed to meet the detection limit set
for worker safety. With the acquisition of a headspace ana-
lyzer, a large difference could be seen in the sensitivity for
detection of ethylene oxide. The headspace analyzer also
offered better reproducibility and accuracy for measuring
concentrations at 1.0 ppm.

Our analytical goal was a simple yet accurate method.
Preliminary investigation included comparison of direct in-
jection data with headspace data. As the amount of ethylene
oxide in the surfactants was reduced, the detection ofethylene
oxide by the direct injection procedure was not possible.
Several parameters of the headspace method were examined,
and comparisons were made to previous data wherever pos-
sible.

Initial investigation into the multiplicity of variables (s -
10) affecting headspace analysis began with temperature and
time effects on the sensitivity of the analysis. Numerous sam-
ples were run at various temperatures to determine if an
optimum thermostating temperature existed. Figure 2 details
the results of these analyses performed on > dissimilar sur-
factant materials.

On the basis of the data collected, 100°C was chosen as
the thermostating temperature. At this temperature, suffi-
cient sensitivity for ethylene oxide existed under the oper-
ating conditions and results were approximately 50% below
ethylene oxide peak areas at 130°C. Also, at the lower tem-
perature, less of the starting materials (having boiling points
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Figure 4. Calibration curves of several different types of
surfactants.

above ethylene oxide) would be injected onto the column,
which would mean less interference. An examination of the
thermostating time at 100°C showed slight difference among
10, 20, and 30 min. Recalling that the GC run time was 30
min, it was decided to allow samples to equilibrate for 30
min. These conditions proved to be excellent to give detec-
tion limits and quantitation limits within satisfactory ranges
(0.5 and 1.0 ppm, respectively).

Repeatability of the headspace technique was examined
throughout the range from 0.5 to 75 ppm. This range was
used to cover the amount of ethylene oxide originally found
in some of the surfactant materials. The repeatability at 0.5
ppm (2.8% RSD) and 30 ppm (8.3% RSD) assured that ac-
ceptable performance could be maintained. The large percent
relative standard deviation (RSD) at the 30 ppm level was
attributed to the variety of surfactants used to make the
standards. When only one type of surfactant was used to
make standards, the RSD was lowered to 1.3%. This indi-
cated, as expected, that the surfactant used in the standard-
ization should be of a similar nature to avoid inaccuracies
due to sample composition.

For this study, numerous standards were prepared using
various surfactant types. The continuing analysis of the 30
ppm calibration standard (individually prepared at various
times) ensures the repeatability of the overall scheme of the
analysis. Figure 3 is a Shewart (11-13) chart which is used
to show the response of ethylene oxide over a period oftime.
The Shewart chart is generally associated with percent re-
covery in environmental chemistry, but is useful in tracking
standard preparation and instrument performance. The chart
can be used to inform the analyst quickly when a prepared
standard is “out-of-control” —beyond the 2 .s times the stan-
dard deviation (dashed lines).

Various surfactants were examined in the standard prep-
aration scheme to determine the effects of the materials on
the calibration curve. Several products were repeatedly spiked
at levels from 1.0 to 75 ppm and analyzed at various levels
and the calibration curves plotted. Figure 4 is a plot of the
calibration curves from some of the products tested and ex-
hibits the range of “slopes” of the lines seen. Although the
slopes of the lines of the various surfactants are slightly dif-

Table 1. Quantitation of ethylene oxide in surfactants by direct
injection and headspace analysis

Direct injection method, ppm Headspace method, ppnt

29 25.7/124.7

78 75.8/79.3
<10 6.9/7.0

24 23.3/25.2
<10 34127
<10 3527

* Duplicate analyses.

Table 2. Analysis of samples for ethylene oxide by standard
additions method

Headspace single analysis, ppm  Headspace standard additions, ppm

35 42
0.5 01
39 33
170 193
25 29
<1 05

ferent, the points along the line remain within the limits of
reproducibility seen at the 1.O and 30 ppm levels (4-8%
RSD). The various slopes noted demonstrate the variability
in the numerous types of surfactants investigated. At the high
end ofthe calibration curves (75 ppm) the variation is 10.6%
RSD, which is high but within reasonable limits when con-
sidering the large variation in surfactant types studied.

Several sample results were compared to results from other
analytical methods. These results are displayed in Table 1
Table 2 compares data collected from single headspace anal-
ysis of some samples and data from the same samples ana-
lyzed by the method of standard additions. The data collected
are from single observations and agree very well within the
expected ranges of variation.

Although our main interest lay in developing a method for
ethylene oxide in surfactants, it was observed throughout the
analyses that the procedure could be applied to propylene
oxide (for propoxylated surfactants), acetaldehyde, and 1 ,4-
dioxane (byproducts of ethyoxylation), with similar expected
results in variation.

Despite the variability in the materials tested, the de-
scribed procedure provides an approach for quantitating re-
sidual ethylene oxide in surfactants and demulsifiers. Further
studies have indicated that ethylene oxide can be detected
in the surfactants at levels as low as 0.1 ppm with an RSD
ofs.1%.
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VITAMINS AND OTHER NUTRIENTS

Liquid Chromatographic Determination of Taurine in Vitamin Premix Formulations

GOWDAHALLI N. SUBBA RAO

Abbott Laboratories, Pharmaceutical Products Division, North Chicago, IL 60064

A liquid chromatographic (LC) method is described for the deter-
mination of taurine in vitamin and vitamin-mineral premix formu-
lations. The method involves extraction of taurine with 0.1M bicar-
bonate buffer, followed by precolumn derivatization with dansyl
chloride and LC using fluorescence detection. 6-Aminocaproic acid
is used as an internal standard. A reverse phase analytical column
and a mobile phase of 0.1M acetate buffer solution (pH 7.2)-ace-
tonitrile (75 + 25) are used. Vitamins, minerals, and other excipients
in the premix formulations do not interfere in the determination. The
method is simple, precise, and accurate.

Taurine (2-aminoethanesulfonic acid), abundant in human
milk, is recognized as a conditionally essential infant nu-
trient—one whose absence from the diet does not produce
immediate deficiency diseases but may cause long-term de-
velopmental problems. Taurine is currently added to many
vitamin premix formulations used in infant nutritional prep-
arations to provide the same measure of safety that human
milk provides.

In recent years, liquid chromatographic (LC) methods to
assay taurine in biological samples have been described (:-
s ). Among the LC methods are those using precolumn de-
rivatization with o-phthalaldehyde, dabsyl chloride, or dan-
syl chloride and fluorescence detection. lon exchange chro-
matography (IEC) based on the ninhydrin reaction and the
principle of postcolumn derivatization have been used for
the analysis of taurine in biological samples (7-9) and in
vitamin preparations (10). However, IEC methods require
specialized equipment, thereby increasing the cost per sample
for routine analysis.

There are, as yet, no published LC methods to determine
taurine in vitamin premix formulations. A simple, precise,
and specific assay method for taurine in vitamin-mineral
premix formulations and their mineral-free counterparts has
been developed for quality control purposes and for use in
accelerated stability studies. The method is based on reverse
phase LC, with precolumn derivatization and fluorescence
detection, and is stability-indicating.

METHOD
Apparatus

(@) Shaker.—Burrell wrist-action or equivalent.

(b) LC apparatus. —Waters Associates Model 6000A
pump and Model 720BWISP Autoinjector, Schoeffel Model
FS-970 spectrofluorometer, Spectra-Physics SP-4100 Com-
puting Integrator, or equivalent system. Typical operating
conditions: ambient temperature; flow rate, 1.3 mL/min; in-
jection volume, 20 /xL; detector range, 1/¢A; excitation wave-
length, 360 nm; excitation filter, Corning 7-51; emission fil-
ter, KV 418 nm cutoff filter.

(c) Analytical column.—15 cm x 4.6 mm id column
packed with 5 reverse phase Cis material (Alltech Nu-
cleosil, Cat. No. 89162), or equivalent; 3cm x 4.6 mm id
Cis guard column (Brownlee, Cat. No. 18 GNU), or equiv-
alent, is inserted between injector and analytical column.

Received October 15, 1986. Accepted November 30, 1986.

Reagents

(a) Solvents.—LC grade or equivalent.

(b) Chemicals.—Reagent grade.

(c) Acetate buffer solution (pH 7.2).—0.1M. Dissolve 13.6
g sodium acetate trihydrate in 900 mL water, adjust pH to
7.2 £ 0.5 with dilute acetic acid (1 in 100), and dilute with
water to 1 L. Mix well.

(d) Mobile phase. —Mix 0.1M acetate buffer solution (pH
7.2) and acetonitrile (75 = 25). Filter solution through sol-
vent-resistant membrane filter having a porosity of 0.45 fim
or less and degas using a house vacuum for 5-10 min.

(e) Sample solvent—bicarbonate buffer solution.—0AM.
Dissolve 8.4 g sodium bicarbonate in 950 mL water, adjust
pH to 9.5 with 10N sodium hydroxide solution, and dilute
with water to 1 L. Mix well.

(f) Derivatization reagent. —5 mg/mL. Dissolve 125 mg
dansyl chloride (Pierce Chemicals, Cat. No. 21755, or equiv-
alent) in 25 mL acetone. Filter, if necessary, through medi-
um-porosity sintered-glass funnel to remove any insoluble
material. This reagent is stable for up to 3-4 months when
refrigerated in a tightly stoppered bottle under a blanket of
nitrogen.

(9) Internal standard solution.—Accurately weigh ca 50
mg s -aminocaproic acid (Aldrich Chemical Co., Cat. No.
A4460-6, or equivalent) and transfer to a 50 mL volumetric
flask. Dissolve and dilute to volume with sample solvent.
Mix well.

(h) Standard preparation. —Accurately weigh ca 50 mg
taurine standard (in-house standard) and transfer to a 50 mL
volumetric flask. Dissolve, dilute to volume with sample
solvent, and mix. Mix 5.0 mL of this solution with 5.0 mL
internal standard solution.

Sample Preparation

Accurately weigh a portion of the premix formulation
equivalent to ca 50 mg taurine and transfer to a 50 mL
volumetric flask. Add 30 mL sample solvent, shake me-
chanically 30 min, dilute with sample solvent to volume, and
mix. Mix 5.0 mL of this solution with 5.0 mL internal stan-
dard solution and filter a portion of the solution through a
0.45 mib solvent-resistant membrane filter.

Derivatization Procedure

Transfer 1.0 mL each of the standard and sample prepa-
rations to separate 4 mL screw-cap (with Teflon septum)
WISP vials. Add 1.0 mL derivatization reagent to each vial,
stopper, and mix the contents. Place vials in an oven at 55°C
for 1h. Remove vials from the oven and cool to room tem-
perature.

System Suitability Test

Allow LC system to equilibrate before beginning the sys-
tem suitability test. Inject 20 pL ofderivatized standard prep-
aration. Elution order is taurine followed by internal stan-
dard. A retention time of 6.4 min or greater is optimal for
taurine. If taurine elutes in less than 6.4 min, adjust mobile
phase composition with additional 0.1M acetate buffer so-
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Figure 1. Typical LC chromatogram of a placebo (LC conditions
as stated in text).

lution (pH 7.2) until retention time is 6.4 min or greater. The
resolution factor, R, between taurine and the internal stan-
dard is greater than 3. (For a particular column, resolution
may be increased by increasing the amount of acetate buffer
solution in the mobile phase.)

Analysis

Inject duplicate aliquots of the derivatized standard prep-
aration. Calculate response ratio by dividing the area of tau-
rine peak by that of the internal standard peak. Response
ratios should agree within 2%. Average the duplicate re-
sponse ratios.

Inject duplicate aliquots of the derivatized sample prep-
aration. Average the duplicate response ratios, which should
agree within 2%. Note: After the first injection ofany sample,
let the instrument run > 20 minutes after emergence of the
taurine peak to elute any peaks due to excipients in the pre-

Table 1. Optimization of derivatization reaction time at 55°C

Response ratio,

Time, min taurine/internal standard
0 0.434
15 0.830
30 0.833
60* 0.832
90 0.830

‘ Reaction time used in this method.

Detector Response

1l

10 15

Time (min.)

Figure 2. Typical LC chromatogram of a sample preparation
(LC conditions as stated in text): 1, taurine; 2, internal standard.

mix formulation. Subsequent injections should be timed so
that late-eluting peaks from sample injections do not interfere
with taurine and internal standard peaks of subsequent sam-
ples.

Calculations

Calculate the amount of taurine in the samples, using re-
sponse ratios according to the following equation:

Taurine, mg/g = R/R" x IV'/W,

where R and R’ = response ratios for sample and standard,
respectively; W and W' = g and mg taken for sample and
standard preparations, respectively.

Results and Discussion

In the described methodology, taurine and s -aminocaproic
acid (internal standard) were subjected to precolumn deriva-

Table 2. Optimization of derivatization reagent concentration

Dns-Cl Mole ratio,
(approx, concn), Dns-Cl/
mg/mL (taurine + int. std) Response ratio
2.50 1.2 0.597
3.25 15 0.806
4.0 19 0.803
5.0% 24 0.810
75 3.6 0.812

* Concentration used in this method.
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Table 3. Optimization of derivatized sample stability

Time, h Response ratio
1.0 0.829
2.0 0.827
34 0.831
22.6 0.830
252 0.828
Mean 0.829
RSD +0.2%

tization with dansyl chloride (Dns-Cl) to give dansyl amino
acids, which are fluorescent and readily detected after LC
separation. The excess derivatization reagent and its by-
products are well resolved from taurine and the internal stan-
dard in the described LC system. Vitamins, minerals, and
other formulation excipients do not interfere in the deter-
mination.

Typical chromatograms of a placebo and sample prepa-
rations are shown in Figures 1and 2, respectively.

The derivatization reaction was optimized for reaction time,
reagent ratios, and stability of the derivatized sample. As
shown in Table 1, the reaction is complete within 15 min
with essentially no change up to 90 min. The effect of Dns-
Cl concentration on the peak response ratio is shown in Table
2. The amount of Dns-Cl used in the described procedure is
approximately 2.4 times the amount needed to derivatize
both the taurine and s -aminocaproic acid. Table 2 shows
that is more than ample. The stability of the derivatized
sample solution is important for assays run overnight using
an automated system. There was essentially no degradation
over a 25 h period (Table 3), making this method viable for
long runs.

Linearity of detector response was established for taurine
in the range 0f 0.04 to 1.6 mg/mL (correlation coefficient =
1.000, ~-intercept = 0.008). The taurine content of premix
formulations ranged from 28 to 62% by weight.

Standard addition-recovery studies were performed by
adding known amounts of taurine standard at 250-750 mg/g
levels to 3 placebo formulations. Recoveries ranged from
97.9 to 102.4%. Results are shown in Table 4.

In the validation of methodology, a premix sample rep-
resenting the most complex formulation from an analytical
point of view was selected to generate the precision and stress
stability data.

The validity of the method was tested by subjecting a
sample of premix formulation to thermal stress, high-inten-
sity ultraviolet lamp, and hydrolytic conditions. The stressed
samples were analyzed by the described methodology. The
results of the analyses are summarized in Table 5. In the
chromatograms of the stressed placebo samples, no interfer-
ing peaks were observed to elute with the same retention
time as either taurine or the internal standard. The data from

Table 4. Standard addition-recovery of taurine from placebos9

App_rpx. Recovery, %

addition

level, % Placebo | Placebo II Placebo I
50 101.0 102.0 102.4
100 98.4 99.8 99.7
150 98.8 98.8 97.9

Mean 99.4 100.2 100.0

RSD +1.4% +1.6% +2.3%

« Placebo |, 7 vitamins and 4 minerals; placebo II, 7 vitamins; placebo Ill, 8
vitamins.
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Table 5. Analysis of premix formulation for taurine subjected
to various stress conditions

Stress conditions % Label claim

Initial9(unstressed) 100.0
Thermal (100°C, 88 h) 96.4
High-intensity UV lamp (7 h) 98.3
pH 3.C buffer (3 h reflux) 9.1
pH 7.C buffer (3 h reflux) 97.0
pH 10.0 buffer (3 h reflux) 99.3

* Initial value normalized to 100% and the rest of the data calculated relative
to the initial.

Table 6. Precision data for the analysis of taurine in premix

formulation
Run Analyst Day % Label claim
1 A 1 100.1
2 A 2 98.3
3 A 2 97.5
4 A 3 97.2
5 A 4 100.1
6 B 5 100.9
7 B 6 95.5
8 B 6 100.7
Mean 98.8
SD +2.0
RSD +2.0%

Table 5 show only minor degradation of taurine in the for-
mulated product under the indicated stress conditions. Tau-
rine is expected to be a very stable compound. Ifthere is any
degradation, it is the amine function of the molecule that is
expected to degrade. The derivatization reaction (in the de-
scribed methodology) is selective to the amine function of
the taurine molecule. Based on this selectivity of derivati-
zation, coupled with the powerful LC separation capability
and specificity of fluorescence detection, the method is ex-
pected to be stability-indicating for taurine.

Precision of the method was determined by analyzing a
sample of premix formulation s times by » analysts on ¢
different days. The results are shown in Table s . The method
has a relative standard deviation of . %.

In conclusion, liquid chromatography provides a simple,
stability-indicating, and precise method for the quantitative
determination of taurine in vitamin premix formulations.
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Vitamin D in different fortified foods is determined by using liquid
chromatography (LC). Sample preparation is described for fortified
skim milk, infant formulas, chocolate drink powder, and diet food.
The procedure involves 2 main steps: saponification of the sample
followed by extraction, and quantitation by LC analysis. Depending
on the sample matrix, additional steps are necessary, i.e., enzymatic
digestion for hydrolyzing the starch in the sample and cartridge
purification before LC injection. An isocratic system consisting of
0.5% water in methanol (v/v) on two 5 jim ODS Hypersil, 12 x 0.4
cm id columns is used. Recovery of vitamin D added to unfortified
skim milk is 98%. The results of vitamin D determination in ho-
mogenized skim milk, fortified milk powder, fortified milk powder
with soybean, chocolate drink powder, and sports diet food are given.

Inherent problems of vitamin D determination in food are
the low levels of the vitamin in samples and the complexity
and variety of the sample matrix. Biological assays and clas-
sical physicochemical methods are usually lengthy and te-
dious. A gas chromatographic method for the determination
ofvitamin D in dried milk has been reported (1). The method
demands a time-consuming cleanup procedure involving
several column chromatographic steps. Recently, several
publications have reported liquid chromatographic (LC)
techniques for the determination of vitamin D in fortified
milk (2-14). Thompson et al. (2) have used normal-phase
silica column liquid chromatography to determine vitamin
D in fortified milk following saponification and purification
on a modified Sephadex column. Henderson and Wickroski
(3) reported the use of an alumina cleanup column before
determining vitamin D in fortified milk by reverse phase
liquid chromatography. Mankel (4) determined vitamins A,
E, D, and /3-carotene in margarines, powdered foodstuffs for
infants, and fortified milk powder directly by reverse phase
chromatography after a saponification step. Cohen and
Wakeford (5) reported the determination of vitamin D in
fortified instant nonfat dried milk on a normal-phase amino
column after extraction and purification using a silica Sep-
Pak cartridge and Partisil-10 PAC column. Barnett et al. (s)
developed reverse phase liquid chromatography for the si-
multaneous determination of vitamins A, D2 or D3 E, and
K, in milk, infant formulas, and dairy products after enzy-
matic hydrolysis of lipids. Nabholz and Herforth (7) de-
scribed the LC determination ofvitamin D in infant formulas
by normal phase silica column without preliminary purifi-
cation after fat extraction and saponification.

The procedure reported here involves 2 main steps: sa-
ponification ofthe sample followed by extraction, and quan-
tification by LC analysis with UV detection at 265 nm. De-
pending on the nature of each food product, additional steps
are necessary, i.e., enzymatic treatment and cartridge puri-
fication before LC injection. The method is used to assay
vitamin D in fortified skim milk, infant formulas, chocolate
drink powder, and diet food.

Received October 1, 1986. Accepted December 19, 1986.

METHOD
Apparatus

(@) LC system.—Bio-Rad (Richmond, CA) liquid chro-
matograph, Waters Associates (Milford, MA) Model 710 B
autosampler with 30-50 fiL injection volume, Perkin-Elmer
(Norwalk, CT) LC-75 variable wavelength UV detector with
autocontrol, and Perkin-Elmer LC 1-100 integrator. Oper-
ating conditions: absorbance 265 nm, chart speed 5-10 mm/
min, ambient temperature.

(o) LC columns.—Two ODS Hypersil, 5 fiin (Shandon
Southern Products, Runcorn, UK), 120 x 4 mm id columns
(Knauer, Berlin, FRG); RP-18, 7 /cm, guard column (Brown-
lee, Santa Clara, CA), 15 x 3.2 mm id.

(c) LC mobilephase. —0.5% (v/v) water in methanol, flow
rate 1 mL/min.

(d) Disposable cleanup cartridges. —Silica, Sep-Pak (Waters
Associates).

Reagents

Use low-actinic glassware for all preparations.

(&) Solvents. —LC grade 95% ethanol and petroleum ether
(bp 40-60°C) (May and Baker, Dagenham, UK).

(b) Vitamin D. standard solutions.—Dissolve 50 mg vi-
tamin Ds (Merck, Darmstadt, FRG) in 100 mL volumetric
flask with hexane (stock solution). Dilute 2 mL stock solution
in 100 mL volumetric flask with hexane. Determine exact
concentration from absorption at 265 nm, using & =
18 200 (solution 1). Evaporate hexane from 5 mL solution |
to dryness with stream of nitrogen in 100 mL volumetric
flask, and dilute to 100 mL with methanol (chromatographic
standard solution, 40 IU/mL, 1/ig/mL).

Samples

(a) Fortified skim milk.—Pasteurized and ultrahigh tem-
perature (UHT) fortified homogenized skim milk were pur-
chased from a market. Both products claimed values for
vitamin Ds of 220 IU (5.5 fig)/500 mL milk.

(b) Otherfoods.—Infant formulas, 200-400 IU (5-10 fig)
vitamin D3100 g; chocolate drink powder, 100-500 IU (2.4-
12,5 fig)/40 g; and diet food, 100-400 1U (2.4-10 fig)/100 g
were supplied by different regional control laboratories.

vit D

e

0 5 10

15 min

Figure 1. Chromatogram of vitamin D3 standard, 40 IU/mL
1 fig/mL).
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Figure 2. Chromatogram of unfortified sample of reconstituted

skim milk. Arrow indicates position of vitamin D. Figure 4. Chromatogram of fortified milk powder.

(¢)  Nonfortified skim milk. —Purchased from Oxoid (Ba- before saponification so as to avoid formation of lumps in

singstoke, UK), used as a control for recovery of the vitamin. solution. Additional purification steps on a cartridge prior
Procedure ;c;aipoar:ztlcal chromatography is necessary for high-fat prep
The procedure largely depends on the nature ofthe sample, (@)  Fortified homogenized skim milk. —For saponification
although saponification, extraction, and quantitation are, in and extraction, place magnetic stirring bar in 250 mL round-
general, the principal steps. For samples containing starch, bottom flask, add 40 mL milk sample, 30 mL freshly pre-

digestion with an enzyme such as takadiastase is required pared 1% ethanolic pyrogallol solution, and 10 g of 100%

vir D

vitD l

— N ___/\—J

0 5 10 15 min 0 5 10 15 min

Figure 3. Chromatogram of skim milk fortified with 4001U vitamin Figure 5. Chromatogram of fortified milk powder spiked with
D/100g. 400 IU vitamin D/100 g.
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Figure 6. Chromatogram of fortified milk powder with soy, using
50 fit injection volume.

KOH. Let mixture saponify under reflux in water bath at
70°C under stream of nitrogen for 30 min with constant
stirring. Cool bulb in ice bath. Transfer saponified mixture
to 250 mL separatory funnel. Rinse flask with two 10 mL
portions of water, 10 mL ethanol, and two 25 mL portions
ofpetroleum ether; add rinses to separatory funnel and shake.
Drain lower layer into second separatory funnel and reextract
with 4 additional 50 mL portions of petroleum ether. Pour
petroleum ether extracts into 500 mL separatory funnel. Wash
combined extracts with 50 mL of 5% (w/v) aqueous KOH
solution. Draw olf KOH layer, reextract with 50 mL petro-
leum ether, and add extract to previous combined extracts.
Wash combined petroleum ether extracts with 50 mL por-
tions of water until there is no reaction to phenolphthalein.
Filter washed extract through anhydrous sodium sulfate layer
to eliminate residual water. Collect extract in 500 mL round-
bottom flask. Rinse separating funnel with petroleum ether.
Add 1mL of0.1% BHT hexane. Evaporate to dryness under
reduced pressure at 40°C. Cool flask in an ice bath. Add 3
mL hexane and swirl flask to dissolve residue.

To purify cartridge, prewet silica cartridge attached to 5
mL syringe with 2 mL hexane. Load exactly 2 mL sample
extract into syringe barrel. Insert plunger and pump solution
through cartridge. Remove interfering compounds by wash-
ing with 3 mL of hexane-ethyl acetate (85 + 15 v/v). Elute

Table 1. Results of determination of vitamin D in fortified foods

Sample Declared Found (+SD)"
Homogenized skim milk 220 1U/500 mL 251 + 44
Fortified milk powder 300 1U/100 g 310 £ 60
Fortified milk with soy 300 1U/100 g 292 + 7.2
Chocolate drink powder 100-500 1U/40 g 325+ 52
Sports diet food 100-400 1U/40 g 90 + 67

aEach value represents the mean of 3 replicate determinations.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)
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Figure 7. Chromatogram of chocolate powder obtained without
cartridge purification step.

vitamin D with 5 mL hexane-ethyl acetate (80 + 20 v/v)
into 10 mL conical flask. Evaporate to dryness under stream
of nitrogen. Immediately add 500 fiL of 1% tetrahydrofuran
in methanol (v/v), swirl flask, and proceed with LC analysis
for vitamin D.

(b) Fortified infant milk powder.—(Values of vitamin D
in fortified infant milk powder were about 300 IU (7.5 fig)/
100 g powder.) Dissolve 10 g fortified milk powder in 20 mL
water at 45°C to obtain homogenized suspension. Perform
saponification, extraction, and cartridge purification as de-
scribed under procedure (a).

(c) Fortified infant milk powder containing cereals. —\Weigh
10 g sample into 250 mL round-bottom flask. Add 20 mL
water at 45°C and 0.3 gtakadiastase (from Aspergillus orizae,
Serva Heidelberg, FRG) and incubate 1 h at 45°C. Perform
saponification, extraction, cartridge purification, and liquid
chromatography as described under procedure (a).

(d) Chocolate drink powder. —(Soluble chocolate drink
powders are usually fortified with ca 200 U [5 fig] vitamin
D/40 g.) Dissolve 5gpowder in 20 mL water at 45°C. Proceed
with saponification, extraction, and LC analysis as described
above without cartridge purification step.

(e) Adultdietfood. —(These are essentially sports diet foods
with high levels of carbohydrates such as glucose and starch,
and weight-reducing diet food with polysaccharides and fiber.
They contain 100-200 IU (2.5-5 fig) vitamin D/40 g.) Weigh
10 g sample into 250 mL round-bottom flask. Add 40 mL
water at 45°C, 0.3 g takadiastase, and incubate 1 h at 45°C.
Proceed with saponification, extraction, and LC analysis as
described above, omitting cartridge purification step.

Results and Discussion

Vitamin D is identified on the chromatogram on the basis
of its retention behavior and cochromatography with the
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Figure 8. Chromatogram of sports diet food, obtained without
cartridge purification step, but using takadiastase to remove
starch.

reference compound. It is quantitated on the basis of peak
height, using an external standard. A linear response of UV
detector was observed from 0.25 to 5 pg/mL (10-200 1U/
mL) of vitamin D at 265 nm. The limit of detection was 10
ng.
Reconstituted unfortified nonfat skim milk was fortified
with 400 1U (10 /7g) vitamin D/100 g product to determine
recoveries after saponification, extraction, and cartridge pu-
rification. Typical results were 394, 401, 369, 417, and 389
1U/IOOg; recoveries were 98.5,100.3,92.3,104.3, and 97.3%.
Mean recovery was 98%. Loss of vitamin D during the com-
plete assay was negligible.

Figure 1shows a chromatogram of the vitamin Ds stan-
dard. Figure 2 represents a chromatogram of an unfortified
sample of reconstituted skim milk: the absence of interfering
peaks for vitamin Ds is evident. Figure 3 shows a chro-
matogram of skim milk fortified with 400 1U vitamin D/100
g milk powder.

Results of vitamin D determination in homogenized skim
milk, fortified milk powder, fortified milk powder with soy-
bean, chocolate drink powder, and sports diet food are sum-
marized in Table 1

Figure 4 is a chromatogram ofa fortified milk powder, and
Figure 5 is the same product spiked with 400 IU vitamin
D/100 g. Figure s shows a chromatogram of a milk powder
fortified with soybean. Figure 7 is a chromatogram ofa choc-
olate powder obtained without a cartridge purification step.
Finally, Figure s is a chromatogram of sports diet food also

obtained without a cartridge purification step but with taka-
diastase treatment to remove starch.

Using this procedure over 1 year, we have analyzed 100
samples containing vitamin D without changing the analyt-
ical columns. The guard column has been changed once,
when a high increase in pressure occurred. When back pres-
sure occurred, the columns were reconditioned by injecting
four times with 200 juL portions of DMSO at a flow rate of
1mL/min followed by water over a 30 min period, and then
washing with methanol for 30 min. This procedure consid-
erably extended column life. It has been found that resolution
ofvitamin Dsand ¢//-a-tocopherol (vitamin E) with reverse-
phase chromatography was superior when using spherical
particles rather than irregular ones. The 5 jim ODS Hypersil
was selected because of its even particle size distribution and
its high carbon content. Recovery of vitamin Ds following
silica Sep-Pak cartridge purification was 98%. The major
advantages of the silica Sep-Pak purification step are its sim-
plicity and reproducibility, the disposability of cartridges,
and the saving of time in column preparation and standard-
ization. The cartridge removes most unsaponifiable sterols
in milk powder remaining after saponification and increases
reverse-phase column life. The residue was completely sol-
uble in 1%tetrahydrofuran in methanol for LC analysis, thus
avoiding losses of vitamin D.

One sample of fortified milk powder was analyzed by the
rat bioassay, yielding 300 IU vitamin D3 100 g. The proposed
procedure gave a vitamin Ds content of 310 1U/100 g for
the same sample. The method described above has been used
to analyze more than 200 samples and is simple, rapid, and
reliable for survey and routine analyses.
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The determination of ascorbic acid by liquid chromatography (LC)
was improved by performing the analysis in the presence of solvents
that had been purged with argon to reduce the concentration of oxy-
gen. This methodological modification eliminated the oxidation of
ascorbic acid during the chromatographic procedure and reduced the
minimum detection level to 1 Mg Solutions of ascorbic acid have been
successfully stabilized for 67 days by addition of dithiothreitol to a
deaerated solution of water-acetonitrile (25 + 75 v/v), sealed under
argon in amber vials and stored at 20°C. In a second independent
study, a procedure for the extraction of ascorbic acid from nonfat dry
milk in a single step was developed. The ascorbic acid content of
Nonfat Dry Milk (SRM 1549) was determined by LC, using the
method of standard additions. The mean ascorbic acid content was
54 + 5 pg/g of sample. Analysis of variance of the analytical results
indicates that there is a significant continual increase in the content
of the ascorbic acid in each bottle from first to last sample.

The accurate measurement ofascorbic acid has been limited
by the inherent instability of this readily oxidizable, photo-
sensitive material. Preparation of dilute standard solutions
that are stable for long periods is difficult. Usually, standards
are made daily in freshly prepared solutions containing meta-
phosphoric acid. Antioxidants and chelating agents have also
been used to stabilize ascorbic acid (1). A similar approach
has been used in the development of methods to stabilize
ascorbic acid in biological samples. Ascorbic acid is mea-
sured in biological samples after protein precipitation either
by forming a stable derivative that can be measured spec-
trophotometrically (2) or by chromatographically separating
the analyte and measuring it spectrophotometrically or elec-
trochemically (1).

The objectives of this study were (a) the development of
a procedure for preparation of a stable, dilute solution of
ascorbic acid to be used as a reference material in an inter-
laboratory proficiency testing study; (b) development of an
extraction procedure that precipitates proteins and preserves
the integrity of ascorbic acid; and (c) extraction and mea-
surement ofascorbic acid in a nonfat dry milk sample which
is an NBS Standard Reference Material (SRM) with certified
concentrations of selected trace elements.

Experimental
Reagents and Apparatus

(a) Ascorbic acid solutions. —Use with dithiothreitol (DTT)
(Sigma Chemical Co., St. Louis, MO) in varying amounts.
) Acetonitrile.—LC grade, 1 mg/mL water-acetonitrile
1+ 3vv).
(c) Liquid chromatograph (method 1).—Varian Model
5560, equipped with Model 402 data station (Varian Asso-
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ciates, Sunnyvale, CA). Column, Zorbax amine, 30 x 0.4
c¢cm (Du Pont Chemical Co., Wilmington, DE).

(d) Liquid chromatograph (method 2).—Described pre-
viously (3). Column, ¢¢-Bondapak amine, 30 x 0.78 cm
(Waters Associates, Milford, MA).

Evaluation of Stability of Ascorbic Acid Solutions for
Use as Standards

Long-term stability studies on ascorbic acid solutions were
performed on a Varian Model 5500 liquid chromatograph
equipped with a Model 402 data system and a Model 200
detector, using a modification of the method of Doner and
Hicks (4). Ascorbic acid was chromatographed isocratically
on the Zorbax amine column which was equilibrated with
0.005 mol/L KH,P04acetonitrile (30 + 70 v/v). The solvent
was purged with argon. Pressure on the solvent vessel was
maintained at 0.2 psi above ambient, and the temperature
was maintained at 30°C; the flow rate was 1 mL/min. As-
corbic acid was detected at 268 nm. No additional reducing
agents were used in this procedure.

Determination of Ascorbic Acid in Nonfat Dry Milk (SRM
1549)

Ascorbic acid was determined in nonfat dry milk by a
method independent of the one described in the previous
paragraph. This measurement was performed on an instru-
ment that we described previously (3) according to the meth-
od of Doner and Hicks (4) with the following modifications:
Ascorbic acid content of nonfat dry milk was determined
isocratically on the ¢¢-Bondapak amine column equilibrated
with 0.005 mol/L KH, PCX-acetonitrile (30 + 70) to which
mercaptoethanol was added at a concentration 0f0.125 mL/
L solvent. Temperature was 21°C and flow rate was 4 mL/
min. Ascorbic acid was detected at 268 nm.

Ascorbic acid concentration in nonfat dry milk was mea-
sured by LC, using the standard additions method. Four
samples were selected randomly from the samples prepared
for SRM 1549, Nonfat Dry Milk. Each sample was analyzed
on 2 separate days. The LC standard additions measurement
was performed by adding 0, 53, 105, or 158  ascorbic acid
to a 1 g sample of nonfat dry milk that had been dissolved
in 2 mL distilled water containing 1 mg/mL of dithiothreitol
(DTT) and stirred 30 s on a vortex mixer. A 4 mL portion
offreshly prepared metaphosphoric acid (12 % w/v) was added
and each sample was again stirred on a vortex mixer for 15
s. Acetonitrile (2 mL) was then added, and each sample was
stirred on a vortex mixer for 15 s, and then centrifuged at
1000 x g for 1 h. An aliquot of 40 /;L was then evaluated
by LC.

Results

The ability to measure ascorbic acid accurately depends
on the development of extraction and analytical methods
that do not permit its oxidation and photodecomposition.
The photooxidation can be minimized by preparing and stor-
ing the samples in amber vials or by covering clear vials with
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Figure 1. Chromatograms of ascorbic acid and dithiothreitol on

Zorbax NH2 (method 1). Ascorbic acid and/or DTT was applied

to column and eluted isocratically with argon-sparged solvent,

acetonitrile-5 mmol/L KHZPO,, (70 + 30 v/v), temperature 30°C,

flow rate 1 mL/min. A, ascorbic acid; B, dithiothreitol; C, mixture
of ascorbic acid and dithiothreitol.

aluminum foil. The observation that DTT would reduce de-
hydroascorbic acid (DHA) (5) suggested that it might be the
reagent of choice for conversion of trace levels of DHA to
ascorbic acid as well as inhibition ofthe oxidation ofascorbic
acid in aqueous solutions. Since DTT absorbs UV light at
268 nm as does ascorbic acid, it is essential that DTT be
resolved from ascorbic acid. Figure 1demonstrates that DTT
elutes near the solvent front (retention time = 4.3 min) whereas
ascorbic acid has a retention time of 12 min. Thus DTT does
not interfere with the analysis ofascorbic acid by the method
used in the studies described here.

Conditions that can affect the stability of ascorbic acid
solutions have been evaluated, including solvent composi-
tion, DTT concentration, temperature, and atmosphere in-
side the ampule. Preservation of the integrity ofthe ascorbic
acid was directly dependent on the presence of DTT. When
samples were stored in vials that had not been flushed with
argon, the ascorbic acid started to oxidize after the DTT was
oxidized. In the presence of air, storage at —20°C retarded
the oxidation of DTT and ascorbic acid. When the ampules
were flushed with argon, sealed, and stored at - 20°C, neither
the DTT nor the ascorbic acid was oxidized for the duration
of the experiment. Solvent composition was not critical.

A268

L WUL

I I ) A uw
0 8 16 24 0 8 16 24 0 8 16 24 0 8 16 24

0 53 105 158

Added Ascorbic Acid (M9)

Figure 2. Chromatograms from determination of ascorbic acid

by standard additions method. Samples were analyzed isocrat-

ically with acetonitrile-5 mmol/L KHZ204(70 + 30 v/v) containing

mercaptoethanol 125 ftL/L of solvent; temperature 21 °C, flow rate

3 mL/min. A-D, nonfat dry milk with added amounts of ascorbic
acid.

Therefore, water-acetonitrile (30 + 70 v/v) was chosen to
minimize the magnitude of the solvent peak. Table 1shows
that ascorbic acid in a water-acetonitrile (30 + 70 v/v) so-
lution stored at —20°C and sealed in an amber vial under an
argon atmosphere degrades very little over 67 days.
Ascorbic acid is not particularly stable on the column. The
addition of mercaptoethanol to the solvent (method 2) par-
tially prevented the decomposition of ascorbic acid, but the
graph of peak height vs concentration in ¢tg/sample, (Y =
L02X - 12.14, r2=0.992, X intercept = 12.57) does not
pass through the origin, indicating that the protection was
not complete; therefore, the ascorbic acid content was de-
termined in nonfat dry milk by using the standard additions
method. In subsequent studies (method 1) designed to de-
velop a stable, standard reference solution of ascorbic acid,
it became necessary to evaluate the conditions needed to
completely stabilize ascorbic acid on the column. To achieve
this, stabilization was evaluated after the purging of solvents
with argon. When the solvents were thoroughly purged with
argon, the graph of peak area vs concentration in ~g/raL (Y =
10.04A - 3.47, r2= 0.998, X intercept = 0.34) passed closer
to the origin than in the absence of solvent purging (Y =
7.39X - 15.74, r2=0.999, X intercept = 2.13), demonstrat-
ing that solvent purging reduced most of the oxidation of

Table 1. Stability of ascorbic acid solutions

Concentration of ascorbic acid, //g/mL + SD*

Soin 0 days 30 days 67 days

n 4.04 £ 021 3.64 3.88

12 8.09 + 0.23 8.16 ND°

13 29.01 + 0.14 29.29 27.52
n=10

“ND = not determined.
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Table 2. Concentration of ascorbic acid in nonfat dry milk
Sample
Day 11 51 91 12-2 11

Concentration of ascorbic acid, mg/g ncn-fat dry milk
(correlation coefficient)

1 48.3 51.7 61.3 60.7 46.3
(0.999) (0.999) (0.996) (0.997) (0.998)
3 48.2 53.7 52.3 57.4
(0.999) (0.999) (0.992) (0.999)

Analysis of variance

DF SS MS
Between-sample variation 3 0.137 0.046
Within-sample variation 4 0.047 0.012
Total variation 7 0.185 0.023

ascorbic acid that occurred during the chromatographic pro-
cedure.

The procedure for extracting ascorbic acid from nonfat dry
milk was developed using the following rationale. Several
authors (3, 5) had previously demonstrated that DTT effec-
tively reduced dehydroascorbic acid to ascorbic acid and
prevented the oxidation of ascorbic acid. The classical meth-
od (2) for extracting ascorbic acid from foods utilized meta-
phosphoric acid as the stabilizer for ascorbic acid and as a
protein precipitant. To convert all of the dehydroascorbic
acid to ascorbic acid and preserve the ascorbic acid, the milk
powder was dissolved directly in 0.1% DTT. The proteins
and other large molecules were precipitated with metaphos-
phoric acid, and acetonitrile was added to improve the pre-
cipitation and to minimize the precipitation of material on
the top of the column when the extract came in contact with
the chromatographic solvent. Examination of the various
extraction procedures indicated that the time intervals be-
tween the addition of each of the 3 extraction solvents was
not critical. However, recovery ofascorbic acid was not com-
plete at lower concentrations of metaphosphoric acid. Meta-
phosphoric acid concentrations of 4 to 12% were equally
effective in extracting ascorbic acid, and a concentration of
s % metaphosphoric acid was selected to ensure complete
extraction. This procedure also permitted the entire extrac-
tion to be accomplished in a single tube.

The ascorbic acid concentration in Nonfat Dry Milk SRM
1549 was determined by the standard additions method.
Chromatograms of a typical experiment are illustrated in
Figure 2. The ascorbic acid had a retention time of 23.6 min.
It was completely resolved from the other peaks and was the
last peak to elute under the conditions of the analysis. Four
randomly selected samples were analyzed on » separate days
with the exception of sample 1.1 which was analyzed in
duplicate on the first day, once at the beginning and once at
the end of the experiment (Table 2). Mean concentration of
ascorbic acid was 54 + 5 ;tg/g of sample (n = s ). Correlation
coefficient (rd for the linear regression analysis of the stan-
dard addition data for the ascorbic acid determination for
each nonfat dry milk sample was greater than 0.997 except
for one determination which was 0.992. These results suggest
that the regression curves generally fit a linear model well
and that the variation in the concentration of ascorbic acid
was due to the inhomogeneity between samples as well as
some inhomogeneity in a single sample, especially sample
9-1. The value for sample 9-1, day 3, shows the greatest
deviation from linearity, and some of this variation may be
due to a less accurate determination of the intercept of the

second set of data for this sample. There was a decided trend
toward higher values from sample 1.1 to 12-2, which reflects
variation in concentration as a function of the sequence of
the sample distribution into the bottles. This trend is con-
firmed by the magnitude of the between-sample variance in
the data summarized in the lower part of Table 2. This in-
homogeneity is probably not the result of bias due to meth-
odological error because the values for sample 1.1 at the
beginning and at the end of the first day as well as on the
second day vary much less than the sample-to-sample vari-
ation on either day.

Discussion

Preparation of solutions ofascorbic acid that are stable for
extended periods of time (i.e., several months) represents a
significant step in our ability to distribute reference samples
as dilute solutions. The critical parameters for obtaining this
stability are the use of a mixture of acetonitrile and water,
the addition of dithiothreitol, the use of amber glass vials,
storage under argon in a sealed vial, and storage at —20°C.

The need to measure the concentration of ascorbic acid
accurately has also led to the development of methodology
for the prevention of the degradation of the ascorbic acid
during its residence time on the propylamine column. The
critical parameters for achieving this level of stability are
purging of the LC solvents with argon and addition of DTT
to the sample during its preparation. The purging process
removes the majority of the oxygen from the solvents, and
DTT prevents oxidation of the ascorbic acid sample while
it is in the sample vial awaiting analysis.

The ascorbic acid content of Nonfat Dry Milk (SRM 1549)
was determined by use of the standard additions method to
eliminate the need to consider the possibility of the slightest
amount of oxidation of ascorbic acid during the analysis
procedure. However, oxidative degradation followed by fur-
ther chemical transformation (s ) during the preparation and
packaging steps is not ruled out. Since the ascorbic acid was
added to the samples at the same time as the first solvent,
the variations in the ascorbic acid content ofthe samples can
be attributed to either inter- or intra-sample heterogeneity.
Both types of variation were observed. In sample 9-1, intra-
sample variation was large and there was a significant trend
toward higher values from sample 1-1 to 12-2. This variation
was not due to a systematic error in the analysis. In support
ofthis conclusion, the ascorbic acid was measured in sample
1-1 at the beginning and at the end of the first series of
measurements. The similarity of the values for the 2 esti-
mations of sample 1-1 indicates that this trend is not related
to the order of sample analysis. These analytical results dem-
onstrate the necessity of performing multiple analyses on a
single sample and of assessing the content of a specific vi-
tamin in samples that are taken at known intervals during
the packaging process.

Finally, several samples from this same lot of nonfat dry
milk were analyzed by Tanner et al. (7). The range ofascorbic
acid content in this study was 43-55 ~g/g of nonfat dry milk.
This range of ascorbic acid content, which was determined
by a totally independent method, is consistent with our re-
sults. In the absence of measurable systematic errors, these
values represent the actual range of ascorbic acid concentra-
tion in this SRM.
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DRUG RESIDUES IN ANIMAL TISSUES

Liquid Chromatographic Determination of Depletion of Bithionol Sulfoxide and Its Two

Major Metabolites in Bovine Milk
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Ministere de | Agriculture, Direction de la Qualité, Laboratoire National des M édicaments Vétérinaires,

La Haute-Marche, Javené, 35133 Fougeres, France

A liquid chromatographie method is described for determining bi-
thionol sulfoxide and its metabolites, bithionol and bithionol sulfone,
in milk. Samples are treated with HC1 to precipitate proteins and to
permit extraction of bithionol sulfoxide in nonionized form. Tetrahy-
drofuran is added to the organic phase to facilitate extraction in
diethyl ether; the dried residue is dissolved in chloroform, hexane,
and sodium hydroxide and subjected to LC analysis. Residues of
bithionol sulfoxide and its 2 metabolites were determined in milk of
lactating cows. Holstein-Friesian dairy cows were administered a
single oral dose of bithionol sulfoxide (50 mg/kg). Milk samples were
analyzed with a reliable detection level of 0.025 iig/mL for each
compound. Residues of bithionol sulfoxide and bithionol were de-
tected during 30 and 16 milkings, respectively; bithionol sulfone was
never present at detectable levels.

The anthelmintic bithionol sulfoxide [2,2'-sulfinyl-bis (4,6-
dichlorophenol)] (Figure 1) is widely used in veterinary med-
icine as a fasciolicide, especially in bovine species (1). The
metabolic fate of this compound has been investigated in
rats (2) and goats (3). Bithionol and bithionol sulfone (Figure
1) are metabolites of bithionol sulfoxide, occurring via re-
duction and oxidation pathways, respectively. Plasma Kki-
netics in lactating cows has shown that bithionol sulfoxide
is also converted to bithionol and bithionol sulfone. A meth-
od was developed for determining bithionol sulfoxide and
its metabolites (4) but was unsuitable for milk.

For this reason, a liquid chromatographic method was
developed with a reliable detection level of 0.025 ppm in
milk samples. Data on depletion of bithionol sulfoxide and
its 2 metabolites in milk of treated lactating cows are also

presented.

METHOD

Apparatus and Reagents

(@) shaker.—Rotary, capable of 35 rpm.

(b) Liquid chromatograph. —Varian Model 5060 gradient
sample loop, Varian UV 100
variable wavelength detector set at 303 nm, 10 cm x 4.6
mm id column packed with 5
Model 402 computer (Varian) for quantitation. Use aceto-
nitrile-0.2N sulfuric acid (55 + 45) as mobile phase at 1

system equipped with 200

mL/min.

(c) solvents. —Acetonitrile, residue analysis grade; all oth-
er chemicals, reagent grade (Merck, GFR).

(d) standard solutions.—(7) Stock solutions. —In 100 mL
volumetric flasks, separately dissolve 15 mg bithionol sulf-
oxide (Sanofi Santé Animale, Paris, France), bithionol (Vé-
toquinol, Lure, France), and bithionol sulfone (IRCHA, Paris,
France) in 0.5 mL 10N sodium hydroxide. Dilute to volume
with water. Dilute aliquot of each stock solution with water
togive(l + 1)intermediate solution. (2) Workingsolutions—
Further dilute intermediate solutions with water as needed.

Received February 24, 1986. Accepted October 26, 1986.

Lichrosorb RP-8, and Vista

Extraction and Cleanup

Add 20 drops of 12N HC1 and 30 mL tetrahydrofuran to
50 mL milk in 250 mL screw-cap centrifuge tube. Shake
vigorously. Add 100 mL diethyl ether and agitate for 20 min
on rotary shaker. Centrifuge 5 min at 1000 rpm. Pour aqueous
phase into 150 mL beaker. Add 1g Na2ZC 03for drying and
shake gently. Let settle (10 min) and transfer 65 mL extract
to 100 mL round-bottom flask. Evaporate to dryness, under
reduced pressure, in 40°C water bath.

Dissolve residue in 3 mL chloroform, 3 mL hexane, and
2.5 mL of 0.02N sodium hydroxide with 3 drops of phe-
nolphthalein. Transfer mixture to 10 mL centrifuge tube and
centrifuge 5 min at 5000 rpm. Inject 200 A - supernatant
liquid into chromatograph.

cl OH HO cl

=wn

Cl Cl

Bithionol sulfoxide

cl OH HO cl

=0

o=wn

Cl Cl

Bithionol sulfone

Cl OH HO cl

Cl Cl

Bithionol

Figure 1. Structures of bithionol sulfoxide and its 2 metabolites.
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Table 1. Recoveries of bithionol sulfoxide and its metabolites from spiked milk samples

Amount added, ppm Bithionol sulfoxide

0.025 89.7 + 1.3(4)
0.05 831 + 2.4 (8)
0.1 99.9 + 1.7 (4)

Mean ree., % + SD 90.9 + 85 (16)

y= 1533 x - 103.73
r=0.998

Results and Discussion

Bithionol sulfoxide appeared to be a dibasic acid com-
pound. The 2 ionization constants (5) showed that, at the
pH of the bovine milk (pH 6.5), bithionol sulfoxide was
present in ionized forms. Treatment of milk with hydro-
chloric acid was effective in precipitating proteins and in

Recovery Experiment

Spike bovine milk with 0.025,0.05, and 0.1 ppm bithionol
sulfoxide and its 2 metabolites. Proceed with extraction de-
scribed above. Compare peak areas obtained with those of
appropriate analytical standards.

Bovine Treatment Protocol

Four clinically healthy Holstein-Friesian cows received a
single oral dose of 0.5 mL/kg ofNilzan FN (Rhéne-Mérieux,
France), a veterinary suspension containing 10% bithionol
sulfoxide and 1.5% levamisole hydrochloride. Milk samples
(100 mL) were taken before drug administration and then at
every milking (9 am and 5 pm) for 15 days.

% Ree., mean = SD (n)

Bithionol Bithionol sulfone
80.1 + 3.7(4) 79.8 £ 3.2 (4
82.9 + 1.9(8) 84.7 + 3.9 (8)
915 + 1.9(4) 941 + 4.6 (4)

84.8 + 5.9(16)

y= 19.25x - 170.90
r- 0.999

86.2 + 7.3 (16)

y= 1598 x - 154.55
r= 0.998

permitting extraction of bithionol sulfoxide by organic sol-
vents as a nonionized form; tetrahydrofuran was added to
the organic phase to facilitate extraction into diethyl ether.

To obtain the final sample in water, lipids were dissolved
in hexane and chloroform, and bithionol sulfoxide was then
reextracted into a small volume 0f0.02N sodium hydroxide.
Under these conditions, bithionol sulfoxide was converted
to its dibasic form and easily recovered in the water phase.

Table 1summarizes recoveries from spiked milk samples.
Recoveries for bithionol sulfoxide were 83-100%, but re-
coveries for its 2 metabolites were generally much lower.
Mean recoveries were also calculated for use in the residue
study. Detector response to the 3 compounds, based on peak
area, is linear over concentrations of 0.025-0.1 ppm.

Figure 2 shows chromatograms of a blank and milk sam-
ples spiked with 0.1 and 0.025 ppm each of the trial com-
pounds. Bithionol sulfoxide and its 2 metabolites were well
separated from a minor interfering peak (Figure 2A) eluting
between bithionol and bithionol sulfone. The limit of detec-
tion is about 0.01 ppm for bithionol sulfoxide and 0.02 ppm
for bithionol and bithionol sulfone.

r n
2
J
A B C
23
1 14
¥ r
02468 0WRM 02468 10121 02468 DDLU

RETENTION TIME , min

Figure 2. Chromatograms of bithionol sulfoxide (2), bithionol (3), and bithionol sulfone (4) in milk extracts: A, milk extract blank (1 =
unidentified peak); B, milk fortified with 0.1 ppm of each compound; and C, milk fortified with 0.025 ppm.
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Table 2. Bithionol sulfoxide residues in bovine milk after a sin-
gle oral dose of 0.5 mL/kg bithionol sulfoxide suspension

Time after .
Residues, ppm

treatment

) No. 4» No. 8 No. 13 No. 14 Mean + SD
7, 8 0.07 0.08 0.10 0.09 0.09 £ 0.01
T, (24 0.10 0.25 0.23 0.21 0.20 £ 0.07
T, (32 0.10 0.13 0.20 0.22 0.16 £ 0.06
T, (48 0.06 0.13 0.13 014 0.12 £ 0.04
Ts  (56) 0.08 0.13 0.17 019 0.14 £ 0.05
Te (72) 0.04 0.11 0.13 027 0.14 £ 0.10
T, (80) 0.05 0.08 0.10 0.15 0.10 £ 0.04
Ts  (96) 0.05 0.08 0.10 0.14 0.09 £ 0.04
Ts (104) 0.06 0.11 0.08 0.14 0.10 * 0.04
To (120) 0.06 0.14 0.07 0.10 0.09 = 0.04
7, (128) 0.04 0.05 0.06 0.10 0.06 £ 0.03
Ts (144) 0.04 0.07 0.06 0.10 0.07 £ 0.03
7,3 (152) 0.04 0.06 0.08 0.09 0.07 £ 0.02
T,4 (168) 0.03 0.07 0.05 0.09 0.06 £ 0.03
Ts (176) 0.05 0.06 0.06 0.08 0.06 £ 0.01
T6 (192 0.02 0.07 0.06 0.09 0.06 £ 0.03
t,7 (200) 0.03 0.09 0.05 0.07 0.06 £ 0.03
Ts (216) 0.03 0.08 0.04 0.07 0.06 £ 0.02
T, (224) 0.03 ND 0.03 0.08 0.04 £ 0.03
7D (240) 0.04 0.07 0.04 0.07 0.06 £ 0.02
79 (248) ND" 0.03 ND 0.05 0.03 £ 0.01

mAnimal identification.
5<0.025 ppm.

Tables 2 and 3 summarize results of residue analysis of
treated lactating cows. For bithionol sulfoxide the highest
concentration seen after 24 h (i.e., on the T2 samples) was
0.2 ppm. Levels of bithionol were much higher (0.34 ppm)
but were observed after 36 h. At 7 days after treatment,
bithionol was undetectable; however, bithionol sulfoxide was
present at significant levels until 10 days after treatment. No
residues ofbithionol sulfone were detected during the residue
study. Excretion of bithionol sulfoxide in bovine milk ap-
peared to be a minor route of elimination, probably because
bithionol sulfoxide was bound to plasma protein to a high
extent. In lactating cows (4), the plasma half life of bithi-
onol sulfoxide calculated during the elimination phase was
17338 + 222 h (n=5).

There are no published reports on quantitative depletion
of bithionol sulfoxide in milk after oral administration to
lactating cows. Our results show that, at therapeutic dosage,
it may be necessary to discard milk for more than 15 days
to ensure that it is free of detectable residues (<0.025 ppm)
of the parent drug.

Table 3. Bithionol residues in bovine milk after a single oral
dose of 0.5 mL/kg bithionol sulfoxide suspension

Time after .
Residues, ppm

treatment

(h) No. 4s No. 8 No. 13 No. 14 Mean + SD
T8 ND6 ND ND ND -
T2 (24) 0.20 0.20 0.31 0.26 0.24 + 0.05
T (32 0.19 0.38 0.35 0.43 0.34 + 0.10
T, (48) 0.25 0.28 0.19 0.35 0.27 + 0.07
Ts  (56) 0.17 0.36 0.16 0.38 0.27 + 0.12
Ts  (72) 0.10 0.28 0.07 0.15 0.15 + 0.09
T7  (80) 0.06 0.10 0.05 0.18 0.10 + 0.06
Ts  (96) 0.04 0.07 0.04 0.13 0.07 + 0.04
Ts (104) 0.04 0.09 0.04 0.10 0.07 + 0.03
r,, (120) 0.03 0.08 0.03 0.09 0.06 + 0.03
T, (128) ND 0.05 ND 0.05 0.04 + 0.01
Ts (144) ND 0.04 ND 0.04 0.03 + 0.01
7,3 (154) 0.04 0.07 ND 0.07 0.05 + 0.02
T, (168) ND 0.04 ND 0.04 0.03 + 0.01
Ts (176) ND ND ND ND -
76 (192) ND ND ND ND -
T. (200) ND ND ND ND -
71 (216) ND ND ND ND -
79 (224) ND ND ND ND -
Ts0 (240) ND ND ND ND -
T (248) ND ND ND ND —

mAnimal identification.
" <0.025 ppm.

The sample cleanup procedure was selective enough to
permit determination of bithionol sulfoxide and its 2 me-
tabolites at low residue levels; recoveries from milk were
consistently high for the 3 compounds.
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Spectrofluorometric Determination of BAY Vp 2674 Residues in Poultry Tissues
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Mobay Corp., Animal Health Division, PO Box 390, Shawnee Mission, KS 66201

MALCOLM C. BOWMAN

M. C. Bowman & Associates, SR-1, Box 311, Mount Ida, AR 71957

A spectrofluorometric (SPF) method is described for determination
of residues of BAY Vp 2674 in chicken and turkey tissues. The drug
is extracted from tissues with dichloromethane methanol. The or-
ganic extract is concentrated to near dryness and cleaned up by a
series of partitionings with n-hexane, then dichloromethane against
pH 2 buffer and dichloromethane against pH 12 buffer. The drug is
partitioned into dichloromethane from pH 7 buffer and concentrated
to dryness. The residue is dissolved in pH 3.5 buffer for SPF analysis
at 282 nm (excitation) and 445 nm (emission). Recoveries of BAY
Vp 2674 added to chicken and turkey tissues at levels of 0.05, 0.1,
and 0.2 ppm range from 86 to 92% with a coefficient of variation of
3.4-10.1%. Detection limit is 0.02 ppm. A liquid chromatographic
confirmatory procedure is also described, with ultraviolet and fluo-
rescence detection.

BAY Vp 2674, (common name, enrofloxacin) 1-cyclopro-
pyl - 7-(4-ethyl -1 -piperazinyl) - 6-fluoro-1,4-dihydro- 4-oxo-
nb3-quinolinecarboxylic acid, is a new derivative of
3-quinolinecarboxylic acids having a broad spectrum of anti-
microbialactivity.ltsstructureisshowninFigurel . Tomonitor
drugresidues,an analytical residue procedurewasdeveloped to
determinelevelsofBAYVp2674inliver, muscle,andskinoftur-
keys and chickens. Nalidixic acid, a 1,8-naphthyridine-
3-carboxylicacidwhichhasasimilarstructureandalsohasanti-
microbialactivity,hasbeendeterminedinchickenmuscleandfat
by a fluorescence method (1). Tissue methods have been de-
scribed for other 3-quinolinecarboxylic acids for determining
pefloxacininratsanddogs(2)andnorfloxacininhuman prostate
andliver(3).Earlymethodsconsistedofextraction/partitioning
ofthesamplewithchloroformormethylenechlorideandsubse-
quent fluorescence measurements in acidic aqueous media (4).
Analyticalmethodsforthisclassofdrugshavebeenreviewed(5).
Recentmethodsincludeliquidchromatographic(LC)determi-
nationofthefollowingdrugsinanimalbodyfluids:rosoxacin(6),
miloxacin(7),norfloxacin(8,9),ciprofloxacin(10),andamiflox-
acin(l 1.

The procedure reported here represents the first tissue
monitoring method for a 3-quinolinecarboxylic acid residue
in poultry. A simple cleanup of the initial extract by parti-
tionings alone and subsequent direct measurement by fluo-
rescence allow a rapid analysis. Further cleanup and mea-
surement by LC with either ultraviolet (UV) or fluorescence
detection provide versatility and specificity to the method.

METHOD

Reagents

Use distilled water and analytical LC grade chemicals and
solvents unless otherwise specified.

(@) solvents. —Dichloromethane, methanol, and «-hexane
(Fisher Scientific).

(b) Phosphate buffers. —Prepare 1M KH2P 04 stock solu-
tion and adjust to pH 2.0 and 3.5 with orthophosphoric acid
or to pH 7.0 and 10.0 with 5M NaOH. Dilute stock solutions
10-fold to 0.1 M as working solutions.

(c) Triethylamine (TEA), H,PO,  KH2P 04, and NaOH .—
(Fisher Scientific.)

Received July 21. 1986. Accepted November 22, 1986.

(d) BAY Vp 2674 standard solution. —Prepare stock so-
lution at 500 /xg/mL, using 50 mg BAY Vp 2674 (Mobay
Corp., Animal Health Division, Lot no. R84-335-79, 99.2%
a.i.) in 100 mL CHZCI2 methanol solution. —Dilute 0.4 mL
stock soluticn to 100 mL CH.OH. Phosphate buffer solu-
tion.—Evaporate 0.1 mL stock solution to dryness and re-
dissolve residue in 100 mL of 0.1M phosphate buffer (pH
3.5). Mobile phase working standards.—Evaporate 0.1 mL
stock solution and redissolve residue in mobile phase to give
0.25, 0.5, and 1.0 ¢xg/mL

(e) “Keeper”solution. —Prepare 5%osolution of diethylene
glycol in CH:CL (v/v). Addition of several drops to sample
solution pricr to evaporation minimizes loss of low levels of
BAY Vp 2674.

Apparatus

(a) spectrophotofluorometer.—Aminco-Bowman equipped
with 1P21 phototube (American Instrument Co., Silver
Spring, MD 20901).

Al fluorescence measurements of BAY Vp 2674 were at
282 nm (excitation) and 445 nm (emission) in 1 cm square
cells (Figure 2). Maximum relative intensity (RI) from 0.5
jUg/mL BAY Vp 2674 in 0.1M phosphate buffer occurs at
pH 3.5 (Figure 3). A 0.1M buffer concentration was chosen
because it provides good buffering capacity with maximum
fluorescence intensity.

Measurements of RI at various levels of concentration
showed a linear response from 0.001 to 1.0 /xg/mL in 0.1 M
phosphate buffer at pH 3.5, but at increasing concentrations
of BAY Vp 2674 RI decreased, Figure 4.

(b) Liquid chromatograph. —Applied Chromatography
Systems (State College, PA). Column: 4.6 mm x 25 cm,
Supelcosil, 5 /xm LC-18 DB reverse phase (BelleFonte, PA).
Detectors: UV detector (Applied Chromatography Systems),
280 nm, range setting 0.03, and gain adjusted to give peak
height of 60%o full scale for 10 ng BAY Vp 2674; fluorescence
detector, Model Mark I fluorometer (Farrand, Valhalla, NY),
282 nm (excitation) and 445 nm (emission), equipped with
10 juLflow cell. Fluorescence detector is operated in tandem
with UV detector. Operating parameters: Mobile phase, ace-
tonitrile-water-TEA (20 + 75 + 5) adjusted to pH 3.5 with
orthophosphoric acid; pressure, 1500 psi; flow rate, 1 mL/
min; injection volume, 10 ;4 Under these conditions, re-
tention time (tK of BAY Vp 2674 is 5.6 min.

(c) centrifuge. —IEC Model 5BR (International Equip-
ment Co., Boston, MA).

(d) soxhiet extractor. —400 mm id (Fisher Scientific).

(0]
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Figure 1. Structure of BAY Vp 2674.
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Figure 4. Effect of concentration on relative intensity of BAY
Vp 2674 in 0.1 M phosphate buffer (pH 3.5).

(e) culture tubes. —All culture tubes are borosilicate glass

equipped with Teflon-lined screw caps.
(f) Hypodermic syringes. —Fitted with cannulas. Use for

transfers of all layers in cleanup stage.
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Figure 5. Distribution of p-values of BAY Vp 2674 between di-
chloromethane and phosphate buffer, pH 2-12.
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Concentrated _ Concentrate
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Figure 6. Flow scheme for extraction of BAY Vp 2674 from poul-
try tissue.

Fortification of Tissue Samples

To 20 g homogenized tissue, add 0.5, 1.0, and 2.0 mL of
2 fig/mL methanolic solution of BAY Vp 2674 to give 50,
100, or 200 parts per billion (ppb) in tissue. Let stand at
room temperature 1h prior to addition of extraction solvent.

Calculations

Standardize spectrophotofluorometer to give intensity
reading of 5.0 with 0.5 ug/mL quinine sulfate dihydrate in
0.1N H2504at 350 nm (excitation) and 450 nm (emission).
Then, determine maximum relative intensity (RI) for 0.1M
pH 3.5 phosphate buffer (background) and 50, 100, and 200
fig/mL solutions of BAY Vp 2674 in the same buffer from
meter readings and the multiplier setting: Rl = meter X
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Figure 7. Flow scheme for cleanup of extract of BAY Vp 2674

from poultry tissue.

multiplier. Determine corrected RI by subtracting RI (back-
ground) from uncorrected RI.

For determining corrected RI for all control and fortified
tissue samples, set Rl value at 2.00 for 100 ppb standard
solution of BAY Vp 2674 in 0.1M pH 3.5 phosphate buffer.

Tissue controls (unfortified):
Corrected RI (control) = Rl - 0.02 buffer (background)
Fortified tissues:

Corrected Rl = RI —uncorrected RI (control)

corrected RI (sample)
corrected RI {standard)

Residue, ppb =

x ppb (standard)

Extraction

Place 20 g finely chopped sample (ca 20 mesh or finer) into
Soxhlet extractor containing glass wool plug to prevent si-
phoning of sample particles into extraction flask. Extract
sample 15 h with 130 mL dichloromethane-10% MeOH
(v/v) at rate of 5 solvent exchanges/h. Let extract cool and
examine it for presence of distinct aqueous layer. If none is
present, filter extract through glass wool plug (ca 25 x 10
mm thick), wash flask, and plug with 20 mL and then 10
mL dichloromethane. Reserve combined filtrates in 250 mL
boiling flask.

If distinct aqueous layer is present, add 1 mL of 1M pH
7 buffer, mix contents well, and filter through glass wool plug
into 250 mL separatory funnel. After layers separate, drain
organic layer into 250 mL boiling flask, wash extraction flask
and filter plug, and extract aqueous layer in a separatory
funnel with additional 20 mL and then 10 mL dichloro-
methane. Reserve combined extracts.

Table 1. Spectrofluorometric analysis of chicken tissue fortified
with BAY Vp 2674

Recovered (X + SE)*

Tissue Added, ppb ppb %
Liver control 9+ 1 —
50 43 + 3 86 + 6
100 89 +5 88 +5
200 176 + 12 88+ 6
Muscle control 7+ 2
50 44 + 3 88 + 6
100 89 + 6 89 + 6
200 178 + 6 89 + 3
Skin control 7+1
50 43 + 2 86 + 4
100 89 + 9 89 + 9
200 185 + 8 92+ 4

*Triplicate samples.

Table 2. Spectrofluorometric analysis of turkey tissue fortified
with BAY Vp 2674

Recovered (X £ SE)*

Tissue Added, ppb ppb %
Liver control 5+ 1
50 47 £ 3 93+ 6
100 89 + 8 89 + 8
200 168 + 8 84 + 4
Muscle control 71
50 43 + 3 86 + 6
100 M+ 5 MV +5
200 182 + 8 91 + 4
Skin control 7+ 1
50 45 + 4 90 + 8
100 82+ 4 82 + 4
200 179 + 8 90 + 4

«Triplicate samples.

Table 3. Recovery of BAY Vp 2674 from chicken and turkey skin
fortified at 50 ppb as determined by SPF and LC analysis*

Found, ppb Mean recovery, %
Method of detection Chicken Turkey Chicken  Turkey
SPF 43-49 43-46 89.5 88.5
LC-uv 47-49 46-49 97.6 95.8
LC-fluorescence 45-46 44-46 91.1 92.6

« Each value represents a mean of 4 separate determinations.

Carefully concentrate extracts to near dryness by distilla-
tion under 3-ball Snyder column; remove distillation flask
and Snyder column, wash column with 10 mL hexane, and
again concentrate contents to near dryness. Reserve residue
for cleanup.

Cleanup

Transfer concentrated extract (containing 1 mL or less of
hexane) to culture tube (150 mm x 25 mm; ca 53 mL ca-
pacity) containing 10 mL of 0.1M pH 2 buffer by using three
10 mL portions of hexane. Wash inner walls of flask with 10
mL dichloromethane and gently warm and swirl contents to
dissolve any additional residue. Transfer contents to second
culture tube of the same size. Again wash flask with 10 mL
dichloromethane and reserve combined washings (20 mL)
for use in subsequent extraction. Shake hexane and pH 2
buffer phases in first tube vigorously by hand for 2 min.
Centrifuge and, using hypodermic syringe, remove and dis-
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Figure 8. LC fluorescence response to BAY Vp 2674 standard alone and in presence of chicken and turkey skin controls.

card hexane layer, taking care not to remove any agqueous
layer. Extract aqueous layer with additional 10 mL portion
of hexane. Centrifuge and again carefully remove hexane
layer and discard it.

Add 20 mL dichloromethane washings reserved in second
tube to buffer layer in first tube; shake contents vigorously
1 min, centrifuge, and transfer organic layer back to second
tube. Add 10 mL of 0.1M pH 2 buffer to second tube, shake
contents vigorously 1 min, centrifuge, and transfer aqueous
layer to first tube (now contains 20 mL of pH 2 buffer);
discard second tube and contents. Adjust aqueous phase to
pH 12 by adding 1.7 mL of 5M sodium hydroxide. Add 20
mL dichloromethane, shake vigorously 1 min, centrifuge,
and transfer aqueous layer (20 mL) to larger culture tube (200
mm x 25 mm; ca 73 mL capacity). Add 10 mL of 0.1M pH
12 buffer to dichloromethane in first tube, shake contents
vigorously 1 min, centrifuge, and transfer aqueous layer to
larger tube (now contains 30 mL); discard first tube and
contents. Add 0.6 mL of 30% H3P04tc aqueous layer (30
mL) and measure pH to ensure that aqueous solution is

Table 4. Amount of coextractives and relative intensity (RI) from
untreated tissues of chickens and turkeys*

Apparent
Coextractives BAY Vp 2674,

Tissue wt, g° Ric ppb
Chicken:

Liver 0.12 0.16 9+ 1

Muscle 0.21 0.13 7% 2

Skin 4.64 0.14 7+ 1
Turkey:

Liver 0.06 0.10 5+ 1

Muscle 0.22 0.14 7+ 1

Skin 6.01 0.13 7+ 1

* Average mean * SE for 4 replicate samples/tissue.

620 g sample size.

ORI = RI (observed) - 0.02 (buffer background). Reading of 0.2 ng/mL BAY
Vp 2674 standard = 2.00 Rl units.

exactly pH 7.0. Then add 30 mL dichloromethane. Shake
contents vigorously 1 min and let layers separate (no cen-
trifugation is required). Transfer organic layer to 100 mL
boiling flask by filtering it through small glass wool plug.
Extract aqueous layer with additional 15 mL portion of di-
chloromethane in the same manner.

Ifentire dichloromethane extract (45 mL) is to be analyzed
by spectrofluorometric (SPF) or LC analysis, add 1.0 mL
keeper solution prior to concentrating sample to dryness. For
simultaneous quantitation of BAY Vp 2674 by SPF and LC
analysis, adjust combined dichloromethane extracts to 50
mL in volumetric flask and then divide into two 25 mL
aliquots. To one 25 mL aliquot add 0.5 mL keeper solution
and concentrate to near dryness by distillation as described
in extraction procedure. Then, evaporate residue completely
to dryness by using vacuum and 50°C water bath. Add 5 mL
0f 0.1M pH 3.5 buffer to flask. Warm contents in 50°C water
bath while swirling to dissolve residue; then, alternate flask
between ultrasonic bath and vortex mixer for 2-3 15 s in-
tervals to ensure complete dissolution of residue (contains 2
g equivalent sample/mL). If solution is not optically clear,
remove suspended particles by forcing solution through 0.45
fim filtering cartridge using hypodermic syringe. Cover flask
and, after contents have equilibrated to room temperature,
quantify residues of BAY Vp 2674 by SPF analysis.

Add 0.5 mL keeper solution to other 25 mL aliquot, con-
centrate to dryness, and dissolve residue in 1.0 mL mobile
phase.

Confirmation by LC Analysis

Inject 10 yL working standard and sample solution into
liquid chromatograph, measure peak heights, and calculate
concentration by the following formula:

BAY Vp 2674, ppb = RxV,xC»x 100/W

where R is ratio of sample to working standard peak heights;
Vw= volume (nl) of working standard injected; Cw= con-
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Figure 9. Liquid chromatographic UV response to BAY Vp 2674 standard alone and in presence of chicken and turkey liver, muscle,
and skin controls.

centration (ng/fiL) of working standard; and W = total weight
of sample extracted.

Results and Discussion

The sample extract and dichloromethane washings were
combined and concentrated to near dryness. Hexane was
then added before the final concentration step to help elim-
inate the last traces of dichloromethane and methanol before
cleanup.

Cleanup was accomplished by taking advantage ofthe par-
titioning characteristics of BAY Vp 2674 between hexane or
dichloromethane and various phosphate buffers at pH range
2-12. The best conditions favoring the organic phase were
found by determining ~-values (12, 13) for BAY Vp 2674.
A p-value, determined by distributing a solute between equal
volumes of 2 immiscible phases, is defined as the fraction of
the total solute partitioning into the upper phase. The /»-val-
ues were calculated from absorbancy measurements at 282
nm ofa standard solution of 10 figdrug/mL dichloromethane
before and after shaking against an equivalent volume of
0.1M phosphate buffer. Results for dichloromethane are
shown in Figure 5. Values from hexane and buffer over a pH
2-12 range were zero.

Flow schemes for extraction and cleanup procedures are
given in Figures 6 and 7, respectively. Losses may occur at
2 critical steps during the cleanup procedure. Transfer of
BAY Vp 2674 to pH 2 buffer may be incomplete due to its
insolubility in hexane and the low amount of coextractives
present. Losses are minimized by washing the flask with
dichloromethane. Unless complete equilibrium is estab-

lished after partitioning hexane against pH 2 buffer, losses
could occur when the hexane is discarded.

Recoveries ofBAY Vp 2674 as determined by SPF analysis
from fortified fiver, muscle, and skin of chickens and turkeys
ranged from 82 to 93% (Tables 1 and 2, respectively). Re-
coveries determined by LC analysis, as shown in Table 3,
were comparable.

Incurred residues in skin from chickens and turkeys re-
ceiving single oral doses of [4C] BAY Vp 2674 per day for
7 consecutive days were analyzed by the LC procedure uti-
lizing both UV and fluorescence detection. For samples col-
lected 6 and 24 h after the last dose, residues of BAY Vp
2674 from the LC procedure were in agreement with levels
found by radioassay utilizing thin-layer chromatography.

The level of coextractives removed by the dichlorometh-
ane-methanol Soxhlet extraction procedure from a 20 g sam-
ple represented approximately 1%oor less for muscle and fiver
and 23-30% for skin (Table 4). Maximum background levels
were 7 ppb for muscle and skin and 9 ppb for fiver (Ta-
ble 4). Lowest detection limit is approximately 0.02 ppm,
based on twice the maximum background level for fiver.

Response of 50 ppb BAY Vp 2674 by LC analysis utilizing
fluorescence detection is shown in Figure 8A. Essentially flat
baselines were observed for skin controls from chicken and
turkey (Figure 8B and C). Responses of 50 ppb BAY Vp
2674, utilizing UV detection, are shown in Figure 9A for the
drug alone and in C and F for chicken and turkey skin,
respectively. For skin, muscle, and fiver of chicken and tur-
key, response due to interferences at the retention time of
BAY Vp 2674 was absent (Figure 9B, D-H).
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Poultry tissues may be monitored routinely by an SPF
procedure. Levels of BAY Vp 2674 may then be confirmed
by LC analysis utilizing UV and/or fluorescence detection.
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Liquid Chromatographic Method for Determining the Macrolide Antibiotic Sedecamycin and
Its Major Metabolites in Swine Plasma and Tissues

JUNYA OKADA and SADAO KONDO

Takeda Chemical Industries, Ltd, Animal Health Products Division, 17-85, Jusohonmachi 2-chome,

Yodogawa-ku, Osaka 532, Japan

A liquid chromatographic (LC) method was developed to determine
sedecamycin, a 17-membered macrolide antibiotic used for treating
swine dysentery, and its major metabolites (lankacidin C, lankacid-
inol A, and lankacidinol) in swine plasma and tissues. Plasma is
directly extracted with ethyl acetate and analyzed by liquid chro-
matography without purification. Tissues are homogenized in a phos-
phate buffer containing sodium chloride, and then extracted with
ethyl acetate. The extracts are subjected to silica gel-Florisil, double-
layered column chromatography to remove endogenous interfering
substances. The LC determination uses silica gel and ODS-silica as
a stationary phase. The detection limits for sedecamycin and its
metabolites were <0.05 ppm, and average recoveries and coefficients
of variation (0.2-1 ppm range) were >75% and <10%, respectively.

Sedecamycin (lankacidin A) is derived enzymatically from
lankacidin C, a 17-membered macrolide antibiotic produced
by Streptomyces rochei var. volubilis (1, 2). The antibiotic,
antibacterially active against Gram-positive organisms (3),
is preeminently effective against Treponema hyodysenteriae
(4), the pathogenic organism for swine dysentery (4, 5). In
Japan, sedecamycin, at a concentration 0f25-75 ppm in feed,
was approved in June 1985 for treating swine dysentery.

As is the case with macrolide antibiotics in general, se-
decamycin is extensively metabolized by swine to approxi-
mately 20 metabolites (S. Kondo & J. Okada, unpublished
data). Three of these metabolites, lankacidin C, lankacidinol
A, and lankacidinol, are active against T. hyodysenteriae, the
remainder have hardly any antibacterial properties (T. Ya-
mazaki et al., Takeda Chemical Industries, unpublished data).
The present report deals with a method to determine sede-
camycin and its 3 major metabolites in swine plasma and
tissues with cleanup on a silica gel-Florisil, double-layered
column followed by liquid chromatography (LC).%

Received June 9, 1986. Accepted December 24, 1986.
Presented at the 47th meeting of the Food Hygienic Society of Japan, May
17, 1984, Tokyo, Japan.

METHOD
Reagents

Al reagents are reagent grade unless otherwise stated. Water
is deionized and distilled.

(&) Solventsfor LC.—«-Hexane, isopropanol, and aceto-
nitrile (LC grade, Wako Pure Chemical Industries, Ltd, Osaka,
Japan).

(b) Standards.—Sedecamycin (purity 99.2%), lankacidin
C (purity 99.7%), lankacidinol A (purity 94.2%), and lan-
kacidinol (purity 93.1%) (Figure 1).

(c) Standard solutions.—Store in cold, dark place when
not in use. (1) Stock solutions. —100 pg/mL. Dissolve sedeca-
mycin, lankacidin C, and lankacidinol A in ethyl acetate, and
lankacidinol in methanol. (2) Working solution 7.—0.5, 2,
and 10 jig/mL of each standard. Dilute each stock solution
with ethyl acetate or methanol (for recovery studies). (3)
Working solution 2.—0.25, 0.5, 1, and 2 pgjmL. Combine
aliquots of working solution 1 ofeach compound, evaporate,
and dissolve with ethyl acetate as appropriate for normal
phase LC. Evaporate aliquots of sedecamycin working so-
lution 1and dissolve with acetonitrile for reverse phase LC.

(d) Silica gel.—Silica gel 60, 70-230 mesh (E. Merck,
Darmstadt, FRG). Activate s« h at 130°C.

(e) Florisil. —100-200 mesh (Floridin Co., obtained from
Wako Pure Chemical Industries). Activate s h at 130°C.

(f) 0.1M Phosphate buffer containing sodium chloridefor
extraction (pH 4.5). —Dissolve 13.6 g KH2P0+ and 100 g
NaClin 1L water. Adjust to pH 4.5 with KOH or phosphoric
acid.

(9) Mobile phase.—(A) n-Hexane-isopropanol (80 + 20);
(B) n-hexane-isopropanol-acetic acid (75 + 25 + 0.2) for
normal phase LC; (C) 0.01M phosphate buffer (pH 8.2)-
acetonitrile (60 + 40) for reverse phase LC. Dissolve 1.32 g
Na:HPO0. and 0.091 g KH,P04 in 1L water. Adjust to pH
8.2 with NaOH or phosphoric acid and filter through 0.55
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Figure 1. Chemical structures of sedecamycin and its
metabolites.

pm glass microfiber filter (Type SM 13400) over 0.45 pm
membrane filter (Type SM 11306, Sartorius GmbH, Goet-
tingen, FRG). Add acetonitrile to buffer solution.

Apparatus

(d) Liquid chromatograph. —Model 6000A pump and
Model Us K injector (Waters Associates, Milford, MA 01757)
connected with Model SPD-2A variable wavelength ultra-
violet detector (Shimadzu Seisakusho Ltd, Kyoto, Japan).

(b) Analytical columns.—(A) Stainless steel, 3.9 mm id x
30 cm, containing /uPorasil, 10 ¢tin particle size, and equipped
with guard column, 3.9 mm id x 2.5 cm, packed with Porasil.
(B) Stainlesssteel, 3.9 mm id x 30 cm, containing ¢¢Bondapak
C18 10 Mm particle size, and equipped with guard column
packed with Bondapak C18Corasil (Waters Associates).

(c) High-speed homogenizer. —Ultra-Turrax TP 18/2
(Janke & Kunkel GmbH, Staufen, FRG).

(d) Centrifuge.—Model05P-2(HitachiKokiCo.,Ltd,To-
kyo, Japan).

(e) Ultrasonic generator.—Sono Cleaner MINI (Kaijo
Denki Co., Ltd, Tokyo, Japan).

(f) Chromatographic column.—Glass column with fritted
glass disc (pore size 100-120 nmM, 60-80 mesh) and stopcock,
11 cmid x 25 cm length.

Extraction

Plasma.—Place 5 mL plasma in 25 mL glass centrifuge
tube. Add 10 mL ethyl acetate and blend 20 s at maximum
speed with Ultra-Turrax homogenizer at room temperature.
Centrifuge 5 min at 3000 rpm and collect organic layer. Ex-
tract aqueous layer twice with 10 mL portions of ethyl ace-
tate. Evaporate combined extracts to dryness by rotary evap-
oration and dissolve with 1 mL ethyl acetate for LC
determination.

Tissue. —Weigh 10 g chopped tissue into 50 mL glass cen-
trifuge tube and homogenize 30 s with 10 mL 0.1M phos-
phate buffer (pH 4.5) containing 10% NacCl in ice bath. Add
15 mL ethyl acetate and blend 20 s with homogenizer at
room temperature. Centrifuge 5 min at 3000 rpm and collect
organic layer. Extract aqueous layer twice with 10 mL por-
tions ofethyl acetate. Evaporate combined extract to dryness
and dissolve residue with ca 5 mL dichloromethane, using
ultrasonic generator for cleanup procedure.

Column Cleanupfor Tissue Extract

Suspend silica gel and Florisil in dichloromethane in sep-
arate flasks. Prepare cleanup column by wet-packing 3 cm
silica gel at the bottom and 1.5 cm Florisil in the middle,
and placing 2 cm Na.S04 on the top. Apply dichloromethane
solution to silica gel-Florisil column. Wash column with 75
mL dichloromethane-ethyl acetate (90 + 10) and elute with
ethyl acetate-acetone (80 + 20). Accurately collect 20 mL
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Table 1. Partition coefficients of sedecamycin and its metab-
olites between organic solvents and water

Organic solvent

Compound n-Hexane Chloroform  Ethyl acetate n-Octanol
Sedecamycin 0.033 >400 >400 120
Lankacidin C 0.006 33.6 17.0 6.22
Lankacidinol A 0.016 28.9 47.5 17.3
Lankacidinol <0.002 0.20 1.21 1.40

and then 30 mL eluates, separately. Evaporate an aliquot of
the first eluate to dryness and dissolve residue with 1 mL
ethyl acetate per g tissue to quantitate sedecamycin, lanka-
cidin C, and lankacidinol A. Combine aliquots of first and
second eluates, evaporate to dryness, and dissolve residue
with 1 mL ethyl acetate per g tissue to quantitate lankacid-
inol.

Chromatographic Determination

Run LC analysis under conditions described below. De-
termine sedecamycin, lankacidin C, and lankacidinol A un-
der condition A, and lankacidinol under condition B. Use
condition C only when identification of sedecamycin in a
kidney sample is ambiguous because of interfering sub-
stances. Evaporate aliquot of sample solution of kidney to
dryness and dissolve with acetonitrile.

Monitor at 227 nm with detection sensitivity 0f0.02 AUFS
and quantitate each compound by comparing its peak height
with calibration curve obtained from peak heights ofworking
solution 2.

Condition A: column A; mobile phase A; flow rate 1.5 mL/
min; column pressure 600-1000 psi; injection volume 20 pL.

Condition B: column A; mobile phase B; flow rate 1.5 mL/
min; column pressure 700-1000 psi; injection volume 40 pL.

Condition C: column B; mobile phase C; flow rate 1.0 mL/
min; column pressure 700-1000 psi; injection volume 20 pL.

Recovery Studies

Add appropriate aliquots of working solution 1to centri-
fuge tube and evaporate under stream of nitrogen. Add to
tube plasma and tissues obtained from pigs fed unmedicated
feed (hereafter referred to as control sample) and mix using
vortex mixer. Determine compounds added by method de-
scribed above.

Results and Discussion
Extraction

Table 1 shows the partition coefficients of sedecamycin
and its metabolites (hereafter referred to as the compounds,
collectively) between organic solvents and water. The coef-
ficients indicate that these compounds have different solvent
extractabilities. Three methods were tried to extract the com-
pounds simultaneously from the tissues with organic sol-
vents. Method 1 (Table 2)—in which the tissues were de-
proteinized by homogenizing them with such hydrophilic
solvents as alcohols, saturated sodium chloride solution was
added to the homogenate, and then the mixture was extracted
with less polar solvents—gave unsatisfactory recoveries be-
cause the compounds were partitioned too much into the
aqueous layer because of the alcohols. In Method 2, or the
adopted method, the tissues, without deproteinizing, were
homogenized in a buffer and extracted with hydrophobic
solvents. This method gave excellent recoveries only when
the samples were extracted with ethyl acetate.

The addition of sodium chloride to the buffer improved
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Figure 2. Liquid chromatograms of standards and control swine
tissue extract, a, mixture of standards; b, control swine liver
extract before column cleanup. 1, sedecamycin; 2, lankacidinol
A; 3, lankacidin C; 4, lankacidinol; 5, substance I; 6, substance
Il; 7, substance lll. Conditions: column jiPorasil; mobile phase
n-hexane-isopropanol-acetic acid (75 + 25 + 0.2).

the separation of the phases and increased the recoveries of
lankacidin C and lankacidinol. In view ofthe stability of the
compounds in aqueous solution (3), a phosphate buffer of
pH 4.5 was selected. It appears that no significant differences
were obtained in recoveries between pH 4.5 and 6.0.

Ice-cooled homogenization was used because of the sta-
bility of the compounds. However, the aqueous homogenate
was extracted with ethyl acetate at room temperature to im-
prove recoveries. Direct extraction with a hydrophobic sol-
vent was unsuccessful because the tissues could not be thor-
oughly crushed in the solvent and consequently low recoveries
were obtained (data not shown).

The direct extraction ofa fat sample with methanol (Meth-
od 3) gave fairly good recoveries; however, Method 2 was
also utilized for fat extraction because less of the interfering
substances appeared on the chromatogram obtained by this

Cleanup of Extract

method.
Table 2. Extraction efficiency of variable solvent systems’
Solvent
Method Tissue 1st 2nd

16 Kidney MeOH AcOEt 76
MeOH CH2ZCI2 70

MeOH MIBK" NA

EtOH AcOEt 60

2 Kidney NaCl-buffer' (pH 4.5) AcOEt 90
NaCl-buffer (pH 6.0) AcOEt 92

Buffer' (pH 4.5) AcOEt 86

Buffer (pH 6.0) AcOEt 80

NaCl-buffer (pH 4.5) CH2CI2 4

NaCl-buffer (pH 6.0) CHCI3 7

NaCl-buffer (pH 4.5) MIBK 55

NaCl-buffer (pH 4.5) 0-BuOH Va4

Fat NaCl-buffer (pH 4.5) AcOEt 88

3 Fat MeOH none 72

« Control tissue (10 g) was spiked with 10 fig each of sedecamycin and its 3 metabolites.
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Figure 3. Liquid chromatograms of eluates from silica gel col-

umn (1.1 x 4.5 cm) of control liver extract, a, first 20 mL eluate;

b, second 30 mL eluate. 1, substance I; 2, substance il; 3, sub-
stance lll. LC conditions same as Figure 2.

Direct extraction of a plasma specimen with ethyl acetate
gave excellent recoveries (see later discussion).

The control tissue extracts contained at least 3 kinds of
endogenous interfering substances (Figure 2b). The first
(hereafter referred to as substance 1) consisted of nonpolar
substances eluting between the solvent front and sedeca-
mycin in the normal phase LC. The second (substance II)
was moderately polar, eluting around lankacidin C and lan-
kacidinol. The last (substance Ill) was strongly polar and
eluted long after lankacidinol. Tissue extracts containing these
substances were subjected to chromatographic cleanup.

An ethyl acetate extract of control tissue only or tissue
spiked with the compounds was obtained as described under
Extraction. The extract was evaporated to dryness, dissolved
with dichloromethane, and applied to a column with silica

Recovery, %

Sedecamycin Lankacidin C Lankacidinol A Lankacidinol

71 68
NAC 41
74 70
86 58
85 82
88 80
86 68
88 62
14 0
25 9
73 85
70 74
75 78
84 76

OSaturated sodium chloride solution was added to the tissue extract of the first solvent before extraction with the second solvent.

cNot assayed.

OMethyl isobutyl ketone.

*0.1 M phosphate buffer containing 10% NaCl.
'0.1M phosphate buffer.
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Figure 4. Liquid chromatograms of eluates from Florisil column

(1.1 « 4.5 cm) of control liver extract, a, first 20 mL eluate; b,

second 30 mL eluate. See Figure 3 for peak identification. LC
conditions same as Figure 2.

gel or Florisil alone, or with combinations of each. The col-
umn was washed with 75 mL dichloromethane-ethyl acetate
(90 + 10), and the compounds were eluted with ethyl acetate-
acetone (80 + 20). The first 20 mL and the subsequent 30
mL ofthe eluate were collected separately, and each fraction
was injected into the LC apparatus after being evaporated
and reconstituted with ethyl acetate.

The silica gel column eliminated substances I and 111 from
the first 20 mL eluate, recovering most of the sedecamycin,
lankacidin C, and lankacidinol A in this eluate and lanka-
cidinol in the whole (first + second) eluate. However, it failed
to remove substance 11, and thus it was difficult to determine
lankacidin C (Figure 3 and Table 3).

On the other hand, the Florisil column eliminated sub-
stances | and I, but it did not remove substance Ill. Fur-
thermore, recoveries oflankacidinol A and lankacidinol from
the column were low when more than 2 cm of Florisil was
used (Figure 4 and Table 3).

The double-layered column ofsilica gel (3 cm, lower) and
Florisil (1.5 cm, upper), which combined the different prop-
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Figure 5. Liquid chromatograms of eluates from silica gel (3

cm, lower) plus Florisil (1.5 cm, upper) column of control liver

extract, a, first 20 mL eluate; b, second 30 mL eluate. See Figure
3 for peak identification. LC conditions same as Figure 2.

erties of the » adsorbents, resulted in a satisfactory cleanup.
First, substance | was removed by the washing process. Sec-
ond, sedecamycin, lankacidin C, and lankacidinol A were
mostly recovered in the first eluate, leaving substances Il and
Il on the column. Third, some lankacidinol was recovered
in the first eluate, but most of it was recovered in the second
together with some portions of substances Il and Il that
could be separated from lankacidinol by liquid chromatog-
raphy (Figure 5 and Table 3).

Another double-layered column with 1cm Florisil in the
upper layer did not remove substance Il sufficiently from the
first eluate. Neither did the reverse double-layered column
(3 cm silica gel, upper and 1.5 cm Florisil, lower) (data not
shown).

As shown in Table 3, lankacidinol A, which had a fairly
strong affinity for Florisil, was poorly recovered from the
double-layered column in the first eluate when only a stan-
dard solution was applied to the column. However, when it
was applied together with the tissue extracts, more than 70%
of the compound was recovered in the first eluate. On the

Table 3. Recovery of sedecamycin and its metabolites from columns

Column packing, cm

Florisil Silica gel Tissue Eluate*
0 4.5 none 1
2
15 3.0 none 1
(Upper) (Lower) 2
liver 1
2
kidney 1
2
muscle 1
2
fat 1
2
4.5 0 none 1
2

* 1, first 20 mL; 2, second 30 mL.

Recovery,0%
Sedecamycin Lankacidin C Lankacidinol A Lankacidinol
99 104 78 31
3 0 22 72
82 87 38 24
7 9 40 66
90 91 81 82»
NA* NA NA
88 92 74 71»
NA NA NA
90 89 73 67»
NA NA NA
88 88 75 78»
NA NA NA
67 90 8 0
10 6 62 52

ONeither sedecamycin nor its metabolites were found in the dichloromethane-ethyl acetate washing.

ONot assayed.
OThe first and second eluates were combined to determine.
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Figure 6. Liquid chromatogram of sedecamycin, lankacidin C,
and lankacidinol A recovered from swine liver. 1, substance I
2, sedecamycin; 3, lankacidinol A; 4, lankacidin C. Conditions:
column fzPorasil; mobile phase n-hexane-isopropanol (80 + 20).
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Figure 7.  Liquid chromatograms of combined eluate from silica
gel-Florisil column of swine liver extract spiked with a mixture
of standards. 1, substance [; 2, lankacidinol A; 3, lankacidin C;
4, substance l; 5, lankacidinol; 6, substance lll. Column MPorasil;
mobile phase a, n-hexane-isopropanol (75 + 25); b, n-hexane-
isopropanol-acetic acid (75 + 25 + 0.2); ¢, n-hexane-isopro-
panol (70 + 30); d, n-hexane-isopropanol-acetic acid (70 +
30 + 0.2).
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Figure 8. Liquid chromatograms of control swine kidney extract

after silica gel-Florisil column cleanup. Conditions: a, column

MPorasil; mobile phase n-hexane-isopropanol-acetic acid (75 +

25 + 0.2); b, column «¢Bondapak Cia; mobile phase 0.01 M phos-

phate buffer (pH 8.2)-acetonitrile (60 + 40). Arrow indicates elu-
tion position of sedecamycin.

other hand, the recoveries ofthe other compounds were hard-
ly affected by the existence of the tissue extracts.

It should be specially noted that satisfactory cleanups were
achieved by delicate combinations ofthe sequence and depth
of the layers of silica gel and Florisil and of solvents for
washing and eluting.

The plasma extract contained nonpolar substances, but it
did not require any purification.

LC Conditions

Sedecamycin, lankacidin C, and lankacidinol A could be
determined on the first eluate by using mobile phase A in
the normal phase LC analysis with no interference from the
endogenous substances (Figure ). On the other hand, the
first and second eluates had to be combined and used to
recover lankacidinol at a rate higher than 70%. Several sol-
vent systems were investigated to adequately separate lan-
kacidinol from substance Il and minimize the elution time
for substance 11 (Figure 7). Although n-hexane-isopropanol
(70 + 30) did not separate lankacidinol from substance II,
changing the solvent ratio to 75 + 25 improved the sepa-
rability somewhat. The addition of acetic acid to the latter
mobile phase improved the separability to an acceptable level.
Eventually, mobile phase B was selected to determine lan-
kacidinol.

Sedecamycin and its 3 metabolites, which have strong ab-
sorption maxima around 227 nm, were detected with 2.5 to
3 times greater sensitivity at 227 nm rather than the com-
monly used 254 nm.

Normal phase liquid chromatography identified and quan-
titated the compounds in all the tissues except kidney. The
kidney extract, despite purification on the silica gel-Florisil
column, occasionally exhibited some minor peaks close to
the peak of sedecamycin (Figure s a), making the identifica-
tion and quantification of sedecamycin ambiguous. Even-
tually, reverse phase LC was adopted to assay sedecamycin
in Kidney when the results were ambiguous in the normal
phase LC. The chromatographic conditions clearly distin-
guished sedecamycin from endogenous substances in the kid-
ney (Figure sb).
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Table 4. Recovery of sedecamycin and its metabolites added to swine plasma and tissues

Sample Added, ppm N Sedecamycin
Plasma 1.0* 4 87.2+ 0.5
0.2* 4 91.2 + 8.7
0.05* 2 79.0 + 25

Plasma av. 0.2-1.0* 8 89.2 + 6.12
Liver 1.0 4 925+ 1.3
0.2 5 89.6 + 7.2

0.05 3 85.0 +11.5
Kidney 1.0 4 87.2 + 50
0.2 4 88.2 + 35

0.05 2 76.5 + 16.3
Muscle 10 5 95.0 + 1.7
0.2 4 882+ 15

0.05 2 84.0 + 12.7
Fat 10 4 82.8 + 3.9
0.2 4 855 + 4.8

0.05 3 82.3 + 136

Tissue av. 0.2-1.0 34 889 £ 5.24

**ig per mL.

Table 5. Regression analysis on the linear relation between se-
decamycin and its metabolites added and their peak heights9

Sedeca- Lanka- Lanka- Lanka-
Statistic mycin cldin C cidinol A cidinol
None added
N 27 27 27 27
Range: max, mm 3.0 1.0 1.0 0.7
min, mm 0.0 0.0 0.0 0.0
Mean (X,), mm 0.49 0.16 0.13 0.10
SD (S,), mm 0.86 0.44 0.30 0.22
Mean + 3 S, (XJ, mm 3.07 1.47 1.02 0.75
CLeg. to XL, ppm* 0.014 0.019 0.015 0.016
0.05 ppm added
N 12 12 12 12
Range: max, mm 12.8 4.4 5.8 3.0
min, mm 8.0 2.8 2.8 1.8
Mean, mm 9.23 3.43 4.16 2.46
SD, mm 1.50 0.64 0.99 0.37
0.2 ppm added
N 21 21 21 21
Range: max, mm 48.3 18.7 23.0 14.0
min, mm 29.9 115 14.0 6.3
Mean, mm 37.48 15.03 17.63 941
SD, mm 4.02 2.05 2.38 2.15
1.0 ppm added
N 21 21 21 21
Range: max, mm 203.9 86.9 118.3 69.0
min, mm 166.4 64.2 78.7 32.3
Mean, mm 185.11 75.20 93.48 48.29
SD, mm 9.60 7.61 11.26 12.38
Slope 184.72 75.18 93.71 48.26
SD 1.43 1.08 1.58 1.35
Intercept (a), mm 0.40 0.01 -0.38 - 0.01
SD (S,), mm 0.74 0.56 0.82 0.70
a+3S,(XJ, mm 2.62 1.69 2.08 2.09
C,aeq. to Xla ppm* 0.012 0.022 0.026 0.044
Correlation coefficient 0.9976 0.9920 0.9890 0.9537

* Peak heights of sedecamycin obtained by reverse phase LC were omitted.
»Calculated using slopes and intercepts.

Recoveries and Detection Limits

Table 4 summarizes the recovery studies on plasma, liver,
kidney, muscle, and fat spiked with sedecamycin and its
metabolites at 0.05-1.0 ppm. Because the peak heights ofthe

Recovery (mean + SD), %

Lankacidin C Lankacidinol A Lankacidinol
942 + 1.2 97.1 + 5.6 996 + 5.5
96.0 + 2.8 952 + 21 101.9 £ 9.0
91.7 + 0.7 929 + 0.7 95.0 £ 4.2
951 + 2.23 96.2 + 4.03 100.7 + 6.97
92.0 + 3.4 875+ 3.8 818+ 7.6
81.4 + 85 844+ 7.0 78.4 £ 6.5
85.6 + 51 753 £ 45 86.7 £11.2
88.8 + 3.0 855 *+ 3.9 792 £ 55
89.8 + 3.0 80.2 £ 55 75.0 = 8.3
84.0 + 61 68.5 £ 12.0 82.0 + 5.7
914 + 55 88.6 £ 5.2 744 £ 55
85.0 £ 2.7 778 = 3.2 718 + 4.9
86.0 + 2.8 69.0 + 2.8 785 *+ 134
80.2 + 41 795+ 51 732+ 71
805+ 7.6 748 + 4.0 715 + 54
78.0 £ 8.2 75.7 + 159 78.0 + 44
86.2 + 6.70 825 £ 6.45 75.7 + 6.68

samples spiked with the compounds at 0.05 ppm, close to
the detection limits described below, were under 10 mm and
far from quantitative, these data were omitted from the cal-
culation of the average recoveries and their variances. Since
the purification procedures differed between plasma and tis-
sues, the data from each were separately analyzed. The results
of the statistical treatment are shown in Table 4. The mean
recovery was highest for sedecamycin and lowest for lan-
kacidinol. The recoveries from plasma were higher than those
from tissues for every compound, because column cleanup
was not involved in the plasma extraction. The accuracy and
precision, indicated by recoveries >75% and coefficients of
variation <10%, respectively, are satisfactory for residue
analysis.

The detection limits of the present method were statisti-'
cally defined. According to the IUPAC recommendation (s ),
the detection limit (CL) is defined as the quantity equivalent
to XLin the following equation:

XL= XH + 3sH

where XHand Sh are the mean and standard deviation (SD)
ofnormally distributed background signals, respectively. The
background signals obtained from control samples were too
small to estimate the detection limits (CLin Table 5), so the
intercept (a) and its standard deviation (Sa) of the regression
curves obtained from the relation of the quantities of the
compounds added vs the peak heights in the recovery sam-
ples were used in place of XH and SH, respectively. All re-
covery data (including control samples) were lumped for the
analysis. The detection limits were estimated to be 0.012
ppm for sedecamycin, 0.022 ppm for lankacidin C, 0.026
ppm for lankacidinol A, and 0.044 ppm for lankacidinol (see
Cu in Table 5). The detection limit for lankacidin C, how-
ever, should be regarded as being around 0.028 ppm (equiv-
alent to - mm) because a peak height of at least - mm is
required to identify the peak distinctively. The detection lim-
its defined here are also satisfactory for residue analysis.
The present method is appropriate for monitoring plasma
concentrations and tissue residues of sedecamycin and its
metabolites. Its application will be reported elsewhere.
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DRUGS

Gas Chromatographic, Liquid Chromatographic, and Titrimetric Procedures for
Determination of Glycerin in Allergenic Extracts and Diagnostic Antigens: Comparative Study

ALFRED V.DEL GROSSO and JOAN C. M AY

Food and Drug Administration, Centerfor Drugs and Biologies, Office ofBiologies Research and Review,

8800 Rockville Pike, Bethesda, M D 20892

Three methods for the determination of glycerin are examined as
applied to several allergenic extracts and diagnostic antigens. The
liqguid chromatographic procedure uses a sulfonic acid functional
PSDVB resin (Aminex HPX-87H), a mobile phase 0f0.013N H250 4
and refractive index detection. The titrimetric procedure involves
oxidation of glycerin with sodium metaperiodate followed by poten-
tiometric titration ofthe resulting formic acid with sodium hydroxide.
Samples are quantitated by comparing the equivalence point obtained
from the sample to those obtained from a series of standards. The
gas chromatographic procedure includes a column of 5% Carbowax
20 M on 80-100 mesh Chromosorb WHP; p-cresol was used as an
internal standard. The 3 procedures are shown to be valid for the
majority of product types examined. A positive interference was en-
countered in the titrimetric analysis of a tuberculin purified protein
derivative that contained simple sugars. Recoveries of added glycerin
ranged from 95.0 to 100.2% by the liquid chromatographic method,
from 98.7 to 101.4% by the gas chromatographic method, and from

99.8 to 101.6% by the metaperiodate oxidation method when inter-

ference from simple sugars was not present. Coefficients of variation
determined from 8 replicates of samples that contained glycerin were
2.2% or less for the liquid chromatographic method, 2.3% or less for
the GC method, and 3.6% or less for the metaperiodate oxidation
method.

Glycerin is commonly used as a stabilizing agent and anti-
microbial preservative in a variety of biological products; it
is used alone or in conjunction with phenol or other anti-
microbial agents. Products that may contain glycerin include
allergenic extracts, tuberculin purified protein derivative for
Heaf testing, Old Tuberculin, and bacterial and fungal an-
tigens.

Glycerin in 50% (v/v) concentration has been shown to
maintain sterility effectively in various biologicals; that con-
centration has been shown to restrain the growth of mold
and bacteria, while molds grew in solutions of 49% glycerin
or less (1). Pollen antigens have been shown to remain sterile
when preserved in 46% (v/v) glycerin, while solutions of 40%
or less showed bacterial growth (2). Allergenic extracts con-
taining 50% or more glycerin are exempt from the require-
ment stipulated by the U.S. Code ofFederal Regulations (3)
that products in multiple dose containers contain an anti-
microbial preservative; glycerin serves this purpose.

The ability of glycerin to stabilize allergenic extracts, thus
enabling them to retain potency during extended storage, has
been well established (4). The Code of Federal Regulations
allows a dating period of 3 years for allergenic extracts pre-
served in 50% or more glycerin, while extracts containing
less than 50% glycerin are allowed a dating period of 18
months (5).

Concentrated solutions of glycerin, when injected, may
cause pain or local irritation, caused by dehydration oftissue
cells. This local tissue reaction may interfere with diagnostic
observations of skin or intradermal tests. For this reason, it
is desirable that glycerin content in the original product not
be excessive.

Received May 21, 1986. Accepted October 2, 1986.

Several general methods for the determination of glycerin
are in use. Most compendial methods involve the oxidation
of glycerin by periodate or periodic acid to » equivalents of
formaldehyde and one of formic acid. The current USP pro-
cedure involves the reaction of glycerin with potassium per-
iodate followed by reduction of the iodate reaction product
to iodine and titration with potassium arsenite (s). Other
approaches have involved the determination of formalde-
hyde (7, &) or formic acid (9, 10) produced by periodate
oxidation. Oxidative procedures are nonspecific in that a diol
with a terminal hydroxyl will oxidize to produce formalde-
hyde, and any triol-containing compound will produce al-
dehydes and formic acid.

Chromatographic methods have been used to determine
glycerin. Gas chromatography has been used with a variety
of stationary phases (11-13). Liquid chromatography (LC)
has utilized a column of sulfonated polystyrene-divinyl ben-
zene (PSDVB), a dilute sulfuric acid mobile phase, and de-
tection by differential refractometry (14, 15).

In this study, methods based on periodate oxidation fol-
lowed by potentiometric titrimetry, liquid chromatography,
and gas chromatography (GC) are described and evaluated
for use in the quantitation of glycerin in commercial biolog-
icals.

METHOD
General Reagents

(@) Glycerin.—Anhydrous, >99.5% (J. T. Baker Chemical
Co.), density = 1.257 g/mL at 25°C.

(b) standard solutions.—Weigh 5 quantities of glycerin,
from 0.4 to 2.0 g, in ca 0.4 g increments, directly into 5
separate 100 mL volumetric flasks. Add ca 20 mL water and
mix thoroughly. Add water to volume, mix thoroughly, and
let equilibrate overnight. Mix again before use.

Reference Materials and Samples

(a) Centerfor Drugs and Biologies Phenol/Glycerin Ref-
erence, Lot G-1.—Solution of phenol and glycerin in water,
packaged in glass ampoules. Phenol content: 0.399% w/v
determined by gas chromatographic method (16). Glycerin
content: 61.0% w/v, average value determined by the 3 meth-
ods described here.

(b) Samples. —Allergenic extracts and diagnostic antigens,
commercial products manufactured in the United States and
Europe.

General Sample Preparation

(&) Samples ofca 50% glycerin.—Pipet 2 mL sample into
100 mL volumetric flask. Add ca 20 mL water and mix
thoroughly. Add water to volume, mix thoroughly, and let
equilibrate overnight. Mix again before use.

(b) samples of high viscosity. —Accurately weigh ca 1-2
mL into 100 mL volumetric flask. Add ca 20 mL water and
mix thoroughly. Add water to volume and mix again.
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Figure 1. Gas chromatogram of cherry allergenic extract. Orig-
inal concentration of glycerin, ca 50% (v/v).

Gas Chromatographic Apparatus

(a) Gas chromatograph. —Perkin-Elmer Sigma 2. Equipped
with flame ionization detector and glass-lined, offF-column
injection system (Perkin-Elmer Corp., Norwalk, CT 06856).
Injection liner must be free of visible sample residue. If nec-
essary, clean liner in concentrated sulfuric acid overnight.
Rinse well with water and dry before replacing.

(b) Column.—Silanized glass, s ft x A in. od, 4 mm id,
packed with 5% Carbowax 20 M on 80-100 mesh Chro-
mosorb WHP (Alltech Associates, Deerfield, IL 60015). Fill
column by suction, tapping, and rotation. Avoid use of me-
chanical vibrator in packing column.

(c) GC conditions.—Column, 175°C; injection port, 185°C;
detector, 270°C; helium carrier gas, 30 mL/min.

(d) Integrator. —Spectra-Physics System 1. Slope sensitiv-
ity, 1000; peak width, 30 s; attenuation, 256.

(e) Recorder.—Perkin-Elmer Model 56.

GC Standard and Sample Preparations

(@) Internal standard. —p-Cresol, Aldrich Gold Label,
99+% (Aldrich Chemical Co., Milwaukee, WI 53233).

(b) Internal standard solution.—Pipet 0.5 mL p-cresol into
200 mL volumetric flask, add methanol to volume, and mix.

(c) Standard preparations.—Pipet 2 mL of each of the 5
standard solutions along with 2 mL internal standard solu-
tion into separate 10 mL volumetric flasks. Add water to
volume and mix.

(d) Samplepreparations.—Pipet 2 mL ofthe 1/50 sample
dilution along with 2 mL internal standard solution into 10
mL volumetric flask. Add water to volume and mix.

GC Analysis

With 10 gL gas chromatographic syringe, inject 3 gL of
each standard preparation. Record chromatograms and areas
of peak 1, p-cresol. and peak 2, glycerin. Similarly inject 3
gL of each sample in duplicate. Calculate peak area ratio,
glycerin/p-cresol (P2/Pi), for each standard and sample chro-
matograph. Do not include a blank in the standard curve for
the GC determination.

11.62
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Figure 2. Liquid chromatogram of house dust allergenic extract.
Original glycerin concentration, ca 50% (v/v).

Glycerin peak must not be skewed on its frontal side. Some
tailing of the peak is permissible.

Liquid Chromatographic Apparatus

(&) Mobile phase.—0.013N H.S04, filtered and degassed.
Flow rate, 0.8 mL/min. While in place in LC reservoir, heat
and stir mobile phase at ca 50°C over stirring hot plate.

(b) Liquid chromatograph. —Spectra-Physics 3500,
equipped with forced air oven and Valeo Cs U injector with
25 gL loop.

(c) Detector.—Laboratory Data Control (Riviera Beach,
FL) Model 1107 Refractomonitor; range, 32 x 10-s R1U full
scale.

(d) Integrator.—Hewlett-Packard 3380A; slope sensitiv-
ity, 0.3 mV/s.

(e) LC column.—300 x 7.8 mm Aminex HPX-87H with
Micro-Guard ion exclusion cartridge (Bio-Rad Laboratories,
Richmond, CA 94804). Column temperature, 65°C.

LC Determination

Flush injection loop with 200 gL of one of the standard
solutions. Inject full loop volume of 25 gL. Record chro-
matogram and peak areas. Similarly inject each of the re-
maining standards plus a water blank. Inject each sample in
duplicate.

Titrimetric Apparatus and Reagents

(a) Titration system. —Mettler DK14 Electrode Potential
Amplifier, Mettler DV11Autoburette (10 mL), Ingold com-
bination pH electrode, Mettler GA14 stepping motor re-
corder (Mettler Instrument Corp., Hightstown, NJ 08520).
Configure system so that recorder x-axis will display titrant
volume and y-axis will display electrode potential. Condi-
tions: recorder range, 500 mV; recorder speed, 40 cm/10 000
pulses (4 cm/mL).

(b) Sodium metaperiodate.—Crystalline or powder.

() 0.INHXS04

(d) Oxidizing reagent.—0.28N Nal04 Weigh ca 12 g so-
dium metaperiodate and transfer to dark glass bottle. Add
12 mL 0.IN H:S0. and 188 mL water. Mix thoroughly.

(e) Titrant. —0.12N NaOH.

Titrimetric Analysis

Pipet 2 mL standard into titration vessel containing ca 50
mL water. Place vessel in titrator and stir at moderate speed.
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Figure 3. Liquid chromatogram of unglycerinated tuberculin
purified protein derivative with 56.4% (w/v) added glycerin.

Pipet 5 mL oxidizing reagent into titration vessel. After 3
min, begin titrating and continue until potential change, as
displayed on recorder, passes through a maximum and de-
creases. Similarly react and titrate 2 mL remaining standards
plus water blank. React and titrate each sample in duplicate.

Determine equivalence volume in milliliters for each ti-
tration. This is measured as total volume oftitrant dispensed
at maximum rate of potential change (inflection point) dis-
played on chart recording.

General Calculations

Perform least squares analysis of data obtained from stan-
dards where x = glycerin concentration in g/mL, y = ana-
Iytical response, a = y-intercept, and b = slope. For liquid
chromatography, y = peak area in integration units. For gas
chromatography, y = peak area ratio, glycerin/p-cresol. For
titrimetry, y = mL titrant.

Calculate percent glycerin (w/v) by:

Glycerin, g/mL = [(y —a)/b] x 50 (dilution factor)
Glycerin, % (w/v) = (g glycerin/mL) x 100

For samples of high viscosity that cannot be dispensed by
volumetric pipet, calculate percent glycerin (w/w) by:

Glycerin, g/g = [(y - a)/b] x (100 mL/g sample)
Glycerin, % (w/w) = (g glycerin/g) x 100

Results

Figure 1 shows the gas chromatogram of a glycerinated
cherry allergenic extract. Original concentration of glycerin
in this sample was approximately 50% (v/v). Under the con-
ditions used here, p-cresol, the internal standard, is retained
4.3 min, and glycerin is retained 10.1 min. A relatively small
peak representing phenol, present as an antimicrobial pre-
servative in an original concentration of 0.4% (w/v), is ob-
served just before the internal standard.

Figure 2 illustrates the liquid chromatogram ofa glycerin-
ated house dust allergenic extract. Figure 3 shows the liquid
chromatogram of an unglycerinated tuberculin purified pro-
tein derivative (PPD) used in a recovery study to which a
quantity ofglycerin equivalent to 56.4% (w/v) had been added.
Nonglycerin peaks in the tuberculin PPD sample are believed
to correspond to simple saccharides that are components of
this product.

Typical correlation coefficients obtained by least squares
analysis of the data obtained from calibration curves con-
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Table 1. Glycerin content of various products determined by
gas chromatography, liquid chromatography, and potentiometric

titration
Diff. rel.
Glycerin to LC,

Sample Method % (Wiv)"  CV,% %

Glycerin Reference G-1 GC 61.4 £ 0.9 15 13
LC 60.6 + 0.5 0.8 -

PT 609 + 2.2 3.6 0.5

House dust allergenic extract GC 528 + 11 2.0 2.7
LC 514 + 0.8 1.6 -

PT 537 + 1.6 29 4.5

Cocoa allergenic extract GC 548 = 1.0 1.8 4.8
LC 523 + 11 2.2 —

PT 549 + 16 3.0 5.0

Peanut allergenic extract GC 513 + 1.0 19 5.3
LC 48.7 £ 0.8 1.7 —

PT 520 + 14 2.8 6.8

Candida antigen GC 68.6 + 1.2 1.8 3.6
LC 66.2 + 1.3 19 -

PT 66.9 + 15 2.2 1.1

Diphtheria antigen GC 68.7 = 13 1.8 1.2
LC 679 + 11 1.6 —

PT 68.7 £ 1.6 2.3 1.2

Tuberculin purified protein deriv- GC 49.8 + 0.8 1.6 6.6
atlve LC 46.7 = 0.9 2.0 -

PT 488 + 1.0 2.0 4.5

Old Tuberculin GC 788 £ 1.8 2.3 4.0
LC 758 £ 1.3 1.8 —

PT 759 + 1.2 1.6 0.1

* Units are percent (W/v) except for units for Old Tuberculin which are per-
cent (ww)). Average of 8 determinations + standard deviation. 50.0% (W/v)
glycerin Is equivalent to 63.0% (wiv) glycerin.

structed from glycerin standards in the range of 4 to 20 mg/
mL for each of the 3 methods were r = 0.999. Therefore,
acceptable linearity was obtained by each procedure.

Values obtained in the testing of representative samples
of a variety of products are summarized in Table 1. Eight
determinations were performed on each sample.

Coefficients ofvariation were 2.2% or less for the LC meth-
od, 2.3% or less for the GC method, and 3.6% or less for the
titrimetric method.

Percent differences among the results range from 1.2 to
6.6 % for GC vs LC and from 0.1 to s .s % for the titrimetric
vs LC method, showing good agreement among the 3 meth-
ods.

Recovery results from a variety of samples to which mea-
sured amounts of glycerin were added are shown in Table 2.
Glycerin was added in quantities that would correspond to
concentrations of 46.4% (w/v) to ss.s % (W/v). Recoveries
ranged from 95.0to 116.8%. The titrimetric procedure showed
a significantly high recovery of 116.8% for Tuberculin PPD,
Manufacturer B. Recoveries of 101.4 and 100.2% were ob-
tained from this sample by gas chromatography and by liquid
chromatography, respectively.

Results of testing on some additional allergenic extract
products are summarized in Table 3.

Discussion

Some difficulty was experienced in obtaining satisfactory
conditions for the determination of glycerin by gas chro-
matography. This was not surprising given glycerin’s low
vapor pressure, strong hydrogen bonding properties, and ten-
dency toward thermal decomposition. The use of one par-
ticular batch of packing material resulted in a skewing of the
frontal part of the glycerin peak, indicating probable on-
column decomposition. In other cases, severe tailing of the
glycerin peak was experienced, indicating possible hydrogen
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Table 2. Recovery of added glycerin from products as deter-
mined by gas chromatography, liquid chromatography, and po-
tentiometric titration

Recovery, cv,

Sample Method % %

House dust allergenic extract 94+ 18 18
9%0+ 14 15

998+ 32 32

Peanut allergenic extract 1004 + 14 14

981+ 17 17
1002+ 29 29

Giant and short ragweed allergenic ex- 94+ 12 12
tract 974+ 17 17
1015+ 23 23

Alternaria tenuis allergenic extract 987+ 36 36
986+ 17 17

1016 + 1.8 18

Tuberculin PPD, Manufacturer A ®P1+32 32
982+ 28 28

1009 £ 23 23

1014 £ 23 22
1002 £ 20 20
1168+ 16 14

aPercent recovery + standard deviation. Average of 8 determinations.

Tuberculin PPD, Manufacturer B

35836583658 368 368 368

bonding interactions with active sites on the support mate-
rial.

GC columns were packed without the use of mechanical
vibration in order to avoid fracturing the support material.
Conditioning was done at a relatively low temperature, 195°C,
to avoid the bleeding of excessive amounts of stationary
phase. Under these conditions, a minimally satisfactory peak
shape for glycerin was obtained.

No significant problems were encountered in implement-
ing the liquid chromatographic or titrimetric procedures. In
the LC procedure, an elevated column temperature of 65°C
was used to improve stationary phase mass transfer and re-
duce peak broadening.

The high recovery of 116.8% of added glycerin for Tub-
erculin PPD, Manufacturer B, by titrimetry may be related
to the presence of simple saccharides in this product. Com-
pounds containing 3 adjacent hydroxyls, such as simple sug-
ars, will oxidize in the presence of periodate to produce for-
mic acid. This would be expected to produce a positive
interference in the titrimetric procedure. The application of
a standard addition (17) technique to the analysis of such a
sample by titrimetry might overcome the interference. This
sample of Tuberculin PPD was used in this study but does
not normally contain glycerin and in the usual course of
events would not be assayed for glycerin.

Conclusion

The three described procedures have been evaluated as
valid for the determination of glycerin in the glycerin-con-
taining biological products reported in this study.

Table 3. Liquid chromatographic, gas chromatographic, and po-
tentiometric titrimetric results for glycerin content of various al-
lergenic extract samples

Glycerin, % (w/v)*

Sample LC GC PT

Lemon allergenic extract 482 + 12 480+ 11 504+ 1.0
Honey allergenic extract 605+ 0.8 613+ 08 632+ 12
Rice allergenic extract 628 + 0.2 625+ 13 635+ 15
Cockroach allergenic extract 603+ 01 599+ 06 605+ 13
Kentucky Blue Grass allergenic

extract 61.7 £ 0.7 625+ 12 623 £ 29
Mixed feathers allergenic extract 61.7 + 0.3 625+ 06 623 + 0.8
Aspergillus flavus allergenic ex-

tract 60.1 + 0.8 604+ 11 620+ 2.6
Chicken feathers allergenic ex-

tract 598 + 0.8 628+ 21 625+ 31
Johnsongrass allergenic extract 62.7 £+ 12 653+ 33 650+ 09
Cat hair allergenic extract 583+ 11 603+ 1.3 594+ 10
Junegrass allergenic extract 56.7 + 1.2 57.7+ 3.0 59.0 + 0.8
Horse epithelium allergenic ex-

tract 595 + 0.7 609 + 0.9 605+ 2.0
Candida albicans allergenic ex-

tract 59.4 + 0.7 577+ 25 604z 18

* Average of 3 determinations + standard deviation.
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Reverse Phase Liquid Chromatographic Determination of Dexamethasone Acetate and
Cortisone Acetate in Bulk Drug Substances and Dosage Forms: Method Development

LINDA L. NG

Merck Sharp & Dohme Research Laboratories, Division of Merck & Co., Inc., West Point, PA 19486

The determination of the steroid acetates was evaluated for rugged-
ness of the method by using an octyldecylsilane column, 254 nm
detection, and acetonitrile-water as mobile phase. Mobile phase pH,
oven temperature, and columns from various manufacturers had no
dramatic effect on the chromatography. The method was then opti-
mized for dexamethasone acetate and cortisone acetate bulk drug
and dosage forms. For dexamethasone acetate, the bulk drug sub-
stance should be dried at 105°C before use, and the sample should
be dissolved in 50% acetonitrile buffer pH 6 for stability. Cortisone
acetate, on the other hand, was found to be nonhygroscopic and hence
could be used as received. For stability, the sample should be stored
in 50% acetonitrile-buffer pH 4.

The steroid acetates are extensively available to the consumer
in pharmaceutical formulations in the form of suspensions,
tablets, creams, ointments, lotions, aerosols, pastes, and pow-
ders (1-3). A review ofthe literature from 1967 to 1986 (CAS
Online, 1967-1986) indicated that numerous methods have
been published for the analysis of this class of compounds.
At least 18 studies used LC methods.

The 2 official USP general methods for steroids use a blue
tetrazolium procedure following multiple extraction, or a thin-
layer chromatography/blue tetrazolium combination tech-
nique (4). The actetates ofthe bulk drug substance and dosage
forms included in these methods are hydrocortisone (sus-
pension), cortisone (tablet content uniformity), prednisolone,
paramethasone, betamethasone, triamcinolone diacetate, and
desoxycorticosterone.

The current USP method for dexamethasone acetate bulk
drug substance and suspension uses reverse phase chroma-
tography. The sample preparation for the suspension requires
extraction with methylene chloride, drying, and redissolving
in methanol (5). Cortisone acetate bulk drug substance, sus-
pension, and composite tablet preparations are analyzed by
normal phase chromatography with minimal sample prep-
aration. However, content uniformity for tablets necessitates
multiple extraction in chloroform and assay by the blue tet-
razolium method (s ).

The present study supports a reverse phase chromato-
graphic technique (7) for the determination of steroid ace-
tates. The method is an improvement over the USP general
methods because of minimal sample preparation, fast equil-
ibration of mobile phase, and stabilized sample solutions,
and because it avoids the use of carcinogenic solvents. The
linearity, precision, recovery, and specificity of the method
have been discussed (s, 9).

Further supporting information on the ruggedness of the
method, stabilization of the sample solutions, and handling
of the bulk drug substance for the determination of dexa-
methasone acetate and cortisone acetate in bulk material and
commercial formulations is provided in this study.

Experimental
Apparatus and Reagents

(@  Liquid chromatograph. —Isocratic pump system, UV

detector capable of monitoring at 254 nm, and suitable re-
corder.

Received June 5, 1986. Accepted October 26, 1986.

(b) Chromatographic column. —Reverse phase octyldec-
ylsilane column.

(c) Ultrasonic generator.

(d) Acetonitrile.—LC grade or equivalent.

(e) Chemicals.—Potassium chloride, sodium acetate, po-
tassium phosphate monobasic, chloroacetic acid, sodium hy-
droxide (1N), and hydrochloric acid (IN). Reagant grade and
used as received.

(f) Reference standards. —USP or equivalent reference
standards.

(@) Chloroacetic acid buffer.—0.025M, pH 3. Mix 17 mL
IN NaOH, 166 mL 0.5N KC1, and 50 mL 0.5M chloroacetic
acid in 1L volumetric flask. Dilute to mark with water.

(h) Acetate buffer.—0.025M, pH 4. Mix 20 mL IN HC1,
150 mL 0.5N KC1, and 50 mL 0.5M sodium acetate in 1L
volumetric flask. Dilute to mark with water.

(i) Phosphate buffer.—0.025M, pH . Mix 3 mL IN
NaOH, 138 mL 0.5N KC1, and 50 mL 0.5M KJHLPO, in 1
L volumetric flask. Dilute to mark with water.

() Phosphate buffer. —0.025M, pH 7. Mix 15 mL IN
NaOH, 90 mL 0.5N KC1, and 50 mL 0.5M KH:P0sin 1L
volumetric flask. Dilute to mark with water.

General Chromatographic Method

Dexamethasone acetate and prednisolone acetate with their
respective alcohols were selected as test compounds.

(@) Column-to-column reproducibility.—Columns from 4
manufacturers were evaluated. For one manufacturer, 5 old
and new columns were tested by keeping the mobile phase
and temperature constant. The performance specifications
for the peaks were calculated for comparison.

(b) Effect oftemperature on chromatography. —The mobile
phase was equilibrated at oven temperatures of 30, 40, and
50°C, and the 4 compounds were evaluated under isocratic
conditions. All other LC conditions were kept constant.

(c) Effect of pH on chromatography. —The pH of the
aqueous phase was adjusted to 2.2 (o .1% phosphoric acid),
4.3 (0.01M phosphate buffer), and 5.8 (water used as re-
ceived). The ratio of organic modifier to aqueous phase and
the oven temperature remained the same on the one column
tested.

Analysis of Dexamethasone Acetate and Cortisone Acetate

(a) Hygroscopicity.—About 100 mg neat drug, accurately
weighed, was placed in an aluminum boat. The sample was
placed in various humidity stations beginning from the low-
est. At each station, the weights were noted until duplicate
weights or equilibrated weight were recorded.

(b) Solubility in acetonitrile-buffer solvent.—An accurate
amount of drug substance was weighed and transferred to a
graduated centrifuge tube. Small increments of solvent were
added with vortex mixing until the sample was completely
dissolved. The approximate or dynamic solubility was cal-
culated by amount weighed per volume of solvent. The
aqueous phases for evaluating the solubility of dexametha-
sone acetate and cortisone acetate were pH s and 4 buffers,
respectively.

(c) Stabilization ofthe drug in solution. —Dexamethasone
acetate and cortisone acetate in buffers (0.025M) at pH of 3,
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Figure 1. Effect of pH on chromatographic analysis of acetate and alcohol of dexamethasone and prednisolone.

4,6, and 7were evaluated. Samples were stored in volumetric
flasks under ambient temperature and laboratory conditions.
Samples were assayed at 24, 48, and 72 h for the selection
of the most stable solution for each steroid acetate.

Results and Discussion

The ruggedness of the liquid chromatographic technique
for steroid acetates was evaluated. The method requires a
mobile phase of acetonitrile in water at ambient column
temperature. Linearity, precision, recovery, and specificity

were excellent as reported by Van Dame (7) and Tymes (s ).
However, the samples were not very stable in the diluent.
The present study reports further supporting evidence for the
general methodology and provides detailed enhancement of
the specific methods for the analysis of dexamethasone ace-
tate and cortisone acetate in bulk drug and dosage forms.

Chromatography of Steroid Acetates

Dexamethasone acetate and prednisolone acetate with their
respective alcohols were selected as test materials. The ste-
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Figure 2. Effect of temperature on chromatographic analysis of acetate and alcohol of dexamethasone and prednisolone.
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Table 1. Hygroscopicity measurements of dexamethasone ace-
tate and cortisone acetate

Weight change, %

Dexamethasone Cortisone
Relative humidity acetate acetate
Ambient to 11% -1.8 -0.02
11 to 58% +0.4 0.0
58 to 76% +18 +01

roid alcohol is a potential hydrolysis degradate of the steroid
acetate. The LC conditions of 35% acetonitrile in water, 30°C
oven temperature, and 2 mL/min flow rate were constant for
the testing of columns from various manufacturers.

The octyldecyl 10 Amcolumns from 4 manufacturers were
used and performance parameters for each peak were noted.
Five new and used (less than 2 years old) columns from one
manufacturer were also tested. The tailing, k', and theoretical
plates of all peaks were acceptable and within specification.
Better than baseline resolution (R = > 3) ofthe alcohol from
the parent acetate was also observed.

The effect of pH on mobile phase and the temperature of
the column environment were explored. Since water was
chosen as the aqueous phase and slight differences in pH of
water can be expected, chromatography was tested by using
various aqueous phases covering a large pH range. Figure 1
illustrates that no noticeable difference in chromatography
was observed with pH 2.2, 4.3, and 5.8 as monitored by the
performance parameters of the peaks.

The samples were assayed at oven temperatures of 30, 40,
and 50°C. Some sharpening of the peaks and slight decrease
of retention time with increased temperature were observed
as indicated on Figure 2. However, the oven temperature
had no dramatic influence on the retention times ofthe peaks.
Hence, C.s columns with ambient temperature and mobile
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Figure 3. Dynamic solubility of dexamethasone acetate in 50%
acetonitrile/0.025M phosphate buffer pH 6, and cortisone acetate
in 50% acetonitrile/0.025M acetate buffer pH 4.

phase of acetonitrile in water are acceptable for the deter-
mination of steroid acetates.

Analysis of Dexamethasone Acetate and Cortisone Acetate
Bulk Drug and Dosage Forms

The bulk drug substances of both dexamethasone acetate
and cortisone acetate were evaluated for their hygroscopicity.
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Figure 4. Stability profile of dexamethasone acetate in 50% acetonitrile in water.
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Figure 5. Stability profile of cortisone acetate in 50% acetonitrile in water.
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For the neat drugs at each humidity station, the equilibrated ligible weight difference was observed for cortisone acetate
weights were noted. As indicated in Table 1, weight vari- under similar conditions. Hence, dexamethasone acetate
ability of about 2 % with respect to relative humidity con- should be dried before use.

ditions occurred for dexamethasone acetate. However, neg- The dynamic solubility profiles of dexamethasone and cor-
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Figure 6. Stability profile of dexamethasone acetate in 50% acetonitrile in buffer pH 6.
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Figure 7. Stability profile of cortisone acetate in 50% acetonitrile in buffer pH 4.

tisone acetates are shown in Figure 3. Dexamethasone acetate
and cortisone acetate are slow to equilibrate in aqueous sol-
vents. Hence, the equilibrium solubility should be expected
to be higher than the dynamic solubility. On the basis of the
dynamic solubility ofthe bulk drug substance, a solvent mix
of 50% acetonitrile in buffer was selected as the diluent. The
solubility is at least 5-fold greater than the solubility in the
sample solution described in the method selected for collab-
orative study. The diluent selected had no effect on the peak
symmetry.

Acetonitrile instead of methanol was selected as the organic
modifier because of potential transesterification ofthe acetate
with the methanol. The steroid alcohol was observed to be
a hydrolysis product in an acetonitrile-water mixture. To
stabilize the sample solution, dexamethasone acetate and
cortisone acetate in buffers ofpH 3,4, ,and 7 were evaluated
after storage for 24, 48, and 72 h at room temperature. The
results showed that dexamethasone acetate was most stable
at pH s as indicated by the slow appearance of dégradates.
Cortisone acetate was found to be most stable at pH 4. Rep-
resentative liquid chromatograms for the control, initial, and
24 h solution using acetonitrile-water (1 + 1) are illustrated
in Figure 4 for dexamethasone acetate and Figure 5 for cor-
tisone acetate. The stabilized solutions of the 2 acetates in
buffers are shown in Figures s and 7.

For the analysis of cortisone acetate bulk drug and dosage
forms, the bulk material can be used as received. Sample
stability can be achieved by storage in diluent of 50% ace-

tonitrile in pH 4 buffer. Ambient temperature reverse phase
chromatography and acetonitrile-water mobile phase is used.
However, for dexamethasone acetate, the bulk drug sub-
stance should be dried at 105°C before analysis and the sam-
ple should be dissolved in 50% acetonitrile in pH ¢ buffer
for stability.
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Liquid Chromatographic Determination of Coumarin Anticoagulants in Tablets:

Collaborative Study

ELLA S. MOORE

Food and Drug Administration, New York Regional Laboratory, 850 Third Ave, Brooklyn, NY 11232-1593

Collaborators: W. Hock; M. Horiuchi; E. Jefferson; J. Meyer; D. Morano; E. Netz; P. Wilson; R. H. Albert

(Statistical Consultant)

A liquid chromatographic method for the determination of coumarin
anticoagulants in tablets was collaboratively studied by 7 laborato-
ries. The method uses an octadecylsilane-bonded microparticulate
column, tetrahydrofuran-methanol-water-acetic acid mobile phase,
and photometric detection at 311 nm. Each collaborator received
samples of warfarin sodium, phenprocoumon, and dicumarol as a
synthetic composite and as commercial individual and composited
tablets. Pooled average assay values for synthetic and commercial
tablet samples of warfarin sodium were 101.6 and 99.5%, respec-
tively, with a combined reproducibility SD of 2.38% (CV = 2.37%)
and combined repeatability SD of 1.49% (CV = 1.49%). Pooled
average (SD) assay values for dicumarol and phenprocoumon com-
mercial samples were 98.0 (2.27) and 101.3% (4.00), respectively.
The content uniformity determinations of 2 mg warfarin sodium and
25 mg dicumarol tablets indicated average tablet contents (range) of
99.5% (91.0-116.0) and 98.0% (89.8-108.8), respectively. The meth-
od has been approved interim official first action.

A previous paper from this laboratory described the devel-
opment ofa rapid, specific, accurate liquid chromatographic
(LC) method for the identification and quantitative deter-
mination ofthose coumarin anticoagulants ofcurrent clinical
interest, in both bulk and commercial tablet samples (Moore,
E., & Lau-Cam, C. [1986] J. Assoc. Off. Anal. Chem. 69,629-
632). This method, which is based on a reverse phase (RP)
separation on a Cis column with a quaternary, slightly acidic
mobile phase and detection in the ultraviolet spectral region,
was submitted for a collaborative study. The results of the
study are the subject of this report.

Collaborative Study

Seven collaborators were supplied with ¢ samples (labeled
A-F). Four samples were to be used for identification and
assay, and . samples for determination ofcontent uniformity.
The samples included a synthetic formulation that simulated
a commercial tablet of warfarin sodium (sample D); indi-
vidual 2 mg warfarin sodium commercial tablets (sample C)
and 25 mg dicumarol (sample F) commercial tablets; the
corresponding powdered composites of these latter - com-
mercial formulations (samples B and E); and a powdered
composite ofcommercial 3 mg phenprocoumon tablets (sam-
ple A). The collaborators were given an instruction sheet, a
copy of the method, vials containing the samples, and re-
porting forms. The collaborators were informed of the av-
erage tablet weights and label declarations of the composited
tablet samples. Collaborators were instructed to weigh du-
plicate portions of each composite for the quantitative de-
terminations. Each assay preparation was injected in dupli-

Submitted for publication March 31, 1987.

This report ofthe Associate Referee was presented at the 99th AOAC Annual
International Meeting, Oct. 27-31, 1985, at Washington, DC.

The recommendation of the Associate Referee was approved interim official
first action by the General Referee, the Committee on Drugs and Related
Topics, and the Chairman of the Official Methods Board. The method will
be submitted for adoption official first action at the 101st AOAC Annual
International Meeting, Sept. 14-17, 1987, at San Francisco, CA. See the Gen-
eral Referee and Committee reports, J. Assoc. Off. Anal. Chem. (1988) 71,
January/February issue.

cate, and the average peak response was used in the
calculations.

Dicumarol, Phenprocoumon, and Warfarin Sodium
in Drug Tablets
Liguid Chromatographic Method
Interim First Action

Principle

Coumarin anticoagulants dicumarol, phenprocoumon, and war-
farin Na are identified and quant, detd in com. tablets by reverse
phase LC on C,8column with tetrahydrofuran-MeOH-H2-HOAc
mobile phase, and photometric detection at 311 nm.

Apparatus

(@) Liquid chromatograph. —Equipped with Du Pont Model 8800
solv. pump, variable wavelength detector, and strip chart recorder
(E. I. du Pont de Nemours & Co.), or equiv.; and Rheodyne Model
7125 injection valve with 20 /xL sample loop (Rheodyne Inc., PO
Box 996, Cotati, CA 94928), or equiv. Operating conditions: column
temp, ambient; solv. flow rate 1.5 mL/min; detector wavelength 311
nm; detector attenuation 16 AUFS; recorderrange 1 mV; chart speed
0.5 cm/min.

(b) chromatographic column.—Stainless steel, 30 cm x 3.9 mm
id, packed with 10 jum /rBondapak C 18 (Waters Associates, Inc.), or
equiv.

Reagents

(@) solvents.—LC grade MeOH and reagent grade glacial HOAc
(Fisher Scientific Co.); tetrahydrofuran (Mallinckrodt, Inc.); and H20
double distd in glass.

(b) Mobile phase. —Tetrahydrofuran-MeOH-H2-HOAc (35 +
10 + 65 + 0.1 v/v/v/v). Filter thru 0.45 /rm membrane and degas
under vac.

(c) Dicumarolstdsoln. —0.05 mg/mL. Accurately weigh ca 25 mg
USP Ref. Std Dicumarol into 100 mL vol. flask, dissolve in and dil.
to vol. with 0.0 IN NaOH, and mix. Pipet 5 mL ofthis soln into 25
mL vol. flask, dil. to vol. with mobile phase, and mix.

(d) warfarin Na std soln.—0.2 mg/mL. Accurately weigh ca 10
mg LISP Ref. Std Warfarin Na into 50 mL vol. flask, and dissolve
in mobile phase. Dil. to vol. with mobile phase, and mix.

Table 1. Collaborative results for LC analysis of 25 mg dicu-
marol tablets*

Found, % of declared

Coll. Run 1 Run 2 Av.
1 98.8 96.4 97.6
2 100.8 100.4 100.6
3 97.6 101.2 99.2
4 93.6 96.4 95.0
5 95.8 98.1 96.9
6 97.6 99.6 98.4
77 88.9 87.8 88.3
Av. 98.0
SD 2.27
CV, % 2.32

*Average tablet weight = 77.1 mg.
b Procedural outlier. Not included In the statistical evaluation. See text.
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Table 2. Collaborative results for LC analysis of 3 mg phenpro-
coumon tablets9

Found, % of declared

Coll. Run 1 Run 2 Av.
1 101.0 101.3 101.3
2 109.3 108.3 108.7
3 98.3 101.7 100.0
4 101.3 99.0 100.2
5 96.3 97.3 96.8
6 97.0 99.0 98.0
7 104.9 103.0 103.9
Av. 101.3
SD 4.00
CV, % 3.95

*Average tablet weight = 198.2 mg.

(e) Phenprocoumon std soln. —0.12 mg/mL. Accurately weigh ca

3 mg USP Ref. Std Phenprocoumon into 25 mL vol. flask, and
dissolve in mobile phase. Dil. to vol. with mobile phase, and mix.

Preparation of Sample

(a) Tablet composites.—Weigh and finely powder >20 tablets.
Transfer accurately weighed amt of powder to suitable vol. flask and
quant, dissolve in mobile phase with aid of ultrasonic bath. Dil. to
vol. with mobile phase to prep, soln contg ca 0.12 mg/mL of phen-
procoumon or 0.2 mg/mL of warfarin Na. For dicumarol samples,
first dissolve powder in 0.0 IN NaOH with aid of ultrasonic bath to
obtain soln contg 0.25 mg/mL; then quant, dil. 5.0 mL aliquot of
soln with mobile phase to final dicumarol concn ofca 0.05 mg/mL.
Filter all sample prepns prior to injection into LC system.

(b) Single tablets. —Place 1 powdered tablet in suitable vol. flask,
and proceed as described for tablet composites.

Determination

Equilibrate system with mobile phase at 1.5 mL/min until baseline
is steady. Use sampling valve to inject measured vol. of std soln
into LC system. Adjust injection vol. and operating parameters so
std soln gives peak ht ca 60% full scale. Under these conditions, 3
replicate injections of a std soln should give coeff of var. <3% and
tailing factor <2.0. Make alternate injections of equal vols of std
and sample solns. Measure peak responses in sample and std solns.

Calculations

Calc, amt coumarin anticoagulant in sample as follows:
Tablet composite sample:

mg/tablet = (H/H9) x (WTD'") x (D/W) X A

Table 3. Collaborative results for LC determination of warfarin
sodium in 2 mg tablets and 2 mg synthetic tablet samples9

Found, % of declared

Commercial tablet Synthetic tablet

Coll. Run 1 Run 2 Av. Run 1 Run 2 Av.
1 97.5 96.5 97.0 99.5 98.5 99.0
2 102.0 102.0 102.0 102.5 101.5 102.0
3 99.5 102.0 101.0 106.0 103.5 104.8
4 103.0 99.5 101.3 101.0 101.0 101.0
5 97.5 935 95.5 1035 101.5 102.5
6 99.5 102.0 101.0 100.5 103.5 102.0
7 98.7 99.7 99.2 100.0 100.1 100.1
Av. 99.5 101.6
SD 2.64 2.00
CV, % 2.66 1.96
Reproducibility SD 2.38
Reproducibility CV, % 2.37
Repeatability SD 1.49
Repeatability CV, % 1.49

« Average tablet weight = 222.0 mg.

Table 4. Collaborative results for LC analysis of individual 2 mg
warfarin sodium tablets

Found, % of declared

Tablet
No. Coll. 1 Coll. 2 Col. 3 Coll. 4 Col.5 Coll. 6 Coll 7
1 98.0 100.5 96.0 100.0 98.0  109.9 104.4
2 95,5  103.0 96.5 98.5 106.0 104.6 97.7
3 995 1010 1075 100.0 101.0 1016 1052
4 91.0 1015 97.0 1000 103.0 104.5 98.4
5 955 1025  105.0 103.0 1020 105.9 98.2
6 94.5 97.0 97.5 95.5 96.5 97.2 99.2
7 93.0 99.0 97.5 99.5 90.0 99.4 97.3
8 100.5 101.0 1005 116.0 97.5 100.9 96.8
9 97.0 99.0 96.5 99.5 91.0 98.0 96.7
10 97.0 1055 99.5 99.5 91.0 96.2 100.0
Av 96.0 101.0 99.5 101.2 97.6 101.8 99.4

Range 91.0- 97.0- 96.0- 95.5- 90.0- 96.2- 96.7-
100.5 105.5 107.5 116.0 106.0 109.9 105.2

Single tablet sample:
mg/tablet = (H/H) X (WD") X D

where H and H' = peak responses of sample and std solns, resp.; W
and W' = mg sample and std taken, resp.; D and D' = diln factors
for sample and std solns, resp.; and A = av. tablet wt, mg. To calc,
amt warfarin Na in either tablet composites or individual tablets,
use 1.071 as multiplier in above equations (1.071 = ratio of MW of
warfarin Na/MW of warfarin).

CAS-66-76-2 (dicumarol)
CAS-435-97-2 (phenprocoumon)
CAS-81-81-2 (warfarin)
CAS-129-06-6 (warfarin Na)

Results and Discussion

Collaborative assay results for the synthetic and commer-
cial tablets samples are given in Tables 1-3. Commercial
tablets of dicumarol (Table 1), phenprocoumon (Table 2),
and warfarin sodium (Table 3) were found to contain on the
average (SD; CV; n = 7 for phenprocoumon and warfarin
sodium, n = 6 for dicumarol) 98.0% (2.27; 2.32%), 101.3%
(4.00; 3.95%), and 99.5% (2.64; 2.66%) of the declared
amount. The synthetic tablet of warfarin sodium was found
to contain on the average (SD; CV) 101.6% (2.00; 1.96%) of
the formulated amount (Table 3). Collaborative assay results
for the content uniformity determination of 2 mg warfarin
sodium and 25 g dicumarol tablets are presented in Tables

Table 5. Collaborative results for LC analysis of individual 25
mg dicumarol tablets

Found, % of declared

Tablet

No. Col. 1 Coll. 2 Col.3 Coll. 4 Col.5 Coll. 6 Coll 7*
1 93.6 95.6 95.6 94.0 94.3 99.7 874
2 1002 1020 94.8 95.4 98.1 916 84.6
3 1026  100.0 97.6 98.0 92.0 96.4  94.2
4 995 1036  103.2 924  100.4 982 855
5 1006  106.8 103.6 93.6 95.8 97.2 803
6 90.1 102.0 1020 106.0 974 1046 814
7 925  103.2 104.8 101.2 90.7 908 774
8 100.1 108.4 94.8 104.4 91.4 90.2 80.2
9 100.2 95.6 103.6 108.8 92.9 929 671
10 95.9 97.2 93.6 102.8 93.7 89.8 724

Av. 97.5 101.4 99.4 99.7 94.7 95.1 81.0
Range 90.1- 95.6- 93.6- 92.4- 90.7- 89.8- 67,1-
102.6 108.4 104.8 108.8 100.4 1046 94.2

« Values reported by this collaborator were procedural outliers and were ex-
cluded from the statistical evaluations. See text.
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4 and 5, regectively. Although 7 ldooratonies participaisd
in tte study, tre rults fran ae oftre olldorators were
found o e procedural atias (Tebles 1and 5) becase of
faluetouean ultraamichath farprearation oftte sanple.
These reaitsvere exclud fran sttt trestrent.

No difficities vith tre rea=e pese LC method vwere
rgaorted norvere prooecural nodirficatias suggestedby any
of tre olldrators.

Recommendation

It B recommended tret the proposed rearse phese LC
method farthe determinatiion ofcoumarin anticcegulants in
teolets be adopted dificel fastaction.
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Liquid Chromatographic Methods for Assay of Carbamazepine, 10 ,11 -Dihydrocarbamazepine,
and Related Compounds in Carbamazepine Drug Substance and Tablets

TERRY D. CYR, FUMIKO MATSUI,
EDWARD G. LOVERING

ROGER W. SEARS, NORMAN M. CURRAN,

and

Health and Welfare Canada, Health Protection Branch, Bureau ofDrug Research, Ottawa,

Ontario K1A 0L2, Canada

Liquid chromatographic (LC) methods have been developed for the
determination of carbamazepine, the impurity 10,11-dihydrocarba-
mazepine, and related compounds in carbamazepine drug substance
and tablets. The LC methods specify a 5 (im diol column and a mobile
phase of acetonitrile-methanol-0.05% aqueous acetic acid (5 + 5 +
90). Iminodibenzyl and iminostilbene, starting materials for some
routes of synthesis, elute late in the LC system; therefore, a thin-
layer chromatographic method for their detection at the 0.05% level
has been developed. Eight tablet and 13 raw material samples from
several sources were examined. The impurities most frequently found
were 10,11-dihydrocarbamazepine and a compound identified as 10-
bromocarbamazepine at levels up to 1.3 and 0.5%, respectively; min-
imum detectable amounts were about 0.01 and 0.03%, respectively.

Carbamazepine (&//-dibardb, i fpzpire-5-cartoanis), usd
in the traatment of triganiral reralgia and as an antdiaon+-
wisat, Bnenufactured by saeral compeniies. The dinug
ad thits ae Il ntte us. Pharmacopeia (UFP) @
and tresritish Pharmacopoeia (BP) @.No gBafic retric-
tioson rlaed aistacss are ligted InUSP, butaproposd
greral estand a limit foradinary inpuriies are ircluced
@.The British Pharmacopoeia ra:uiresaﬁi”i—l@a’dro—
matograchic (TLC) et for rellasd abstaness indnug raw
naterial and teblet fomulatios tret: limits npurities torno
more then 0.2 witt oftre dru; iminodibeal Bussd asa
Statad.
Typical syntteses of carbarezepine procssd via te de-
kwowaumofan iminodibazyl derihatie, extrardirectly
an intemediate 10-halaggated canpound, an
mmsub:-re folloed by dgarotection of the nitragm, G-
bonylationwith an equinalent ofdogae, and firdllyami-
catian @, 5. The major metaolites of carbamezepire ae
rgorted tobe 10 41 1-epaxycartenezepine and Arans-0,1 1-

Received August 12, 1986. Accepted December 24, 1986.

dihydro-10,1 I-dihydroxycartarezepine ¢). Early methods
far determiretion of carbarezepine-rellatad compounds N
blood wsed qentitatinve TLC 6, 7), but thee have been
syplanted by ligud cwaretogrgohic (©) methods far
10,11 -epaxycartarezepine inbody fluids @ ,9). Gas dwo-
matogrgchiic (GC) methods farcarbarezepine have alsobeen
rgorted but the drug Busteblle attie terperature required
farvgoorizatian (10).

The purpose of the presat work wes 1o devellgp licuid
draratogrgohiic (LC) methods farthe determinetian of car—
bamezepire, tre inpurity 10, 11 -dihydrocarbarezepine, and
other related inpurnitiies indrnug SUbstane and Eolets. Also
cesaribed are a thirHayar chraratogrgphic (TLC) netmd
far iminodibaayl and imincstillbae in
sbstane and tilets ad a proosdure mnanlydaelqled
o fadlite ihntficion of trae inpuntiies by ggs dro-
metography with an electraon Gapture detector and a mess
gectroeter.

Experimental

Reagents

Acsticaad, astonitrile, and metharol were LC gradeand
ettarol was USP gak. Atipyrire, imircstilbae, imino-
dikamA, and 10 ;11 -dihydrocarbarezepine were dotained
fran Aldrich Chemical CD., M"V\HJ@, WL, Trans- 10,]1—
dihyaro-10, 11 -dihydroxycartamezepine and 10,11 -gooxy~

ine were gifts fram Ciba-Geligy, Besel, Stz
kad. Al otter danicals were ACS reepit gace.

Apparatus

Two HeMettPadard ges vere il a
Model 5840 equiipped with a flare ionizatsan cetector (FID)
and a Chronalytic Tedmology Model SPH4 septum purge
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heed, and aModel 5730A equiippedwith an electran-cepture
cetector (HD) - The same bonded dinethylpolysiloaeol-
um, m x 0.533mm, falnthideess 15fim wesussd n
both chvoratogrgphs. Qeerating caditiaswere s Tdllos:
ultra pure grack hydrogen amier ges, 10 ml/miin; nilrogen
makeup ges, 40 mL/min; hydrogenF1D gss, 0nL/min; ar,
300 mi/min; injection port, 210 + 10°C; detectar, 30°C;
colum tenperature program, 210°C far 10min, inaeesed7
min 1 290°C, and hold far 10 min. A FimMiggn MAT au-
tomatedges lectran inpectmass spectran-
etarand aBruer Model WP-80 nclearnegetic resorene
Seectroretervwere alsousd. The licuid chraratographwes
aVarian Model 5000 witha CDS 401 chta Station

Identification of 10-Bromocarbamazepine

Curing develgament oftre LC methods for related sub-
staEs incarbarezepire, wnicentafied inpurities were ob-
senad insame driug raw naterials and dilats. Therefare, a
ogs chraratograchiic (GC) prooedure wes develgoed to re-
ohe trese inpurities from tre dng and slbsenendly
dotain teirmess gEctra

Gas Chromatography. —Calmrazqoinea”d relatsd com-
pounds were injected on~collum as oo s, 2 Mg/, N
dessadililethyl actate. The relative retention tires are
ghen In Teble 1 The respoee of tte pesk at a e
retentintimecf 1. Hves ssaral atarsofregnitLcegrestar
on treelectron-apiure cetector conpared o tre flare ian-
ization cetectar, irdicating a possiblle halogen-aontainirg
campound.

M ass spectroscopy.—Tl’EfTBSS oﬁhapeekata
relative retentiantine of 1.35 (Teble D) had nmolecullar ias
anv/z 314 (33%) and 316 (340, irticatirg tre presace of
one bramine atom intte noleaule. Other major
ok vz = 273 (B4), 271 @), 192 (336, 191 630,
190 (73, and 165 (1006)-

Synthesis of 10-bromocarbamazepine (11). —Carbamaze-
pireves trestedwith bramine inchloroform toyielda pre-
apitate of 10,11 -dibromo-10, 11 -dihydrocarbarezepine
whichwes fillaad, dried, dissohved in tetrahydrofuran, and
oHWd]UmrHlewrm 1,8-diazoio,do(G,4,0utsc-7-ae.

inethusdotainedhad amass goec-
termdLCardGC retention tines il with trelro-
minated inpurity found in some carbarezepine saples.
The NMR spectrun was arsistentwirth traet of 10-bramo-
Carbarezepire.

GC assay ofcarbamazepine-related compounds—A POW—
ceraed tEblet aonposite ecuivalent 1 10 mg carbenezepine
wes turbled with 5 mL eth acetate far 30 min and can-
trifigd, and a 1pL alquxv\as r]amithrtatlmV\es
dore by tte edardl stadard nethod

METHODS

I. LC Method far 10,11-Dihydrocarterezepine and Other
Related Qubstances inCarbanezepine Drug Substanee
and Teblets

Apparatus and Reagents

@ equipment.—use liqudchramatograph ecuippedwith
cetector sstak 230 nm and 5pm diol bonded collum, 250 x
46 mm (Brdd).

@) solutions. — Acsticacid solutian: 0.08% indoble-dis-
tillhater (A). Stardard oluian1:0.008mg/mL of 10,11 -
dihydrocarbarezepine and 0.001 mg/mL of cartarezepine
netraol-rethaol (1+9) (A). Stardard solution I1:0.08
mg/mL of 10,11 -dihydrocartenezepine and 0.0L mg/mL of
carbarezepire inetharol-metherol (1+9) (A).
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Table 1. Relative retention times by LC and GC of carbama-
zepine-related substances

Compound LC* C
ﬁ] 10 10
Trans-10,11-clihydro-10.11-dihydroxycarba-
2t 2 B
- epine .
1011 -Dihydrocarbanezepine 083 0%
10-Bromocarbanezepine 122 13%
Iminostilbere 2.76 047
Ininodiberzy 300 043
*Howrate 2 mlinin

Ggﬁgdglue retention tires by LCand GC are 314 and 16.71 rin, respec-

© Mobile phase. — Actnitrilenettarol-aceticacid o-

b G + 5 + D) (AA), adjusted to dotain required
reoluton. Row rakea 1rl/min.

System Suitability

Codrtian colum untill steble kesellire Bdotained. Ingect
e 10pL aliqots of stadard solutian . Resolution be-
tiveen carbamezepine and 10 ,11 -dihydrocarbarezepine
shauldbe grestertren 1. Relative starchrd deviation ofpeek
resporsss shaulld be no more then 3k.

Calibration

Chrometograph dplicate 10,1 alig.ots of stadard so-
lutios land Il and Glakate resose fadas Tar carbane-
zpire ad 10 ;11 -dihydrocarbarezepire.

Procedure

Drug substance.—Prepare sjlﬁmmlainirgca%ng/
mL dngalstare, acurateiyweiged, inetherol-metharol
a+9.

Tablets. — Trarsferamourtt ofpordered tebletaoposite,
arately veiged, equnalent to ca 35 mg carbenezepine
o tue fitlewith TeflaHlined screvap, add 10.0mL eth-
avol-rethaol @ +9), tunble far 0 min, and atrifice.
Inectd plicate 10y aligotsofstadardand est<olutias
intochrometograph and record regaorees. Estinate amount
of 10 ,11 -dihydrocarbarezepire by interolation on stan-
card ane farthisadstae. Estinate amourtt ofany other
Uity by interpolation on stadard aune far carbama-
Ae.

1. LC Prooedure far Assay of Carbenezepine
Drug Susstance and Teblets

Apparatus and Reagents

(a) Equipment and mobile phase.—mlﬁtﬁj in Meth-
od L

(0) solutions. — Intamal starchrd solutaan: 0.015 mg/mL
ofantipyrire netrarol-rettaol @ + 9). Stachrdsolutio:
0.2 mg/mL ofcarbamazepine in intamal starchrd solution.

System suitability

Codirtion colum util steblebeselire Bdotained. Inject
e 101 aligotsofstadard solution. Resolution betneen
carbarezepine and antipyrire shaulld be greater then 35.
Relative stadard cbviatian of ratio of carbamezepine t©
antiprire repoess shaulld be kessthen 2%.

Procedure

Drug substance. — Prepare soluionantaininga 0.2 mg/
mL of cartarezepine, acauatelyvweiged, in intaral stan-
card solution.
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Figure 1. Liquid chromatogram of carbamazepine raw material
(Manufacturer I, Lot B, 4.93 mg/mL, rt = 3.14 min) spiked with
10,11-dihydrocarbamazepine (Aldrich, 0.493 mg/mL, rt = 2.62
min) and 10-bromocarbamazepine (synthetic, 0.555 mg/mL, rt =
4.76 min) in ethyl acetate (rt = 1.40 min), 5.0 ftL injection, flow 2
mL/min, 16 mV full scale deflection. Peak at 0.59 min is due to
methanol-ethanol (9 + 1) solution used to rinse syringe.

Tablets. — Trarsfer amount ofpondered tEbletcomposite
eunalet tbca 20 mg carbarezepire, anxatelymelqm
totue fittkewith TeAloHlinred screvap, add 10mL inarel
starvhrd solutian, turblle 30 min, and antrifie. Trasfer
1 mL ofthis soluan 10 100 ML voluretric fiek, diluie o
wolure with intaral stadard solutian, and mix. Ingectdu-
plicaie 10 gL aliqots of stadhrd and et olutios o
chraretogragh and record . Glalate cocatra-
tion of carbarezepine Inmg/mL. in et solutian by CRWY
R9), where C = aooantratian inmg/mL. of carberezepine
instarchrd olution, and Ru and Rs = ratiics ofregoanse of
carbarezepine pesk to intaral stardard pesk dotained fram
et solution and starchrd solutian, reectinely.

I1l. TLC Method for Iminodibenzyl and Iminostilbene in
Carbamazepine Drug Substance and Tablets

Apparatus and Reagents

(@) TLC system. — PrecoatedMerck 0.5 mm siliagd 0
254 pates, toluae mobille sohat

(b) Detecting agents. — (7) Sort waelagth ulraaoket
&4 m); (2) 0.9% potassiun dicdwarate WA) In 20%

(C) solutions.—Stardard solutian = 0.0025% iminodi-
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Figure 2. Capillary gas chromatogram of carbamazepine raw

material (Manufacturer Il, Lot B, 4.93 mg/mL, rt = 18.22 min)

spiked with 10,11-dihydrocarbamazepine (Aldrich, 0.493 mg/mL,

rt = 17.28 min) and 10-bromocarbamazepine (synthetic, 0.555

mg/mL, rt = 23.70 min) in ethyl acetate (rt = 1.05 min), 0.4 j*L
injection on-column, attenuation 32.

ke i chlorofom @A). Stadard solutian 1 0.0023%
imincstilbae in chloroform @A). Test solubio: 5% car-
benezepine Inchloroform @WA).

Procedure

Syaately gply 10 ¢ aliqots of stathrd and st so-
ltios. Let plate deelgp (5 an) in charber previasly
ecpiliorated with nobille sohent far ca 1 he Remove plate
ad Etitdry inairto remove toluee. Gosernve ucer ultra-
vicket I, then soay with tre dichrarate solutian and
doeene under adinery It Sots inthe testsoluion aor-
resoading o iminodiberzyl or imincstillbee ttetare lagr
then gots intre starchrd solutian irdiicale tre presanee of
these compounds at leeks geatar then 0.08%. Use didro-
mete detection far iminodiberyl and ultraacket far imi-
rostilee.

Results and Discussion
Liquid Chromatographic Methods

An LC procadurevas devellgped o resohe and guentitate
asxissofcartareapinerelated astanees (Hgue D). These
compounds and trelr retention tines redatine 1o carbama-
zpire ae I inTable L The method hes been used ©©
assay'8 tehletand 13 rawnaterial sanples of carbenezepine
Torrelaada staaes. Some oftte sarplleswere alsoassayed
far dng atent (Teble 2. Levels of 10-bramocarbamaze-
pire and 10,11 -dihydrocarbarmezepine indnug raw naterial
and tebletsvere alsoassayed by ges dhranetography (Hgre
2 afimte LC reits (Teble 2. Results dotainsd by
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Table 2. Concentration of carbamazepine and related sub-
stances in drug raw materials and tablets by LC and GO 6

10.11-Dihydro- 10Bono
Manufacturer carbamezepine,  carbamezepire,
() Assay, % % %
Dug raw neterials

=
>
ERRRER:

<=
$ITO
288
Qui™

(B) - 0
— (o]
\ — nd
1A %8 0.1 0.%
®) B2 1940, 0.05(0.
© 971 . nd ()
© P5 013(0. nd (09)
1A 1003 ir d
(B %5 r O nd
i @* ®B7 003 (0 053 (0.
M 974 08 (0 00
*Values are the means of duplicate analyses, unless otherwise noted. Nore

of the sarmples analyzed contained detectable amounts of trans-1011-dihy

dro-10,11-dihydroxycarbanezeplne, 10,11-epoxycarbanmezepire, imnostll-
bere, or Imr%kbaw i i

sResllts in parentheses were obtained by GC
*None detected.

"Trace; mininumdetectable amourt of 10, ]_’Ldl(%marmrmzepire Is

001% (00199, of 10-bromocarbarmezepine, 0.03% (002949
*Mbss spectroscopy showed this sanple to contain a nonobronnated int

puity: LCRRT =152 (00999, GC RRT = 184 (007).

' IMeen of 6 determinetions, RSD= 05%
oMeanof 6 determinations, RSD = 145%

" Ve of 4 determintions, RSD = 2.1%
'Mean of 4 determinations, RSD = 124%
' Mean of 4 determinations, RSD = 132%
“This sanple contained an unickrtified inpurity: LCRRT = 1.33 (0039.

the 2 methods are N good agrearant. The ges dhramato-
grgchic method ledss rdastress and s not reconmended
for rudre e

The LC resposss to carbenezepine ad  10,11-dihyaro-

carbarezepirevere lirerup 0.2 and 0.3HBiug an-oolum,

ey, with what were esntially z2v0 nlaagts. The
minimum detecteble amounts of 10 11 -dihydrocarbareze-
pireand 10-bramocarbamazepine areaoout 0.01 and 0.03)%,
regectively G5 and 10.5 g, 3 »y carbarezepine araol-
um). Lewels of 10-bramocartarezepine were determined
relative o carberezepire. The nollar dsaptivities of car-
bamezepine, 10-bramocarbarezepine, and 10,11 -dihydro-
carbarezepinea230 nm are 13830, 17010, and 5950L/mol
an, regectinvely.

The edraction proosdure wes \arified by sheking pow-
ceraed teblet camposites ecunallent o 9-27 mg carbameze-
pirewith 6 mL intaral stardard solutio. The amount of
drnug edractad N eech Gase wes directly prgoortiael totte
anount of tebliet matrix presat. Seking far periacs of up
to45minmade no differate ntteamount ofdngedracted.
Rearod cibillres Tor tre redlated substances method and as-
sy ae ksthen 15 ad 3, regectively (Table 2.

TLC Methods for Iminodibenzyl and Iminostilbene

None oftte sanples aralyzed contaired cetectzbleanounts
of iminodibezyl or mircstilbae. These campounds ae
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Table 3. TLC R, values for carbamazepine and related

compounds
TLC method
Conpourd B P W8P BR
R 0B 0z 06 o
1011 -Dihydrocarbanezepine .16 . 0
1011-Dihydro-10,11-trans-dihydraxycar-
barrezepire 004 8212 8224 0
1011 -Epoxycarbanezepine 011 O ) 0
Imnodiberzy 0® 071 0/B 04
Imincstilbere 066 o068 0/A 03
10-Bromocarbarmezepine 02 — — 0

«Cffiddl in BP (). Mbbile sotvent: toluene-rethanol (% + 5).

OPr for Idusion i Intematioral Pharmacopoeia, 3rd Erition Mbbile
solvent: toluene-methanol (86 +14).

cProposed USP rethod for my Inmurities (3). Mthile solvert: etha-
nol-acetic acid (gl'\)%;ar]&

Iglxeau of Dy method described in this paper. Mohile solvert:
toluere.

Satignaterials insome rautes ofcarbarezepine

and treir detection forms tte comerstae of the BP et far
related abstaness. They elute akabout 15 min inte LC
method, but the pesk shepe makes gentitation urelicble.
Forﬁisreean wal TLC systars were inesticated s
altaretives o LC gentitation. The systans ealuated ad
tre Rnalues deenved are presated inTable 3 The TLC
systars are dll besed on Silage 60 pltes, and dll Al far
virtally tte same detection agpnis.

Only tre method desribed in-thiss peper resohes imino-
stillae and iminodiba A from eech other and from car-
bamezepine. Minimum detecteble amountts of iminodiben-
24 and imirnostilbare uder sortvave ultraacket Iigtae
02ad0.(byg, reectively; aftartreatmanbwithdichrorete
ey, tre minimum detectsble amounts of iminodibareyl
Oliegod) and imirncstillbere Qlle-geangowere 0.Gbad
0-2pg, regectively. None ofthese systars aould be used ©©

dotain a aoplete pofilke of inpuriies N carbenezepire.
Gas Chromatography

Carbamezepine Braported tobe usteble uder some s
draratogrgohiic axditias (). Inaur kooatary, decom-
positin © imirnostilbae and S+ethylaaridire wes de-
aeesd fran 15 1 4.5% by deaessig tte injection port
tEperature fran 290 1 210°C. Deconposition ves further
reclod by avoiding any packing naterial in the injection
port lrarand wsirg on-colum injection after attadent of

a septum puree heed. A laner injection port tevperature
would have been prefenred because decamposition wes Vvir-
tallyelimirated at 160°C, but repdiirgoftte injecticnport
teperature of tre ges chramatograph usad inthiswork wes
\ery innnvenient. The best resitsvere dotained with aol,

anoolum, ingection
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Analysis of Piperazine Drug Formulations for /V-Nitrosamines

BRIAN A. DAWSON and ROBERT C. LAWRENCE

Health and Welfare Canada, Health Protection Branch, Bureau ofDrug Research, Tunney’s Pasture,

Ottawa, Ontario K1A 0L2, Canada

A quantitative method is described for the measurement of A~mono-
nitrosopiperazine (NPIP) and A',jV'-dinitrosopipera/.ine (DNPIP) in
drug formulations containing piperazine, using a gas chromatograph
interfaced to a thermal energy analyzer (GC/TEA). The method has
detection limits of 20 ppb for NPIP and 12 ppb for DNPIP. In a
survey of 6 products available on the Canadian market, all contained
NPIP at levels 0f 0.38-15.3 jtg NPIP/g piperazine and none contained
any detectable amount of DNPIP.

It Bvell known that many A™-mtroso campounds are mu—
Tegmnicand/or carcingganic. Many drugs aotain prrimary or
seaochry amine fuctiael gays, which aould possibly
nittcsate N vivo ar In vitlo. Piperazire (PIP) (@ anttel-
mintic) antaiins 2 seoathry nitrapes and hes been shoan
O utarg nitresatian N Vil s vell as N eqerimental
aninalls, yieldirgboth V-nrommirtrosopiperazire (\WPIP) ad
N, A™dinrrosgpiperazire (ONPIP) (). Some antroersyap-
pears in tte Iiaatiure coceming whether ar rot NPIP B
mutageniic @, 3 and/or carciragmiic @, 5, LUt DNPIP hes
been shoan 1o ke both nutagenic @) and carcinoganic 6).
Ithes been rported (@, 8) tret diffaet batdhes of a piper—
azire drug fomullatian old I Sveden aottained 3-20 gg
NPIP/g PIP, but no cetecteblle anounts of DNPIP. Intre

rgartamethod farthe determinatdan of NPIP ad
DNPIP in dng fomulatias axtainirg pipaazire, or is
ataeor adipate slits, Boesibd, and reltsare rportd
farproducts on tre Canedian nerket.

METHOD

Apparatus

(a) Gas chromatograph/thermal energy analyzer (GC/
TeEA).—HaMettPadard Model 5840A rgaortirg ges dwo-
metograph interfaced toModel 502 themal energy anallyzer
(Thermo Electran Instrurents, ke, Hopkiinton, MA Q1748).
Qeerating arditias: 3.(bm X 4.0mm daoiladdesal 1
umn padkedwirth 10%0V-101 on 80-100mesh S pelayort;
TEA furee 4/5°C; amargs @un) 20 m/min; pressue
11 tar.

(b) rotary evaporator.—Buchi Rotovgpor R attaded t©
adraiatirg pump antainirg e vater.

@ Evaporative concentrator. — 10mL roundHoottom flesk
(4723 relk) with 1mL aore, grediated N 0.1 mL imae-
mants, on the bottom.

Received July 16, 1986. Accepted December 24, 1986.

Reagents

@ Piperazineformulations. —PIMGZII’E&MHIE&SH’}—
sinwes purdesd laaly. Al otters were dotaiined fram

nerufecturers.

(b) Dichloromethane.—Distilled in gless (Caledon Labo-
raries Ld, Georgetonn, Ontario, Caredh).

@ i -Ascorbic acid. —(BDH Chemicals Ltd, Role, LK-)

(d) Sodium sulfate. —Ari"ydrous O. T. Baker Chemical
., Fillicgug, NJ (B3H).

© sodium hydroxide.—(BDH Chemicals Lid, Torato,
ntario, CarechL)

@ Piperazine. — (Ald’id‘l(}enical (D., ic, M“V\EU@,
Wi 530L)

@ Sodium nitrate. —(BDH Chemicals L'ld.)

(h) NPIP and DNPIP stock solutions.—SlON'ya(ﬂ lu-
tion of 8.4 mg piperazire in 1mL 4M HC1 1o solutian of
6.6/ mg sodium nitrate in 1mL vater. After 15 min, make
tissolutinallalireby acting 5mL 5M NaOH , thenedract
withdichlorarethare @ x 3.3n1L). Dry cambined dichlo-
rarethaene edrads over arhydrous sodiun sulfatieand then
cbecant inb lottle. Oriinp-saall ottle and wrap naluminum
1l. Store in refrigaatorwhen not in e

(i) standard solution.—Pipst 0.5 mL stodk solutian into
10 mL voluretric flekand dilute © volume with didhlo-
roetraere.

(i) Spiking solution. —Pipet 15mL stocksolutian intb500
mL voluretric flesk and dilute © volure with dichloro-

Procedure

Pipet 10.0mL lioud piperazire fomulation into 125mL
sgaratory furel. Add 100 mg L-asaorbic acid and 7 mL
vater. (For olidfomulatias, disohe2ggrarulesand 100
mg L-esxxbicacid in 17 mL vater.) Hsanplle stobe spiked
1 dotain estinate of nitrosamire reoeries, add 1.0mL
Soiking oluinand srele furel vigorasly fTara fewmin-
utes. Add 3mL 5M sodium hydraxice and edract solutian
with dichlororetrere G x 30 nL). Dry conbined edract
over arhydrous sodiun sifate and redce volure o 5
mL on rolaryevgoorator. So b iep]io]
egorativecroatratorand redcevolume to 1L.0mL . Ana—
2 this soluionwith GC/TEA by conparing averace arees
far5 injectiasofsy L. eeachwithaerageareafar5 njectios
of starchrd solution @0 541 ead). Figure 1.shons tpical
chraratograns far starcerd soluticnand farone of tte sam-
ples ('C”” nTeble 1), both unspiked and oiked.



DAWSON & LAWRENCE: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987) 841

2.92
2.90

.19
0.47
6.18

0
<
i\ﬂj

r T 1 U T 1 I T L

00 50 100 00 5.0 100 00 0.5 100

MINUTES

Figure 1. Typical gas chromatograms. A, Standard solution;
B and C, unspiked and spiked extracts for formulation C in
Table 1.

Results and Discussion

After the stodk solutian of NPIP wes praarad, a 10mL
aligotwes coontrated 0 02 mL and analyzed by GC-
flare inization detecion and by GC/mass geectraretry
@) . Camparison of tre peek aress shoned thet tte
oluianartained0.4%PIP, 95 7%NPIP, and 3.9%DNPIP.
Repeating tte preparatian 2 more times gave aonparablle
percenteges of trese camponents (cntified by GOAVS) -

A themal eaeryy wes used far the nitrosamine
aslysis because of isvel 1-knonn sasitivity and selectivity
in the detectian of A-ntroso campounds Q). To calilxate
te TEA instruatt, asyisofolutics owering ttrerae
of 100-10000 ppb NPIP wes prepared by gargoriate di-
lutios of tte stodk solution. Since no suiteblle nitrosamire
awuld be foud © sre as an inaral stathrd, absolute
injectio s were usd 1o detemiire tte ledls oF NPIP. To
dek tre precision of this procedure, each of tre stardard
solutiaswes injedted eaal tinesand treparaant stardard
chviatiofareachwes Gladiated. At ccntratiasof 10000,
5000, 3000, 1000, 50, and 10 b, testacarddeviatias
were 1G5, 101, 0.8, 4.8, 6.3/, ad 1295, regectively.
TEA reqxrsstoNPlPV\esllm’(squ /0; nacgt=
-24 310; corelation aeffidaet= 0.908).

The aslytical procedre desoribad above ks Tar te
dichlororethare edrection of tte nitrosamires fram an
agueous solution. To \arify aorpliete edractian, thispartof
the procedre wes rgeated Lsirg five 30 mL portaas of
dichlororethare far rgyesmitative samplles ofeach type of
pradlct. Ineach e, no detecteble ledls of extrer nitrcs-
anine vwere fourd inthe second edract. This notanly shons
tret the fastedraction Besatially aoplete, but alo tret
no gyrecicble artifactal formation of efttar nitrcsamire
ooaurs duriirg this procedure.

To dek tre rgrad.cibility of te method, ore of tre
saples antainirg piperazire dtraieves anallyzed 5 tines,

Table 1. Levels and percent recoveries of NPIP in piperazine
formulations, using GC/TEA

. X NPIP found

Formu- Piperazine

lation derivative ppb ng/g pip Recovery, %
A adipate 84 0.38 874 + 12
B adipate 164 3.69 98.0 £ 2.3
C citrate 456 10.26 915 + 3.2
D citrate 501 11.27 99.3, 98.4
E citrate 515 11.58 £ 4.3% 97.4, 955
F hexahydrate 681 15.32 95.0,101.2

givirg 11.58 AgNPIP/g PIP + 4.34. To deXk tre rgro-
daohilityoftre rmoaryeqparinats, riicateaslssvere
conductedwath 3 offomulatias, each Soiked
with 1mL of3000 ppb NPIP. The reslitswere 87.4+ 1.2%
Gdetaminatios) fTatresolidprgaraian @), B0+ 2.3%
G detamiratias) fartte agEsin @), ad 9.5 + 3. 2%
@ cetemiratias) farte liquid formulatian ©.

The r=sults far dil tre piparazire fomulatias aalyzd
aegiven inTeble 1 The ledls of NPIP foud vary fram
& 1o &L ppb of e fomulatian, which conmrespos 1©0.38
0 152 /fPIP. This Bingood egrearertwiith tre results
rgorted by Bellader et d. @), who foud valles in tre
rae 3-2pgrrg PIP far 3tatdes ofapiperazire fomulation
0ld N Seden. None of tte fomulatias antaired any
cetecteble leels OF DNPIP.

Conclusion

The GC/TEA method desoribed here s aliteble far tte
aslysis of piperezire fomulations far Arononirtrosopip-
aazire and AA™-dinftrosopiperazire with cetection limits
ofabout 20 ppb ad 12 b, regectively.
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Thin-Layer Chromatographic Determination of Sterigmatocystin in Cheese:

Interlaboratory Study

OCTAVE J. FRANCIS, Jr GEORGE M. WARE, ALLEN S. CARMAN,

GARY P. KIRSCHENHEUTER,

and SHIA S. KUAN

Food and Drug Administration, Natural Toxins Research Center, 4298 Elysian Fields Ave,

New Orleans, LA 70122
RICHARD F. NEWELL

Food and Drug Administration, Division of Mathematics, 200 C St, SW, Washington, DC 20204
Mlldoratars: R. Beaer, G. Barett, H. Charg, H. van Egnond, R. Bridam, J Bars, K. Jdrsm, T. Ldllirg, E C. Netz,

W. E Paulsth, J. Spilmamn, M. Stadk, E- Windham

A collaborative study of a method for the determination of sterig-
matocystin in cheese was conducted by 10 laboratories. The study
included control samples and samples spiked at levels of 5, 10, and
25 ppb, in coded blind pairs. Recoveries were 60.0, 90.7, and 59.3%,
outliers excluded, for the respective levels. The mean reproducibili-
ties, outliers excluded, were 81.97, 17.13, and 52.77%, respectively.
Mean repeatabilities, outliers excluded, were 77.66,17.13, and 46.40%,
respectively. Results of this collaborative study indicate that the
method, modified as described in this report, is applicable to the
determination of sterigmatocystin in cheese at low levels (5-50 ppb)
for the purpose of surveys. With regard to the difficulty with thin-
layer chromatography in this study, it is recommended that a more
satisfactory determinative step be developed. Recommendation for
official first action status is deferred.

The study rorted herevas initiated toevalluate themethod
of Fratis etd. () farthe determiretion of sterk
i ndeee. Cheese Bedractad with acetnitrile440KCL
@& + D). A snplifid licudHiouid partition cleenp B
s, and e sarplle edract Bpessd thraugh a ajricar-
borete-Gelite colum for fird prification. Sierigratoo,stin
Bomttated wsing ae-dinasiaal thindaar chromatog-
rady (TLC) aftertte plate s traated with te fluoresoae-
erhancing gxays arsisting of 15% AlC1, NETOH and -
iae-etter (18 + &). BEqeriae nour ldoratoryhesshonn
this method o be stisfedory and effidiet. Due O tre -
\areble perfomance daadaristics edibited duriig those
trekad o tte nead far furtter ealuation of this method
far tre detemination of sterigratoostin in desse, a ol
Collaborative Study

Description of Samples

The gouda deee saple seledted for e intte study, &
tte antrol and far spilkarg, aontaiirned no cetecteblle Stag-
matogystin. The saple wes prepared far aelysis by sie
redctian inameat grirckr follored by harogenization n
aplaetary mber. All aslytical sarples vere weighed o
wide-mouth gess ps

@ ool and siked sarplles were provided in coded
blind pair ssts, aotainirg 0, 5, 10, and 25 ppb sterigrato-
oatin. Soikad saples ware prpared by adding known
anunts of sterigratogystin inberzere o tteveighed sam-
ple fram tte antrol lotofdeee. The sohantves allonaed
toegorate a6 min, and tteantairersvere tigtlyssladl.

@ Saplesand stathrtswere fraan riar opedeging.
Frazen naterialswere placed into Styrofcem iedests, alagy
with fraanvweted<s, and shippad viaeqressnail.

Participents vere irstructed o uee the entire aontenits of
eech jar (B 9) Toreech avhsis.

Description of Study

Fourteen looatories argrally agread o partickste n
ST, cookd

Eahmllatuattrkmjege incluced sanplle and stardard
naterials, stadard cata deet, storage information farsam-
ples and statards, irstructio’s desribirg tre g entitative
procedlre of trarsfaring sanplle naterials fram jas o ex-
tractionantainars, and aaopy oftte method.

Sterigmatocystin Standards

(a) Practice sample spiking standard —A{prc»(mately450
ixL Sterigraton,stin olutian (0.8 gg/m L) dissolved nben-
zere and antained in sealled gless anpules.

(b) Working standard.—Agoraximetely 15 mL saig-
matocystin solutaian (LOMg/ATL) dissolvad in berzere ad
antained N sl disss anpules. Gollldorators were -
structed © ot ay ceviatias in stachrd weldht fram
et recortd on the acoopanying cata deet. They vere
alo irstruoted o trasfar tre anpulle antentswithout riirs-
igtoasall (2-5nL) oluretric flsskor v, stoger tte
antairer tidtly, and stoe na fieemr. Sapleswere e
brought to room tenperature and mixed priartobeing usad.

Data Requested

Each colldorator wes provided a rgoort et et re-

(1)  Each collsorator's practice sarple aontained about uested his or her nene,, adtiress, type of TLC plate s,

115 g de=e. Aalysts were irstncted o asellyze a 6 g
portion oftte sanplle ssaaotrdl, and to spike 2 adbiitiaal
3 gportias ofsaple with 10and 25 ppb oftte providd
starchrd spikirg solution. Thils schene wes desiged thde-
temire facl ldoatorssystemvwes auited farthisaalysis.
In tre event ofprablers, amethod monitor/cosutant ves

Received January 22, 1987. Accepted February' 7, 1987.

ad otter parareters ah as gradkss of ohants s, In
addirtian, a tehulated fomat wes desiged Tar listigaralyt-
i it Remarks (coments, sestias, aitids's, ad/
or cesriiptias of difficles) vere ragested. Instructias
also stated tret ifimethod nodifficatios were tried, collleb-
adators vere o rigort tre firdirgs B tre nonitor, but ©
keep those cata sgarate fram te study gt

METHOD
The method has been published (1).
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Table 1. Collaborative results for TLC determination of sterig-
matocystin in spiked cheese samples

Spike levels, nglkg

Eon Practice

samples
Coll. 0 5 10 25 0 10 25
la 18 2 3 9 ®» @ B 3 — — —
2C 0 0 —d — 9 - — 2 — — —
3 0 1 5 2 n 9 3B 17 0 9 26
4 0 0 7 2 n 7 13 18 0 9 2
6 40 4 7 9 1 2 2 0 9 2
7 0 0 0 T 4 4 9 17 0 9 22
9 0 0 (2 @ @1 @ 9 7 0 9 25
12 0 0 0 4 9 9 2 0 0 9 16
13 0 0 4 0 7 9 18 18 0 11 22
14 0 0 4 3 9 8 20 18 0 10 17

" Data submitted by this collaborator omitted from calculations.

»Values In parentheses are statistical outliers by Dixon or Grubbs tests.

* Incomplete data submitted; values were not used In calculations.

»No data submitted.

*This result was reported as a trace, but was interpreted to be 0 because
the value Is below the detection limit of the method.

Results and Discussion

The reaits reported by eech colldborator far te ceter-

miraetdon in Nndecearepresaited inTable
1 R=ultsvere riqortedby 10oftte 4 ldoratories towhich
sapleswere sl

Of tre 10 rgoortirg Hoatries, 8 subnitted tre rsulits
oftreir practice saples. Those resulis show no falsera-
ameo falepsithvegotsTatreatidls, and they shoned
mean rananies Tar tre goikes oF 94 and 21.9 b, with
RSDs of 7.9 and 18.5%, fartte 10 and 25 pob ledks, re-

Wirth regpect to the aoded, bllind salkes, 3 oftte 9 aollleb-
aators whose rsitsvere statistically included reported a
ot of4 (2.26) falsepsithve sots fatreantrol sarples.
Intte e of ol ldoator 1, dlil restsvere elimirated from
futtersatistical ealuation fa-tre fol lovg reesa s: reslts
of practice saplles were ot rgortad; both aontrolls were
rgoorted es ke paitives, including the eaptiaally high
valle of 18 pb; and resulits riorted et e 10 ppb spike
led vere dessifidas Satistical adiasby both Dixon ad
Grubbs 5 @, J.

The readt of 1 ppb In tte antrol sanplle rported by
olldorator 3ves intapreted as 0 because e valle BEEEs
then the detection Iiniit of the method. , tte
ewaluation of cata far tre antrol sarplessm/\edlterelo
be 1 falesitive st (olidooator 6) of tte 16 sanples
from 8 clldborators arsidered (6.230).

Results rigorted by colllaoorator 9 far tte 5 and 10 ppb

Table 2. Precision measurements of TLC method to determine
the presence of sterigmatocystin in cheese

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

Added, ppb
Statistic 5 10 25
Mean, ppb 631 (3.00* 933 (9.07) 14.83
Recovery, % 60.0 920.7 59.3
RSD,, % 15301 (81.97) 38.05 (17.13) 52.77
s, 9.659 (2.459) 3.559 (1.555) 8.226
RSDQ % 3651 (77.66) 1964 (17.13) 46.40
S, 2.305 (2.330) 1.837 (1555) 7.233
Qutliers Lab. 9—Grubbs, Lab. 9—Dixon none
Dixon Lab. 7—Grubbs
Expected RSD,, % 38.36 3247 30.16

»Values In parentheses are quantities after outlier rejection.

843

Table 3. Results of postcollaborative study to determine if prod-
uct or analyte degradation occurred between the times of sample
preparation and collaborator analyses

Spike levels, rig/kg

Control
Sample set 0 5 10 25
1 0 34 96 22.2
0 41 11.0 17.2
2 0 45 10.2 184
0 48 89 216
Range; low - 34 89 17.2
high - 48 11.0 22.2
X - 42 99 199
SD - 061 0.89 243
RSD, % - 144 8.99 12.2
Ree., % - 84.0 9.3 794
Overall ree., % 87.6

spike lkedlsvere determined o be datitial atliashy te
Dixon&t; honever, trecllsoratorsresitsfatte 25 pob
goilke ked are includ intre alailatios. A arsary eval-
uationofthose piked sanplle reaultsmay  irdicateaproblem
In Teble 2, tre oaall precision estimates far steriga-
tmystin foud in te goiked saples, atdias ecludd,
shoned mean values of 3., 9.07, and 14.83, rearesantiing
ranveries of 8.0, D.7, and 59.3% Tar tte ledsof 5, 10,
ad2s b, nely. A one-vay aslysisofvariaewes
gplied toeech d plicatesanplle sstandwes used tocalaiaie
tween Hoares), RSD,, and tre rgeatzhility elative
starchrd deviation (ithin leboratory \ariatia)), RYD,,, far
the gpiked sarplles. RSD, \alues fargoikirg keekss, 10, ad
25 ppb were 8L97, 17.13, and 52.7M. RSD,, \ales far
soiking lkeeks 5, 10, ad 25 ppb were 77.65, 17.13, ad
46.40%. RSDs far rgaad cibillityand repestzhilityvwere st
isfectaryat e 10 ppb spike led butwere much higer far
tre 5and 25 ppb spike lds, compared o tteir aladated
eqected RSDs @).

Resulits dotaired at e 10 ppb led agreed with reslits
dotained during method develgament and with results ob-
tained by collcooratars farpractice saples.

The unexpectad resulitsdotained at tte 5and 25 ppb led
Foikes were mesugatedfa‘ﬁe possiaillitiss of product ar

; 2 edrasample stsvere aslyzed aftar
cmpleﬂmoﬂteailatuaﬂe%tores)l\elhsnamr
As shown in Teble 3, tte dotaind resiits elimiraete ttoe
possialites.

Feedbadk receivad from colldorators 2, 4, 13, and 14
inicated tret some problars edstad with tre thindaar
draretogrgphic determirative step in et some badk-
ground streskirgmade sootestinetiondifficdt. Thiscooem
wes also investicated during tre postool kborative stLoy ex-
perinants; we conaur thet streddaing dild coaur, butnot totre
pointwhere itinarfaadwith gentitation. Goincidantal
trenatter of TLC qentitatian, collaboratar 7 was ot eble
o dotain tre recomended tye of TLC platss ad, asa
resit, eerimented with other types ofasilleble TLC sup-
ots. The colldorator rgoorts tet very realits
were dotained sing E- Merck HPTLC pliates, with no back—
ground streddirg. We evaluated tre colldoorator's firdis
ad aar. Additiaal TLC eqerimants yieldd very st
iy TLC estsfarWhatman KC2 reerepese TLC
plates and developrent with hevxane-metharol (6 + 5 far
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45 min 1 1h, folloved by the previasly desoribad gy
ateners.

lldorators 3 and 4 commertted on prablens with tre
diesswool filtratintedmig e, irdicating tret filratioves
uwsally slov. Since this isaminor prooecLral aetail, itvwes
agessted trattte filtratinaurfaccaraabe inreesedby pess-
ingttenatenial through a largar-diareter glesswoolpadked
e suchasaPyrex No. 3700 hutt tuke.

Recommendations

Reultsofttecolldoorative sty irdicaie tret tremetihod,
modified as desoribed nthis gt saplicble o ttede-
teminatian of sterigratoostin indese, ifve Ede o
aocoount that e purpose of thiswork isto provick asinple,
are intaded o detemiire leelsand incicanee of cortami-
retian indese bellow the 50 ppb led of anatmethods.
Saicaly, tre aalytical vaniane of resits at tre 10 ppb
kd B . Honvever, because oftte high \arichillity
actte 5and 25 ppb leds, arecamendatiion fardficel fast
action stats B defenrad parding develgamentt of a more
stisfday cetermirative step.
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Determination of Cytotoxic Trichothecenes in Corn by Cell Culture Toxicity Assay

JEAN-MARC PORCHER, CHRISTIANE LAFARGE-FRAYSSINET,

and CHARLES FRAYSSINET1

Institut de Recherches Scientifiques sur le Cancer, BP No. 8, 94802 Villejuif, France

AHMED NURIE, DOMINIQUE MELCION,

Nantes, France

The great sensitivity of some cell species to toxins has been adapted
to a direct biological determination of trichothecene contamination
of food and feeds. The murine spleen lymphocyte stimulated by PHA
(Phaseolus vulgaris phytohaemagglutinin) appeared to be the most
convenient cells because of their particular sensitivity to cytotoxic
trichothecenes and the opportunity to translate this cytotoxicity to
immunosuppressive hazard, one of the most important concerns for
trichothecenes. In this paper, the use of cell cultures was adapted for
a survey of corn. The toxins were extracted by aqueous methanol,
and the extract was defatted with hexane and purified on a silica gel/
Florisil column. This extract was then used for a gas chromatographic
(GC) determination and the biological test. The growth of cells was
measured by the incorporation of tritiated thymidine ("H Tdr), and
the inhibition was expressed by the IC*,: concentration of corn extract
inhibiting by half the 3H Tdr incorporation. We have tested pure
toxins, control corn, corn spiked with T-2 toxin, corn experimentally
inoculated with toxigenic Fusarium strains, and naturally contami-
nated corn. A good correlation exists between ICQand the T-2 toxin
concentration as determined by GC analysis. The response is not
affected by the presence of zearalenone or by small amounts of deox-
ynivalenol. A quantitative evaluation of cytotoxic trichothecenes in
corn is valuable in the range of 100 ppb to 10 ppm, expressed as
T-2 toxin equivalents. The result is obtained in 48 h.
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Figure 1. Example of GC separation of trichothecenes extract-
ed from corn spiked with 0.5 pg/g of DON, DAS, HT-2, and T-2
toxin. (ME and OC are added as internal standards, see text.)

spectrometric analyses (7) are now being used in numerous
laboratories.

Physicochemical determination of a few particular my-
cotoxins that could contain numerous molecules with various
activities cannot realistically portray the measure and sig-
nificance of contamination in foodstuffs. Therefore, it would
be useful to perform a global evaluation of contamination
from mycotoxins on the basis of their toxicological charac-
teristics. For example, detection using the necrotizing power
on animal skin (8) or the lethal effect of most trichothecenes
on Artemia salina larvae has been studied (9).

Most trichothecenes show a strong cytotoxic activity in
some cell lines; therefore, tests with cell cultures have proved
to be good methods for evaluating the potential toxic con-
tamination of a food product. Several cells even show a se-
lective sensitivity to trichothecenes, particularly lymphoid
cells, epithelial cells of intestinal mucosa, and some tumor
cells (10, 11). A first method based on the use of cell cultures
has been published (12).

In the present paper, a method suitable for surveying cy-
totoxic mycotoxins in contaminated agricultural products is
proposed and applied to com samples. The presence in veg-
etable products of stimulating lectins and inhibitory alkaloids
required the evaluation of possible interference from the com
itself and the development of a procedure for cleanup and
dilution of extracts. Two kinds of cells were used: murine
splenic lymphocytes stimulated by Phaseolus vulgaris phy-
tohaemagglutinin (PHA) and a rat hepatoma cell line (LF
cells). In addition to their suitability for in vitro culture, the
lymphocytes permit the estimation of one of the main tox-
icological effects of trichothecenes—their immunosuppres-
sive potency.

Experimental
M aterials

Pure mycotoxins were purchased from Makor (PO Box
6570, Jerusalem, Israel) except for deoxynivalenol which was
agift from H. Cohen (Ottawa, Ontario, Canada). All products
and solvents were analytical grade. Some batches of DMSO
appear to be significantly toxic to cells, so this solvent must
be tested before use.

Two media were used for cell cultures: Roswell Park Me-
morial Institute Medium 1640 (RPMI 1640) and Minimum
Essential Medium (MEM) (Eurobio).

Preparation of Corn Extracts and GC Analysis

Two methods were necessary for trichothecene determi-
nation in naturally or artificially contaminated com samples.

(a) DON determination.—The first method concerns po-
lar trichothecenes (i.e., DON). A 50 g sample of ground com
is extracted with 200 mL acetonitrile-water (84 + 16 v/v)
according to the procedure proposed by Trucksess et al. (5).
After filtration through paper, 20 mL organic phase is de-
fatted by hexane and evaporated to dryness. The residue is
dissolved in 5 mL chloroform, and 5 mL hexane is added.
This extract is then purified on a Florisil column, previously
deactivated with 10% water, by eluting with 40 mL chloro-
form. DON is then eluted with 60 mL chloroform-acetone
(50 + 50 v/v). After evaporation to dryness, 20 pg N-meth-
yldecosanoate and N-octacosane are added as internal stan-
dards.

Prior to GC analysis, TMS-DON derivative is prepared
by heating with 100 ph Tri-Sil/TBT (Pierce, Rockford, IL
61105) for 10 min at 60°C. The resulting derivative and
solvent are used for GC analysis.

(b) T-2, HT-2, DAS, and zearalenone determination.—
For cytotoxic trichothecenes and zearalenone, extraction is
more efficient with pure methanol (200 mL for 50 g grain).
Nevertheless, it is necessary to change slightly the polarity
and ionic strength by adding 80 mL water with 2% NaCl
before the extract is washed with 100 mL hexane. Toxins are
then reextracted from aqueous phase by 100 mL chloroform.
One halfis used for LC determination of zearalenone after
purification according to a procedure adapted from Mirocha
et al. (13).

The other half is evaporated to dryness and then purified
on a column of silica gel/Florisil/10% water, for T-2, HT-2,
and diacetoxyscirpenol (DAS) determination. Nonpolar im-
purities are first removed with 20 mL benzene and toxins
are collected with 50 mL benzene-acetone (50 + 50). An
aliquot of this extract is evaporated to dryness and used for
the cell culture test. TMS derivatives are prepared using
BSTFA (N, O-bis(trimethylsilyl)trifluoroacetamide) for 60 min
at 60°C.

(c) Gaschromatography. —GC separation is performed on
a glass capillary column (50 m x 0.3 mm id) coated with
SE-52 as stationary phase. Oven temperature is maintained
at 100°C for 10 min after splitless injection and increased to
250°C at 10°/min. With the flame ionization detector, the
average sensitivity is better than 100 pg/\g\ 1 pL injection
represents 100 mg corn.

Cell Cultures

After silica gel/Florisil column purification, dry extracts
were then dissolved in DMSO in increasing dilutions, to
contain between 10~5and 0.5 g equivalent corn per volume
of DMSO (10 jub), which is applied to 1 mL cell culture
medium. Cell growth is estimated by incorporation of triti-
ated thymidine (TMM199B, 25 Ci/mM, CEA, Saclay, France).

(@  spleniclymphocytes. —Preparations were obtained from
spleen of Balb/c mice as described elsewhere (14). Spleens
were aseptically removed, minced with scissors, and filtered
through a 200-mesh stainless steel sieve. Cell suspensions
were collected and centrifuged 10 min at 2000 rpm. The pellet
was resuspended in a known volume of RPMI 1640. A 50
pL aliquot (diluted 1:10 with trypan blue) was counted with
a hemocytometer.

Cells (500 000) were seeded in microplate wells in 150 pL
RPMI supplemented with 2 mM glutamine, 10% fetal calf
serum inactivated by heating 30 min at 56°C, and antibiotics
(100 1U penicillin/mL and 100 pg streptomycin/mL). Then
50 pL PHA (HA 16, Wellcome, 1pg/mL cell culture) and 2
pL dilutions in DMSO of test extract were added to each
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Tests on lymphocytes. Control and T-2 toxin spiked corn.

Inhibition is calculated by comparing 3H Tdr incorporation in cells treated by dilutions of corn extract with that in control cells. Each point
was made in triplicate. For each extract, a curve is plotted from the dilution range of the extract; the percent variation compared to controls

is expressed as a function of “equivalent corn” concentration in g/mL cell culture.
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Figure 2b. Tests on lymphocytes. Corn used as substrate for
F. lateritium culture. (....) 1 ppm T-2 toxin. See Figure 2a for
conditions.
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Figure 2c. Tests on lymphocytes. Corn used as substrate for
F. graminearum culture. See Figure 2a for conditions.

well. Cells were incubated at 37°C in an atmosphere of 5%
CO, and 95% air for 48 h.

Five hours before cells were harvested, 1pci tritiated thy-
midine was added to each well. Cultures were harvested with
an automated sample harvester (Skatron) on glass fiber filters.
The radioactivity was counted in Omnifluor (1 mL) in a
liquid scintillation spectrometer.

(b)  LF cells. —LF hepatoma cells were taken from a trans-

plantable rat hepatoma obtained from a primary cancer in-
duced by paradimethylaminoazobenzene. The cell line was
established in the laboratory and subcultured twice a week
in MEM containing 10% fetal calf serum, glutamine, and
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Figure 2d. Tests on lymphocytes. Corn used as substrate for
F. sporotrichioides. See Figuer 2a for conditions.
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Figure 2e. Tests on lymphocytes. Naturally contaminated corn.
(- ) 1 ppm T-2 toxin. See Figure 2a for conditions.

antibiotics (100 1U penicillin and 100 pg streptomycin/mL).
LF cells were seeded at 20 000 cells per well in 200 pL MEM.
The dilutions of extract to be tested were added in 2 pL
DMSO. Cells were incubated at 37°C in an atmosphere of
5% CO, and 95%air for 24 h. Tritiated thymidine was added
at 1 /iiCi/well, 32 h before the end of culture. Just before
harvesting, the cells were trypsinized for 10 min at 37°C. The
results were expressed in percent variation compared to the
controls which had received only 2 pL pure DMSO.

(c) zeamlenone interference.—To characterize the inter-
ference of zearalenone, a limited number of tests in culture
were done before column purification of the extracts. The
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Figure 3. Correlation between IC®on lymphocytes and T-2 toxin
level of corn sample: x = spiked corns; A = corns contaminated
with F. sporotrichioides (T-2 toxin is estimated by GC).

level of zearalenone was determined by LC. The test was
done on corn samples inoculated with F. lateritium (No. 62
and 63) and F. graminearum (No. 55, 56, 64, and 65). The
crude extracts dissolved in small volumes of DMSO gave a
sticky solution, very difficult to handle; usually the test must
be performed with purified extracts.

From the results obtained, a curve could be plotted and
the extract concentration that inhibits cell growth by half
(1C%) compared with control cells could be estimated.

Results
E ffecto fCleanup

A survey of GC patterns showed that the charcoal-alumina
cleanup columns proposed by Trucksess et al. (5) for TLC
analysis of DON gave recoveries significantly lower than the
Florisil columns used in this study. For the proposed pro-
cedures, recoveries from spiked samples were better than
85% for DON, 95% for T-2 toxin, 69% for HT-2, 98% for
DAS, and about 90% for zearalenone. Figure 1is an example
of chromatographic separation.

EffectofCell Lines

Results obtained on lymphocytes (Figures 2 and 3) and LF
cells (Figure 4) can be compared. All contaminated extracts
could be clearly separated from controls. Sensitivity for a
given toxin frequently varied between different cell lines, and
could explain the slight differences between tests on spleen
lymphocytes and LF cells. For example, the com sample No.
20 seemed much more inhibitory for lymphocytes than for
LF cells (Figure 2).

Tests with Pure Toxins

Inhibitory activity of pure toxins is given in Table 1, dis-
tributed into 2 groups: T-2, HT-2, and DAS were active at
concentrations of ng/mL and should be detected by the pro-
posed cytotoxicity test; in contrast, DON and zearalenone
were very less active and were hardly detected. We investi-

Table 1. IC® obtained with standard toxins for murine splenic
lymphocytes stimulated by PHA and for LF hepatoma cells

Toxin Lymphocytes, ng/mL* LF cells, ng/mL*
T-2 toxin 11 £ 0.24 15 + 0.06"
HT-2 toxin 31 + 0.56 39+ 04
DAS 59+ 0.8 10 + 0.13"
DON 115+ 23 200 + 12
Zearalenone 3200 + 800 5450 + 2000

* Mean value + SD for 3 or more analyses each.
“ According to Robbana-Barnat et al. (11).
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Figure 4a. Tests on LF cells. Control and T-2 toxin spiked corns.

A curve is plotted from the dilution range of each extract; the
percent variation compared to controls is expressed as a function
of "equivalent corn” concentration in g/mL cell culture.
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Figure 4b. Tests on LF cells. Naturally contaminated corn.
(-+-----) control. See Figure 4a for conditions.

gated whether combinations of several trichothecenes would
have additive or synergistic effects by testing 5 toxins (T-2,
HT-2, DAS, DON, and zearalenone) 2 by 2 on spleen lym-
phocytes (data not shown). The inhibition of lymphocytes
stimulated with PHA was evaluated as previously indicated.
Generally, no significant synergy was shown; in particular,
no effect was shown for zearalenone. Slightly increased lym-
phocyte response was observed when DAS was associated
with the 3 other trichothecenes at low concentration.

Test Survey

We used the cell culture test to survey the following sam-
ples: com considered sound; com spiked with T-2 toxin; com
used as substrate for the following Fusarium cultures; F.
lateritium, F. graminearum, F. sporotrichioides, F. monili-
forme; and naturally contaminated com. Results are sum-
marized in Figure 2 and Table 2.

(@  Sound corn (control) and corn spiked with T-2 toxin
(Figure 2a). —Control com has a slight inhibitory action on
lymphocytes in culture, but this phenomenon is regular and
reproducible. The IC®value is equivalent to 0.2 + 0.05 g
com per mL cell culture. There is no effect at concentration
equivalents less than 0.05 g/mL. No hypothesis can be made
on the nature of inhibitory substances extracted with the
polar solvents used.

Among the control com tests, one of 10 samples tested
showed a clear inhibitory effect on both types of cells. This
suggests the presence of a not-yet-identified contaminant.

Com was spiked with increasing concentrations of T-2
toxin (1, 5 and 10 ppm), added to the solvent used for
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extraction. These curves were distinct from the com controls.
For example, on the 1 ppm curve, IC®equaled 0.003 g com
equivalent/mL, whereas on the control curve IC% equaled
0.2 g/mL, with a coefficient of 70 between the 2 values. The
correlation between IC®and T-2 toxin concentration is good,
which enables quantitative evaluation of contamination (Fig-
ure 3).

(b) Artificially contaminated corn. —Pure Fusarium strains
were inoculated in sterilized control com with water activity
adjusted to 0.98; samples were taken at 7, 14, 25, and 47
days of culture at 22°C.

DON and zearalenone producers (F. lateritium and F. gra-
minearum, Figure 2b and 2c): LC analysis confirmed the
presence of zearalenone at concentrations ranging from 0.8
to 355 ppm, and GC analysis showed quantities of DON up
to 4 ppm in F. lateritium samples. Contaminated samples
were distinct from controls but did not reach the levels of
com spiked with T-2 toxin (1 ppm). Thus, the presence of
zearalenone did not interfere with the detection of trichothe-
cenes.

Cytotoxic trichothecene producers sporotrichioides,
Figure 2d): All samples reached T-2 toxin levels up to 29
ppm. Inhibitory curves were distinct from controls, and con-
firmed previous observations for spiked com. Good corre-
lation was shown among levels of T-2 toxin determined by
GC, observed IC®values, and results for spiked com (Figure
3.
)(C) Naturally contaminated corn (Figure 2e). —Com con-
taminated with low quantities of zearalenone (No. 30 = 170
ppb) shows curves near controls. Most naturally contaminated
com cannot be confused with control com. Some extracts
had an inhibitory effect (up to 1 ppm T-2 toxin) that cannot
be explained by the toxins detected. Because no enhancing
effects were found with pure toxins, different toxins not tested
may be present. Some extracts showed significant stimulation
of toxicity when they were sufficiently diluted.

Tests on LF Cells

We used the LF cell culture procedure to test sound com,
com spiked with T-2 toxin (Figure 4a), and naturally con-
taminated com (Figure 4b). Results confirmed those previ-
ously obtained with lymphocytes.

Discussion

Many biological tests concerning trichothecene detection
have been proposed. The lymphocyte test was more suitable
than the phytotoxic and skin tests because it could be more
easily quantitated and extrapolated than, for example, the
Artemia salina test (9).

Cells in culture that show a selective sensitivity to cytotoxic
trichothecenes enable a global evaluation of contamination
by toxins for which no standards are yet available and for
which physicochemical detection would therefore be difficult.
Lymphocyte tests were simple and easy to reproduce and
codify. They exhibited great sensitivity toward cytotoxic tri-
chothecenes and results could be obtained in less than 48 h.
In our experiment, the use of an established line (LF hepa-
toma) gave reproducible results from one test to another. The
sensitivity, although slightly lower than that observed for
lymphocytes, enabled a satisfactory detection of contami-
nants. The incorporation of tritiated thymidine is a good
marker of cytotoxicity for both cell types used. By contrast
with lymphocytes, LF cells require permanent maintenance;
the test on lymphocytes is therefore more convenient.

Ccorn.—Noncontaminated com always contains small
quantities of inhibitory substances that are difficult to char-

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

Table 2. Characteristics of tested corn

Period of
Fusarium Toxins detected
culture, by GC or LC,
Com days ppm
Control corn
1-6,8, 0
34, 39
17 0
T-2 spiked corn:
7, 10-13 T-2: 1
15 T-2: 5
16 T-2: 10
Corn inoculated with F. lateritium:
49 7 DON: 0.3
50 7 DON: 0.3
51 14 DON: 0.55
52 14 DON: 0.6
57 7 Z: 0.3
58 14 znu
59, 60 25 DON: 4
62 25 Z: 170
63 47 Z: 355
Corn inoculated with F. graminearum:
55 7 Z: 0.8
56 14 Z: 8
64 25 Z: 103
65 47 Z: 288
Corn inoculated with F. sporotrichioides:
53 7 T-2: 12
54 14 T-2: 27
61 25 T-2: 29
Com inoculated with F. moniliforme:
67 25 T-2: 0.4;
DON: 0.1;
DAS: 0.1;
Z: 12
71 47 DON: 0.17
Naturally contaminated corn:
18 Z 6.4 +
DON: 0.5
20 Z:6.4 +
DON: 0.5
+ T-2,
HT-2:
traces
21 Z: 4 +
DON: 20
22 Z:3 +
DON: 1
24 Z: 3+
DON: 1
26 Z: 41 +
DON: 20
28 Z: 1+
DON: 0.17
30 Z: 1+
DON: 0.17
32 Z:0.15 +
DON:
traces
41, 42 Z: 0.8 +
DON: 3
43, 45 Z:28 +
DON: 5
46 Z: 0.8 +
DON: 3
47 Z:0.8 +
DON: 3
48 Z:2.8 +
DON: 5

Lymphocyte tests,
ICk, (g/mL)

0.23 = 0.05

2.09.10 2

2.75.10 3+ 0.23.10-3
3.31.10 4+ 0.09.10"4
5.25.10 s+ 0.5.105

25110 1
1.91.10 2
2.88.10 2
4.78.10"2
6.61.10-2
4.78.10-2
1.94.10 3
1.44.10'2
5.01.103

1.73.10"
1.38.10-
2.19.10-2
4.57.10-3

6.31.10-5
5.12.10 6
8.31.10 6

7.24.10-3

5.01.10-3

10-2

6.92.10-4

1.82.10-3

4.79.10-3

2.17.10"2

7.24.10°3

9.12.10-2

1.82.10-

1.40.10-

2.6.10°3

2.3.10-3

1.38.10"2

1.38.10 2

1.15.10 2

T-2 toxin
equiva-
lent,
ppm

0.35
0.27
0.2

0.16

10.5
39
35

0.8

0.5

2.6

14
0.8
0.3
0.6

0.1

1.2

1.2

0.4

0.5
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acterize. Reproducibility of results from one test to another
suggests natural constituents of com. Among the 10 samples
tested, 9 gave a homogeneous response; one showed a more
inhibitory effect that was repeated in the 2 cell strains and
is apparently due to a contaminant that is not detected through
the usual methods.

Toxins. —Many toxins can be found in com: zearalenone,
DON, cytotoxic trichothecenes, etc. The use of com spiked
with T-2 toxin allowed standardization of the response and
showed the repeatability of the test for quantitative analysis.
Inhibition due to T-2 toxin even at low levels was apparent
over that observed for sound com. The limit of the method
sensitivity is about 50-100 ppb T-2 toxin; a quantitative
evaluation can be performed in a range of concentration of
0.1 to 10 ppm T-2 toxin. The test eliminates interference by
zearalenone, a frequent com contaminant that is easily de-
tected by physicochemical methods. Com contaminated with
up to 8 ppm zearalenone does not differ from controls; even
at 300 ppm, the contaminated corn shows less inhibition
than 1 ppm T-2 toxin.

DON is not easily detected; its presence (4 ppm) has no
major effect on cell growth curves. Although DON is a tri-
chothecene, it exhibits a rather low toxicity; 1C® = about
100-150 ng/mL in both cell tests. Contaminated com ex-
tracts do not reach such concentrations. DON is easily de-
tected by TLC or GC analysis.

In some naturally contaminated com or com samples in-
oculated with F. lateritium, the unexplained toxicity (Table

2) must be due to undetected toxins or unknown synergism.

In 3 cases we observed a stimulating effect with low con-
centrations of contaminated com extracts (Figure 2c). Al-
though this effect has been observed with pure toxins (14),
we suspect the presence of stimulating factors in the extract.
These factors may interfere with the quantitation of results
in terms of T-2 equivalents, but the result itself represents
the toxic potency of the com, as indicated by the cellular
response.

Conclusion

The biological test based on the use of murine splenic
lymphocytes gives results in agreement with those obtained
with physicochemical methods. The cell response is regular;

although not specific, it is selective enough to detect primarily
contamination by cytotoxic trichothecenes. The simple test
using cells in culture can process a great many samples to
give results in 48 h. All samples significantly contaminated
with T-2, HT-2, or DAS can be distinguished from controls;
therefore, the test is useful for determining safety of agri-
cultural products.
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Liquid Chromatographic Determination and Stability of the Fusarium Mycotoxin

Moniliformin in Cereal Grains
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Ontario K1A 0L2, Canada

Moniliformin is a mycotoxin produced by Fusarium subglutinans and
other Fusarium species. A rapid, liquid chromatographic method for
its determination in corn and wheat is described. Samples are ex-
tracted in acetonitrile-water (95 + 5); following defatting with
n-hexane, an aliquot of the extract is evaporated and cleaned up on
small CI8 and neutral alumina columns successively. Reverse-phase
liquid chromatography (LC) is conducted on a C,,, column with 10
or 15% methanol or acetonitrile in aqueous ion-pair reagent as mobile
phase, with detection by ultraviolet absorption at 229 and 254 nm.
Average recoveries of moniliformin (potassium salt) added to ground
corn and wheat at levels of 0.05-1.0 jig/g were 80% (» = 20) and
85% (n = 12), respectively, and the limit of detection was ca 0.01-
0.18 Mg/g? depending on LC conditions. Analysis of 24 samples of
wheat, 4 samples of rye, and 12 samples of corn showed moniliformin
in only 2 corn samples (0.06 and 0.2 Mg/g)- Moniliformin was also
detected in a sample of artificially damaged (slashed) corn (0.2 Mg/g)
and selected kernels of corn that were field-inoculated with F. subgl-
utinans and F. moniliforme (50 Mg/g and 0.5 ng/g, respectively). In
stability studies, moniliformin (potassium salt, 1 Mg/g) in ground corn
and ground wheat heated at 50, 100, and 150°C for 0.5-2 h decom-
posed moderately, e.g., 55% remained in corn after 0.5 h at 100°C.

Moniliformin was discovered as a mycotoxin from Fusarium
moniliforme by Cole et al. (1) and was structurally charac-
terized as the sodium or potassium salt of 1-hydroxycyclo-
but-l-ene-3,4-dione (2). The free acid had previously been
chemically synthesized (3, 4). Moniliformin is now known
to be produced by several other species of Fusarium, ofwhich
F. moniliforme var. subglutinans (F. subglutinans) and F.
graminearum are, together with F. moniliforme, particularly
important pathogens of corn and other cereal crops (5-7).
Yields as high as 34 mg/g were reported in cultures of F.
moniliforme on autoclaved com, whereas up to 0.65 mg/g
was found in field-inoculated corn ears (6). Moniliformin is
acutely toxic to cockerels (1), chicks (8), and ducklings (9),
with oral LD3values of 3.7-5.4 mg/kg; in rats and mice the
oral LD® values ranged from 42 to 50 mg/kg (9, 10). Lack
of mutagenicity of moniliformin in the Ames test was re-
ported by Wehner et al. (11).

Natural occurrence of moniliformin in ears of com visibly
infected with Fusarium (up to 45 ~g/g, mean 10.9 Mg/g) and
in ears of com intended for human consumption (up to 12
Mgsg, mean 2,1 Mgl/g) in Transkei was demonstrated by Thiel
et al. (12, 13), who used ion-pair reverse-phase and ion-
exchange liquid chromatography (LC) for the determina-
tions. However, overall recovery data were not given and
were stated to be low and to vary with the cleanup step (12).
Thalmann et al. (14) similarly used ion-pair reverse-phase
LC analysis to detect moniliformin in 25 of 58 German com
samples (24 ofthese contained <0.65 Mg/g)- Recently another
LC method for moniliformin has been published by Shep-
herd and Gilbert (15). Densitometric thin-layer chromatog-
raphy (TLC) has been used in 2 other methods for deter-
mining moniliformin in grains (16, 17). It was apparent that
further method development for moniliformin was needed,

Received August 12, 1986. Accepted September 12, 1986.
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particularly since preliminary studies in this laboratory had
indicated recovery problems (18). Because the free acid of
moniliformin has a very low pKa 0f0.0-1.7 (19-21), it would
not be expected to occur as such in grains; therefore, all work
was carried out using the potassium salt. In addition to the
simple method described here for determining moniliformin
in com and wheat, a limited survey of Canadian grains for
moniliformin and a study of toxin stability in ground com
and wheat at different temperatures are included in this pa-

per.

METHOD

Moniliformin should be handled with caution and treated
as a toxic substance.

Apparatus

Equipment specified is not restrictive and other suitable
equipment may be substituted.

(@) Liquid chromatographic apparatus. —Rheodyne Mod-
el 7125 syringe-loading sample injector (20 nl loop); Altex
Model 110A pump; 2.1 mm id x 6 cm guard column packed
with 30-38 Mm Whatman Co:Pell ODS; 4.6 mm id x 250
mm LC column packed with 5 Mm Ultra Techsphere ODS;
Waters Model 440 absorbance detector with 229 nm and 254
nm filters; recorder with 10 mV input, 2 mm/min chart speed.

(b) Blender. —Osterizer, with 400 mL Mason jar.

(c) Filter tube.—Glass, 4.6 cm diameter, medium-poros-
ity glass frit.

(d) rotary evaporator.—Buchi Rotavapor R.

(e) solid-phase extraction columns. —Baker-10 SPE® CB
disposable columns, 3 mL, Cat. No. 7020-3 (J. T. Baker
Chemical Co., Phillipsburg, NJ 08865); filtration rack (An-
alytichem Int., Harbor City, CA 90710). Use with 2.5 mL
Plastipak disposable plastic syringe (Becton, Dickinson and
Co., Canada, Ltd, Mississauga, Ontario).

() Aluminafilter column. —1 mL BD Tuberculin syringe
fitted with Millex HV,, filter unit, 0.45 Mm 4 mm diameter
(Millipore No. SJHV004NS) and packed with 0.15 g neutral
alumina (100-200 mesh Bio-Rad AG 7, grade I).

(9) Screw-cap vials. —4 mL and 2 mL.

(h) Filter unit.—For solvents; Millipore with attached 1
L flask.

(i) Syringes. —Glass, 10, 25, and 500 mlL.

Reagents

(@) solvents. —Distilled-in-glass acetonitrile, hexane, and
methanol.

(b) 1on-pair solution.—Tetrabutylammonium hydroxide,
40% (w/w) in water (Aldrich Chemical Co., Inc., Milwaukee,
WI). Mix 48 mL with 100 mL 1.1M KH2P04in deionized,
distilled water (final pH ca 7.3).

(€) LCc mobile phases.—Dilute 10 mL ion-pair solution
to 1L with 10-15% (v/v) methanol in water or 10-15% (v/
v) acetonitrile in water. Use deionized, distilled water filtered
through 47 mm diameter Millipore type HA disc, 0.45 Mm
Filter methanol through 47 mm diameter Millipore type FG
disc, 0.2 Mmand mobile phase containing acetonitrile through
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Figure 1. Chromatograms of corn sample naturally contami-
nated with moniliformin (arrows).

(A) 10% methanol in aqueous ion-pair reagent, 254 nm, 0.02 AUFS,
25 mg corn equiv. injected, 0.18 jug moniliformin/g estd concentration.
(B) 10% methanol in aqueous ion-pair reagent, 229 nm, 0.01 AUFS,
25 mg corn equiv. injected, 0.22 g moniliformin/g estd concentration.
(C) 10% acetonitrile inaqueous ion-pair reagent, 254 nm, 0.02 AUFS,
50 mg corn equiv. injected, 0.15 /zg moniiiformin/g estd concentration.
(D) 10% acetonitrile in aqueous ion-pair reagent, 229 nm, 0.01 AUFS,
25 mg corn equiv. injected, 0.20 pg moniliformin/g estd concentration.

type HA disc, 0.45 /¢m, or filter either solvent through 47
mm diameter Ultipor Nylon-66 disc, 0.20 nm (Chromatog-
raphy Sciences Co., Montreal, cat. No. 120-3). Degas aqueous
methanol mobile phase by stirring under reduced pressure.
(d) standard solutions.—Potassium salt of moniliformin
was donated by H.-D. Scharf, Rheinisch-Westfalischen
Technischen Hochschule Aachen, FRG. Prepare stock so-
lution in methanol (500 ng/mL). Dilute to 0.0625-0.25 pg/
mL in mobile phase. Solutions are stable at least 1 week at
22°C. (Note: Sodium salt of moniliformin is available from
Sigma Chemical Co., St. Louis, MO.)
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Figure 2. Stability of 0.2 pg moniliformin (potassium salt)/g in
single samples of ground corn and wheat at 22°C.
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Table 1. Recovery of moniliformin (potassium salt) added to
ground corn and wheat

Moniliformin

Sample added, i¢gig Rec. + SD, %

Corn 0.05 742 + 47 (=4
0.125 70.3, 788 (n=2)
0.2 83.3 (n=1)
0.25 827+ 91 (n=6)
0.5 811, 913 (n=2)
1.0 79.7 £+ 71 (n=5)

Wheat 0.05 727, 920 (n=2)
0.1 83.1 + 13.7 (n=5)
0.2 81.4, 845 (n=2)
1.0 89.7 + 152 (n=3)

E xtraction

Weigh 10 g ground and mixed sample into blender jar,
add 100 mL acetonitrile-water (95 £ 5), and blend 5 min at
“purée” setting. Filter through medium-porosity glass frit
under reduced pressure. Shake filtrate (for com only) with
150 mL «-hexane in 250 mL separatory funnel; let phases
separate and drain lower layer. Discard hexane layer. Evap-
orate 50 mL extract to dryness under reduced pressure on
rotary evaporator at <50°C and dissolve residue in 2.0-2.5
mL methanol.

Cleanup

Condition Baker-10 SPE C1Sdisposable column by forcing
2 mL water through column with plastic syringe (Waters C,8
Sep-Pak may also be used in the same way). Add 200-250
pL extract solution onto top of column by syringe pressure,
but do not force through column. Elute moniliformin with
2.0 mL water and collect eluate in 25 mL round-bottom flask.
Evaporate to dryness using rotary evaporator at < 50°C.

Dissolve residue in 0.5 mL LC mobile phase. Pass solution,
without rinsing flask, through small alumina column (ap-
paratus f) by syringe pressure and collect eluate in 2 mL vial.

LC Determination

Successively inject 20 pL standard solution, 20 pL each of
2 sample solutions, and again 20 pL standard solution. Use
flowrate 0f0.8 or 1.0 mL/min and attenuation 0f0.02, 0.01,
or 0.005 AUFS. Dilute sample solution if necessary with
mobile phase. Compare peak height of moniliformin (reten-
tion time ca 10 min in 10% acetonitrile system) with average
of the standard peak heights. Calculate moniliformin con-
centration as follows:

Moniliformin, pg/g = (sample peak ht/std peak ht)
X (std concn, pg/mL/w) X 20

where w = mg equiv. sample injected (e.g., 25 mg based on
initial extract volume of 2.0 mL and 250 rL added to CB
column). Standard curve is linear (1.25-5.0 ng moniliformin
injected).

Confirm presence of moniliformin with alternative solvent
system and wavelength. At end ofeach day, wash LC column
with deionized, distilled water flowing for at least 30 min at
1 mL/min, then with methanol at the same flow rate for ca
10 min; before the first LC run of the day, wash column with
deionized, distilled water for ca 15 min at 1 mL/min.

Stability Studies

Ground com and wheat were spiked with 0.2 pg monili-
formin/g and analyzed after storage at 22°C for periods of
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Figure 3. Stability of moniliformin (potassium salt) in ground corn (1 pg/g) (at left) and ground wheat (1 pglg) (at right) heated at
50, 100, and 150°C. Recoveries at >30 min are means of duplicate samples analyzed.

up to 150 h. They were also spiked with 1 pg monilifor-
min/g and analyzed after being heated at 50, 100, and 150°C
in a constant-temperature cabinet (Stabil. Therm., Blue M
Electric Co., Blue Island, IL) for times up to 2 h.

Stability studies were also conducted on moniliformin it-
self heated at temperatures of up to 150°C for 15 min. As
ancillary information for the analytical method, the stability
of moniliformin was determined in com and wheat extracts
(=0.25 pg moniliformin/g) kept in 10% acetonitrile LC mo-
bile phase for 7 days at 22°C.

Mass Spectrometric Confirmation

Add 2 drops (ca 50 pL) HC1 to 0.5 mL extract residue in
LC mobile phase and extract with two 0.5 mL portions of
methylene chloride. Evaporate solvent under N,. Carry out
negative chemical ionization (NCI) mass spectrometry (MS)
using a VG 7070 EQ mass spectrometer (or equivalent) op-
erated in the conventional sector only, with methane as re-
agent gas and sample introduction by direct probe heated
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Figure 4. Stability of moniliformin (potassium salt) heated as
thin film (1 pg) at various temperatures for 15 min. Recoveries
are means of duplicate experiments.

from ambient temperature to 250°C. A prominent signal at
m/z 97 provides confirmatory evidence of the presence of
moniliformin. Run controls on blank corn and wheat extracts
taken through the procedure described above. Use free-acid
form of moniliformin for reference mass spectrum (m/z
97 = 100%, m/z 98 = 13% and m/z 195 = 10%).

Results and Discussion

The method developed for determining moniliformin in
com and wheat is rapid and sensitive. Recoveries averaged
80% for com and 85% for wheat, at spiking levels of 0.05 to
1.0 pg/g, respectively (Table 1). The 229 nm wavelength was
preferred over 254 nm because detectability was 3 times
greater. Thiel et al. (12) used 229 nm for paired ion LC of
moniliformin in corn extracts. Acetonitrile was favored over
methanol as the organic solvent component of the LC mobile
phase because sensitivity was greater and interferences sep-
arated better (Figure 1). Detection limits of the method using
a 229 nm wavelength and 10% acetonitrile in the mobile
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Figure 5. Stability of moniliformin (potassium salt) in extracts
of corn and wheat in LC mobile phase (10% acetonitrile) at 22°C
over 7 days.
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phase were 0.01 p.g/g for com and 0.02 pg/g for wheat (signal-
to-noise ratio, 3:1). At 254 nm, detection limits were 0.11
jiiglg for com and 0.12 yuy(g for wheat. Changing the organic
solvent component of the mobile phase to methanol resulted
in detection limits for com 0f 0.02 pg/g at 229 nm and 0.18
/rg/g at 254 nm. In spite of these differences in detection
limits, it is advisable to use the alternative detection wave-
length and mobile phase for confirmatory purposes.

The proposed method was used to analyze 20 Canadian
soft wheat samples from Ontario and Nova Scotia, 4 western
Canadian hard wheat samples, 4 Canadian rye samples, and
12 Ontario com samples for moniliformin. Ten of the wheat
samples and all 12 of the com samples had previously been
shown to contain vomitoxin and thus can reasonably be as-
sumed to have been contaminated with F. graminearum in
the field. Moniliformin was found in only 2 com samples.
One was contaminated with about 0.2 pg moniliformin/g and
the good agreement for the 4 LC measurement conditions is
illustrated in Figure 1 A second sample contained 0.05-0.06
fig/g as determined at 229 nm. Moniliformin was confirmed
in the first sample extract by NCI mass spectrometry, show-
ing a prominent signal at m/z 97 (twice background inten-
sity); however, 0.2 pg/g is close to the limit for confirmation
of moniliformin in com by this technique. In addition to the
survey samples, 3 other com samples were analyzed for mo-
niliformin by LC: 0.23-0.52 pg/g was found in an artificially
damaged (slashed) com sample from an experimental plot,
50-54 pg/g was found in hand-selected kernels of com that
had been inoculated in the field with F. subglutinans, and
0.49-0.69 fig/g was detected in selected kernels of com field
inoculated with F. moniliforme.

The potassium salt of moniliformin was moderately stable
in ground com and wheat kept at room temperature. After
6 days, about 68-77% remained after correction for method
recovery (Figure 2). However, heating at 50°C produced sim-
ilar losses of moniliformin after only 2 h, and at higher tem-
peratures (100 and 150°C) only 38%o (corrected) remained in
the ground com and 15-22% (corrected) in the wheat after
2 h (Figure 3). The potassium salt of moniliformin was itself
unstable when heated at 150°C (Figure 4).

Experiments to determine the stability of moniliformin in
the LC mobile phase in the presence of grain extracts showed
that the wheat extract had no effect on moniliformin; how-
ever, it would not be advisable to keep moniliformin-con-
taining com extracts in mobile phase beyond 1 day (Figure
5). It should also be pointed out that the free acid of monili-
formin must not be used as a standard because of its insta-
bility in both methanol and water (18).
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An improved enzyme-linked immunosorbent assay (ELISA) for af-
latoxin B, in cornmeal and peanut butter was developed. Aflatoxin
B, in cornmeal and peanut butter samples was extracted with 70%
methanol in water containing 1% dimethylformamide diluted with
assay buffer to a final concentration of 7.0% methanol, and directly
subjected to an ELISA procedure that took less than 1 h for quan-
titative analysis and less than 30 min for screening tests. Analytical
recoveries for 5-100 ppb B, added to the cornmeal and peanut butter
were 91 and 95.4%, respectively. The interwell and interassay coef-
ficient of variation was 10% or less at the 20 ppb level and above.
Agreementfor B, 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.

Aflatoxins are a group of toxic secondary metabolites pro-
duced by Aspergillusflavus and A. parasiticus (1). Aflatoxin
Bi; the most toxic compound in this series, has been found
to be one of the most potent carcinogens occurring naturally
(1). Because of frequent contamination of B, in agricultural
commodities such as peanuts, com, and animal feedstuff's,
aflatoxin problems become a potential hazard to human and
animal health (1). To control the aflatoxin problem, consid-
erable efforts have been made to develop a simple, sensitive,
and specific method for the analysis of aflatoxin in different
commodities (2-4). However, because of interfering sub-
stances in the sample matrixes, most of the analytical meth-
ods need a cleanup step before actual analysis (2-4). Thus,
different commodities need a different procedure (2-4). Re-
cent investigations in our laboratory (5-11) and others (12-
14) have led to a simple, rapid, and specific enzyme-linked
immunosorbent assay (ELISA) for aflatoxins B, and M, in
different commodities. Detection limits for B, in com and
peanuts were around 3-5 ppb (10, 11, 14, 15). Aflatoxin after
extraction from samples without column chromatography
cleanup was directly subjected to ELISA. Milk samples with-
out any treatment were also directly used in ELISA (16). The
detection limit of ELISA for M, without cleanup was 0.25-
0.5 ppb (16) and with cleanup was between 0.01 and 0.05
ppb (17, 18). Although ELISA is sensitive and simple, the
assay is still prone to some interference; thus, the coefficients
of variation in some ELISAs were still relatively high (5-7).
In addition, the overall time for ELISA was also long, taking
approximately - h to finish the assay after the sample was
extracted (10, 11, 14, 15). In view of these problems, efforts
to optimize the ELISA conditions and to improve the ELISA
protocol were made in our laboratories. We have shortened
the assay time to less than : h by optimizing the hyperim-
mune serum coating and incorporating a more sensitive sub-
strate. The improved protocol has been tested for the analysis
of com and peanut butter spiked with a known amount of
B, as well as fora number ofnaturally contaminated samples.
Details of the improved protocol as well as results obtained
from such analyses are presented in this paper.
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Experimental

Apparatus

(a) Blender.—Explosion-proof Waring blendor or tissue
homogenizer.

(b) ELISA washer. —Automatic ELISA washer, such as
Dynatech (Alexandria, VA) Model B Miniwasher, or equiv-
alent.

(c) ELISA reader—Dynatech MR 600, or equivalent.

(d) ELISA plate.—Dynatech Immunlon I, or equivalent.

(e) Dispenser. —Oyster Bay, NY.

(o Automatic pipet. —Titertek (Flow Laboratories,
McLean, VA) s channel automatic pipet (50-200 pL) and
single-channel automatic pipet such as a Gilson automatic
pipet (Rainin Instrument Co., Wobum, MA) (50 and 100 pL
sizes).

Reagents

(a) Phosphate-bufferedsaline (PBS).—0.01 mol/L sodium
phosphate buffer containing 0.15 mol/L of NaCl, pH 7.4.

(b) Carbonate-bicarbonate buffer.—0.05 mol/L, pH 9.6.

(c) Tween-PBS.-0.05% (v/v) Tween 20 in PBS.

(d) BSA-PBS solution.—0.05%. Dissolve 0.05 g bovine
serum albumin (BSA) (Sigma Chemical Co., St. Louis, MO)
in 100 mL 0.01M PBS (pH 7.4).

(e) Sample extraction solvent (SES).—Similar to that of
Whitaker and Dickens (19) as modified by Ram et al. (14).
Mix 70 mL methanol with 29 mL water and 1 mL dimethyl-
formamide (DMF).

(f) Sample and standard dilution buffer (SDB). —Mix 7
mL methanol with 92 mL PBS and 1 mL DMF.

(9) Substrate buffer.—0.05 mol/L of citric acid plus 0.1
mol/L of Na:HP04 pH 5.0.

(h) Enzyme substrate solution (ESS). —Dissolve 40 mg
o-phenylenediamine and 0.04 mL 30% H20: in 100 mL sub-
strate buffer. Make fresh daily and use within 60 min after
preparation.

(i) Stopping solution (SS). —0.1N HC1.

(i) Stock solutions.—{Note: Because aflatoxins are sensi-
tive to light, all the standards should be kept in the dark.)
Prepare B, stock solution according to AOAC secs 26.006-
26.011 (2). Store in benzene-acetonitrile (9.8 + 0.2, v/v) at
a concentration of 1 pg/mL in the dark. To prepare primary
working stock solution, withdraw 0.2 mL stock solution and
dilute to 1 mL with methanol (200 ng/mL). Store methanolic
solution in the dark and use within : week.

(k) Working solution.—Prepare fresh working solution
daily. Withdraw 0.5 mL primary working stock solution and
dilute to 2 mL with dilution buffer (SDB), which gives a
concentration of 50 ng/mL, and then make a series of dilu-
tions with dilution buffer to give final concentrations of o,
0.1, 0.25, 0.5, 1, 2.5, and 5 ng/mL.

() Antisera and antisera coating. —Produce antisera
against B, in rabbits according to procedure described by
Chu and Ueno (s). Hyperimmune serum is obtained 1 year
after initial immunization and booster injections with car-
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Figure 1. Effect of sample matrix on ELISA of B,. Samples (50
g) were extracted with 250 mL extraction solvent, diluted in PBS,
and subjected to ELISA directly. B, buffer control; P, peanut ex-
tract; W, white cornmeal extract; and Y, yellow cornmeal extract.
Numbers in x-axis represent times of dilution. Thus, at 1:20 di-
lution, sample extract contained 10 mg sample in each assay.

boxymethyl-oxime (CMO) B,-BSA conjugate (20). Deter-
mine optimal dilutions by titration against B,-horseradish
peroxidase (POD) conjugate (9). Coat each well of ELISA
plate with 100 pL diluted antisera (1:5000 dilutions in car-
bonate buffer) using method described by Saunders (21). Use
Oyster Bay dispenser in the coating. Coated plates are ready
to use the day after coating and can be stored at 4°C for at
least ¢ months.

(m)  Aflatoxin B,-POD conjugates.—Prepare aflatoxin B,

peroxidase by conjugating CMO-B, to POD enzyme by
A-hydroxysuccinimide (Sigma Chemical Co., St. Louis, MO)
method of Kitagawa et al. (22, 23). Activate CMO-B, with
A-hydroxysuccinimide in presence of 1,3-dicyclohexylcar-
bodiimide (Aldrich Chemical Co., Milwaukee, WI) and then
react directly with enzyme.

Sample Preparations

Extract aflatoxin from sample directly by homogenizing
sample with extraction solvent. In recovery study, B, isadded
to samples one day before the experiment and then subjected
to the above procedures.

Weigh 20 g ground sample into blender jar and add 100
mL SES. Blend 2-3 min at high speed, let settle for several
minutes, and filter upper phase through glass wool-packed
funnel or centrifuge for 5 min at 2000 rpm. Dilute small
portions of filtered extracts (1:20 or higher dilution) with
dilution buffer (SDB). Sample is now ready for ELISA.

ELISA Protocol

Add 50 pi aflatoxin B, standard or diluted sample and 50
pL B,-POD conjugate to each well, incubate at room tem-
perature (15-30°C) 30 min. (Assay can be performed with
10 min incubation time.) Wash 3-5 times by adding 300 ~L
portions of water to each well and then aspirating contents.
Add 100 pL substrate to wells, incubate 10 min at room
temperature then add 100 pL stopping reagent. Read color
at 490 nm. Run samples in triplicate.

Calculations

Calculate mean A (490 nm) for each standard and sample.
Calculate B/Bo for each standard and sample:

B/Bo =[mean A (490 nm) standard or sample]/
[mean A (490 nm) for blank (0 ppb) standard]

A ij
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AFB CONCENTRATION (ng/ml)
Figure 2. Effect of incubation time on ELISA of B,. Top curve
(back) represents incubation of standard solutions with aflatoxin
B,-horseradish peroxidase in wells for 30 min followed by 10
min of substrate incubation (30/10 system). Lower curve (front)

represents 10 min incubation time for both steps(10/10 system).
AFB = aflatoxin B,.

Calculate logit B/BO. Plot standard curve on semilogarithmic
graph paper, placing values of standard on x-axis, and cor-
responding logit B/B. values on y-axis. Read B, concentration
in samples directly from curve (in ppb, or ng/assay) found
in original samples.

Results
Effect of Sample Matrix on the ELISA

The effect of sample matrix on the improved direct ELISA
was studied by incubation of different dilutions of sample
extracts (peanut butter, white cornmeal, and yellow corn-
meal) with the aflatoxin B,-horseradish peroxidase in the
absence of B, and followed by regular ELISA protocols. Re-
sults of such studies are presented in Figure 1 It is apparent
that at sample dilution of 1:20—i.e., 10 mg sample/mL assay
buffer—absorbances were comparable to those obtained from
the buffer alone.

Standard Curvefor AFB

The effect of sample incubation time on ELISA standard
curves is shown in Figure 2. Standard curves established with
a shorter incubation time (10/10 System, i.e., 10 min sample
incubation time and 10 min substrate incubation time) gave
lower absorbance readings compared to ones obtained with
the longer incubation (30/10 system). A typical standard curve
for quantitative analysis of B, by ELISA as plotted according
to the method described is presented in Figure 3. Under the
experimental conditions, the value for the blank standard
(BO was generally about 1.6-1.s and 0.8-1.2 for the 30/10
and 10/10 systems, respectively. Since the blank readings
were considered in the calculations, no difference between
the standard curve is established by the 30/10 and the 10/
10 systems. However, shorter incubation time generally gave
a higher standard deviation. Thus, it can only be recom-
mended for a screening test. In the 30/10 system, the inter-
assay coefficient of variation (CV) for the standards in the
range of 0.05 to 1.0 ng/mL was 3.5-13.5% (av. 9%).

Analytical Recovery of Aflatoxin B, Added to Cornmeal and
Peanut Butter Samples
Recovery of B, added to cornmeal and peanut butter was

between 5and 100 ppb as shown in Table 1 For each sample,
5to 9 trials were made at different concentrations. Overall
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Figure 3. Standard curve for ELISA of B,. Standard deviations
were smaller than points indicated in curve; best range for assay
is shown in shaded area. AFB = aflatoxin B,.

recoveries for all concentrations tested for B, added to corn-
meal and peanut butter were 91 and 95.4%, respectively. At
concentrations of 20 ppb or above, the interassay CV was
below 10%. Higher CV was observed at concentrations below
10 ppb. However, when samples were subjected to a Sep-
Pak treatment, the CV at the 5 ppb level was about 10%.

Analysis of Naturally Contaminated Samples

To test the effectiveness of the present improved ELISA
protocol, a large number of naturally contaminated samples
that had been analyzed for aflatoxins by other laboratories
were subjected to analysis. In the first experiment, about 30
com samples, including both white and yellow com which
had been analyzed by a TLC method similar to the AOAC
BF approach (24), were subjected to the ELISA analysis.
Results of this study are shown in Figure 4. A correlation
coefficient of 0.91 between TLC and ELISA data was ob-
tained. In this study, the TLC data were about 11% higher
than the ELISA data. Results for analysis of B, in a variety
of naturally contaminated commodities are presented in Ta-
ble 2. In those studies the variation between trials (interassay)
over a period of 10 days and the variation between wells
(interwell) in a single analysis for some samples were deter-
mined. In general, the interwell CV was 6-10%, whereas for
interassay it was 2-19%. Data obtained from ELISA are gen-
erally slightly lower than those obtained by TLC. At con-
centrations below 20 ppb, a larger difference between the
data obtained by TLC and ELISA methods was observed.
In the 1985 WHO collaborative studies, the mean B, con-
centrations in yellow com by CB, BF, European Economic
Community (EEC), and liquid chromatographic (LC) meth-
ods were 66.54, 51.06, 82.18, and 73.10, respectively. The
mean B, concentrations in peanut samples by CB, BF, EEC,
and liquid chromatography were 72.49, 56.21, 93.38, and
85.42, respectively.

Discussion

Although previous investigations in our laboratory and
others have led to a simple, specific, and sensitive ELISA
method for B, in com, peanuts, and other commodities as
well as an ELISA method for M, in different dairy products
(5-7), the assay is still prone to interference by the sample
matrixes (5-7) and to a high CV, i.e., 20-30% (10, 14, 15).
To overcome the interference problem, Ram et al. (14, 15)
incorporated “toxin-free sample matrix extracts” or “high

Table 1. Recovery of aflatoxin B. added to cornmeal and peanut
butter, using ELISA

Cornmeal Peanut butter
Added,
ppb ppb (%) SD (Cv)* ppb (%) SD (CV)
5 4.29 (85.8) 0.82 (19.1) 5.28 (105.6) 1.75 (33.1)
56 4.75 (95.0) 0.42 (8.90) 5.09 (102.0) 0.54 (10.5)
10 9.43 (94.3) 1.91 (20.2) 9.28 (92.8) 1.90 (20.5)
20 17.92 (89.6) 0.86 (4.80) 18.33 (91.7) 0.30 (1.6)
50 46.97 (93.4) 4.33 (9.20) 47.95 (95.9) 3.47(4.1)
100 91.92 (91.92) 3.75 (3.75) 91.80(91.0) 7.73 (8.4)

*SD, standard deviation; CV, coefficient of variation.

“All samples in this row were subjected to Sep-Pak treatment before
ELISA. In this study, 10 mL sample extract obtained from the second
sample preparation step was mixed with 40 mL distilled water and
passed through a prewashed C,, reverse-phase Sep-Pak cartridge
(Waters Associates) according to the method described by Hu et al. (17).
After cartridge was washed with 25 mL 25% aqueous methanol, B, was
eluted with 10 mL 30% methanol in water which was then diluted for
ELISA.

concentration of extraction solvents” in the preparation of
the standard curve. However, such approaches often result
in a loss of sensitivity and an increase in errors (14, 15). In
the present study, another approach to resolve the problem
was undertaken. We found that as long as the ELISA system
provides good sensitivity, it is not necessary to incorporate
the solvent extract ofthe sample matrix in the ELISA system.
Consequently, we devoted our efforts to optimizing the ELISA
protocol and to improving the overall sensitivity.

The improved ELISA protocol described herein is consid-
erably more sensitive than the method previously reported
by our laboratory (10) and others (14, 15); as little as 5 pg
B, can readily be determined in each assay. Thus, after a
simple extraction, samples can be used directly in ELISA.
Practically no interference was observed at a sample con-
centration of 10 mg/mL in each assay (Figure 1). Because of
the high sensitivity and possible matrix interference effect, a
1:20 dilution of sample was necessary in each assay. Con-
sequently, less sample matrix was introduced into the assay
system and, subsequently, less interference. This is one of
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Figure 4. Correlation of ELISA with TLC data for analysis of B,

in naturally contaminated corn samples. Linear regression equa-

tion of Y= -9.8 + 0.99Xwith correlation coefficient of 0.91 was

obtained. X and Y represent B, concentrations ffig/kg or ppb) as

determined independently by TLC and ELISA in 2 laboratories.
AFB = aflatoxin B,.
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Table 2. Comparison of recoveries of aflatoxin B, from naturally
contaminated samples by ELISA and by other methods

Recoveries by ELISA6

or other
CV-A, CV-B, methods,
Sample* ppb SD % % ppb
Corn 428 725 641 8.8 (6)' 7.2(15) 83 (114.5)
Corn 429 18.7 347 18.6 (5) ND 13 (69.5)
Corn 430 115 057 4.9 (5 ND 22 (191.3)
MF 325 440 4.86 11.0 (6) 8.3(16) 52 (118.2)
MF 327 456 321 7.0 (5) 10.0(20) 49 (107.5)
MF 328 146.0 2.83 1.9(2) 5.5(20) 158 (108.2)
MF 364 16.8  4.09 24.4 (4) 8.0(11) 12 (71.4)
WHO yellow corn* 68.5 8.80 13.0(2) ND 64.5 (94.0)
WHO peanuts 62.2 11.0 17.0(2) ND 75.2(114.0)

* Samples supplied and analyzed by FDA except as otherwise specified;
MF = mixed feeds.

0SD, standard deviation; CV-A, coefficient of variation between separate
trials on different days within a 10-day period (interassay); CV-B, coeffi-
cient of variation within a single plate (interwell); ND, not determined.

"Values in parentheses are number of determinations.

"Values in parentheses are percent of ELISA results.

*1985 WHO collaborative study samples; analytical data for the WHO sam-
ples were the overall means of all the methods obtained from different lab-
oratories.

the major advantages ofthe current method over the previous
protocol which is still prone to considerable sample matrix
interferences (10, 14, 15). The analytical time was also short-
ened to less than 1 h compared to the previously published
methods which require about 2 h for the whole assay. The
improved method can also be adapted for a screening test
which requires less than 30 min for each assay (10/10 sys-
tem).

The effectiveness of the improved ELISA protocol was
tested both by analytical recovery studies and by analysis of
naturally contaminated samples. Good analytical recovery
was obtained in all the tested ranges for B, in com and peanut
butter. The CVs for the recovery experiments were low. Al-
though a higher CV (20-30%) at levels below 10 ppb was
found, a simple treatment of the extracted sample on a
C-18 reverse-phase Sep-Pak cartridge improved the CV to
about 10%. Therefore, if one needs very accurate data below
10 ppb, the Sep-Pak treatment step can be incorporated in
the protocol. It is unnecessary to use the Sep-Pak treatment
in the general assay. The ELISA data for the B, levels in
naturally contaminated samples and the data obtained by
other methods that were analyzed independently by . other
laboratories were in good agreement. In the 1985 WHO col-
laborative studies, excellent agreement between ELISA and
other methods was observed also. Because these analyses
were carried out by different laboratories with different meth-
ods, present results indicate that the improved ELISA is a
valid method for B, analysis. Data obtained from ELISA
appear to be more accurate than those obtained by the TLC
method. Forexample, itis apparent from Figure 4 that whereas
TLC can only approximate the concentration range, ELISA
can determine the B, level very accurately in a typical sample.
Thus, it was common that B, levels in different samples were
found to be identical by the TLC method, whereas ELISA
provided a different concentration for each individual sam-
ple. Our results also show good reproducibility for ELISA as
evident from the low interwell and interassay CVs for the
standard and the naturally contaminated samples. This im-
provement was primarily due to the coating technique in
which a mechanical device was used instead ofthe previously
used manual method (9). In conclusion, the improved ELISA
is a sensitive, simple, and rapid method and could be adopted

for quantitative analysis of aflatoxin B, in a variety of com-
modities.
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PESTICIDE AND

INDUSTRIAL CHEMICAL RESIDUES

Pesticide Confirmation by Triple Stage Quadrupole Mass Spectrometry:

Etrimfos and Dimethoate

THOMAS CAIRNS and EMIL G. SIEGMUND

Food and Drug Administration, Office ofRegulatory Affairs, Los Angeles District Laboratory, 1521 W Pico Blvd,

Los Angeles, CA 90015

The production of a protonated molecular ion. M H +, for a pesticide
under investigation is often preferred for primary identification pur-
poses. However, the lack of fragment ions under such chemical ion-
ization conditions can place the burden of proofon a single ion species
for confirmation. Although a single ion representing the molecule at
the correct retention time on a packed column or high-resolution
capillary column might seem to have furnished sufficient evidence
for unambiguous confirmation, in a number of cases additional spec-
ificity can improve the analytical result. With the introduction into
commerce of triple stage quadrupole (TSQ) instruments, the possi-
bility of improving the degree of specificity by chemical ionization
has emerged for practical pesticide residue confirmation analysis.
Use of collision-activated dissociation (CAD) experiments to form
daughter ions from the protonated molecular ion of 2 representative
organophosphorus pesticides has provided a second dimensional
plane of characterization for confirmatory purposes at incurred res-
idue levels.

During routine regulatory analysis for pesticides and indus-
trial chemical residues, it is often necessary to confirm the
presence of a particular contaminant by mass spectrometry
before regulatory action can be initiated. The primary meth-
od ofanalysis is usually gas chromatography (GC) on various
stationary phases (nonpolar, semipolar, and polar) and with
various detectors (phosphorus, sulfur, nitrogen, halogen, etc.);
added confirmation by mass spectrometry (MS) is normally
required to provide unambiguous proof of the violation. In
many of these cases, the concentration level is extremely low
(< 1ppm), and multiple ion detection (MID) techniques must
be used to achieve the necessary level of sensitivity by mass
spectrometry as well as to disregard selectively any endog-
enous materials in the sample matrix. The use of chemical
ionization (CI) techniques to favor production ofa molecular
ion species for characterization purposes has also been a
cornerstone for resolving such analytical problems.

To assist in identifying residues and “unknown analytical
responses” (UARs), a comprehensive listing ofpesticides and
industrial chemicals has been organized according to molec-
ular weight (1). Such a listing—containing all the possible
compounds that might be encountered in regulatory analysis
(both registered and unregistered) together with their respec-
tive spectra (both electron impact [El] and chemical ioniza-
tion), relative retention data on 3 columns, molecular for-
mulas, and source reference data—has already proven to be
a valuable asset (2). This database and its indexes were es-
tablished to improve the success rate of identifying UARSs,
because cross-correlating GC retention data was time con-
suming and relied heavily on the exact recreation of the
standard conditions under which the original data for com-
parison were formulated.

In essence, the present approach to structural elucidation
of UARs, especially when low-resolution instruments are
used, is to attempt to determine the molecular weight of the

Received July 14, 1986. Accepted November 18, 1986.

compound under investigation by using Cl techniques (meth-
ane and ammonia). With knowledge ofthe molecular weight,
the possibilities can be narrowed by searching the compiled
database. 1fthe compound is on the list, then absolute con-
firmation can be provided by recording the standard refer-
ence material available from the U.S. Environmental Pro-
tection Agency. This process is speedy and cost effective. If,
however, the UAR does not correspond to an already-listed
compound, a number of possibilities have been instantly
eliminated, but nevertheless identification could require ex-
tended study via additional observed fragmentation path-
ways.

Supporting evidence from GC analysis using specific de-
tectors to suggest that the compound contains phosphorus,
nitrogen, sulfur, or halogen (i.e., potential for toxicity) should
not be overlooked in the overall process of structural eluci-
dation and priority attention. Indeed, GC detector data can
be used to indicate potential toxicants as well as to supple-
ment low-resolution measurements. With the combined
knowledge of partial elemental composition, molecular weight
determined by chemical ionization, and fragmentation pat-
tern determined by electron impact or sometimes chemical
ionization, UARs can quite often be identified without the
use of more sophisticated techniques such as high-resolution
measurements. In some cases, however, high-resolution mea-
surements are mandatory to convert proposed fragmentation
pathways into verified pathways.

In practical terms, the production of a protonated molec-
ular ion, MH+, for the pesticide under investigation is pre-
ferred for primary identification purposes because back-
ground ions from potential interferences are greatly reduced.
The lack offragment ions under such Cl conditions, however,
can place the entire burden of proof for confirmation on a
single ion species. Although a single ion representing the
molecule at the correct retention time on a packed column
or high-resolution capillary column might seem to have fur-
nished sufficient evidence for unambiguous confirmation, in
a number of cases additional specificity is needed. Undoubt-
edly, the greater number ofions usually provided by El detec-
tion can often be considered as definitive proof of the pres-
ence of a particular compound. However, with real residue
extracts, whether cleaned up or not, the interpretation of the
El data obtained at the low-ppm level can become compli-
cated. In many cases, the El fragment ions represent several
bond cleavages, thus specificity might be obscured, because
generic ions would have to be used for confirmation (i.e.,
successive loss of CH? characteristic of hydrocarbons). The
use of Cl techniques has avoided some of these analytical
difficulties.

With the introduction into commerce in 1981 of triple-
stage quadrupole (TSQ) instruments, the possibility of im-
proving the degree of specificity by chemical ionization
emerged for practical pesticide residue confirmation analysis
at low levels. Use of collision-activated dissociation (CAD)
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Figure 1. Mass spectral data acquired on bean extract: A, total ion current chromatogram under El conditions; B, total ion current
under methane Cl conditions; C, mass chromatogram for m/z 293 performed on Cl data.
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Figure 2. Mass spectral data for etrimfos: A, El mass spectrum; B, Cl mass spectrum; C, CAD daughter spectrum on m/z 293
obtained under Cl conditions.



860

CAIRNS & SIEGMUND:

(miz 22)
law
O0-¢HO
(mz m) CH30V 0_ N [nvz 2@
CH30 0 M LCHZCHE
[z 293)
Glon ' @Hon il
fe1¢s) =n dyan ) \
fmz 19] Sy (tilz 140
(m/z 125]

Figure 3. Proposed daughter fragmentation pathway of the pro-
tonated molecular ion at m/z 293 for etrimfos using CAD with
argon as the collision gas.

experiments to enhance the formation of daughter ions from
the protonated molecular ion has now provided a new di-
mensional plane of characterization.

This paper describes a recent incidence in an extract of
beans of an organophosphorus pesticide UAR that was later
identified as etrimfos (o ,0 -dimethyl-o -6 -ethoxy-: -ethyl-
pyrimidin-4-yl phosphorothioate) and was confirmed by CAD
experiments. These experiments have now resulted in a de-
tection protocol which uses generic daughter ions for iden-
tification of phosphorothionates and phosphorodithionates
at low-ppm levels in produce extracts.

Experimental

Reagents

All chemicals were reagent grade except as indicated.
Methane (99.9%) was purchased from Matheson Gas Prod-
ucts, Cucamonga, CA.
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Mass Spectrometry

Mass spectra were recorded on a Finnigan Model 45A
triple-stage quadrupole mass spectrometer equipped with a
chemical ionization source and Incos data system. Operating
conditions for residue samples were as follows: 30 m DB-5
capillary column programmed at 207min from 50° to 200°C
and at 5/min from 200° to 250°C. Typical instrument pa-
rameters used were: extractor, —7 V; lens, -150 V; electron
energy, 100 V; quad entrance, -27 V; source pressure, 300
mtorr; electron multiplier, -1050 V; source 170°C. Colli-
sion-activated dissociation studies were conducted using ar-
gon as the collision gas at a pressure of 1+ mtorr with the
collision energy voltage set between —14 and —29 V.

Results and Discussion

In the multiresidue procedure (3) adopted for routine use
in this laboratory in the pesticide monitoring program on
fruits and vegetables, a Hall electrolytic conductivity detector
is used for organohalogen, organonitrogen, and organosulfur
pesticides and a flame photometric detector (FPD-P) is used
for organophosphorus pesticides. These detectors are now
routinely sensitive in the sub-nanogram range. In the absence
of a sample cleanup step, background peaks are kept to a
minimum through the use of these element-sensitive detec-
tors.

In the incident reported here, the unknown compound of
interest had a retention time relative to chlorpyrifos of 0.56,
0.53, and 0.64 on OV-101, OV-225, and DEGS columns,
respectively (4). With these relative retention data, a trans-
lation can be made to gas chromatography/mass spectrom-
etry (GC/MS) from FPD-P analysis. The wealth of data usu-
ally gathered by a typical total ion current (TIC)
chromatogram, as compared to that gathered by the highly
specific GC detector, can give an entirely different elution
profile. This dramatic change in elution profile (Figure 1) can
cause some problems. First, the transition from a packed
column used isothermally in gas chromatography to a cap-
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Figure 4. Mass spectral data for dimethoate: top, methane Cl mass spectrum; bottom, CAD daughter spectrum on m/z 230 obtained
under CI conditions.
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Figure 5. Proposed daughter fragmentation pathway of the protonated molecular ion at m/z 230 for dimethoate using CAD with
argon as the collision gas.

illary column used with temperature programming in GC/
MS analysis requires 2 additional reference standards with
retention times that bracket the UAR. Such an approach has
been useful in locating the precise retention window which
contains the UAR of interest. Second, the ability ofthe GC/
MS system to detect all eluting compounds rather than just
those containing phosphorus requires detailed handling of
the acquired data in the TIC mode to sort out the mass
spectrum of the compound of interest. In many cases, the
UAR is obscured by a coeluting compound in the extract.
In this particular bean extract, the 2 pesticide reference
standards selected to locate the UAR were fonofos and pi-
rimiphos-methyl. Examination of the TIC chromatogram
produced under both El and CI conditions (Figure 1) revealed
gross interference by a coeluting hydrocarbon. In spite ofthis
coeluting hydrocarbon, the UAR of interest was found (ar-
rowed positions in Figure 1), by careful data profile analysis
and subtraction techniques, to have a molecular weight of
292 (MH+ = 293, Figure 1C). The complementary tandem
use of El and CI techniques to assist in the correct assignment
of location and molecular weight is fundamental to the an-
alytical approach adopted in such cases. Usually the only
piece of data collected by this approach is a potential mo-
lecular weight since many fragment and adduct ions are com-
pletely obscured by coeluting compounds. However, this sin-
gle piece of evidence, in conjunction with phosphorus being
present from FPD-P, was sufficient to cause us to suspect,
by consulting the U.S. Food and Drug Administration’s mo-
lecular weight listing of pesticides, that the UAR could be
phorate sulfone, diethyl carbethoxy dichloromethylphos-
phate, fensulfothion oxygen analog, etrimfos, or inezin.
Whereas some of these possibilities could be instantly elim-
inated (e.g., no chlorine isotope ratios were observed), closer
examination of the retention data in this listing revealed that
etrimfos was a reasonable candidate. Repeating the experi-
ment with a standard reference material for etrimfos con-

firmed the assumption. However, neither EI nor Cl mass
spectra (Figure 2) had sufficient fragmentation to extend the
characterization beyond identification by the appropriate
molecular weight. Although some fragment ions were pres-
ent, the relative abundances in the residue were such as to
preclude their use for absolute confirmation. All too often,
fragment ions of low relative abundance either are lost in the
background or cannot be assigned to the UAR because of
strong coeluting compounds such as hydrocarbons. There-
fore, in this particular case, the only ion of consequence was
either at m/z 292 (El, Figure 2A) or at m/z 293 (ClI, Figure
2B). The presence of only one ion at the correct retention
time cannot be viewed as unambiguous proofof the presence
of a particular pesticide (5).

By selecting the protonated molecular ion at m/z 293 and
by performing CAD experiments, daughter ions can be pro-
duced which are structurally related to the parent compound
and hence provide a new dimensional plane of characteriza-
tion for confirmation. In the case of etrimfos, the daughter
ion spectrum derived from MH. at m/z 293 (Figure 2C)
provided a number of significant ions suitable for confir-
mation purposes. In particular, the ion at m/z 125 was ex-
tremely useful because it provided proof of the presence of
a dimethoxy phosphorothionate or phosphorodithionate
(Figure 3). Furthermore, the copresence of 2 other daughter
ions at m/z 109 and 143 provided additional evidence that
the compound under investigation was a phosphorothionate.
Had the potential identity ofthe UAR not been readily avail-
able, this CAD daughter spectrum would have been valuable
in detecting the presence of a dimethoxy phosphorothionate.
Other daughter ions produced from m/z 293 were the loss
of 1, 28, and 60 daltons. The presence of the molecular ion
at m/z 292 is revealing in that a suspected site for protonation
of etrimfos is the ether linkage between the pyrimidinyl side
chain and the phosphorus atom. Removal of a hydrogen
atom by CAD using argon gas would seem to indicate that
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this reagent gas hydrogen atom is weakly bound to that oxy-
gen atom. Loss of 28 daltons from m/z 293 is probably loss
of ethylene. Using the daughter ions derived from a study of
the reference material, etrimfos in the bean extract at 0.1
ppm was confirmed using the protocol discussed above. With
regard to sensitivity parameters, the lower detection level
established for this confirmation procedure using 5 CAD
daughter ions was 0.5 ng injected on-column.

To extrapolate the potential utility of the generic daughter
ion spectrum observed for dimethoxy phosphorothionates,
a dimethoxy phosphorodithionate (dimethoate) was then
studied (Figure 4). It was apparent that the ion at m/z 125
was the dominant ion present representing the dimethoxy
moiety discussed above (Figure 5). The lack ofother daughter
ions at m/z 109 and 143 was a strong indication that the
compound was not a phosphorothionate. However, the weak
presence of daughter ions at m/z 171 and 157 did confirm
the dithionate as the basic structure with a methylene group
adjacent to the second sulfur atom.

Conclusions

In defining the minimum criteria for confirmation of a
pesticide residue, the ability to monitor at least 4 structurally
related ions does not always present itselfwhen such primary
ionization techniques as El or CI are used. The use of Cl to
produce a protonated molecular ion focuses attention on

molecular weight of the compound but generally lacks frag-
ment ions to provide unambiguous confirmation of presence.
CAD experiments produce structurally important daughter
ions not observable under El or CI conditions, thereby pro-
viding an additional dimensional plane of characterization
which, when used in tandem with the MH+ from chemical
ionization, can offer acceptable analytical protocols for con-
firmation as well as provide valuable structural clues to iden-
tify UARs. In the instance reported here, the presence of a
daughter ion at m/z 125 from a pesticide known to contain
phosphorus was strong evidence as to the presence ofa phos-
phorothionate or phosphorodithionate.
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Assisted Distillation Cleanup of Pesticide Residues in Animal Fats:

New Beadless Distillation Tube

ANDREW B. HEATH and ROBERT R. BLACK

N SW Department ofAgriculture, Board of Tick Control, Laboratory, PO Box 285, Lismcre, NSW 2480, Australia

A new assisted distillation tube has been developed which contains
no glass beads or glass wool. The sample is injected into the top of
the tube, and a septum is notrequired. Large ground-glassjoints (10/
19) are used at the gas inlet and at the Florisil trap connection for
maximum strength. Existing assisted distillation apparatus was eas-
ily modified to accept the new tubes. Recoveries of 9 organochlorine
pesticides from butter and cattle fat ranged from 87 to 104% at a
tube temperature of 230°C and a nitrogen flow rate of 250 mL/min.
No significant change occurred in recoveries of 8 of the 9 pesticides
after 85 uses of the beadless tube. Only the recovery of HCB from
butter decreased, from 95 to 80%, after 51 runs. The new tube was
compared with the Unitrex glass bead-packed concentric tube at flow
rates of 230, 400, and 600 mL nitrogen/min. Recoveries from the
Unitrex tube were similar to those of the beadless tube for all pes-
ticides except DD T which was significantly lower, indicating incom-
plete distillation at 250 mL/min and possible partial breakdown at
400 and 600 mL/min. A procedure is introduced for pressurized
solvent washing of distillation tubes. This procedure is more efficient
than vacuum washing.

Assisted distillation as described by the authors (1, 2) is a
refinement of the sweep codistillation technique of Storherr
et al. (3) and is used for the cleanup of pesticide residues in
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Presented in partat 12th Conference of Pesticide Residue Chem ists, Sydney,
Australia. October 21. 1985.

animal fat and butter fat samples for pesticide residue anal-
ysis. This is achieved by introducing 1 g melted fat into a
tube packed with glass beads and maintained at a high tem-
perature so that a thin film of fat is formed over the beads.
The fat is suspended in the vertical tube by a high-velocity
flow of nitrogen. Over a period of approximately 30 min, the
pesticides are distilled from the fat and collected in a Florisil
trap (4); the fat remains in the tube.

Our major modification of the original technique (3) was
the elimination of solvent injection into the distillation tube.
We therefore renamed the modified technique “assisted dis-
tillation” because the sweeping codistilling solvent as Stor-
herr et al. described it, was no longer used. Neidert and
Saschenbrecker (5) investigated the effect of silanization on
recoveries from sweep codistillation and assisted distillation
tubes. A commercially constructed assisted distillation ap-
paratus (Unitrex) was described by Luke et al. (s). Their
compact design and the new top injection technique were
significant improvements. The Unitrex distillation tube con-
sists of > concentric tubes with the space between them packed
with glass beads and glass wool.

Our aim was to develop a tube that did not contain glass
wool or glass beads, thereby increasing the number of uses
before cleaning was required. In addition, the tube should
have top injection and be easily fitted to our existing appa-
ratus. This paper reports the evaluation ofthe new tube over
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a limited range of temperatures and flow rates; its perfor-
mance is also compared to that of a Unitrex tube.

Experimental
Optimization

All recoveries were obtained using butter fat and cattle fat
fortified with HCB and lindane, 0.075 mg/kg; heptachlor,
0.17 mg/kg; aldrin, heptachlor epoxide, DDE, and dieldrin,
0.25 mg/kg; DDD, 0.50 mg/kg; and DDT, 0.75 mg/kg.

Depth of insertion of the distillation tube into the heating
block was varied in the following ways to determine its effect
on pesticide recovery from the beadless tube: bulb on top of
block, 4 mm of bulb above block, and bulb wholly inserted
into block. The following investigations were made with the
bulb wholly inserted into the block: (/) nitrogen flow rates
of 250, 400, and 600 mL/min at a block temperature of
230°C; (2) distillation temperatures through the range 220-
250°C in 10° increments, using 250 mL nitrogen/min; (3)
reproducibility of recoveries over the range of 230-250°C
and 250 mL/min with butter fat only; and (4) recoveries
from the Unitrex tube at nitrogen flow rates of 230, 400, and
600 mL/min at a temperature of 235°C, using cattle fat only.

Reagents and Apparatus

As described by Heath and Black (1,2) with the following
modifications:

(a) New distillation tube.'—See Figure 1

(b) Florisil trap.—Figure 1. Similar to that of McDougall
(4) but with the Florisil section widened and with a ground-
glass cone instead ofa socket. Removable tip of PTFE tubing
containing small plug of glass wool.

(c) Florisil. —60-80 mesh, activated at 680°C for 3 h;
partially deactivated by adding 5% w/w water when cool.

(d) Assisted distillation apparatus ///. —Modified to allow
insertion of the bulb of new distillation tubes. This consisted
of enlarging, to 25 mm diameter, the upper 25 mm of the
eleven 16 mm diameter holes in the heating block. The side
of the hole opposite the operator was also filed so that the
bulb and outlet to the condenser could be closely fitted into
the block.

(e) Pressure washing reservoir. —Stainless steel vessel of
approximately 5 L capacity (fitted) with 7t in. stainless steel
inlet and outlet tubes. The outlet tube should reach to within
approximately s mm of the bottom of the reservoir.

(f) Petroleum ether.—57-63°C bp.

(9) 10% diethyl ether in petroleum ether.

(h) Unitrexglass column tube. —Packed with silanized glass
beads, Part No. 093294.

Procedure

Set aluminum block temperature to 230°C and insert dis-
tillation tube (see Figure 1). Connect nitrogen supply to
ground-glass socket so that gas flows down central tube. Add
Florisil to trap by dispensing from separatory funnel; replace
removable PTFE tip. Connect Florisil trap to other socket.
Secure both ground-glass connections with slight twist. Mea-
sure nitrogen flow rate at outlet of trap with bubble meter
and adjust to 250 mL/min. Disconnect nitrogen and inject
1.0 g melted fat into center tube, using 2 mL syringe with
50-100 mm, 16 gauge needle. Reconnect nitrogen.

After 30 min distillation, disconnect trap and place it in
20-30 mL test tube calibrated at 10 mL. Let trap cool and

1Patent pending. Persons interested in a commercial model may contact
the authors.
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Figure 1. Distillation tube and condenser: a, outer tube wall

thickness =1.5 mm, id = 10.5 mm £ 0.02 mm (selected tube);

b, inner tube wall thickness =1.1 mm, od = 10.0 mm = 0.02 mm

(selected tube); ¢, ground-glass sockets 10/19; d, 10/19ground-

glass cone; e, Florisil; f, reservoir; g, removable PTFE tip packed
with glass wool; h, glass wool.

rinse reservoir walls with 2 mL of 10% v/v diethyl ether in
petroleum ether followed by additional 10 mL when the first
wash has drained into Florisil. Adjust eluate to 10.0 mL for
analysis. Remove distillation tube from heating block and
support in fume cupboard. Connect pressure vessel to tube
outlet and connect waste-collecting vessel to inlet with PTFE
tubing and nylon or PTFE B10 stoppers. Wash hot tube by
forcing approximately 35 mL petroleum ether at 12-15 psi
through tube. Disconnecttube and drain, then dry by drawing
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Table 1. Effect of depth of insertion of tube into heating block
on condensation of pesticides in tube bulb

% Residue In bulb*

Wholly 4 mm not
Pesticide inserted Inserted Not inserted
DDT <2 39+ 24 15+ 25
DDD <2 22+ 11 15 + 3.8
Dieldrin <2 <2 8+ 59
DDE <2 <2 12 + 5.4

« Each recovery is the mean of 3 replicates + SD.

stream ofair through tube. It isimportant to conduct washing
procedure in fume cupboard to control solvent vapors.

Glass wool plugs in removable tip and trap body may be
reused.

Results and Discussion

The investigation of tube insertion depth into the heating
block showed that no detectable levels of HCB, lindane, hep-
tachlor, or heptachlor epoxide were recovered from the bulb
when the tube was inserted at any of the 3 depths tested.
Various levels of the other pesticides were found when the
bulb was not fully inserted (Table 1). Less than 2% of any
pesticide remained in the bulb when the tube was fully in-
serted. This was considered satisfactory.

Residues remaining in the bulb after 30 min distillation
were determined by removing the tube from the heating block
and letting it cool to approximately 20-30°C. The tube was
then immersed in ice water to a point just below the bulb to
solidify the fat. The tube was then removed, dried, and in-
verted over a 50 mm funnel on a small Florisil column. The
inside surfaces of the bulb were then washed down with 3
mL of 10% diethyl ether/petroleum ether. This was followed

Table 2. Effect of nitrogen flow rate on percent recovery of
pesticides from butter fat at 230°C

Recovery, %e

Pesticide 250 mL/min 400 mL/min 600 mL/min
HCB 95 + 0.6 83 + 4.4 85 + 0.8
Lindane 100 = 21 98 + 7.5 91 +1.1
Heptachlor 89 + 35 87 + 2.9 47 £ 2.8
Heptachlor epoxide 104 + 4.0 98 + 6.1 99 + 19
Aldrin 99 + 1.0 100 + 1.2 95 + 1.3
Dieldrin 95 + 21 104 + 3.8 94 + 5.7
DDE 98 + 1.7 101 + 1.2 93 + 1.6
DDD 95 + 2.6 99 + 1.7 95 + 2.7
DDT 88 + 0.6 93 + 0.6 94 + 29

* Each recovery is the mean of 3 replicates + SD.

Table 3. Effect of nitrogen flow rate on percent recovery of
pesticides from cattle fat at 230°c
Recovery, %a
Pesticide 250 mL/min 400 mL/min 600 mL/min
HCB 95 + 3.0 98 + 3.1 96 + 2.6
Lindane 99 + 12 105 + 2.5 101 + 4.2
Heptachlor 91 + 1.0 83 + 25 67 + 3.8
Heptachlor epoxide 98 + 1.2 101 + 1.7 105 + 3.2
Aldrin 95 + 35 93 + 21 99 + 0.6
Dieldrin 98 + 1.2 100 + 1.2 89 + 15
DDE 100 + 21 100 + 3.1 98 + 6.4
DDD 98 + 55 101 + 41 104 + 1.2
DDT 87 + 25 90 + 21 94 + 3.2

* Each recovery is the mean of 3 replicates + SD.

Table 4. Effect of distillation tube temperature on percent re-
covery of pesticides from butter fat at 250 mL/min

Recovery, %*

Pesticide 220°C 230-C 240°C 250°C
HCB 95 + 1.2 95 + 0.6 84 + 4.0 84 + 15
Lindane 99 + 40 100 + 21 94 + 3.6 97 + 0
Heptachlor 99 + 4.0 89 + 35 86 + 3.2 87 + 11.1
Heptachlor epoxide 105 + 3.7 104 + 4.0 97 + 15 99 + 1.7
Aldrin 102 + 7.0 99 + 1.0 95 + 50 101 + 0.6
Dieldrin 91 + 3.1 95 + 21 106 + 6.6 105+ 2.1
DDE 99 + 2.6 98 + 1.7 99 + 45 100 + 21
DDD 78 + 5.6 95 + 2.6 90 + 5.6 99 + 0.6
DDT 68 + 6.4 88 + 0.6 88 + 1.0 93 + 2.7

* Each recovery is the mean of 3 replicates + SD.

by a further 10 mL to complete elution of the pesticides
through the Florisil.

Pesticide recoveries from butter and cattle fat at nitrogen
flow rates of 250, 400, and 600 mL/min at 230°C are shown
in Tables 2 and 3. When the flow rate was increased from
250 to 400 mL/min, the recovery of DDT from butter fat
increased by 5% but with no further increase at 600 mL/min.
Recoveries of heptachlor decreased to 47 and 67% in butter
and cattle fat, respectively, as the flow rate was increased to
600 mL/min. The higher flow rates also removed the water
from the Florisil faster and hence reactivated it, causing lower
dieldrin recoveries from the Florisil. Either more solvent or
less Florisil is required to allow elution of dieldrin. No further
heptachlor eluted, however. At this time, we are unable to
explain the low recovery of heptachlor at this high flow rate.

Two types of distillation tubes were studied: (a) truly con-
centric, i.e., a uniform gap of 0.25 mm between tubes, and
(b) nonconcentric, in which, although the average gap was
0.25 mm, the gap varied between 0.05 and 0.45 mm between
tubes. Both types oftubes gave similar recoveries at 250 mL/
min. When the truly concentric tube was used at flow rates
above 270 mL/min, excess fat rose into the bulb and all
recoveries were low (<20%). For this reason all the results
reported were obtained with the nonconcentric (type b) tube
which did not suffer from this problem.

For the pesticides studied, we recommend the use of 250
mL nitrogen/min to minimize the deleterious effects of the
higher flow rates on the recovery of heptachlor and on the
water content ofthe Florisil. This flow rate is also compatible
with both concentric and nonconcentric distillation tubes.

Recoveries of 9 organochlorine pesticides from butter fat
and cattle fat over a temperature range of 220-250°C at a
nitrogen flow rate of 250 mL/min are shown in Tables 4 and
5. At 220°C, DDT recoveries from butter fat were on average

Table 5. Effect of distillation tube temperature on percent re-
covery of pesticides from cattle fat at 250 mL/min

Recovery, %'

Pesticide 230°C 240°C 250°C
HCB 95 + 3.0 96 + 2.0 97 + 26
Lindane 99 + 1.2 96 + 7.8 104 + 1.7
Heptachlor 91 +1.0 94 + 7.0 8l + 4.7
Heptachlor epoxide 99 + 1.2 102 + 0.6 103 + 15
Aldrin 95 + 35 103 + 2.6 102 + 1.0
Dieldrin 98 + 1.2 102 + 25 105 + 4.6
DDE 100 + 2.1 104 + 35 107 + 3.6
DDD 98 + 5.5 101 + 1.2 108 + 1.7
DDT 87 + 25 85 + 0.6 85 + 3.2

* Each recovery Is the mean of 3 replicates + SD.
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Table 6. Reproducibility of percent recovery of pesticides from butter fat, using the beadless distillation tube at 230°C and 250

mL/min
Hept.

Sample HCB Lindane Heptachlor epox. Aldrln Dieldrin DDE DDD DDT

1 94 99 85 100 98 93 96 94 89

2 96 98 91 108 99 96 99 93 88

3 94 102 91 103 100 97 99 98 88

4 90 107 100 105 96 101 105 92 85

5 89 98 94 102 102 98 94 100 93
Mean 92.6 100.8 92.2 103.6 99.0 97.0 99.6 95.4 88.6
RSD 3.2 3.8 5.8 3.0 3.2 2.8 4.1 6.3 3.3

22% below those obtained at 230-250°C, indicating incom-
plete distillation. At 230, 240, and 250°C, there is no signif-
icant change in the recoveries of the other pesticides studied
except for heptachlor in cattle fat which decreased signifi-
cantly from 91% at 230°C to 81% (P < 0.01) at 250°C. In
consideration of these data, we chose 230°C as our recom-
mended temperature.

Table s shows the reproducibility of 5 recoveries from
butter fat at 230°C and 250 mL nitrogen/min. These are
comparable to those achieved in our previous investigation

1).

)Table 7 shows recoveries obtained with the Unitrex tube
silanized according to manufacturer’s specifications and used
at the recommended conditions (s) of 235°C and nitrogen
flow rate of 230 mL/min. In addition, flow rates of 400 and
600 mL/min were studied for comparison with our tube.
Because of the side arm on the Unitrex tube, we were unable
to evaluate this tube in our heating block. We were successful,
however, in evaluating the tube in a calibrated fan-forced gas
chromatograph oven using an external Florisil trap; to ensure
that results were not affected by the different heating medium,
we carefully compared the results obtained from our beadless
tube in the same oven. There was no significant difference
in recoveries from our tube when heated in the air oven or
the heating block, so we considered this to be an acceptable
comparison of the 2 tubes. Generally, the results from the
Unitrex tube at 230 mL nitrogen/min were comparable to
results from our tube at 250 mL/min except for DDT which
was recovered at 69% from the Unitrex tube (Table 7). (Our
tube showed no significant difference in recoveries between
230 and 250 mL nitrogen/min.) When we continued the

Table 7. Effect of nitrogen flow rate on percent recovery of
pesticides from cattle fat at 235°C using the Unitrex tube

Recovery, %*

Pesticide 230 mL/min 400 mL/min 600 mL/min
HCB 98 + 4.0 95 + 1.2 94 + 31
Lindane 101 + 4.2 93 + 9.7 106 + 4.2
Heptachlor 95 + 29 90 + 6.1 71 + 247
Heptachlor epoxide 99 + 81 99 + 31 98 + 1.2
Aldrin 102 £+ 7.4 99 + 21 102 + 2.1
Dieldrin 97 £ 6.9 92 + 3.6 95 + 7.8
DDE 99 + 10.4 104 + 4.0 95 + 2.1
DDD 93 + 6.4 100 + 35 93 + 9.2
DDT 69 + 4.2 78 + 4.2 76 £ 2.0

* Each recovery is the mean of 3 replicates + SD.

distillation with the Unitrex tube for another 30 min at this
flow rate, a further 11% DDT and 15% DDD was collected,
showing incomplete distillation. Distillation was still incom-
plete at 400 mL/min, when 4% DDT and s% DDD were
found in the second 30 min fraction. At 600 mL/min, less
than 2% DDT and 2% DDD were found in the second frac-
tion. The low 76% DDT recovery compared to the 87%
reported by Luke et al. (s) may have occurred due to DDT
breakdown on unpolished areas ofglass beads. We also found
that at the higher flow rates, droplets offat entered the Florisil
trap, increasing the probability of fat being eluted with the
pesticides.

Calculation shows that the beadless tube and the Unitrex
tube have similar surface areas available for fat. We suggest
that the higher DDT recoveries from cattle fat on the beadless
tube may be due to the thinner film of fat formed by the
higher gas velocity of 100 cm/s compared with 38 cm/s in
the Unitrex tube we evaluated.

For s of 9 of the pesticides studied, the usable life of the
beadless tube was in excess of 85 runs before nitric acid
recleaning (2 ) was required.

After 51 runs, the recovery of HCB from butter fat de-
creased from 95 to 80%. No obvious charring or darkening
of the tubes occurred over the 85 runs.

Conclusion

The new distillation tube presented shows that neither glass
wool nor glass beads are necessary for the distillation of
pesticides from fat. With no glass surfaces in contact, the
need for acid cleaning is virtually eliminated, and the number
of uses is greatly increased.

Pesticide recoveries obtained with this tube are compa-
rable with those obtained with our previous glass bead-packed
tubes and have been achieved at the lower flow rate of 250
mL/min.

References

(1) Heath, A. B., & Black, R. R. (1979) J. Assoc. Off. Anal. Chem.
62, 757-763

(2) Heath, A. B., & Black, R. R. (1980) J. Assoc. Off. Anal. Chem.
63, 529-531

(3) Storherr, R. W., Murray, E. J., Klein, I., & Rosenberg, L. (1967)
J. Assoc. Off. Anal. Chem. 50, 605-615

(4) McDougall, K. W. (1980) J. Assoc. Off. Anal. Chem. 63, 1355-
1356
(5) Neidert, E., & Saschenbrecker, P. w. (1984) J. Assoc. Off. Anal.

Chem. 67, 773-775
(6) Luke, B. G., Richards, J. C., & Dawes, E. F. (1984) J. Assoc.
Off. Anal. Chem. 67, 295-298



866 DABEKA & LACROIX: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5. 1987)

Total Arsenic in Foods after Sequential Wet Digestion, Dry Ashing, Coprecipitation with
Ammonium Pyrrolidine Dithiocarbamate, and Graphite-Furnace Atomic

Absorption Spectrometry

ROBERT W. DABEKA and GLADYS M. A. LACROIX

Food Research Division, Bureau of Chemical Safety, Food Directorate, Health Protection Branch,
Health and Welfare Canada, Ottawa, Ontario K1A 0L2, Canada

A graphite-furnace atomic absorption (GFAAS) method is described
for determining total arsenic (organic and inorganic compounds) in
foods. Samples ranging from 1 to 40 g (depending on moisture con-
tent) were digested with HNO3and dry-ashed at 500°C overnight
after addition of MgO. After dissolution in HCI, the arsenic was
reduced with iodide and ascorbic acid and precipitated with ammo-
nium pyrrolidine dithiocarbamate (APDC) in the presence of nickel
carrier. Precipitates were collected on 0.3pm cellulose acetate filters
and dissolved in 10% H N O03containing modifier. Ba(N032was added
to remove a sulfate interference resulting fromdecomposition of APDC.
Avrsenic was determined using GFAAS. Accuracy of the method was
good for 7 U.S. National Bureau of Standards (NBS) Standard Ref-
erence Materials and 3 National Research Council of Canada (NRCC)
round-robin samples. Recovery of arsenic(V) from foods averaged
99.2% for peak heights and 97.1% for peak areas, with relative
standard deviations (RSD) of 2.2% for peak heights and 3.3% for
peak areas for all NBS and NRCC materials. Detection limit of the
method was ca 10 ng arsenic.

A graphite-furnace atomic absorption spectrometric (GFAAS)
coprecipitation method (1) recently developed by us for total
arsenic in foods had several advantages over other methods:
It could be automated at the instrumental step; only 1 flask
and 1 funnel top per sample required washing, and disposable
unwashed test tubes could be used for dissolution of precip-
itate and storage of analyte solutions prior to measurement;
and synthetic standards could be used, thereby reducing an-
alyst time. Nevertheless, the method also had some weak-
nesses: The detection limit was limited by sample size be-
cause only about 1gorganic matter could be dry-ashed. There
were interferences for all liver samples, resulting in recoveries
as low as 40-50%, and recoveries for other foods generally
varied in the 80-100% range, depending on the food (1).
Finally, application of the method by 3 analysts in our lab-
oratory revealed that much technical skill was needed to
achieve the correct pH of precipitation.

This paper presents the results of investigations to over-
come the problems and limitations of the method described
above. The improvements made to the original method in-
clude addition of a digestion step prior to dry-ashing to fa-
cilitate larger sample sizes and, hence, detection limits 3-10
times lower than previously obtained; changes to the matrix
modifier to reduce sulfate and cationic interferences; a change
in buffer so that use of a pH meter will be minimal; and
simplification of the reduction procedure.

Experimental
Apparatus

(a) Atomic absorption spectrometer.—Varian Model 775-
ABQ, equipped with simultaneous deuterium-continuum
background corrector (Varian Associates of Canada, Ltd.,
Ottawa, Ontario).

(b) Graphitefurnace.—Varian Model GTA-95 equipped
with programmable autosampler, pyrolytically coated graph-
ite tubes, and pyrolytic-graphite L’vov platform (Varian As-
sociates).

Received March 24, 1986. Accepted September 7. 1986.

(c) Vacuum filtering system. —Consisting of water aspi-
rator vacuum, filter base and clamp (Millipore Corp., Bed-
ford, MA 01730, Cat. No. XX10 025 00) for holding 24 mm
diam., 0.3pm cellulose acetate filters (Millipore Corp., Cat.
No. PHWP 02400), and funnel top with 125 mL capacity
and a base to match the Millipore filter base. The latter was
custom-made by a glass blower.

(@ Polystyrene centrifuge tubes with caps. —15 mL capac-
ity (Falcon Corp., Oxnard, CA 93030, Cat. No. 2095). Ex-
amine each tube against light and discard cracked tubes.

(e) Repeater pipet. —10 mL, inversion type (Fisher Sci-
entific Co., Ottawa, Ontario, Cat. No. 13-683- 10C).

(f) Variable-volume hand pipet. —Gilson-Pipetman®
Model P5000, 5 mL (Mandel Scientific Co., 143 Dennis St.,
Rockwood, Ontario, Cat. No. GF23603).

Reagents

Unless otherwise specified, all reagents were reagent grade.

(@) Deionized water. —ASTM Type | was used throughout
study.

(b) Iron(ll) solution.—5000 pg/mL in 5% HNO3 Dis-
solve 5 g high-purity (m4N8; t4N+) iron rod (Alpha Prod-
ucts, Danvers, MA 01923, Cat. No. 00164) by heating in
solution containing 70 mL HNO0s and 200 mL water. Cool
and dilute to 1 L with water. Store indefinitely in tightly
capped Pyrex bottle.

(c) Copper(ll) solution.—5000 pg/mL in ca 5% HNO3
Dissolve 5 g high-purity (m5N) copper metal (Alpha Prod-
ucts Cat. No. 400388) in 100 mL HNOs (1 + 1). Cool and
dilute to 1L with water. Store indefinitely in tightly capped
Pyrex bottle.

(d) Nickel(ll) solution. —1000 pg/mL in 10% HNO3 Dis-
solve 495 g Ni(N032-6 HD in 10% HNOs and dilute to 1
L with 10%HNO3

(e) Arsenic primary standard. —500 pg/mL. Add 25 mL
1M NaOH to 0.660 g As:0 s and heat gently until dissolved.
Cool, dilute to ca 150 mL with water, and neutralize with
1% HNO03 Dilute to 1L with water. Solution may be stored
in Pyrex bottle several years.

(0 Arsenicstock standard. —10 pg/mL in 5% HN 03 Pipet
2 mL arsenic primary standard (e) into 100 mL volumetric
flask and dilute to volume with 5% HN 03

(9) Arsenic stock standard. —1 pg/mL in 0.5% HNO3 Pi-
pet 10 mL 10 pg/mL arsenic standard (f) into 100 mL vol-
umetric flask and dilute to volume with water.

(h) Light magnesium oxide. —Cover several 250 mL bea-
kers containing 100-150 gMg(NOs).m H2D (Baker Analyzed
Reagent) with watch glasses and heat in muffle furnace at
200°C until samples liquefy. Heat at 350°C until evolution
of nitric oxide (brown fumes) substantially subsides (ca 15
h). Heat at 500°C at least 4 h or overnight, cool, and grind
to fine powder. Commercial high-purity, light MgO may be
used after absence of arsenic blank is assured.

(i) Ashing aid. —Prepare fresh just before use. Add 250
mL water to 25 g MgO (h), stir until homogeneous and ready
for use, and transfer to repeater pipet (e).
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(j) Hydrochloric acid, —10M. Dilute 840 mL HC1to 1L
with water.

(k) Reducing agent. —Dissolve 25 g Nal and 2.5 g ascorbic
acid in water and dilute to 100 mL with water. Prepare fresh
once a month and store in refrigerator when not in use.

(I) Ascorbic acid solution. —2.5%. Dissolve 2.5 g ascorbic
acid in water and dilute to 100 mL with water. Prepare fresh
once a month and store in refrigerator when not in use.

(m) Masking agent.—Dissolve 2 g ethylenediaminetetra-
acetic acid disodium salt (EDTA) in water and dilute to 100
mL with water.

(n) Buffer.—Dissolve 136 g sodium acetate trihydrate in
ca 450 mL water in 600 mL beaker. While stirring, cautiously
add acetic acid until pH is 5.s . Transfer to 500 mL volumetric
flask and dilute to volume with water. Final pH should be
5.6-5.7.

(0) carrier.—100 Mg/mL nickel(ll) in 1% HNO3. Into 100
mL volumetric flask, pipet 10 mL 1000 Mg/mL nickel(Il)
solution (d), and dilute to volume with water.

(p) Methyl violet indicator.—0.1% (w/v) in water. Dissolve
0.2 g methyl violet in ca 200 mL water and filter through
medium-porosity filter paper. Store in dark in refrigerator
when not in use. Prepare fresh every s months.

(q) APDC solution.—1.5% (w/v) in water. Dissolve 3 g
APDC in water and vacuum-filter through 0.3jum membrane
filter. Dilute to 200 mL. Prepare fresh solution daily.

() Dissolution solution.—20 Mg/mL nickel(11), 250 Mg/mL
iron(111), and 200 Mg/mL copper(ll) in 10% HNO3 Into 2 L
volumetric flask, transfer 40 mL 1000 Mg/mL nickel(ll) so-
lution (d), 100 mL 500,6,Mg/mL iron(l11) solution (b), 80 mL
5000 Mg/mL copper(I1)*olution (c), and 200 mL HN 03 Let
cool and dilute to volume with water. Solution may be stored
several years in original flask.

(s) Barium solution. —15 000 Mg/mL barium. Dissolve 2.86
g Ba(NO0s)2 in water and dilute to 100 mL with water.

Standard Preparation

Using pipet (f), transfer into each ofsix 100 mL volumetric
flasks 5 mL of 5000 Mg/mL iron(lll) solution (b), 4 mL of
5000 Mg/mL copper(ll) solution (c), 3 mL of 1000 Mg/mL
nickel(1l) solution (d), 5mL of 15000 Mg/mL barium solution
(s), and 9.25 mL HNO3 Swirl, cool to room temperature,
and pipet0,2,4,6,s,and 10 mL of 1Mg/mL arsenic standard

(9) into the respective flasks. Dilute to volume with water.

Standards are stable at least 3 months.

Procedure

Washing. —Wash glassware with HN 03 and rinse directly
with water. Polystyrene test tubes from 10 lots did not require
washing; however, the analyst should test each lot for the
possibility of contamination.

Digestion and ashing.—Weigh food samples into 250 mL
Erlenmeyer flasks, limiting weight to ca 5 g organic matter.
Include 3 blanks. If necessary, heat foods in oven to remove
bulk of moisture (120°C during day or 50°C overnight). Add
35 mL HNOz and let stand 4 h or overnight. Gently boil to
reduce to 2-4 mL volume without charring. Repeat HN 03
addition and digestion a second time and repeat a third time
if digest is not homogeneous. Blanks containing the same
total volume of HN 03z may be boiled down more rapidly on
a separate hot plate at medium-high temperature.

Add 10 mL ashing aid (i) to each flask and heat in muffle
furnace at 120°C overnight. Increase temperature by ca 75°C/h
to 300°C heat until evolution of nitrogen oxide gasses ceases
(ca 1-2 h). Increase temperature to 500°C and ash at least 4

Table 1. Temperature program for the Varian Model GTA-95
graphite furnace using 15 mlL total volume pipetted onto a L'vov

platform
Argon
flow,
Step Temp., °C Time, s L/min Read
1 120 0.2 3
2 120 10.0 3
3 225 2.0 3
4 225 35.0 3
5 900 5.0 3
6 900 5.0 3
7 900 1.0 0
8 2650 0.8 0 *
9 2650 2.0 0 *
10 2650 1.0 3
1 40 13.0 3
12 40 5.0 3

h or overnight. To cooled flasks add 5 mL water and 25 mL
10M HC1, washing down sides of flasks with acid. Discard
solutions with an undissolved black residue, which indicates
inadequate digestion with HN 03 Inadequate digestion can
be remedied by reducing sample size or increasing the num-
ber of digestions with HN 03,

Reduction of arsenic(V).—After dissolving the ash, add 1
mL reducing agent (k) and let stand 20 min. A yellow or
yellow-brown color should appear. Dilute to ca 75 mL with
water. The color should disappear. Heat solution near boiling
until pale yellow colorjust appears, or for 30 min maximum
if no color appears, then remove from heat. If pale yellow
color continues to deepen, add 1 mL 2.5% ascorbic acid ().

Precipitation.—To each flask, add 1mL masking agent (m),
1 mL buffer (n), and 1 mL carrier (o).

To first flask, add 3 drops of methyl violet solution (p);
then, dropwise, add ammonium hydroxide, swirling until
color just changes from blue to violet. Add 5 mL buffer (n)
and check pH. It should be 4.5, but 4.3 to 4.8 is acceptable.
Repeat for other flasks. Add 10 mL 1.5% APDC solution (q)
to each flask, swirl, and let stand 30 min. Filter solution (c).
Rinse flask with ca 10 mL water and add rinse to filter funnel.
Transfer filter to centrifuge tube (d).

Pipet 9.5 mL dissolution solution (r) into tubes, cap tubes,
and let stand overnight or until dark precipitate dissolves.
Pipet 0.5 mL barium solution (s) into each tube, cap tube,
shake, and let stand at least 1 h.

Determinations by GFAAS

Set up and optimize spectrometer with simultaneous back-
ground correction and graphite furnace according to manu-
facturer’s instructions for arsenic determinations (193.7 nm
wavelength). Table 1lists furnace temperature program used
in this study. Peak height or area measurements may be used.
Set autosampler to pipet 10 nl aliquot of sample or standard
solution onto platform. If autosampler can be programmed
to pick up blank or modifier simultaneously with each sample
solution, use water in the modifier position and include > L
water in the autosampler program. This improves precision
by washing out traces of standard or sample solution from
the pipet.

Set up analytical sequence of solutions in autosampler in
following order: standards in order of decreasing concentra-
tion, sample blanks, samples, and again standards in order
of decreasing concentration.

Analyze solutions, making 3 replicate atomizations for each
solution. Tabulate measurements and calculate mean for each
solution. If absorbance for any sample solution exceeds that
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Table 2. Recovery of organoarsenical spikes (400 ng as arsenic) from NBS Pine Needles under basic and acidic ashing conditions

Acidic ash,"
Compound Peak ht
Sodium methyl arsonate 973+ 13
Sodium methyl arsenate 1011 + 3.4
Arsenobetaine 110.0 £ 4.2
Dimethylarsenic acid 939 £ 95

Recovery, %

Basic ash,”
Peak area Peak ht Peak area
93.5 + 4.0 1015 + 2.6 89.9 + 4.3
98.6 + 0.9 106.6 + 5.2 97.7 + 7.1
99.7 + 1.3 102.4 + 13.6 98.6 + 3.6
946 + 7.4 108.2 £ 2.9 99.1 + 9.1

* Acidic ashing constituted digestion with HNO3followed by addition of an Mg0-Mg(N032ashing aid (2) which contained insufficient oxide to neutralize the

HNO3

0Basic ashing consisted of ashing with the same mixed ashing aid as above but without the HNO3digestion, so that the final mixture prior to drying and

ashing was basic.

of the highest standard, dilute the solution by pipetting 0.9
mL sample blank and 0.1 mL sample into a sampling cup
and reanalyze.

Calculations

Compare absorbances ofthe standards run before and after
the samples. If 3 or more of the standards change by more
than 10% in any one direction, reanalyze all solutions.

Calibrate using all the standards (run both before and after
samples). This may be done either by drawing a calibration
curve or by using a reliable calibration algorithm that can
handle nonlinear curves. Calculate the solution concentra-
tions of sample blanks and samples and subtract mean sam-
ple blank concentration from sample solution concentra-
tions.

Calculate arsenic concentration in samples according to
the formula:

Arsenic, Myg = (C x V)/(1000 x sample wt)

where C is the blank corrected concentration (ng/mL) of the
sample solution, Vis the final volume (mL) of solution, in-
cluding dilutions, and sample weight is expressed in grams.

Results and Discussion
Destruction of Organic Matter

The original dry-ashing method (1) was developed using
magnesium nitrate and magnesium oxide, which had been
proved valid for inorganic as well as several organoarsenic
species common to biological samples (2). In spite of its
success, it was limited to sample sizes ofca 1 gorganic matter.
Periodically some samples would combust in the muffle fur-
nace with a resultant arsenic loss, and some authors have
reported an average of 5-6% arsenic losses (3, 4). Because
there are still uncertainties about the relative merits of var-
ious wet digestion and dry-ashing techniques (2-4), the con-

cept of dry-ashing was retained for this method, but ways to
overcome some of the above problems were added.

Specifically, samples were digested with HNOs prior to
being ashed, enabling a larger sample size to be used without
fear of combustion losses during ashing (5). The amount of
HNO, present after the digestion was only marginally neu-
tralized with the original Mg0-Mg(N0s)2 ashing aid, result-
ing in effects on the muffle furnace during drying. To over-
come this, MgO was used in place of Mg(NO0s)2 so that the
total amount of magnesium present, 1gas MgO per sample,
would be the same as in the mixed ashing aid. This was
sufficient to neutralize 3 mL HN 03 reducing acid attack on
the furnace. According to the method, however, 2-4 mL
HNO, could remain after digestion, and the resulting ashing
conditions could be either acidic or basic, depending on
whether HN 0s or MgO was in excess. The effect this might
have on recovery of organoarsenic compounds was evaluated
(Table 2) and found to be minimal. Use of a larger quantity
of MgO to guarantee neutralization was judged impractical
because larger quantities caused expansion and periodic loss
of the ash (4), and because, for purity reasons, the MgO was
prepared from the nitrate (s ).

The sample size limitation of 5 g organic matter for this
method was about 5 times that of the original method (1,2).

Reduction ofArsenic(V)

The method of arsenic reduction was simplified over the
previous method (1) by adding the reducing agent only once.

One of the problems encountered for isolated samples,
using both the previous method and the present one, was
that while the solution and the reducing agent were being
heated, the pale yellow color continued to deepen after it was
removed from the hot plate. Ifthis occurred, arsenic was not
quantitatively precipitated. Addition of 2.5% ascorbic acid
solution to the hot sample solution when this occurred pre-
vented arsenic loss.

Table 3. Levels of arsenic recovered from NBS Standard Reference Materials and NRCC round-robin samples

Found (+ SD), jig/g

Sample No. of analyses Certified level,* jig/g Peak ht Peak area
Bovine liver 5 0.047 + 0.006 0.053 + 0.001 0.044 + 0.001
Rice flour 7 0.41 + 0.05 0.375 + 0.007 0.375 + 0.020
Orchard leaves 4 10.0 = 2.0 10.64 £ 0.12 10.71 + 0.44
Citrus leaves 4 31+ 03 3.10 + 0.04 3.15 + 0.06
Tomato leaves 7 0.27 + 0.05 0.311 + 0.027 0.270 + 0.018
Pine needles 6 0.21 + 0.04 0.211 + 0.006 0.198 + 0.012
Oyster tissue 6 134 + 19 13.78 + 0.10 14.14 + 0.26
Dogfish muscle0 3 30.8 + 4.2 26.4 + 0.5 28.2 = 0.6
Scallops0 3 6.0 + 0.9 5.45 + 0.05 6.13 + 0.02
Swordfish muscle0 3 41 + 1.0 3.72 + 0.03 4.16 + 0.09

* Uncertainty expressed as 95% confidence level for NBS Standard Reference Materials.
ONRCC materials not certified and uncertainty expressed as standard deviation of round-robin

results after rejection of outliers (8).
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analyzed in a routine manner as part of a total-diet survey

Peak ht Peak area
Level* Ree.,6 Level, Ree.,
Food r’g/g % r‘g/g %
White bread 57£05 102+5 100£03 1023
Donuts 50£01 1042 49 + 12 AN+02
Crackers 93+ 18 B+1 97 +37 86 + 3
Wheat cereal ] 108+4 <3 104 +2
Whole milk <04 92-2 <0.8 885
Peanut butter 124 + 24 97 +4 168 + 31 91+5
<04 % +3 <2 BV+5
Luncheon meat 49 + 04 107+ 4 38+08 BV+1
Raw beef
muscle 147 + 06 % +7 162 + 21 BV+6
Raw pork
muscle 51+08 BV+3 94+ 06 97 +4
Apple juice 45+ 01 B+1 25+ 13 100 + 2
Apple sauce <0.25 101 £01 <0.25 101 +1
Strawberries 38+15 103+02 3611 102+1
Broccoli 24+05 107+ 06 31+01 101 +06
Cauliflower 17+03 RN+2 1.8 +02 9B +01
Baked potato 33+ 10 A+1 62 +08 NVD+1
Boiled potato 39+11 103%2 20+10 102%2
Coffee (instant) 03+007 101 £01 05007 9B *06
White sugar 5 PV+7 5 97 +7

* Uncertainties given as standard deviation. Two replicates were run for
each of the spiked and unspiked samples.
6Spiking level, 400 ng arsenic(V).

A hypothesis of the mechanism for the effect described
above was that the yellow color was due to interference from
iodine. Addition of ascorbic acid reduced the excess iodine
back to iodide.

Precipitation and Dissolution ofArsenic

The buffer solution of the original arsenic method (1) was
modified so that a pH meter was not required on a routine
basis.

Dissolution time for the precipitate was generally over-
night. However, depending on sample type and weight and
on pH of precipitation, 2 days were sometimes needed. The
best indicators of complete dissolution were a clean filter and
the absence of any dark brown residue on the bottom of the
test tube.

Reduction of Sulfate and Cationic Interferences

Preliminary tests of the coprecipitation method revealed
that, during dissolution of the precipitate, some APDC was
being converted to sulfate, which interferes with arsenic in
the furnace (7, s). Since the amount of APDC in the precip-
itate depended on the concentration of other ions, such as
iron and copper, in the food item, the interference was food
related. This may explain why liver samples, which contain
high concentrations of other cations, gave poor recoveries

1).
( )Addition of barium nitrate after dissolution of the sample
eliminated the interference, and good recoveries ensued for
all sample types. Two possible reasons for the reduction of
the sulfate interference were removal of the sulfate by pre-
cipitating barium sulfate and interference reduction due to
the presence of the barium ions themselves, simulating the
sulfate interference reduction observed in the presence of
magnesium ions (7). It was not necessary to filter the barium
sulfate from the solution prior to analysis.

Preliminary investigations revealed that copper(ll) and
iron(l11) caused, respectively, positive and negative interfer-
ences in the graphite furnace. The concentrations of these

ions vary extensively in different foods and the elements are
coprecipitated along with arsenic; thus, copper(l1) and iron(l11)
were added as matrix modifiers to reduce interferences their
presence in some foods might cause. A more complete dis-
cussion of choice of modifier will be presented in another
publication.

Accuracy and Precision

Table 3demonstrates that both peak heights and area were
accurate for arsenic in NBS SRMs and NRCC round-robin
samples (9). Recovery of arsenic(V) from foods analyzed in
a routine manner as part of a dietary intake study ranged
from 92 to 107% and averaged 99.2% for peak heights. Peak
area recoveries averaged 97.1% (range 86-104%) (Table 4).
Recovery from liver samples averaged 102%. In comparison,
the earlier variation ofthe method gave recoveries averaging
61.3% for liver samples and 89.4% (range 77-102%) for other
foods (1).

Precision averaged 2.2% RSD for peak heights and 3.3%
RSD for peak areas for the NBS and NRCC materials (Table
3). For the foods in Table 4, precision for the spiked samples
averaged 2.6% RSD for both peak heights and areas. Pre-
cision at the natural arsenic levels in Table 4 averaged 17%
for peak heights and 21 % for peak areas.

Blanks and Detection Limit

For routine analysis of foods, 3 blanks were included in
each analytical series. The mean blank level over 20 analyt-
ical series was 1.7 ng arsenic absolute (range, -12.4 to 17.4
ng) for peak heights and 0.6 ng (range, -13.9 to 17.0 ng) for
peak areas. The presence of negative blanks may have been
due to a negative baseline during atomization because the
instrument autozero was performed on a cold furnace before
each atomization.

The mean standard deviation of replicate blanks over 20
analytical series was +2.7 ng arsenic absolute (range £4 to
+5.6) for peak heights and +3.8 ng (range -1 to *s.2. ng)
for peak areas. The detection limit of the method (3x the
mean SD of blanks) averaged s ng for peak heights and 11
ng for peak areas.

Organoarsenic Compounds

Results for the NBS oyster tissue and 3 NRCC materials
(Table 3) indicate applicability of the method to organoar-
senic compounds, because Lawrence et al. (10) found that
71-91% of the arsenic in 25 fresh- or seawater fish and crus-
taceans, including scallops, was in the form of arsenobetaine,
arsenocholine, or an unidentified methanol-extractable ar-
senic compound. Good recovery for sodium methyl arsenate,
sodium methyl arsonate, arsenobetaine, and cacodyllic acid
can also be expected on the basis of results in Table 2.

GFAAS Conditions

Because the modifier elements, iron and copper, were pres-
ent in large concentrations and because they atomize at high
temperatures, the atomization temperature and times (Table
1) were chosen so that gradual buildup of the elements on
the platform and within the tube would not occur. Thus,
inclusion of a 1.2 s clean-out step immediately after atom-
ization appeared to be the only critical factor in the temper-
ature program.

Application of other models of graphite furnace may re-
quire modifications to the furnace parameters according to
manufacturer’s instructions. For instance, for larger-diame-
ter graphite tubes used with a L’vov platform, a longer clean-
out time may be required to remove the modifier elements
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completely from the tube. The good agreement between peak
height and area results indicates that the method may even
work with atomization from the wall in the absence of a
platform.
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Gas Chromatographic Determination of Mecarbam and Its Metabolites Mecarboxon,

Diethoate, and Diethoxon in Cottonseeds

RACHEL S. GREENBERG

Ministry ofAgriculture, Plant Protection Department, PO Box 78, Bet-Dagan 50250, Israel

A gas chromatographic method is described for determining residues
of mecarbam and 3 of its metabolites, mecarboxon, diethoate, and
diethoxon, in cottonseeds. For mecarbam analysis, following Soxhlet
extraction with chloroform (after blending), the oily extract is par-
titioned with propylene carbonate and cleaned up on a silica gel
column. Metabolites are extracted by the same method, followed by
cleanup of mecarboxon on a silica gel colunn or diethoxon on an
alumina columm; cleanup of diethoate can be performed on either
column. All 4 compounds are determined using a flame photometric
detector equipped with a phosphorus filter. Average recoveries for
cottonseed samples fortified with 0.03-1.0 ppm mecarbam ranged
from 80 to 88% Average recoveries were 81-88% for mecarboxon
and 90-92% for diethoate (alumina column) and diethoxon from
samples fortified with 0.05-1.0 ppm Average recovery of diethoate
from samples cleaned up on the silica gel column were 84-88% in
the range of 0.05-0.2 ppm. Values obtained for mecarbam residues
in field-treated samples are also presented.

Mecarbam, S-(Arethoxycarbonyl-Armethylcarbainoylmeth-
yl)-D, O-diethylphosphorodithioate (also known as Murfa-
tox), is an organophosphorus compound having the struc-
tural formula (EtO):P(S)SCH.CONMeCOOEt. It is a
slightly systemic insecticide and acaricide used to control
scale insects, olive fly, and other fruit flies (1).

The 3 main metabolites of mecarbam, as described in stud-
ies of mecarbam degradation (2 ), are mecarboxon, structural
formula (EtO):P(0)SCH:CONMeCOOEt, the oxygen
analog of mecarbam; diethoate, structural formula (EtO):
P(S)SCH.CONHMe; and diethoxon, structural formula
(Et0).P(0)SCH2CONHMe, the oxygen analog of diethoate.

A gas chromatographic (GC) method using a thermionic
detector has been described for determining residues of the
parent compound in several vegetables and in olive oil (3).
In vegetables, the method involves extracting with hexane
or hexane-acetone and partitioning with acetonitrile; in olive
oil, acetonitrile is used for the extraction. In both cases the
extract is cleaned up in 2 steps: charcoal and Florisil. As far

Received January 24, 1986. Accepted October 1, 1986.

as could be determined, there are no published methods for
determining the metabolites.

The present work describes a procedure in which Soxhlet
extraction with chloroform after blending is used to deter-
mine mecarbam and its 3 principal metabolites. For mecar-
bam determination, the extract is partitioned with propylene
carbonate-petroleum ether (4, 5), cleaned up on a silica gel
column, and quantitated. For determining the metabolites,
the extraction procedure is followed only by column chro-
matographic cleanup of the oily extract and by quantitation.
GC determination with a flame photometric detector (FPD)
is used for all 4 compounds. Samples of cottonseed treated
with mecarbam in an agricultural trial were also analyzed.

METHOD
Apparatus

(a) Gaschromatograph. —Tracor Model 560 equipped with
flame photometric detector set at 525 nm. GC columns: for
mecarbam analysis, glass, 1.8 m x 3 mm id, packed with
5% OV-101 on 80-100 mesh Chromosorb W(HP); for me-
tabolite analysis, glass, 1.25 m x 3 mm id, packed with 4%
OV-17 on 80-100 mesh Gas Chrom Q. Operating conditions
for all 4 compounds: gas flows (mL/min), nitrogen carrier
40, hydrogen 60, air 110; Westronics M/T recorder (Tracor),
chart speed 0.4 cm/min; temperatures (°C), column oven 185,
detector 200, injector 220.

(b) Rotary evaporator.—Heildolph (Kelheim, FRG), or
equivalent.

(c) Blender. —Osterizer liquifier blender (Milwaukee, WI),
or equivalent.

(d) Chromatography columns.—Small glass column, 30 x
0.75 cm id with capillary opening and funnel at top; large
glass column, 40 x 1.70 cm id with 0.28 cm opening and
funnel (ca 200 mL) at top.

(e) Centrifuge tubes. —100 and 200 mL with ground glass
stoppers.

(f) Filter paper.—Whatman glass microfiber.



GREENBERG: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987) 871

RESPONSE

—

-

T T

O 4 8 0 4 8 0 4
TIME (min)

T —T

2 0 4 8 12 0 4 8

Figure 1. Chromatograms of mecarbam in cottonseeds, using 5% OV-101 GC column: A, 5 ng mecarbam standard (retention time

relative to parathion, 1.36 min; RT for parathion, 4.1 min); B, extract equivalent to 70 mg cottonseeds; C, extract equivalent to 28 mg

cottonseeds fortified with 0.3 ppm mecarbam; D, extract equivalent to 49 mg from field-treated sample (application 1.25 kg a.i./ha);
E, extract equivalent to 70 mg cottonseeds fortified with 0.03 ppm mecarbam.

Reagents

(a) Solvents. —Petroleum ether (bp 40-60°C), analytical
grade; chloroform; distilled-in-glass acetone (Frutarom
Chemical Laboratory, Haifa, Israel); propylene carbonate,
chemically pure >99% (Fluka, Buchs, SG, Switzerland)
(dfi.20).

(b) Silica gel. -70-230 mesh ASTM, Kieselgel 60 (Merck
Chemical Co., Darmstadt, FRG).

(c) Aluminum oxide-neutral. —Fluka type 507C. Heat 4
h at 425°C, cool, add water (10%) with shaking, equilibrate
24 h.

(d) Anhydrousgranularsodium sulfate. —(Merck). Heat 5-
s hat 130°C.

(e) Mecarbam standard and metabolites mecarboxon, di-
ethoxon, and diethoate.—Supplied by Murphy Chemicals,
Ltd, Wheathampstead, UK.

(f) Stock solution. —1 mg mecarbam/mL acetone and 0.5
mg mecarboxon, diethoate, or diethoxon/mL acetone.

Field-Treated Samples

In an agricultural trial conducted by the Luxembourg
Chemical Co., cottonseed received 3 sprayings of 1.25 kg
a.i./ha (formulation 50% a.i.) at 5-day intervals. Cottonseed
samples were taken s days after last application. Three rep-
licated samples of 500 g each from treated and untreated
cottonseeds were supplied for analysis. To obtain informa-
tion about the behavior of mecarbam in field-treated plants,
we analyzed 2 samples of each of the 3 replicates. To deter-
mine metabolite residues, we analyzed one sample of each
of the 3 field replicates. In the analysis for diethoate, one of
the 3 samples was subjected, for purposes of comparison, to
cleanup on both alumina and silica gel columns.

Extraction ofMecarbam and Its Metabolitesfrom Cottonseed

The same extraction method can be used for all 4 com-
pounds. The amount of cottonseed required depends on the
number of compounds to be analyzed. The method described

is for a 100 g sample of cottonseed, which is enough for the
analysis of all 4 compounds.

Weigh 100 g (or 60 g with a corresponding 60% volume
of solvent for determination of mecarbam residues only) of
a well-mixed representative field sample of cottonseeds into
400 mL beaker. Add 150 mL chloroform and let stand 1-2
h. Because better blending is achieved with smaller amounts,
transfer seeds in 2 portions to blender, add 140 mL solvent
to each portion, and blend 30 s at low speed and 2Vi min at
high speed. Suction blended mixture through Whatman glass
microfiber, using 2 filter papers. Rinse blender and extracted
seeds with ca 100 mL chloroform. Quantitatively transfer
extracted seeds to thimbles for continuous Soxhlet extraction
with chloroform for ¢ h. Dry chloroform extracts with an-
hydrous sodium sulfate and evaporate chloroform obtained
from the » extraction steps in a weighed round-bottom flask
on a rotary evaporator at ca 40°C. (Perform all evaporations
this way.) Add a few mL of petroleum ether and evaporate
again. Weigh flask again to calculate percentage of oil in
cottonseed sample. Use chloroform-free extract for analysis.
From 20-22 g oil extract, which is the amount usually ob-
tained from 100 g cottonseed, use 10 g for mecarbam in the
solvent partitioning step (4); transfer 4 g to silica gel column
for mecarboxon and diethoate cleanup; and transfer . g to
alumina column for diethoate and diethoxon cleanup.

Analysis of Mecarbam

Solvent partitioning.—Weigh 10 g cottonseed oil extract
into small centrifuge tube, add 12 mL propylene carbonate,
shake 2 min, and centrifuge 10 min at 1500 rpm. Pipet pro-
pylene carbonate phase (lower layer) into small separatory
funnel. Again extract the oil in centrifuge tube with ¢ mL
propylene carbonate and add propylene carbonate layer ob-
tained after centrifugation to first portion in separatory fun-
nel. Allow any traces of oil to separate and drain offpropylene
carbonate into a beaker, leaving ca 1 mL (which contains
remaining traces of oil). Transfer 10 mL aliquot (of total of
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Figure 2. Chromatograms of mecarboxon in cottonseeds, using

4% OV-17 GC column: A, 24 ng mecarboxon standard (retention

time relative to parathion, 0.28 min; RT for parathion, 4.6 min);

B, extract equivalent to 156 mg cottonseeds; C, extract equiv-

alent to 150 mg cottonseeds fortified with 0.2 ppm mecarboxon;

D, extract equivalent to 160 mg cottonseeds fortified with 0.05
ppm mecarboxon.

@ 20mL) ofpropylere carborate edract o bage (20 L)
antrifige e, add S0 mL each petrolleum etrerand vater,
ad srele vigarasly 2 min. Gntrifuge and dry petroleum
ether phese (4648 mL olure, equnalet t©4.6-4s8 gal)
with anhydrous sodium sulaieleld nafurel. Coontrate
petroleumetteredract toa fevnillilias farsliag dean-
Up Sep.

Silica gel chromatography.—P'&ESTa" gjassmool pILg
atbottom of srall chraratogrgphic collum, add 4.5g4ilia
¢, and topwith 1 5ecm lyarofsodium sdfe. Tap colum

o stk adsovbent. Qentatatively trasfar petroleum etter
edracthy rirsirg fliedavithatoa of I5mL petroleumetter
folloxed by 2 adtitical rirsssof 3mL 3% acetre npe-
trolaum etter. Hute colum with 100 mL 3% acetoe n
petroleum etter. Bigoorate sohvant almost o dryress and
dissohve resid e nacetae (minimum 3.0mL) farGC/FPD
Analysis of Metabolites

Silica gel chromatography.—Use frcleen,p of mecar-
boxon ad diettoate. Procedure arsists of 2 soessive
Cleanp stgs on diffaetsizad colums wsing gl &
ackorbnt. A, pack lage collum (@esaribed under appa-
ratus) by addirng, Inadar, adkesswool plug, 12 g Sliad,
ad 15cm anhydrous sodium sfe. Trasfer 4 g aotton-
s all edract dissohved N 40 mL petroleum etter o e
dry colum. Rirse flask4-5 tireswitha total of 125 mL of
2% acetare in petroleun etter. Fraction 1 aontains mostt of
tre al and can ke discardd. Maintain flov rae of 5-6 mL/
min. Use 230 mL of 10% aostore in petroleum etter a5
seoond elutirgsohvant toelutemecarboxon resid es (fraction
2. To remwer diettoate fran this colum, dae reeEhar
and use third elutirg sohat of 200 ML of 20% acetoe n
petroleum etrer (fraction ). Bgporate solhvent of fraction 3
ad add at lest2 mL acstoe farGC cetermination.
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Table 1. Recovery of mecarbam, mecarboxon, diethoate, and
dlethoxon from cottonseeds

Ree.,, %'
Diethoate
Added, Mecar- Alumina Silica gel

ppm  Mecarbam boxon column column Diethoxon
10 88+51 8+35 91+1.9 _b 91+1.9
05 86 + 6.3 - - - -
03 84+ 1 - - - —
02 - 86+24 9R2+0 88+35 900
01 84+1 86 + 3 NMV+19 84+0 92+ 38
0.05 - 8L+09 900 84+38 900
003 80+1.1 — — — —

*Values shown are average + standard deviation of triplicate (mecarbam
and mecarboxon) or duplicate (diethoate and diethoxon) analysis.
bBlanks indicate no recovery tests performed.

Some dll ranains afta-evgooration oftte sohvant of frac-
a2 which antairsmecarboxon, and o, actirtaaal cleen-
up Bperfomed using aother siliagd colum, tistinea
srall one (Cesribedunderapparatus). Add 5mL petroleum
etrer o dily reside (e of acstoe) Htaftar egooration
of tre secod eluate (frectian 2) and trarsfar to dhramato-
gaic colum pad<«ed with Siliacel as desoribed farme-
carbam cleanp. Rinse flak 34 tines with 2% acetaoe n
petroleum etter from a oA of 0 mL elutirg sohvent used
far fastelutio. Add 0 mL of 10% acstae in petroleum
etrertocolum o remove ksttracssofdl. Change receeMing
fldkand use 110 mL of 10% acstare inpetroleum etter ©©
elutemecarboxon resides. ohatalhost todry-
ressand disohe inat lest 1mL acstoe Tar GC determi-
retian.

Alumina column chromatography.—Use ﬁrclmp of
diethoate and diettoon. Place asrall glesswool plugattre
bottom of srall chroretograchiic colum. Add 5gallumina
ad coserwith 2 cm anhydrous sodiun se. Trasfer 2
g chloroform-free cottorsssd dll edract dissohvad N 20 mL
petrolaumettertocolum. Rinse flaskthorouchlly 3-4 tines
with 3% acetore inpetroleum etter and trarsfarto colum.
Use atod of 60 mL of 3% acetore inpetroleum etter far
rirsirgand elution. Change receiving flaskand add 100 mL
of 20% acstae in petroleum etter o elute diethoan and
diettoate. Maintain flovratie of 2-3 m/min fardl eluias
fronttesrall colum. (ftte eluion rate stoo slovduring
weehings, inoeese itby eartirg didt pressure with glesss
stirrg rod on sodium suliae ba) Bigoorate sohventand
dissohe reside nat kst 1mL acetore far GC determi-
retIon.

GC analysis.—Use 2 colums fTor ia: 5% OV-
101 colum farmecarbam and 4% OV-17 colum far tte
metetol ites. Use peek reigtmeasurement fardeterminataon
ofdl4 . Retention tines far tre netatolites on
the 4% OV-17 colum are diffaat, thus eebling sinulta-
neous cetermiretion.. Note that sinediettoate can be eluted
fram both alumina (toetter with diethoan) and sl
oolums (fraction J), quentatation of dll 3netaol iteswould
il be possibleeven iftterevere no differaces Inretenion
times on aparticlar GC collum.

Results and Discussion

For aelysis of renary, stadard solutian of mecarbam
arofmetaolitesvas adoed directly to the cottorssads about
1 h befare sohantves aded. In most aees, aottorsssts
vere Trtifiedwith dlil 3 retaolites toetter. Ina fev s,
ottosss were Tartifidwith dieticate alae or with die-
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Figure 3. Chromatograms of diethoate and diethoxon in cottonseeds, cleaned up on an alumina column: A, 12 ng diethoate standard

(retention time relative to parathion, 0.7 min) and 12 ng diethoxon standard (retention time relative to parathion, 0.5 min); B, extract

equivalent to 83 mg cottonseeds; C, extract equivalent to 66 mg cottonseeds fortified with 0.2 ppm diethoate and diethoxon; D, 3.5

ng diethoate standard and 3.5 ng diethoxon standard; E, extract equivalent to 83 mg cottonseeds fortified with 0.05 ppm diethoate;
F, extract equivalent to 87 mg cottonseeds fortified with 0.05 ppm diethoxon.

thoxon plus mecartoxon as en atdrtac el dedk far narfa—
iy peeks on the chramattogram ofallunina colum et

The aerage reovery ofmecarbam fram cottorsseds Ta-
tifiat lbals of0.08-1.0 ppm wes 80-88% (Teble ). Typ-
i chromatograns ofastathrd, untreated cottorssed sam-
pleand ofsanples fartifiedwith 0.3and 0.3 ppm areshonn
in Agure 1. Teble 1 also shons remnearies of mecartoxon,
diettoate, and diethoxon from cottonsaesos fartafadiwith dif-
faat kds of retaolites. At ikig ledks of 0.06-1.0
pom, mecartoxon was 81-83%, and ramweries of
dietate (@lumina colum) ad diethoan vere 90-9%.
For diettate eluted fran tre lage ailiage colum, reco-
arywes 84-88% atgoikirg leels of0.06-0-2 ppm (Table D
Typical chraraetograrns ofstarchrds, untreated prod cts, ad
saples fartifivithretaoliitesat0.06-0.2ppm areshoin
N Agures 24. FAgares 3 ad 4 show chraratograms of
dietroatecluted from2 diffaetoolums; inchrometograns
C and E of Figure 3, dietttate s eluted fram an alumina
oolum, and inchromattogram B ofFigure 4, itiseluted fram
tre siliag colum.

The recammended maximum amounts (1g) injected far
tte 4 compounds are tihoee Idicatad N each a2 on tre
chraratograns. Their vollures injected from te frdl ex-
tract OIS (& Analysis of Mecarbam a Analysis of
M etabolites) Were 8 fL farmecaribam, 9i:L farmecarboxon,
ad 10 fiLfordietroate and dietroon.

From tre daadaristics of tte chramatograms of sanples
fatifhed a lov ledks and from tre asanee of nafaiy
pealss intte untreated saplles, tre Iimit of detectaon besd
on an aerae sigalHooie rao of 5 ¢)was about 0.015
ppm farmecarbam, diettaate, and diettoan, and 0.020 far
mecarboxon

Fordlil 3retaolites, 3columsareraquirad ntrecleanp
5. Honly dietioate and diethoon ae tobe aalyzd, an
alumima colum B sfiiaet, ad ifmecarboxon alae or
mecarboxon and diettoate are tobe aralyzd, anly siliagd
oolums are reguirad. In tte cleanyp of mecartoxon, an

attenptwes made touseasigiesrall slagd colum ad
aly 1.5gal edract irsteed of usirg 2 colums faral re-
nmoval . Honever, iaffordd lonver recoveryvalues and poor—
a rgaalchility.

RESPONSE

T T T T T T 1
0246 02468
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Figure 4. Chromatograms of diethoate in cottonseeds cleaned
up on a silica gel column: A, extract equivalent to 83 mg cotton-

seeds; B, extract equivalent to 72 mg cottonseeds fortified with
0.05 ppm diethoate.
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To determire the behavior ofdll 4 compounds on tteGC
oolum, the OV-17 collum was tested also far mecarbam.
In addirtian to mecarbam stardard, firdl edradts of an un-
treaied cottonesad saple and of a fartified saplle were

. About tre same retention tine rekatie o para-
thian, 1.00n 0v-17 vs 1.3 on OVv=101, and resose fr
mecarbam starcard and similar chraretograns fathe ot
tossed saples were foud on both GC colurs.

Intreaalysisoffield-treataedsaplles @ redlicass, 2 sam-
pleseadl) treaerapeallss and stardard deviatias (pom)

fa-mecarbam residesvere 0.11 + 0.014, 0.148 + 001,
ad 0.085 + 0.056. The oaall aerae and stathrd de-
viatin far dll 6 saples wes 0.11 + 0.04 pom. A dwo-
matogram of a fidldtrested sanple antaining 0.16 ppm
mecarbam Bshomn inFgae ID. None of tre edradts of
fieldtrested sanplles displayed pedls at tre retention tine
of mecarboxon, diettcate, or diettoan.

Of dll tre altarative methods used inworking with aot-
toesas inaur lovatary, tre edractionmethod desaribed
here, whiich carbines advantages of 2 ways of edractiay-
rerely, blerding and Sohllet- seans 1o be the most st

dle. We have usad itin et years intte ashlysis of a-
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Two Enzyme Immunoassays to Screen for 2,4-Dichlorophenoxyacetic Acid in Water

JAMES FLEEKER

North Dakota State University, Biochemistry Department, Fargo, ND 58105

Two solid-phase enzyme immunoassays were developed to measure
2,4-dichlorophenoxyacetic acid (2,4-D), using 2 sets of structurally
distinct immunogens and enzyme ligands. The 2,4-D analog, 2-meth-
yl-4-chlorophenoxyacetic acid (MCPA), gave a similar response with
both methods, whereas other phenoxy herbicides cross-reacted dif-
ferently. In method A, the aromatic moiety of 2,4-D was distal from
the carrier protein and labeled enzyme, whereas in method B, the
acetic acid portion of the herbicide was distal. The use of both meth-
ods to screen for this herbicide in ground water and municipal and
river water reduced the number of false-positive responses. Water
sources having a low background response could be monitored with
either method alone. When a concentration step, with disposable Clg
extraction columns, was used, the limit of sensitivity was 5 /tg/L.
Method A was the more sensitive of the 2 methods with a limit of
detection of 10 gg/L without the concentration step.

The ledly esteblidad limit far tre herbicick 2,4-dichlaro-
pheoxyecstic acid (2,4D) inpoteblevater 501 ppm ().
As an inportantpliutant, itismonitored inmunicipal water
ad ground vater. It Bmost commonly determined by ggs
chraratography (0) after dernatizatin o an ester Q. A

radioimmuncessay (RIA) hes been desoribad far the deter—
minattdion of 2,4-D inground vater @); honever, many leb-
aatriesarerotequipped fartendling radioisotgees. Herelin
are desaribed 2 enzyme Inmunoassay  (E1A) methods tret
may ke used toetter aralae o detect 2,4-D invater.

Received May 15, 1986. Accepted November 7, 1986.

Experimental

Apparatus

(@ Extraction column.—C8 TBr-6). Before ex-
traction of sarplle, wash colum wath 5 mL metharol Tol-
loned by S5mL vater.

@) Gas chromatograph. — TracorModel 222&1.linﬁj\l\li1h
a\i cetectorand 2mm X 16m giessaol-
umn packed with 10% OV-1 on 80-100 mesh Gas-Chrom
Q. Qrerating cxditias: colum, 160°C, inresse t0 20°C
at 15/min, sartirgat tine of injectian; ingsotar, 230°C; de-
B, 20°C; amar gs, nitragen ab 40 mL/miin; cetector
OB, Nitragm at 50 mL/miin; cetector sasitivity, 2 X 10 ©

(c) Liquid scintillation counter.

Reagents

(@) solvents.—Reegart grack.

©) 2.4-p[2-,4c]1.— (Arersham Cap., Adington Heidits,
IL 6000B), 28 mCi/mol . Check for radiadhemical prity
with siliagd thin lhar petes.

@ Developing solvents. —Dietfyl ether-feae-fomic
aid (0 + D + 2 ad eth acetate-famic acid (B + 2).

Analyticalreferencestandards ofchlorophenoxy acids. —

Cotained fran EPA Stardards Ryositary, Research Tri-
aglePak, NC.

(e) Internal standard. —SlH'IZbrdﬂLB’E[‘AC_l.

@ solutions.—pi buffer.—0. 1M sodium grogdate, 1mM
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MgCL, 3mM NaN, ([H 749 Assay buffer. —h bﬂ'ers,p—
plerented with OJJ”ﬂ M - Wash buffer. —Pi
huffer syppllemented with 0.1% Tween 20. substrate solu-
tion.—Assay hiffer sypplamartedwirth 100mg 4-methyllum-
kellifary-/3-ltcsl coating buffer. —0.025M sodium
caborate (pH 90).

@ Immunogen A. —Tosoluljmof42mg 2,4—D[14C] @.]9

mol, 2+fid ¢C) and 22 mg Arhydraxysuocinimice (0.19
nmol) in2mL dioae, add 0 mg (0.19 mmol) n,N'-
digcldeylcabadiimice in05 mL dioae. Let olution
stad oemight at room taperature, then filleto remove
precioitate. Remove sohantunder reduced pressureat €.
To reside, add 3mL 0.15M sodium borate (pH 9) antaining
500 mg boviine serum albumin (B38). After 45 min atroom
taerature, dialyze solution aopirst Pil bffer, then with
0.IM ammonium fomate, and firdlly agpirst 2 danges of
vater. Freeze-dry dialyzed solution. To estinate amount of
2,4-D[1C] bound to protein, dissolhve 5mg portian of prep-
aatian in 1mL water axtaining 10mg 2,4-D diethyliamine
it After &0 min, pess solutian thraugh Sephedex G-75
oolum. Measure £ found with void volure and Lee this
\alLe to estinate herbicice bound to protein. Typically, a
15 noles of 2,4-D Bbound per nole of protein.

Q’]) Immunogen B.— Prepare 2-chloro4ni
acticacid by tremethod of Brown and McCall @). Dissolhve
5 g ofithis conpound N 60 mL eth acstate and add 08¢
5% R/C. Wirth stimirg, trest far 1h with H 2 atatmospheric
pressure to dotain 2-chloro-4-amingoheraxyeceticaad. Re-
ayddlie from metrenol-water (np Bgreater then 250°C
BD. Sar ssgasion of ino acid (180 ng, 09
mmol) n4mL of 1.O0MHC1 at2-5°Cand aod 80mg (L.17
mmoll) sodium nitrite in 1 mL vwater over 3 min pariad.
Continue stimirgand aoolirg aother 5 min. Add and dis-
e D mg solidammonium subfarate. Add 2.0mL ofthis
olutiondrgpviise 10 500 mg porcine thyragidaulin n40mL
of 1M sodiun carborate (pH 9.5), vhille stirrgand aolirg
N icevater keth. Cotinue stirg and aolirg 2 h after
additian sanplete. Pass degpad solutian through Seph-
adex G-75 colum equilibratedwirth 0.05M ammon ium far-
mate. Collect naterial elutirg at void volume ad fiese-
ory. Repeat reection Lsing BSA  in place of thyragidaulin.

@Antisera.—DiS%l\B irrmunogen in0.9% sallre (2—4
mg/mL) and homogenize with eqLal volure of Freunds
aplete adjuatt. Immunize rabits every 10-14 days far
3monthswithO5mL portiasofhanogenized inmunogen.
Altarrete e oF BSA and thyraglidoulin anjucaies. et
intransulartly nflak, buton everythird incculation ingect
naterial sboutaneasly ate-s Sieson trebadke Treatant-
sawitheoal volume of 70% saturatedammonium slie.
Gnrifie, then tee up tre it N0O5mL of 0.9% sAlire
ad dialyz gpirst .aral dagess of tis soluian. Add
enal volure ofgiyaadl todialyzd solutionand staregldo-
ulin fractian at -20°C.

a) Labeled enzyme A —
method ofCheo etd. ¢). Reflux 1.7g (7.8 mmol) 4+ale-
imidobarmoic acid in 20 mL toluae and 20 mL thioy
chlaricefar6dmin. Gool and remove sohatsuder reduicd
pressureat BT Add I5mL toluereand remove egainunder
the sane aoditias. Take up acid dhlorice N 20 mL dry
tetrahydrofuran (TH). With aollirg, add ecid dhllorice o
dinedsolutinof 18 g2,4-Dhydrazice In20mL THF. Sir
60 min, then refiux 30 min. The pradct, 1-(G-raleimico-
b )-2-Q,4-dichlaghaoyecstyDhydrazire (licad A),
sgaraeson aolirg. Raystallize fran dimethyformemiice
OvP)~vater G+ 2) [mp = 240-242°C; H NMR: 50k S,

2,4-D hydrazice by the 95% etrarol 1 12 X 75 mm

DVMSO<76-CDCI3, 1+ D= 7281 (m, H, auatic), 4.8
s, 2H, CHa,3.3(s 2H, NH- NH)]

To remove thidl resgats fran comercial E. coli Bg
ledosickee (Sigma 5635),, pess 2500 units through Sephedex
G-75 colum (1x15 am) aquilioatedwith Pi bufiar. Rool
fractios antaining enzyme (2.7 mL) and dilutewith 50 ixL
DMF antainirg 50 ixg liggd A. After 3 h, sgarate derive-
iz enzyme (leeled enzyme A) from unreected ligard by
chraretography on Sephedex G-100 aquilibratedwith assay
hiffer. Dilute laoeled enzyme A with equal vollume of glyc-
aol ad stoeat -20°C.

Estimate enzyme activity remaining after anjuogtdian re-
acticnand chramatogrgahy by tremethod of Dray etd. ()
Wsing 9r7/onitqdenA-/A-cpllactosice. Sy peroant of e
adtiMmitywes recoarad.)

® Labeled enzyme B.—Reflux 680 mg 6.2 mnol)
4-malleimidobermoicecid n 10mL toluaeand 10mL thion-
W dhllariicke 1 h and work up tte in a5 cesoribed
aowe. Dissohe acid dillorice n 15 mL THF and add 600
mg @Gmmol) 2-chloro-4-amingdeoyecsticacd. Aras-
pensian 60 min and refluk 0 min. Add 5mL watervhile
solutian Bnarm. Let aooll and dotain pelle yel lov aystals of
2-chloro4-(-raleimiddoazamico)henoyeccticacid (@
2yme-ligand B). Ranystalliz frometterol [mp = 25-227C;
*"HNMR = <SS, DMSO-1/9= 7.28.3 (0 ,H, aoatic),
8.7 (bs, IH, NH), 49, 2H, CH}

Remove thdl rem1sfrmm coli /3-¢cplctosichse (B000
units) usiing Sephedex chramatography es desaribed aove.
Cool enzyme solutian @) and dilutiewith 20 jx. solutian
antainirg 10 mg ezyme-liggnd B n3mL DMF. After 3
h, sgarate dervatizedenzyme (laelad enzyme B) fram un-
reected ligardby chraratography on Sephedex G- 10 aepil-
ibrated with assay hufiar. Dillute with equall vollure ofghyc-
ad and stoe at —20°C. @Eiftrsix parant of the enzyme
actiMityves renarad.)

Extraction of2,4-D from Water Samples

Proosdure isessatial ly tratdesarited by Yip @) Toveter
saples (LOLD), add 5mL 6M H2S04 and stare incovered
gkssantainas inttedark ac4°C farup o D days Q. To
edrat 2,4-D, pess S0 mL alig.ot ofacdified vater sanple
throuch preneshed Cs collum acoording o nerufecturer's
directios. Wash colum wath 5 mL of 0.01M HC1, then
fae gentde stream of air through colum o remove ecsss
vater. Hute colum with 5mL methanol and cllecteluate
insrall te. Remove methanol bywarming solutionat40°C
vhille under stream of niragn gs. Take Up reside in 1.0
mL Pi buffer. Use this solution directly inassay protool.

Coating Titer Determination

Praare sad diluios (12 or 1:3) of anisera naating
bfier, dartigat 1:1000 dilution. Add 1.0mL portias of
thes. After 0
min, draiin tes and dry. Add 0.6 mL portias of immu-—
rogidulindilubios od plicate tues. Innbate4ha37°C
ar 18 h atroom taperature. Agpirate aatiing soluianand
rirseeach tuoe oncewath 1.0mL wash lufferand ticewith
10 mL Pibufier. To eachtube add 0.009 unit of gyorgoriate
laeladenzyme N0.5mML essayhuffarand inbateovernigt
(18 h) atroom terperature. Aspirate solution and wash tte
tbes tice with 1.0mL portias of essay huffer. Add 0.5
mL slstrate solution and incate 60 min ak 37°C. Stop
reecticwith 1L.0mL IM Na2C O 3Measure fluoressaewath
editation a 360 nm and emissian at 448 nm. Choose di-
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a@O—CH 1j jC-NH-PROTEIN
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Cl Method B

HAPTEN STRUCTURES OF IMMUNOGENS

m@o CH,~ CNHNH @{1

Cl
Method A ENZY ME
0
Q
N C-NH O-CHZ-COOH
s 0 Cl
1
ENZYME
Method B

STRUCTURES OF ENZYME-LABELS

Figure 1. Structures of 2,4-D, the haptens of immunogens A
and B, and the enzyme labels for methods A and B.

lution of antisara far Lee I IMmunoassay which binds aa
60% ofmaximum amount of labeled epyne.

Assay Protocol

Coatt and wash tubes as desoriied for tita- deteyminetaan.
To each e add 01 mL saple, stathrd, or antrol so-
lution A bufferand 0.4 mL dilluted lebelled enzyme con-
tainirgsame ol adtivityusaed inccatirg protool. Inoate
oemigt (18 h) atroom tevperature. Agpirate soluianand
wesh tice with 1LOmL portias of sssay uffar. Add 05
mL sbstrate solutionand inouate 60 min a37°C. Add 1.0
mL of IM Na2CO3and determire flloresae. Prepare stan-
card aurnves firam tubes antainirg betiveen 10 and 500 ng
2,4-D per te. Determine each cocentration in ripdicaie.
Replicate blark far stadard aunve with aminimum of 12
tubes using Pi uffar. Coomntration of 2,4-D et gines re-
sooee 3 tines tre stacard deviation of tre mean blark
repoee B limit of cetection. Aralyst must estebllish tret
dstillevater camied thrauch concentration protoooll gines
regree similar o blaks.

Results and Discussion

FAigure 1shons tre stiitures of the hepten noiieties oftre
imunogens and tre enzyme ks used Inassay methods

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

Table 1. Cross-reactivity of antisera

Cross-reactivity"

EIA EIA
method A method B

24D 1.00 1.00
2,4-D amide 8.33 <0.003
2,4-D butoxypropyleneglycol ester 357 <0.003
4-(2,4-Dichlorophenoxy)butyric acid 0.50 <0.003
2,4,5-Trichlorophenoxyacetic acid 0.05 1.00
2-(2,4-Dichlorophenoxy)propionic acid 0.07 <0.003
3-(2,4-Dichlorophenoxy)propionic acid 0.35 <0.003
2-Methyl-4-chlorophenoxyacetic acid 0.60 0.72
2,4-Dichlorophenal 0.10 <0.005
Diclotop (acid) <0.05 <0.003
Fluazifop (acid) <0.003 <0.003

* Cross-reactivity is defined here as nmol 2,4-D causing 50% displacement
of labeled enzyme per nmol of tested compound causing the same dis-
placement.

A andB. Inmethod A, the distal portian oftte hgpten ad
enzyme kel rpresanttreararatic noiety of the harbicice.
Inmethod B, the acsticacid moiety of 2,4-D sreoresantad
in tre distal portian of e hgpten and enzyme HEl. The
antibodies produced o these hgptars were eqoected o ke
most geafic o the distal portion of e grap.

Both methods detected 2-nethyl-4-ahl
acid (MCPA) rerlyssvell s52,4-D (Teble ]).Otharman—
axy harbicidss auch as tte estars of 2,4D, 2.4,5tridlao-
phenoxyacetic acid 2,4,5-1), and 4-2,4-dichlorgten-
aydutyric acid (2,4-08) atss+eectad vell with anly one
oftte 2 methods. Estars of2,4-D are repidily hydrolyzed t©
24- D nte eviromat (0), ad tre amide of 2,4D B
not usad as an harbicice (11 ), traefae, these compounds
are ks lidy to gypear inground or surfae vaters. When
both assay methods are s, anly 2,4-Dand MCPA sauld
give similar resoosss neittarnetihod.

The limitofg.entitation fartre studyves the cootra-
tmof2,4-D tret gave a regooee 3 tines tre stachrd de-
viation of tte mean of tte blark resose far tte lestsen-
sitivemethod (rethod B). Thiswes 5ng/ml of 2,4-D intte
solution tobe edracted, or 50 ny/tibe. The method A Iiniit
of qentatatian uder trese aaditias was 1ng/ML; how-
agr, trerenaryeqerinatswere amiadatwithsaples
fatifiedat 5 ng/hl.

The of 2,4-D[iC] with the microocolums wes
A+ 2% (n = 18)when ground vater and rivarwater were
fatfeda 5.0 ng/Mi. The groundhater saaples (n = 16)
from this eerimnt vwere analyzed by the EIA nethods.
Method A gae an assay mean of 54 + 19 mg/ML, ad
method B asssygae 52 + 2.4 ng/Mi.

The performence ofan RIA method develgped eerlir in
this loatry @) wes ot compared o tre presat EIA
methods. The prgparationoftte iadirated ligardused intte
RIA was rnecsssary every 2 nonths, wheress tre ligpoHa-
keled enzymes have been steble over a 12 month pariad.
The oftre RIA varied with eech pregaration
of tre icdinated higaol

The wse ofboth EIA methods wes Felpful in ealuatirg

sone faleqsithe dotairedwhen aralyzirgrivar
vater sarplles fram sauraes inNorth Dakota.and Minnesota.
Method A irdicated 7 of 11 saplles aontained >5 ng/mbL
24 D, andmethod B irdicated 4 of 11 sanplles as psitive.
OnIyZSarplescftre 11 vere psitive by both methods.
Gas dhraratography indicateddll 11 saaples antained <0.5
ng/mL of2,4D, MCPA, ar2,4,5T. Sixty-niregroundaater
sarplesmereal&aablzajbyElA butno psitive resoorsss
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Figure 2. Comparison of the 2,4-D[C] levels measured by the

immunoassay methods, to 4C recovered. Water samples were

fortified with 24C-labeled herbicide and carried through a con-

centration step. Concentrates were assayed for 4C and for 2,4-D
by EIA methods A and B.

were dotained by EIA and no ges chramattography wes G-
ried aut on trese saples.

Sbstances presant inground water or Surface vwater may
afiect the Immunoassay tedmige. For irstae, drectrapic
agants such as cetergants may ke presant in sfficet con-
antration o radce tre interactian between antibody ad
ldelad enzyme and cause a falsejasitive regoree. Another
e of faleefsitive regaorsss (saple-matrix dfiets) B
sntteticar ratural stances tratweekly Inaractwith tte
antibody compared 10 tre strag interactian by tre aalyte
hut are presnt ata siffiaantly high cccantratin toginve a
Tesithevallewith ttesssy. A sstane et narfaes
with ane inmunoassay systemmay interfaetoamuch di-
faatedat ina dffaat imuncessay. The ue of 2 im-
muncessay methods far 2,4-D, arsistirg of 2 diffaatan-
tidiesand 2 diffaateapyme-licgd stictuss fartte same
aselMe, Ban attenpt toovercore @ty tre saple-ma-
trixvariation one may eqoect fromgroundvaterand surface
vater of diverse aoposition. When diverse vater Sorces
acaslyal, trematrix\ariation Iimitsan inmunocassay o
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Figure 3. Standard curves for EIA methods A and B.

ey pUosss ratterthen quentitation. Foragivenvater
suce, tre aopositical \eriatinmay be srall, and then
an Inmunocassay may be useful far

SD(grardAatersanlesltEt\/\erekrmntoamaln@ 5
ng/mL of2,4D, MCPA, or2,4,5Twere fartifidwith 2,4~
D[] & ledsragirg fran 5.0 o 70 g/l The Tartified
saples vwere aonoantrated with the microocollums and as-
sayed by EIA methods A and B and by i€ determiretion.
The realtsare shown inFigure 2. Stanchrd response anes
aeshon nFgre 3

On arautire kesis, tre heterogeneaus EIA tedmige de-
sribedhere canbe usad oaralyzea latenurber ofsanples
more rapidly thenggs . A vater suce ttet
danically veries itk fron day 1o by, such as municipal
vater arground vater, aould be analyzed by eitter of tre 2
methods alae. Inthisase, method A coulld be ussdwithout
a aEntration .

Immuncassay methods have been desoriibed Tar difiuoen-
aron (@), dlasuiu @), diclorfopnethyl @), ara-
zire (), and paraguet (16, I7). Diffarat ks vere usd
in tree nethods, eitter flloesat, eryme, or redioiso-
toic, but dll were solidHtese methods inwhich a pollysty-~
rae sufae was aoated with a protein-ligerd anjucate ar
hes a dissdventage in tte tine reguirad forthe costirg and
weshing dgs. An altarative tadmiq e, the hanogeneous
imunoessay, difastreadvantage ofelimiretingtrese sigs
and shaulld ke examined Taraalysis ofeviramental sam-
[0 =4
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Gas Chromatographic Relative Retention Data for Pesticides on Nine Packed Columns: Il.
Organophosphorus and Organochlorine Pesticides, Using Electron-Capture Detection

SUSAN M. PRINSLOO and PIETER R. DeBEER
Plant Protection Research Institute,

The retention time relative to parathion, absolute retention time,
concentration range, peak asymmetry factor, and peak shape class
are given for each of 42 organophosphorus pesticides and 28 or-
ganochlorine pesticides analyzed by gas chromatography (GC) on 9
different packed columns. The packing materials used were 3% SP-
2100, 1% Dexsil-300, 3% OV-17, 1.5% OV-17 + 1.95% QF-1, 4%
SE-30 + 6% QF-1, 3% OV-17 + 3% OV-210, 5% DC-200 + 7.5%
QF-1, 3% Carbowax-20M, and 4% Reoplex-400. Retention data were
determined at 200°C with a carrier gas flow at fiqu, using a &Ni
electron-capture detector. Results should be useful for preliminary
identification of environmental samples and also for single or multiple
pesticide residue analysis.

In(:mtlnﬁumoﬂremorkcmem relatie retentaon cata

9 padked colums by usirga @i eler:lmualue

ED). ECD su=iul farsirgle-aonporentand nultireside
aviromattal saples antaining argaodilorire pest-
aoks, hut itcan also ke usad to detect most organohos-

phorus

A pblication by Bot and Holllings @wes usad asaguice
o dhoose the organgphogahorus and argarnochlloriire com-
pounds. Furthremore, atprochlorire retaolites asvell e
disootiinued orgarochllonine pestiicices such as dieldn, e+
orin, and DDT, were incluoed because they are il fourd
inteaviromnt @, 4.

As previasly stiated, tretrad inresidle BOUe
Gilkay colums ©), but pedked colums are dill wickly
usd as illstratad intte most recant Trarsnittall Notdaes of
tre U.S. Bviromental Protection Agency Resticice Ana-—
acl Manual ¢)where most aslivtical tedioues farpes-
tacicss il geeaafy peded colunrs.

The same aitaiausd estadlish tre previass retentian
inckx () are usad agpinwith some milnor nodificatias.

Experimental
Apparatus

A Varian Model 6000 gss chraratogrgoh, ecuipped with

&\ ECD, was aoypled toa Varian Model 401 data systan

(Varian InstrurentGroup, PaloAlo, CA 94338). Qoeratiing

axditiasvere ss Tllos: taperatures (O), injectionport
225, colum oven 200 ,ad detector 280; Nt Gaiargess

Received May 2, 1986. Accepted September 5, 1986.

Private Bag X 134, Pretoria 0001, South Africa

flovwes st at fifl far eech colum, as determined with
parathian.
Reagents

Reegentsvere the same asusad intre faststudy (),

et
tratatmogderic ainves used todetermine gesholdup time
fartre alaulation of aerae lireer ges \eladites.

Column Preparation

The same 9 colums evalluated previasly (D) were used
todotaintre s Tathe 2 pssticidegraps with electra-

Gpture cetection.
Column Evaluation

An oven taperature of 200°Cwithan gotinal amierges
flovdetemined with parathianves ussd toevaluate dll ol-
ums. The reigtequnalat oae treoretical plate (HETP)
wes determined as desriibed previasly (D). As mentioned
e, atmogaherric air insteed ofoutare was used toceter—
mine the aerage lirear ges \elacity ofeach collum by In-
Jeirgca s it to produce an unretained peslk. The number
oftrearetical plates ¢ )atwqd fareach columvies e same
&s previasly rgorted ()
G C Procedure

The GC procedure wes eactlly as previasly rqorted ().
In actirian, secial care wes taken 1o ue anly pretested
Sd\efisaﬂsm]allycleeraj lessnare 1o avoid cottami-
rent peeks and d:rmallyvvicb ohant pesss trat could
inerfaewith the measurement of eary-elutirg peeils.

Table 1. Peak data of the 9 columns evaluated

':;lg'ngf No. of compounds
in each class*
pounds .
Columm eluted 1 2 3 4
3% SP-2100 43 2 19 6 2
1% Dexsil-300 48 8 35 4 1
3% OV-17 48 22 21 4 1
1.5% OV-17 + 1.95% Q~1 51 2 42 3 4
4% SE-30 + 6% Q~1 55 12 A 5 4
3% OV-17 + 3% OV-210 4 17 19 2 3
5% DC-200 + 7.5% QF1 45 21 22 0 2
3% Carbowax-20M 13 18 19 5 1
4% Reoplex-400 48 10 % 3 4

*Class refers to peak symmetry.



Alphabetical list of all the organophosphorus and organochlorine pesticides tested on nine packed columns using electron capture detection

Table 2.
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Peak Shape

The pesk dissification afitaria desribed in the previas
study (D were wsd, where the folloving 4 diesses of pesk

sgesweredistirguidadr: 1 asymetry fadtr<12;2,>1.2
but<2.4; 3, >2.4but <3.6; and 4, >3.6. Cless 1 sessatidly

asymetrical pesk.
Detectable Quantity Levelsfor Pesticides

The same aitaiadcesarited before ) vwere gplied o tre
electron-caoture cetectr. The electran-Gapture detectornvwes
rotaffectedby tre lovaverace liresrges\eladities, and much
lover aontratian lealsaoulld be detected. Fournew guan-
tity b dlsvere th s selectadand given tte fol lovirg syntoolls:
A = 1-10pg; B = 10-10 py; C = 100-100 f; D = 1000~
10 000 [@-

Results and Discussion

The peak shepe dissess, artkrofelution, dsolute retention
nes, reldtile retention tines of dll the pesticicks, and te
eactaolute retentian times adpaa-
thicnarepresanted nAigurss 1:-9. A summary ofttenurber
ofcompounds traetwere detected on eech colum asvelll a5
the nurber Ineach diess Bpresanted inTablle L Retendan
times e o parathian, peek asymetry fdas, ad
arEntration rages for dll pesticicss are presated nTa-
ble2 .

IFtre relative retention tines of tte
pesticicss inTeble 2arecarpared with tre relative retentian
times inTable 2 oftte previas paper ), itsears tat tre
majority ofcata faragiven colum agee, inregectiveoftte
chtector used. Gartain pesticacks auch as tetrachlarvindos
ad shoned e diffaateson almost dl ol-
umns ealuated. Some pesticidess shoned diffaraesanlyon
sedaficolums, eg., bronchlorphos (OV-17 + 1) ad
diaotgdos (&30 + D). The poesihility trat tre diffa—
assare de toenar Bruled aut becase of precauticary
messures cesorited erllier )

These diffarates can be asribed to the themollebille ne-
tureoftre leat pesticidssand the fact thet thermall deg-
racaticnmay take pllace themoment the pestiicice Binjected
inbaheated GC colum ). Itcmld, ttadiae, e ttet tte
partoftre pesticice antainiry atommay sep-
aratefrunﬂemttov\hld]ﬂeECD BEte. Detectin
of the pesticick by electron cgpture and by tre flare pho-
toretric cetector (FPD) attte same retentian tine does ot
recessarily irdicate tret the pestiicick did not bresk doan,
lut tret both cetedtors are saEItie o tre same themal

Reoat litaature @) inticates et hlapyrifcs sprefanrsd
asa refarate compound far relative retentian cita. Unifor—
turately, much of the dcata far this peper hed allreedy been
dotained by usirg parathicnwhen thet study vwes plollishad.
The asolute retention taires of both parathion and dhlar—
pyrifcs nFAigures 1-9ae riported o ttat tre data cen essilly
be anerted 1 thoe far dilapprifcs as refarate com-
pourd.

The sare aerace lirer gss \elaoitiesvere used fareach
colum as desaribed previasly (). According o Kirkdlard
etd. 9, sriasanas inplate conts can coar iftteegua-
ton = (t(r wh2 Busad on even noderately Gillirg pes.
Threecolums cave \alussofimore then 1.2with
parathion, recely, tre Desil-30, tteOV-17 + 1, ad
tre Regple40. Intte previas paoer (@), 6 collums cae
asymetry values of more then 12 This anomaly camot

ke eplained, but itould ke attribteble O the cetector
because dll otter axditios and parareters vere tte sane
farboth studies. The reesas Tanusingparathiantodetermine
Ml insaite oftre feottret itgives asymetry values of more
then 1.2 on same collums wes previasly disassed (1)

Acephate, chlordimeform, dflucearon, feramiphos,
monocrotophos, oxydemetonHme, arethoate, im, tem-
gds, triaays, and tridilarfndid noteluevrthin2 h +
10 min fram any oftte colums weed, wWheress otter pesti-
cicssdid not elute from cartain colums (Shoan by deEes).
The rees may be thet the pesticicss have vary dart re-
tention tires and eluted with the sohant fiot, or tret they
eluted aftar tre 2 h tire limit, or thet e
cetector ves ot sasitive 1o the compound or isthemal
cegrachtion pradcts. Some compounds ehibited nulGple
peeks, whiich praaeblly irdicate decaposition or npurties,
ad ntree aass ttempjor pesk wes used todetermine tte
ghenchia

On the SP-2100 colum, 48 campounds were detected, of
which 40 Hl inbb desses 1and 2, and 8 Hll into disssss 3
and 4. On the Dexsil-300 colum, most compounds Al into
dess2withanlya fev ndiess 1and dessss 3and 4. These
2 colums may ke more suiteble farsingle-corponent anal-
VIS Since sgaration between pedls Bvary oo

The distribtionofpeals on theOV-17 columwes ketter
then on tre previas 2 colurs, but prablens with sga-
ration might sl ke encounterad i cartain retention tine
dats, prticdady ifulairesid e aslysis suthraden. A
reesreble inwes achieved among tre orgarochllo-
rires (shedad pedks, Figure ) exspt near tte 14 min ot
On thisoolum, 48 campounds were detedted, thevestma-—

Jarity ofwhiich #l inodsses 1 and 2.

On e OV-17 + Q1 collum, 51 peaksvere detected of
which 42 coourad ndisss 2. Ssarataon prabllams aoounrad
abvarias retention tines hut reesreble sgaraticn among
tre argarochilornine campounds (Sheded pegks, Figare Hwes
foud. Al oftre argarochilonire pesks =l inbbdlessss 1ad
2, with tre Itpesk (edtaufan s HiaE) eluirgatca 0 min,
meking tte colum most suiteble fTargentitative and oLal-
itatheaslysis of orgarochlionine pesticicks.

The &30 + Q1 collum produced tremost peeks ()
with46 indisssss 1and 2. Problemswith ssparaticn aoounrad
rear tte 5min and 17 min dos. Syaratian oftte argao-
dlarireswes ressredle.

The sralllest number of peaks (@) wes detected on tre
OV-17 + OV-210colum. Most oftte pesks =l intodlessss
1 and 2 and were alnost evenly distriouted between the 2
deses; anly 5 components Al ino dessess 3 and 4. The
comporents vwerevell distriotedover trewhole tine rage
with problems coumirgataa 9, 19, and 26 min.
As irdicated by the sheded pedls InFHigure 6 , this colum
B ot auiteble Tar ssaration of tre arganochlorire com-
pounds testel

On the DC-200 + QF-1oolum, 45 peaksvere detectad.
Minor ssoaratian prabllars can coour with this colum at
the 7 and 9 min dlats (Higure 7). The peeks were vell dis-
trilutedovertrewhole time rae, meking thiscolum il
farnulareside aalyss. For sigle camponent aalyss it
Baloa\alueble colum becase allmost dll of tre pesks Hil
intodessss 1and 2, anlly 2 pedls =l inodiess4. Saratiin
oftre argarochllonire pesticicsswas good, but a lidtprao-
lem coourred a 9-10 min and 33-34 min.

On tre Carbonax-20M colum, 43 pesticacks were de-
el Major sgoaration problans cooned akca 15, 11-
12, and 14-17 min. This colum Bnot sutsble fa- nula-
resicle asalyss.
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Figure 1. Retention data and peak shape classifications for pesticides analyzed by GC on 3% SP-2100 column at ugxof 6.20 cm/s
(25.5 mL/min).
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Figure 4. Retention data and peak shape classifications for pesticides analyzed by GC on 1.5% OV-17 + 1.95%
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QF-1 column at

Figures 2 (top) and 3 (bottom). Retention data and peak shape classifications for pesticides analyzed by GC on: Figure 2,1 % Dexsil-
300 column at ugd of 6.30 cm/s (25.8 mL/min), and Figure 3, 3% OV-17 column at uq of 7.10 cm/s (30.0 mL/min).
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Pentafluorobenzylation Derivatization for Determination of Chlorinated Herbicide Acids

DONALD F. GURKA

Environmental Protection Agency, Environmental Monitoring Systems Laboratory,
Office ofResearch and Development, Las Vegas, NV 89114

FRED L. SHORE*and SHU-TEH PAN2
Lockheed-EMSCO, Las Vegas, NV 89114

Pentafluorobenzyl and methyl esterification methods for several com+
mon herbicide acids have been evaluated and compared. Gas chro-
matography/electron capture instrumental detection limits for 2 of 7
pentafluorobenzyl esters were better than the corresponding methyl
esters, and comparable for the other 5 herbicide esters. The linear
dynamic concentration range was generally wider for the methyl
esters. Gas chromatography of some pentafluorobenzyl derivatives
was complicated by coelution of certain derivatives with each other
and with byproducts of the derivatization reaction. The ruggedness-
optimized pentafluorobenzylation procedure was subjected to linear
dynamic range and detection limit studies. The choice between methyl
or pentafluorobenzyl esters is contingent on the relative importance
of detection limits and linear dynamic range.

Chlorophenoxy-type herbicides are widely used and are cur-
rently monitored in water by the U.S. Environmental Pro-
tection Agency (EPA). EPA method No. 615 (1) is a modi-
fication of an older American Society for Testing and
Materials (ASTM) procedure for herbicides in water (2). Re-
cently, a gas chromatography/electron capture (GC/EC)
method for determining herbicide acids in solid wastes, as
their methyl esters, was reported by Gurka et al. (3).

GC/EC determination of pentafluorobenzyl (PFB) esters
has been proposed as an ultrasensitive derivatization tech-
nique by Nazareth et al. (4). This technique has been reported
for a few herbicide acids by Waliszewski et al. (5), for phenols
and organophosphorus compounds by Lee and Chau (s),
and for amino acids by Netting and Duffield (7). A PFB
phase-transfer derivatization has recently been published by
Adams et al. (s). Of particular interest to this study is that
successful PFB derivatization of 2-methyl-4-chlorophenoxy
acetic acid (MCPA) has been achieved by 4 groups (9-13).
Intuitively, it would be expected that the GC/EC detector
would be more sensitive to the PFB derivatives than to the
methyl esters.

Multiresidue analyses of PFB-esterified chlorinated her-
bicides in water and sediment were reported by Agemian and
Chau (14) and Lee and Chau (s), and an optimization ofthe
PFB method for a few compounds was reported by Chau
and Terry (15). Later, a comparison of the GC behavior of
PFB vs methyl esters of 10 chlorophenoxyalkyl acids was
published by de Beeret al. (16). However, coelution of several
PFB herbicide derivatives was observed on nonpolar GC
columns by Lee and Chau (s ) who recommended the use of
20 m Ultrabond columns.

De Beer and coworkers (16) noted that the mass spectral
properties of PFB esters of 9 chlorophenoxy acids show this
derivative gives useful spectral data for identification after
chromatographic separation. The mass spectra show a char-
acteristic m/z 181 ion with generally weak molecular ions
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(absent in the mass spectrum of 2,4,5-TB). This creates the
possibility of gas chromatographic/mass spectrometric (GC/
MS) confirmation of GC/EC data.

An earlier GC/EC study of the methyl esters of dicamba,
silvex, 2,4-D, 2,4-DB, 2,4,5-T, dinoseb, 2-(2-methyl-4-chlo-
rophenoxy)-propionic acid (MCPP), and MCPA by Shore et
al. (17) indicated a range of instrumental detection limits
exceeding 2 orders of magnitude. It was deemed advisable
to attempt improved detection limits by optimizing a pen-
tafluorobenzylation technique. After a preliminary evalua-
tion, the PFB GC/EC procedure was subjected to ruggedness
testing, linear dynamic range studies, and instrumental de-
tection limit determinations for s of the 10 target herbicide
acids.

Experimental

Apparatus

(a) Gas chromatograph. —Tracor Model 540 (Tracor In-
struments, Austin, TX) equipped with Tracor Model 770
autosampler, 6Ni electron-capture detector, and IBM CS9000
data system (IBM Instruments, Inc., Danbury, CT), with
helium carrier gas at column head pressure of 10 psi, and
Grob-type 30 s splitless injection.

(b) GCcolumns.—(1) DB-5 capillary column: 0.25 mm X
30 m, 0.25 fim film thickness (J & W Scientific, Inc., Rancho
Cordova, CA); temperature program, 70°C for 1 min, in-
crease 107min to 240°C, hold 17 min. (2) SP-2250 capillary
column: 0.25 mm x 30 m, 0.25 fim film thickness (Supelco,
Bellefonte, PA); temperature program, 70°C for 1 min, in-
crease 107min to 240°C, hold 10 min. (2) DB-5 capillary
column: 0.32 mm x 30 m, 1.0 ¢mi film thickness (J & W
Scientific); temperature program, 70°C for 1 min, increase
107min to 240°C, hold 10 min.

(c) Vortex mixer.—Vortex Genie (Scientific Industries,
Inc., Springfield, MA).

(d) Cleanup column.—Bond-Elut silica column (Analyti-
chem, Harbor City, CA).

Derivatization and Cleanup

Hydrolysis of herbicide esters and conversion of the free
acids to methyl esters has been optimized by Shore et al.
(17). Shore and coworkers ruggedness-tested the PFB pro-

Table 1. Retention times (min) of herbicide-PFB derivatives

Gas chromatography column

Herbicide Thin-film DB-5 SP-2250 Thick-film DB-5
Dalapon 10.41 12.94 13.54
MCPP 18.22 22.30 22.98
Dicamba 18.73 23.57 23.94
MCPA 18.88 23.95 24.18
Dichlorprop 19.10 24.10 24.70
2,4-D 19.84 26.33 26.20
Silvex 21.00 27.90 29.02
2,45-T 22.03 31.45 31.36
Dinoseb 2211 28.93 31.57
2,4-DB 23.85 35.61 35.97
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Table 2. Design for ruggedness test of experimental conditions

M " Values of conditions in determination number*
mental

condition 1 2 3 4 5 6 7 8
1 A A A A a a a a
2 B B b b B B b b
3 C c C c C c C [
4 D D d d d d D D
5 E e E e e E e E
6 F f f F F f f F
7 G g 9 G g G G g

*Two levels for variables listed in Table 3.

Table 3. Ruggedness test for PFB-herbicide method
Mean
differ-

Value for Value for ence
Condition condition X condition x (X- X%
Reaction solvent for PFBBr acetone acetonitrile 1.1
plus herbicide
Base catalysis for reaction =~ 30% K2C03  10% k2co3 -4.2
Concentration of PFBBr for 5% 3% -21
reaction
Reaction time 4 h 3h - 21
Addition of hexane to reac- + 19
tion residue and evapo-
ration to dryness
Silica column for cleanup Bond Elut®  packed Pasteur pi- 0.7
pet 5% deactivat-
ed silica
Additional water in derivati-  +30 mL no water added -0.5

zation reaction

cedure of Lee and Chau (s), using the method of Youden
(18), for 2 concentration levels. The method used for linearity
and detection limit studies is described below.

Derivatize acidic herbicides from extraction by dissolving
residue in 4.0 mL acetone and adding 30 /;L of 10% K.C 03
and 200 ¢tL of 3% PFBBr in acetone. Close tube with glass
stopper and mix on vortex mixer. Heat in tube heater at 60°C
for 3 h. After reaction, evaporate solution to 0.5 mL with
gentle stream ofnitrogen. Add 2 mL hexane and repeat evap-
oration just to dryness at room temperature. Redissolve res-
idue in 2 mL toluene-hexane (1+6) for column cleanup.

To clean up derivatives, top silica column with 0.5 cm
hydrous Na.S04. Prewet column with 5 mL hexane and let
the solvent drain just to top ofadsorbent. To column, quan-
titatively transfer reaction residue with several separate rins-
ings (total 2-3 mL) of toluene-hexane (1 + ). Elute column
with the same solvent to collect s mL. Discard this fraction
which contains excess reagent. Elute same column with tol-
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lable 5. Linear range and instrumental detection limits8 for
methyl- and PFB-herbicide derivatives

Instrumental detection

Linear concn range, ng/g limits, ng/g

Analyte8 PFB MES8 PFB ME8
MCPP 4.0-160 3.1-309 0.74 333.0
Dicamba 3.2-130 2.6-520 0.49 0.60
MCPA 8.0-320 3.1-306 2.35 218.0
Dichlorprop 4.8-190 7.5-15 000 1.37 1.90
Silvex 8.0-320 2.1-4140 1.16 0.53
2,45-T 10.0-420 2.1-4110 1.90 0.78
2,4-DB 6.4-640 20.2-40 300 0.51 20.2

* Determined from standard solutions corected back to 50 g samples with
9 mL final volume and 5 ni. injection.

6Standard concentrations same as Table 4.

*Gurka et al. (3).

uene-hexane (9 + 1) to collect 8.0 mL which contains PFB
derivatives. Analyze this fraction by GC/EC.

Measure instrumental detection limit (signal = 3 X noise)
for each analyte. (Linearity was tested using 7 standard so-
lutions varying in concentration from below the detection
limit, to 10 times the linear range observed.)

Results and Discussion

The ability of DB-5 and SP-2250 capillary columns of
various thicknesses to separate the 10 PFB esters was tested.
These results are listed in Table 1and show that a thick-film
DB-5 column offers the best separation capability, although
2,4,5-T and dinoseb are close eluters. All further work was
then carried out with a thick-film DB-5 capillary column.

Next, the PFB derivatization step was ruggedness-tested
using the method of Youden. Seven experimental variables
were tested at 2 levels, as summarized in Tables 2 and 3.
The 7 variables were the reaction solvent, the base, water
and reagent derivative concentrations, reaction time, choice
of cleanup column, and the effect of adding hexane to the
reaction residue. The small mean differences noted in Table
3 indicate that, at least for these variables, the method is
rugged.

From the ruggedness results, a PFB derivatization proce-
dure was prepared. Using this procedure the PFB derivative
recoveries were determined for the s derivatives with s de-
terminations. As shown in Table 4, mean recoveries range
from 70% for 2,4-D to 96% for MCPP, with 7 of s recovery
means exceeding 84%. The determination means ranged from
85.3 to 93.4%. These recoveries seem adequate for complex,
multicomponent, environmental analyses. However, during
this test, it was discovered that the PFB ester of 2,4-D chro-
matographically coeluted with a nonherbicide byproduct
which carried through the cleanup procedure. Accordingly,
work on the 2,4-D PFB ester was suspended. The linear

Table 4. Relative recoveries of PFB-herbicides using ruggedness-optimized test conditions

concen,

Relative recoveries, %

Analyte Ag/mL 1 2 3
MCPP 51 95.6 88.8 97.1
Dicamba 3.9 91.4 99.2 100
MCPA 10.1 89.6 79.7 87.0
Dichlorprop 6.0 88.4 80.3 89.5
2,4-D 9.8 55.6 90.3 100
Silvex 10.4 95.3 85.8 91.5
2,45-T 12.8 78.7 65.6 69.2
2,4-DB 20.1 99.8 96.3 100
Mean 86.8 85.7 91.8

4 5 6 7 8 Mean
100 95.5 97.2 98.1 98.2 96.3
92.7 84.0 93.0 91.1 90.1 92.7
100 89.5 84.9 92.3 98.6 90.2
100 85.2 87.9 84.5 90.5 88.3
65.9 58.3 61.6 60.8 67.6 70.0
100 91.3 95.0 911 96.0 93.3
100 81.6 90.1 84.3 98.5 83.5
88.4 97.1 92.4 94.2 91.6 95.0

93.4 85.3 89.0 8+1 91.4
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dynamic concentration range and the GC/EC instrumental
detection limits for the herbicide PFB and methyl derivatives
are compared in Table 5. As expected, the PFB detection
limits are at least 2 orders of magnitude better for the PFB
derivatives of MCPP and MCPA and one order of magnitude
better for 2,4-DB. The instrumental detection limits of the
methyl derivatives of silvex and 2,4,5-T are about a factor
of 2 better than those ofthe corresponding PFB compounds,
whereas those of dicamba and dichlorprop are about the
same.

Although the comparative detection limits for the 2 de-
rivatives are varied, a comparison of the linear dynamic
ranges is more straightforward. With the single exception of
MCPA, the methyl derivatives provide a wider GC/EC quan-
titation range. Although the effect is not pronounced for
MCPP, dicamba, and MCPA, it exceeds an order of mag-
nitude for the other herbicides. The dynamic range plots level
off at 10, GC/EC area counts indicating GC column over-
loading or detector saturation.

These results suggest that the herbicide methyl esters are
a generally more useful approach to herbicide ester analysis
than the PFB approach. However, if lower detection limits
are the primary concern, and if the narrower linear dynamic
ranges can be tolerated, it may be advantageous to use the
PFB method in certain cases.
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FOOD ADDITIVES

Reverse-Phase Liquid Chromatographic Determination of Benzoic and Sorbic Acids in Foods

LAP V. BUIl and CHONGCHIT COOPER

Department of Health, Division of Analytical Laboratories, PO Box 162, Lidcombe,

New South Wales 2141, Australia

An isocratic liquid chromatographic (LC) technique is described for
the determination of benzoic acid and sorbic acid in foods such as
beverages, fruits, seafood, vegetables, sauces, and dairy, bakery, and
confectionery products. A C1Scolumn is used with methanol-phos-
phate buffer (5 + 95) as mobile phase and 4-hydroxyacetanilide or
3,5-dinitrobenzoic acid as internal standard. Sample preparation is
simple, rapid, and produces a sample extract that has a minimum
effect on the column performance and life. Specificity of the method
was checked against common food additives such as i.-ascorbic acid,
caffeine, artificial sweeteners (saccharin, cyclamate, aspartame), an-
tioxidants (BHT, BHA) and artificial colors. Also described are 2
procedures for confirmation of the preservatives, using either redox
reaction of sorbic acid with potassium permanganate or gas chro-
matography/mass spectrometry. Mean recoveries of 90-105% were
obtained with a precision of 1-6% and a detection limit of 20 mg/kg
for the 2 preservatives.

Antimicrobial agents are commonly used in foods to combat
the proliferation of bacteria, yeasts, and molds. Benzoic acid
and sorbic acid are the > preservatives most frequently used.
Because the minimum permitted concentrations of benzoic
acid and sorbic acid are controlled by legislation, their de-
termination is important to analysts involved in the routine
analysis of foods. Some analytical methods for their deter-
mination have been described in the literature. The nonspec-
ificity and extensive sample extraction procedures of pho-
tometric methods have been discussed (1-3). Gas
chromatographic methods (4, 5) are sensitive, specific, and
accurate but may require lengthy sample preparation and
derivatization ofthe 2 acid analytes. In contrast, liquid chro-
matography (LC) offers high specificity with minimal sample
preparation and does not require derivatization. Several LC
methods for the simultaneous determination of benzoic and
sorbic acids have been reported (3, 6-12), but these methods
are not applicable to a wide range of foodstuffs.

This paper reports on a reverse-phase LC system for the
simultaneous determination of benzoic acid and sorbic acid.
The method has been used for a variety of foods such as
beverages, fruits, seafoods, vegetables, sauces, and dairy,
bakery, and confectionery products.

METHOD
Apparatus

(a) Liquid chromatograph. —Hewlett-Packard Model
1084B with variable-volume injector and variable-wave-
length detector with built-in software integrator. Operating
conditions: detection wavelength, 227 nm; mobile phase,
phosphate buffer (0.03M, pH 6.5)-methanol (95 + 5), 2 mL/
min; injection volume, < 15 pL\ temperature, ambient; chart
speed, 0.4 cm/min.

(o) Column.—Spheri, RP18, 10 “m (Brownlee Labs, Inc.,
Santa Clara, CA 95050).

(c) Precolumn. —RP18 (Brownlee Labs).

Received June 25. 1986. Accepted December 18, 1986.

(d) Sample clarification kit. —0.45 /nn filters (Millex-HV,
Millipore catalog No. SLHVO025NS, Millipore Corp., Bed-
ford, MA 01730), or equivalent.

(e) Blender.—Waring Model 32BL 79, or equivalent.

(f) Food processor. —Bamix Model M 122, or equivalent.

(9) High-speedhomogenizer.-\J\Xra-Turrax type TP/18/2
(IKA Werk, Stauffen im Breisgau, FRG), or equivalent.

(h) Gas chrométograph/mass spectrometer. —Hewlett-
Packard Model 5985A. Operating conditions: carrier gas,
helium, 1-2 mL/min; injection port, 250°C, splitless injection
system; oven, 50°C isothermal.

(i) Capillary’ column.—Fused silica column, Ultra 1
(bonded OV-101), 125 m x 0.2 mm id x 0.33 nm film
thickness.

Reagents

(&) Methanol, acetonitrile, benzoic acid, orthophosphoric
acid, potassium dihydrogen orthophosphate, dipotassium
hydrogen orthophosphate, analytical reagent grade (Ajax
Chemicals, Sydney. Australia); sorbic acid, 4-hydroxyacet-
anilide (HA), 3,5-dinitrobenzoic acid (DNBA), laboratory
reagent grade (BDH, Sydney, Australia).

(b) Potassium permanganate solution.—Dissolve 14 g
KMnO4 in 100 mL water. Filter through glass wool.

(c) Orthophosphoric acid solution (2%). —Dilute 2 mL or-
thophosphoric acid (Univar grade, Ajax Chemicals) to 100
mL with water.

(d) Stock internal standard solutions (1 mg/mL).—Dis-

solve 100 mg HA (or DNBA) in 20 mL methanol and dilute
to 100 mL with distilled water. Internal standard solutions
can be refrigerated (4°C) for 1 month. DNBA internal stan-
dard is used only for analysis of cheese and yogurt.
z (e) Stock mixed standard solutions.—Dissolve 50 mg ben-
zoic acid, 50 mg sorbic acid, and 100 mg of appropriate
internal standard (HA or DNBA) in 20 mL methanol and
dilute to 100 mL with distilled water. This solution can be
refrigerated (4°C) for 1 month.

(fHh  Mobile phase. —Phosphate buffer (0.03M, pH 6.5)-
methanol (95 + 5). Prepare as follows: Dissolve 3.8 g K,HPO04
and 5g KH:P04in 2 L water. Mix 1900 mL of this phosphate
buffer with 100 mL methanol, then pass resulting solution
through 0.45 ¢tin filter (Millipore catalog No. HVLP 04700).
Prepare and degas mobile phase daily.

Preliminary Sample Preparation

Samples must be pretreated to ensure their homogeneity.

(&) Liquidfoods.—Shake, carefully before sampling.

(b) Powdered milk. —Reconstitute powder to recommend-
ed strength with water and use 20 g of this mixture for anal-
ysis.

(c) Sauces, mustard, yogurt, coconut cream. —Mix with a
spatula.

(d) Fruit yogurt. —Homogenize with a food processor.

(e) Fruitproducts, canned seafoods, cakes.—Mix in blender
with equal weight of water.
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Table 1. Sample weights and solution volumes for extraction
procedure 2, using acetonitrile
Diluent 2%
Internal  orthophos-
Sample standard phoric acid Acetoni-
weight,  solution, mL solution, trile, mL
Samples 9 ) mL (/2 V3
Cheese, yogurt 10.0 5.0% 25 60
Bread, flour 5.0 5.0° 20* 20
Coconut milk or cream 10.0 5.0° 0 20
Milk (cow or goat),
reconstituted milk 20.0 2.0° 10 50

* 3,5-Dinitrobenzoic acid.
64-Hydroxyacetanilide.
*Water.

(f) Bread. —Prepare as described in Official Methods of
Analysis sec. 14:086n (13).
(9) Cheese. —Grate ca 100 g sample and mix carefully.

Sample Preparation

With methanol.—This procedure can be applied to bev-
erages, mustard, sauces (oyster, tomato, shrimp, anchovy,
satay), fruit products, canned seafoods (prawn, crab, caviar),
and cakes. Mix 5.0 g prepared food with 2.0 mL internal
standard (HA, 1mg/mL) and dilute to 15 mL with methanol.
Centrifuge (1500 x g) 10 min and filter smalTportion of
supemate through 0.45 pm filter for chromatographic anal-
ysis. Remainder is used for confirmatory tests.

With acetonitrile.—This procedure is applicable to cheese,
yogurt, bread, flour, coconut milk or cream, and milk. Weights
and volumes (V,, V2 V,) are shown in Table 1 Accurately
weigh prepared sample into a quickfit conical flask, add V,
of appropriate internal standard solution (1 mg/mL) and V2
ofdiluent (water or 2% orthophosphoric acid solution). Blend
mixture in high-speed homogenizer (for cheese, bread, and
flour) until homogeneous suspension is obtained (ca : min).
Add V3 of acetonitrile and shake. For samples of yogurt,
coconut milk or cream, and milk, omit homogenization stage.
Filter mixture simultaneously through 2 filter papers—a
Whatman No. 41 placed on top of a No. 42. Evaporate ca
7 mL of filtrate down to ca 3.5 mL under a stream of nitrogen
in water bath at 30°C. Dilute to 7 mL with water. Filter 2
mL of this solution through 0.45 ¢tm filter for chromato-
graphic analysis. Remainder is used for confirmatory tests.

Preparation of Working Mixed Standard Solutions

Dilute appropriate stock mixed standard solution with water
and methanol or with water and acetonitrile (with or without
the addition of 2 % orthophosphoric acid solution) to obtain
working mixed standard solution similar in composition to
that of prepared sample solution. For example, for analysis
of fruit juice, dilute 2 mL stock mixed standard solution
containing HA with ca 5 mL water and s mL methanol. For
analysis ofcheese, dilute 5 mL stock mixed standard solution
containing DNBA with 25 mL 2% orthophosphoric acid so-
lution, 15 mL acetonitrile, and 45 mL water.

Determinations

(@) Relative response factors.—Inject 10-15 fL working
mixed standard solution several times until retention times
and peak area ratios, benzoic acid/intemal standard and sor-
bic acid/intemal standard, have stabilized. Once reproduc-
ibility of these parameters is ensured, calculate mean relative
response factors KBand Ks for benzoic and sorbic acids,
respectively, using = chromatographic runs, as follows:
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Kb = (concn internal standard/concn benzoic acid)
x (area benzoic acid/area internal standard)
=, x (area benzoic acid/area internal standard)
Similarly,

Ks = 2 x (area sorbic acid/area internal standard)

(b)  Preservative content.—Inject 10-15 pL sample solu-
tion twice and calculate the mean area ratios, benzoic acid/
internal standard and sorbic acid/intemal standard. Calcu-
late preservative content using the following formulas:

Benzoic acid, mg/kg = (m/KB x a x (1000/M)
Sorbic acid, mg/kg = (m/Ks) x b x (1000/M)

where, a = mean area ratio benzoic acid/intemal standard;
b = mean area ratio sorbic acid/intemal standard; m = in-
ternal standard amount (mg), and M = sample amount (g).
Note: Where a sample is blended with an equal weight of
water, the result must be multiplied by 2.

After analysis of ca 10 samples, flush column 15 min with
50% methanol followed by equilibration with mobile phase
before resuming analysis. After use, flush column 15-20 min
with 5% methanol to remove phosphate buffer, then flush
column 15 min with 100% methanol or acetonitrile.

Confirmation

The presence of the 2 preservatives can be confirmed by
the following procedures:

(a) Sorbic acid.—Add 3-5 drops of potassium perman-
ganate solution to 5 mL sample solution, shake and let mix-
ture stand 15 min at room temperature. If violet color still
persists, add dropwise sodium sulfite solution (5% w/v) to
destroy excess oxidizing agent. Filter, using a Whatman No.
42 filter paper, and pass filtrate through 0.45 pm filter. Inject
filtrate into chromatograph. Ifsorbic acid is present, no peak
corresponding to sorbic acid will appear. Similarly, internal
standard HA would also be oxidized, and the absence from
the above chromatogram will be noted. DNBA peak will be
unchanged.

(b) Benzoic acid and sorbic acid by gas chromatography/
mass spectrometry (GC/MS).—Add 1 mL of 0.5N sulfuric
acid to 5 mL sample solution and extract with 7 mL diethyl
ether. Separate ether layer and extract it with 2 mL of 0.5N
sodium hydroxide. Remove aqueous layer, acidify with 3
mL of 0.5N sulfuric acid, and extract with 5 mL diethyl
ether. Dry ether extract with 1 g anhydrous sodium sulfate
and remove ether by evaporation. Dissolve residue in 200
pL chloroform and add 0.5 mL freshly prepared diazometh-
ane (in hexane). Let mixture stand 2 h at room temperature
before GC/MS analysis. Prepare reference solution by treat-
ing 1 mL solution benzoic acid (100 mg/L) and sorbic acid
(100 mg/L) in chloroform with 3 mL diazomethane (in hex-
ane) and letting mixture stand > h before analysis.

(c) GC/MS analysis.—nject 1pL volumes. Approximate
retention times are 2 min for sorbic acid and 3 min for
benzoic acid. Use selective ion monitoring for low levels of
preservatives: benzoic acid (m/z, % abundance)—136, 31;
105, 100; 77, 60; 51, 16; sorbic acid (m/z, % abundance)—
126, 46; 111, 100; 95, 58; 67, 87.

Results and Discussion

Because the separation ofionic compounds in liquid chro-
matography is pH dependent (s, 14), the mobile phase con-
sists of a pH 6.5 phosphate buffer, used with a C s reverse-
phase column. Methanol (5%) was added to the buffer to
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17.70

e —

Figure 1. Separation of benzoic acid (4.24 min) and sorbic acid

(5.97 min) on a new column; internal standards, HA (14.57 min),

DNBA (17.70 min). Concentrations: benzoic acid and sorbic acid,
100 mg/L; HA and DNBA, 200 mg/ L. Injection volume: 10 pL.

reduce the analysis time. This pH value does not give an
optimal separation of benzoic and sorbic acids, but for a
method to be applicable to a wide range of food products, a
compromise of optimum conditions is necessary for a sat-
isfactory separation of the preservatives from background
interference. Resolution of benzoic acid, sorbic acid, and
internal standard (HA or DNBA) under the chosen condi-
tions is illustrated in Figure 1

The chance of false positives has been minimized by the
chromatographic conditions which separate benzoic and sor-
bic acids from most interferences. The specificity ofthe meth-
od has been checked against common food additives such
as L-ascorbic acid, caffeine, artificial sweeteners (saccharin,
cyclamate, aspartame), antioxidants (BHT, BHA), and ar-
tificial colors. An LC result usually needs to be confirmed by
an alternative method, and > methods have been described
for this purpose. The first method is used to confirm the
presence of sorbic acid on the basis of its oxidation with
potassium permanganate (15), and the second method is a
simultaneous confirmation of benzoic and sorbic acids using
the inherent sensitivity and specificity of GC/MS.

This LC method does not require isolation of the preser-
vatives from the food matrix, thus avoiding steam distillation
or extraction, with either Soxhlet apparatus or separating
funnels. The precipitation of proteins and fat by the addition
of methanol or acetonitrile, followed by centrifugation and/
or filtration, provided a clear solution suitable for chromato-
graphic analysis. Various cleanup procedures using dispos-
able columns or Carrez solutions were unnecessary. Using
the sample preparation methods described above, no inter-
ference from background peaks with benzoic and sorbic acids
was observed in the routine analysis of preservatives when
working at levels above 20 mg/kg. The column life was not
significantly affected by the sample extracts which underwent
only partial cleanup prior to injection. Column blockages
were reported in the determination of sorbic acid in yogurt
by direct chromatography using phosphate buffer (0.1M, pH
5.5) with 40% methanol as mobile phase, and a 3-step ex
traction scheme was therefore proposed (i2).

Under the present conditions, with a dilute phosphate buff-
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Table 2. Results of 6 replicate analyses of the benzoic acid and
sorbic acid content of 5 different orange juice samples

Mean, SD, Cv,
Sample Preservatives ma/kg mg/kg %
1 Benzoic acid 442 5 1
Sorbic acid — — —_
2 Benzoic acid 170 15 1
Sorbic acid 288 3 1
3 Benzoic acid 1115 1 1
Sorbic acid 52 2 4
4 Benzoic acid 87 1 1
Sorbic acid 57 2 2
5 Benzoic acid 88.5 2 2
Sorbic acid 58 1 1

er (0.03A/, pH 6.5) containing a small quantity of methanol,
the problem mentioned above was eliminated. Fora 12 month
period during which the system was in continuous use with
an average of 40 injections per week, we used a new column
for the determination of benzoic and sorbic acids in various
food products including yogurt and cheese. Chromatograms
of the standard solutions during the trial period were ran-
domly chosen and the separation parameters (Sj (16) for
benzoic and sorbic acid were calculated to examine the per-
formance of the column. The average values of S in succes-
sive 3 month terms during the 1year period were 0.16,0.15,
0.14, and 0.13, indicating a slow deterioration ofthe column
performance. Separation of the 2 preservatives in the 10th
month of the trial period, however, was still satisfactory.
Acetonitrile was suitable for the precipitation of protein
and fat, but peak splitting occurred when the sample solution
injected onto the column contained a significant amount of
acetonitrile. Considerable adsorption of acetonitrile onto the
solid phase has been measured (17), and an adsorbed layer
ofan organic liquid was shown to act as a separate stationary
phase (18), which may account for the peak splitting ob-
served. The problem may be eliminated by reducing the
injection volume, diluting the sample solution with the mo-
bile phase, or using methanol as an alternative denaturant
solvent for less-fatty food products. If acetonitrile is used, it
is preferable to remove the acetonitrile from the sample so-
lution on a water bath at 30°C under a stream of nitrogen,
particularly when working with low levels of preservatives.
The advantages ofan internal standard method for precise
and accurate quantitative analysis have been discussed (19).
In the procedure described above, the use of an internal
standard also facilitates the final steps of the sample prepa-
ration where the sample solutions are concentrated or dilut-
ed, because there is no need for an accurate measurement of
volumes. 4-Hydroxyacetanilide (HA) was a suitable internal
standard for most food products investigated in this work,
but some cheeses and yogurts gave background peaks that
interfered with the HA peak. 3,5-Dinitrobenzoic acid
(DNBA), with a longer retention time, was chosen as an
internal standard for the » types ofdairy products examined.
Mixed standard solutions were prepared with a concentration
of 100 mg/L for HA and a range of concentrations (from 20
mg/L to 500 mg/L) for benzoic and sorbic acids. These so-
lutions were kept in a refrigerator (4°C) and were examined
weekly. Duplicate injections were made, and the mean peak
area ratios benzoic acid/HA and sorbic acid/HA were cal-
culated. The results obtained for 4 weeks differed by less than
4%, indicating no decomposition of the components in the
mixed standard solutions. When the peak area ratios (y) were
plotted against the weight ratios (x), a straight line passing
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Figure 2. A, chromatogram of a blank sample of Gloucester

milk cheese on an aged column, showing a trace of naturally

occurring benzoic acid (3.82 min), internal standard, DNBA (15.6

min); B, chromatogram of a Gloucester milk cheese spiked with

benzoic acid (3.81 min) and sorbic acid (5.17 min) at 40 mg/kg
level, internal standard: DNBA (15.63 min).

through the origin was obtained for each preservative. The
relative response factor for each preservative (slope of stan-
dard curve) was therefore constant over the range of con-
centration ratios examined. Similar results were obtained
with DNBA as the alternative internal standard.

The detection limit of a method is governed by sample
matrix interferences which vary from one class of sample to
another. Although the method described can detect naturally
occurring benzoic acid in dairy products at levels below 25
mg/kg, the quantitation is not accurate at such low levels.
The detection limit (i.e., the level of preservative that will
produce a signal equal to twice the noise level) of the method
is estimated to be 20 mg/kg for each of the preservatives in
complex foodstuffs such as dairy products; it is much lower
(about 5 mg/kg) in samples with less-complex matrixes, such
as soft drinks. The detection limit for sorbic acid can be
lowered by using its wavelength of maximum absorption
(255 nm in the present mobile phase) at the expense of de-
creased sensitivity for benzoic acid.

A very low detection limit is not necessary, however, since
the minimum concentration of benzoic and sorbic acids for
effective inhibitory action against bacteria, yeasts, and molds
in foods is generally above 20 mg/kg (20). To examine the
precision of the method, the standard deviation was deter-
mined for 2 types of foods. Five commercial orange juice
samples (containing benzoic and sorbic acids), which con-
stitute a typical simple matrix, were analyzed. Six separate

Table 3. Results of replicate analyses of benzoic acid and sor-
bic acid content of 6 types of food

Spiking level, Recovery,
Sample Preservatives mg/kg %
Cheese” Benzoic acid 250 99-102
50 102
Sorbic acid 250 95-106
50 110

Juices" Benzoic acid 250 99-102
50 96-104

Sorbic acid 250 98-99
50 90-100
Goat's milk" Benzoic acid 250 98-104
50 92-106
Sorbic acid 250 99-101
50 95-104
Cow's milk" Benzoic acid 250 99-100
50 94-106
Sorbic acid 250 98-101
50 94-104

Canned seafoods" Benzoic acid 250 97-101
50 92-102

Sorbic acid 250 97-98
50 93-101
Yogurt* Benzoic acid 250 98-103
50 93-108
Sorbic acid 250 98-103
50 90-100

" six replicate analyses each on mozzarella, pasturella, matured Chedder,
cream, elbostyle, and edam

" Duplicate analyses on pineapple, grapefruit, vegetable fruit, tropica! and
apple, and tomato Juice.

cDuplicate analyses.

* Duplicate analyses on seafood mix, clams, lumpfish roe, prawns, and
crabs.

« Duplicate analyses on skim milk natural yogurt, natural low-fat yogurt, pre-
mium fruit salad low-fat yogurt, traditional natural yogurt, and strawberry
yogurt.

analyses were run on each sample. The analytical results are
shown in Table 2 together with the calculated standard de-
viations. The coefficients of variation (CV) range from 1to
2% for benzoic acid and from 1to 4% for sorbic acid.

Table 3 shows recovery data for cheese, fruitjuices, goat’s
milk, cow’s milk, canned seafood, and yogurt. Six replicate
analyses of s samples of cheese, which represents a more
complex matrix, were spiked with benzoic and sorbic acids
at levels of 50 and 250 mg/kg. Means and standard deviations
ranged from 51 + 2 mg/kg to 296 + 7 mg/kg. The CV was
<4% for benzoic acid and <s % for sorbic acid; recoveries
were 95-110%. Recovery experiments and blank determi-
nations were performed on the other 5 categories of foods as
follows: Five samples within each category, differing in for-
mulation or origin, were spiked with benzoic and sorbic acids
at 250 mg/kg and 50 mg/kg, and each sample was analyzed
in duplicate. Blank determinations were performed to ensure
that no peaks corresponding to the preservatives were present
in the unspiked samples. Where a low level of benzoic acid
was detected in the unspiked dairy products (Fig. 2A), GC/
MS was used for confirmation. It has been shown (5) that
benzoic acid does occur naturally at low levels in some milk
products.

Figure 2B shows the separation ofadded benzoic and sor-
bic acids from the interfering background peaks usually found
in cheese samples; other types of food examined showed less
interference, with the exception of tuna in oil, herring in
tomato sauce, and samples containing garlic. Benzoic and
sorbic acids would not be determined in these products be-
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cause of the presence of interfering peaks with similar reten-
tion times.

Recoveries of benzoic acid and sorbic acid from the food
products investigated in this work (see Sample Preparation)
were in the range of 90-105%, except for dairy products
spiked with preservatives at 50 mg/kg in which higher re-
coveries (up to 110%) were found.

The method described is not suitable for the analysis of
trace levels (less than 20 mg/kg) of benzoic and sorbic acids,
but it can be successfully applied to their determination when
they are added in a variety of foods.
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Simultaneous Ultrasonic Extraction and Silylation for Determination of Organic Acids,
Alcohol, and Phenols from Airborne Particulate Matter

ALEXANDER R. GHOLSON, Jr, ROBERT H. ST. LOUIS, and HERBERT H. HILL, Jr:
Washington State University, Department of Chemistry, Pullman, WA 99164-4630

Three methods for the extraction and derivatization of alcohols, car-
boxylic acids, and phenols from airborne particulates were compared
and evaluated. Derivatization of the sample during ultrasonic agi-
tation to form trimethylsilyl derivatives increased the recovery of
“reactive oxygenated hydrocarbons” compared to the standard meth-
od of extraction followed by derivatization. Asingle solvent, meth-
ylene chloride, with a strong and volatile silylating reagent, N,0-
bis(trimethylsilyl)trifluoroacetamide, extracted a large number of
reactive components with a minimum of interference. W hen the ex-
traction/derivatization procedure was repeated 4 OF more times for
a total extraction time of at least 30 h, greater than 90% of the major
mono- and difunctional group-containing components was recovered.

Oxidation processes which occur with organic molecules in
ambient air are complex and not well understood. While the
majority of the oxygenated organic compounds contained in
air are believed to be in the vapor state, many of these com-
pounds exist on or as condensed particles. A number of po-
tential sources exist for that fraction of oxygenated organic
matter contained in the atmospheric particulate matter. Par-
ticles can be directly emitted into the atmosphere through
natural or anthropogenic sources; nonpolar hydrocarbons can
be oxidized in the gas phase by either photooxidation or
chemical oxidation to produce polar compounds that in turn
can either condense to form a particle or can adsorb onto
particles already present; and, finally, oxidation may occur
while the organic matter is in the particulate state. Needless
to say, sorting out the various potential pathways in which
organic oxidation can occur is a complicated matter.

The first step in determining any chemical mechanism is
to identify the starting material, the intermediate species,
and the final products. After identities ofthe principal species
are known, then quantitative data must also be obtained.
Niki et al. (1), in a discussion of air chemistry, made the
following perceptive comment: “Clearly, to gain further in-
sight into these complex reactions, it is imperative to identify
and quantify the relevant products. The current knowledge
of atmospheric reactions is, in general, limited largely by the
lack of analytical methods suitable for monitoring the reac-
tants and products under simulated atmospheric condi-
tions.”

The analytical technique that has provided the most qual-
itative information on organics in particles is high resolution
thermal mass spectrometric analysis (HRTMSA) (2, 3). With
this technique, samples are collected on glass fiber filters
which are inserted directly into the electron impact (EI) ion-
ization source with a temperature-controlled probe. As the
components volatilize, high resolution mass spectra are ob-
tained. This technique has inherent ambiguities in identifi-
cation and quantitation of individual components that may
have fragments with the same exact mass and overlapping
volatilities. Moreover, oxygenated compounds that are ad-
sorbed to particles may undergo thermal degradation at the
higher probe temperatures.

Specific attempts to determine carboxylic acids on panic-

Received August 13, 1986. Accepted October 31, 1986.
1Address correspondence to this author.

ulates have been made using procedures which require ex-
traction of the particulate fraction followed by some form of
derivatization (4-7). Not only is this 2-step process time
consuming, the polar nature of the underivatized acid, al-
cohol, or phenol is expected to reduce the extraction effi-
ciency with moderately polar to nonpolar solvents. The pri-
mary objective of the present study was to investigate the
extraction efficiency of these compounds from airborne par-
ticulate matter when the extraction and derivatization pro-
cesses were accomplished simultaneously.

Experimental
Procedure

Air samples were taken from the roof of Dana Hall on the
campus of Washington State University in Pullman, WA.
The air particles were collected onto s x 10 in. glass fiber
filters (Gelman Sciences, Ann Arbor, MI) with a HiVol sam-
pler (General Metal Works, Cleves, OH). The glass fiber
filters were pretreated in an annealing oven at 500°C to re-
move organic contaminants. The filters were weighed before
and after sampling to determine the mass of particles col-
lected. The glass fiber filters were found not to be hygroscopic,
and stable mass measurements could be made without al-
lowing for equilibration with room humidity.

Three extraction/derivatization procedures were com-
pared: ultrasonic bath extraction followed by silylation
(UEFS), simultaneous ultrasonic bath extraction silylation
(SUES), and Soxhlet extraction followed by silylation (SEFS).
In each case, methylene chloride (Burdick and Jackson Lab-
oratories, Muskegon, MI) was used as the solvent and N,0-
bis(trimethylsilyl)trifluoroacetamide (BSTFA) (Supelco, Inc.,
Bellefonte, PA) was used as the silylating reagent. Methylene
chloride was chosen because of its availability in highly pure
form, its ability to dissolve the compounds of interest, and
its hydrophobic character (minimizing the possibility of water
contamination and interference with the silylation reaction).
Also, the high volatility of methylene chloride allows con-
centration steps at room temperature without sample loss,
and it elutes before sample components from the GC column
with a sharp solvent peak. BSTFA was used as the silylating
reagent because of its ability to react swiftly and completely
with alcohols, phenols, and carboxylic acids, its availability
in pure form, and its quick elution time which, like the sol-
vent, did not interfere with sample peaks. Trimethylchlor-
osilane (TMCS) (Pierce Chemical Co., Rockford, IL) was
added at a 1% level (compared with BSTFA) to catalyze the
silylation reaction.

Ultrasonic Bath Extraction and Silylation

The glass fiber filter was cut into strips and covered with
50 mL glass-distilled methylene chloride in a round-bottom
flask. This was fitted with a condenser, placed in an ultrasonic
bath (Bransonic 220, Shelton, CN), and agitated for a pre-
determined time. The agitation maintained the bath tem-
perature at 45°C, which refluxed the extracting solvent. The
ground-glassjoints were wrapped with Teflon tape to prevent
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Table 1. Sampling and ultrasonic extraction conditions, sequential (seq.) and simultaneous (sim.) treatment

Condition 1210 1229
Sampling time, h 167.0 168.8
Amount sampled, cu. m 18 200 16 600
Mass of particles, g 0.5277 0.5571

Procedure: Seq. Sim. Seq. Sim.
BSTFA added, mL — 0.40 — 0.75
Extraction time, h 2 2 3 3

loss of solvent through the ungreased joints. After agitation,
the solvent was filtered and concentrated to 2 mL at room
temperature with a rotovaporator. The sample was concen-
trated to its final volume with a stream of prepurified nitrogen
at room temperature. After this underivatized sample was
analyzed by GC, 0.2 mL BSTFA with 1% TMCS was added
to silylate the sample, and the sample was concentrated to
the original volume with a flow of nitrogen and sealed in a
reaction vial. The vial was heated to 45°C for 2 h. The sil-
ylated sample was then analyzed by gas chromatography.

Simultaneous Extraction/Silylation

The silylating reagent, BSTFA with 1% TMCS, was added
with the methylene chloride to the filter strips in the round-
bottom flask. The amount of BSTFA added varied with the
sample. Ultrasonic extraction conditions were identical to
those used above. Enough silylation reagent was added to
ensure that a large excess was always available. The filtered
extract was concentrated in the same manner as above and
analyzed by gas chromatography.

Soxhlet Extraction and Silylation

The filter strips were placed into a glass Soxhlet extraction
thimble with a coarse porous frit and extracted in a Soxhlet
extractor for 8 h. After extraction, the extract was silylated
and analyzed as described above.

Instrumentation

A Hewlett-Packard 5810 gas chromatograph containing an
all-glass split-injection system with a minimum split ratio of
1:13 at an injection port temperature of 250°C was used for
the analysis. Split ratios less than this resulted in a broad
solvent peak. Hydrogen was used as the carrier gas at a linear
velocity of 38 cm/s with an oven temperature of 250°C.

Two columns were used: (/) 30 m x 0.25 mm id, 0.25 pm
film thickness, SE-30 fused-silica column; and (2) for all
quantitative work, 30 m x 0.25 mm id, DB-1 0.25 pm film
thickness, Durabond fused-silica column (J & W Scientific,
Rancho Cordova, CA). For all samples, an initial oven tem-
perature of 70°C with a 2 min hold was followed by a 4°/
min increase to a final temperature of 250°C. A standard
flame ionization detector with a make-up flow of 30 mL/min
of nitrogen was used to help the column effluent into the
flame and to enhance the FID response. The silicon-selective
hydrogen atmosphere flame ionization detector [HAFID (Si)]
was constructed and used as described by Osman et al. (8).
The hydrogen flow was doped with ferrocene vapors by pass-
ing a controlled flow of nitrogen through a column of 80-
100 mesh Chromosorb W (Manville, Denver, CO) saturated
with ferrocene (Sigma Chemical Co., St. Louis, MO). Both
the FID and the HAFID (Si) signals were amplified by the
HP 5710A electrometer, recorded on a strip chart recorder,
and integrated by interfacing with an auxiliary A/D board
of an HP 5830 gas chromatograph.

Sample No.
115 128 131
50.1 71.67 98.33
5650 8080 10 700
0.2828 0.1565 0.5515

Seq. Sim. Seq. Sim. Seq. Sim.
— 0.75 — 0.50 - 0.50

2 2 2 2 3 3

Results and Discussion
Comparison of Ultrasonic Derivatization Procedures

After 5 high-volume air samples ranging from 5000 to
18 000 cu. m were collected over 1week, the glass fiber filters
were carefully cut into 2 equal parts. Extractions were begun
within 24 h of each sample collection. Table 1lists the sam-
pling and extraction conditions.

One half of the glass fiber filter from each sample was
extracted with pure methylene chloride. The extract was then
split with one half remaining underivatized; the other was
treated with BSTFA. Figure 1 illustrates typical chromato-
grams obtained from both the unsilylated and the silylated
extracts. The particulate sample used in Figure 1was number
1229, but similar results were obtained for all particulate
samples. Chromatograms in Figure 1clearly demonstrate the
necessity of derivatization if organic analysis of particulate
matter is to be attempted. A massive number of additional
peaks was detectable when the extract was derivatized.

The object of this investigation was to compare simulta-
neous extraction and derivatization with sequential extrac-
tion and derivatization. Thus, the real purpose for compar-
isons ofthe type shown in Figure 1was to identify important
nonpolar components in the mixture, i.e., those compounds
which do not require derivatization prior to chromatography.
By comparing the silylated chromatogram from the sequen-
tial extraction/silylation procedure (Figure 1A) with the un-
silylated chromatogram from the same extraction (Figure
1B), unsilylated peaks, representing hydrocarbons and other
organic compounds nonreactive with BSTFA, could be dis-
tinguished from the reactive oxygenated compounds. The
peaks that appear in chromatogram B but are not in chro-
matogram A are unsilylated reactive organic compounds.

Once a number of underivatized peaks were established
for each of the 5 test samples, these peaks could be used to
normalize the extraction efficiency between the simultaneous
and the sequential extraction and derivatization procedures.

By identifying the underivatized peaks in both procedures,
their areas could be compared, because it was assumed that
they would be extracted with the same efficiency by both
procedures. The differences found in the areas of these peaks
would be due either to differences in the amount of particles
on the 2 filter halves or to losses during preparation of the
sample. Knowing the magnitude of these differences, a cor-
rection was made by finding the average area ratio between
the 2 procedures for the underivatized peaks. These values
are shown in Table 2. The areas of the silylated peaks were
then adjusted by using these average ratios, allowing the
efficiency of the 2 procedures in extracting and derivatizing
the reactive organic compounds to be compared.

For each of the samples, the adjusted areas obtained by
both procedures were compared for the major silylated peaks.
Table 3 lists the assigned retention time and the adjusted
area ratios for these peaks. In certain cases where no peak
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Figure 1. Chromatograms of silylated (A) vs unsilylated (B) ultrasonic extract. These 2 chromatograms from column 1 demonstrate
typical results obtained when HiVol filters (Sample 1229) are extracted with methylene chloride by ultrasonication followed by silylation
with BSTFA.

was detected in sequential treatment, the area reject value,
which is set in the integrater to ignore smaller peaks, was
used to determine a greater than (>) value for the ratio.

Figure 2 graphically shows the average ofthese values with
the standard deviations marked. Below a relative retention
time of 1.O, simultaneous treatment was substantially more
effective than sequential treatment in extracting and deriv-
atizing the reactive compounds from the particles.

The wide fluctuations in ratios between different com-
pounds indicate that the compounds which react to form
TMS derivatives vary widely in their attraction to the par-
ticles and/or their solubility in methylene chloride. A no-
ticeable trend toward lower ratios occurs as the retention
time increases. The longer retained peaks may be less polar
due to increased proportion of nonpolar components com-
pared to the number of polar functional groups as the com-
pounds increase in size.

Table 2. Area ratios of underivatized peaks: simultaneous/se-
quential treatment

Ratio of unreactive

Sample No. No. of peaks response ratio RSD, %
1210 7 134 113
1229 14 0.695 26.7

115 13 0.775 324
128 22 0.803 425
1 20 113 257

Another observation is the large values for the standard
deviation for some ofthe compounds with higherratios. This
is primarily due to the fact the that larger uncertainties in
the smaller value, which were sometimes close to the detec-
tion limit, are amplified by the division process. This also
could indicate that the more difficult-to-extract compounds,
which give the higher ratios, are more susceptible to differ-
ences in sample matrixes and extraction conditions. Such
factors as moisture content, inorganic composition, and
physical parameters such as size and surface area could vary
among samples.

Extraction Efficiency of Simultaneous Treatment Protocol

The quantitative recovery of alcohols, phenols, and car-
boxylic acids was investigated using repetitive extractions of
the same sample filter. Full recovery was assumed when fur-
ther repetition ofthe extraction produced no detectable sam-
ple peaks. For comparison, repetitive extractions using the
sequential and Soxhlet methods were also obtained.

From high volume samples, collected as described in Table
4, each filter was split into 4 equal parts. One quarter was
Soxhlet-extracted (fraction D), 2 quarters were simultaneous-
ly extracted and silylated (fractions A and C), and one quarter
was sequentially extracted and silylated (fraction B). The
extraction procedure was repeated for various intervals as
shown in Table 5.

The percentrecovery was determined for avariety ofcom-
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Figure2. Adjusted area ratios of silylated compounds as a func-

tion of relative retention times. Plot of data presented in Table

3: point plotted is average of ratios for each sample at a given

relative retention time. Average values are bracketed by stan-
dard deviation of 5 different samples.

pounds in orderto representawide range offunctional groups.
Compounds chosen were glycolic acid (a hydroxyacid); glu-
taric acid (a diacid); phthalic acid (an aromatic diacid);
2-naphthol (aphenol); 1-naphthalene acetic acid (a polycyclic
aromatic acid); dodecanol (a fatty alcohol), and palmitic acid
(a fatty acid). Palmitic, phthalic, and glycolic acids were iden-
tified by mass spectrometry. The other compounds were
identified by comparison ofretention times with known stan-
dards.

Figures 3 and 4 illustrate the results o fthe extraction study
for these test compounds. Figure 3 reports the percent re-
covery for the nonaromatic compounds; Figure 4 provides
information on the aromatic compound. The information
provided by these experiments not only corroborates what
was indicated in Figure 2, but dramatically illustrates that
the simultaneous method o fextraction and derivatization is
more efficient than either of the other 2 methods in which
derivatization follows the extraction process.

The data from the sequential method, which are denoted
by the diamond-shaped symbols in the graphs of Figures 3
and 4, indicate that the maximum efficiency ofthe extraction
process ranged from about 10 to 20% for most of the test
compounds. Palmitic acid was an exception to this trend
although the maximum extraction efficiency for this com-
pound was still only about 50%. Data from the Soxhlet ex-
traction method, denoted by the cross marks, indicated that
the maximum extraction efficiency was somewhat higher than
for the former, ranging from 10 to 50%.

Since Soxhlet extraction is a continuously repetitive pro-

Table 3. Adjusted area ratios for silylated peaks: simultaneous/
sequential treatment

Adjusted area ratios of samples

Peak Rel.

No. time 1210 1229 115 128 131
1 0.143 1.065 161 138 0.679 1.05
2 0.177 152 152 - 130 174
3 0.209 0.746 0.758 - 527 4.70
4 0.261 - 174 337 183 >1.2
5 0.332 >1.7 - 317 - >2.2
6 0.399 >55 361 504 - >2.1
7 0.436 6.17 201 459 961 437
8 0.468 397 2.65 175 9.78 123
9 0.548 177 0.848 0.682 1.63 >5.0

10 0.641 249 124 136 163 1.30

u 0.662 - 137 147 182 240

12 0.687 2.87 175 321 - 291
13 0.717 151 140 181 247 216

14 0.7521 278 140 4.39 258 240

15 0.837 153 139 219 4.40 911

16 0.854 212 2.76 2.40 5.47 341

17 0.888 383 3.46 191 4.40 362

18 0.928 112 293 328 241 2.10
19 0.953 159 128 213 2.86 114

20 1.000 1.02 - 0.923 0.826 0.688

2 1.167 1.02 119 1.03 0.912 1.06

22 1.322 1.02 0.989 0.932 0.884 0.851

23 1401 1.03 0.952 - 0.963 0.996

24 1464 1.00 0.865 - 129 0.867

25 1531 153 1.02 1.03 103 0.956

26 1601 1.05 105 0.999 132 0.985

27 1.745 127 105 112 112 113

28 2.040 1.03 0.902 — — 111

Table 4. Sampling conditions used in extraction efficiency

study
Total
suspended
Sampling time, ~ Total flow,  Sample mass,  particles,
Sample No. h cu. m 9 ng/cu. m
217 97.90 10900 0.5606 322
kel 1638 18100 0.3508 309

Table 5. Extraction conditions used in efficiency study

Filter 1 Filter 2
Extn A B C A B C D
method Sm  Seq Sm Sm Sm Sm  Sox.
1 0.3* 0 0.75 0.50 0.50 0.80 0
2° 2 12 5 5 5 20
2 0.20 0 0.20 0.20 0.20 0.20 0
2 2 2 u n il 20
3 0.20 0 0.20 0.20 0.20 0.20 -
2 2 2 6 6 6 -
4 0.20 0 0.2 0.20 0.20 0.20 -
2 2 2 12 12 12 -
5 0.20 0 0.20 0.20 0.20 0.20 -
2 2 4 6 6 6 _
6 0.20 — — — — _
7 0.20 — _
2 _ _ _
8 0.20
2 — — — — _
9 0.20 -
10 0.15 - - - - - -
5 _ _ _ _

*Throughout, first line is BSTFA, mL.
" Throughout, second line is duration, h.
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Figure 3. Extraction efficiencies of selected nonaromatic acids and alcohols. Extraction times and amounts of silylation reagents
were varied for each extraction and are given in Table 5. Symbols: (O) sim,, filter section 1A; (0) seq., 1B; (A) sim., 1C; (O) sim.,
2A; (V) sim., 2B; (0) sim., 2C; (0) sox., 2D.

cess, it is not surprising that it was more efficient than 5
cycles ofthe sequential method. Only for palmitic acid was
the ultrasonic extraction procedure more efficient than the
Soxhlet extraction method. The data set for this study was
a very complicated one, similar to that shown in Figure 1.
Thus, it is probable that with this one compound a contam-
inant coeluted with the silylated palmitic acid, producing a
response greater than that obtained with the Soxhlet extrac-
tion method in which the contaminant did not exist or was
sufficiently separated from the test compounds not to be
integrated as the same peak. Also, it is important to realize
that these experiments were not designed to compare spe-
cifically the Soxhlet and ultrasonic methods. Conditions for

Table 6. Percent quantitative extraction efficiencies from syn-
thetic samples

No. of Total time  Extn recovery,

Compound extns extd, h %
Glycolic acid 5 36 92.3
Lactic acid 4 37 99.5
Catechol 5 36 928
Glutaric acid 5 36 83.3
1-Naphthol 5 36 %1
1-Dodecanol 5 36 100
1-Naphthalene acetic acid 4 37 95.2
Huoranthene 4 37 95.7
Palmitic acid 4 37 100
n-Docosane 4 37 93.0

the 2 extraction processes were not matched. The ultrasonic
extraction was performed for 10 h with 5 repetitions, while
the Soxhlet extraction was continued for 40 h.

The primary purpose of these experiments was to inves-
tigate the potential ofsimultaneous ultrasonic extraction and
silylation. Using glass fiber filter sections numbered 1A, 1C,
2A, 2B, and 2C, the process was applied with different ex-
traction times and silylation reagent concentrations as given
in Table 5. The most efficient single extractions were obtained
for section 1C, which was extracted for 12 h with 0.75 mL
of BSTFA. Extraction efficiencies between 45 and 90% were
achieved for these initial conditions. With subsequent ex-
tractions, 100% efficiency could be achieved for each of the
test compounds within a 24 h extraction period. For all si-
multaneous extraction conditions investigated, 100% effi-
ciencies were achievable within a 48 h extraction period.

Quantitative Extraction Studies

In the extraction efficiency studies described above, 100%
efficiency was determined for each of the compounds when
additional quantities ofthat compound could not be extract-
ed with subsequent extractions. The advantage of this ap-
proach is that extraction efficiencies can be measured using
real samples. The disadvantage is that absolute quantities
cannot be measured, because it is not possible to know the
true quantity ofthe compounds initially contained in the real
samples.

An alternative procedure for investigating the effectiveness
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Figure 4. Extraction efficiencies of aromatic acids and phenols. Glass fiber filter sections, extraction times, extraction methods,
and extraction conditions were the same as those given in Figure 3 and Table 5.

ofan extraction method is to prepare a synthetic sample with
known quantities o ftestcompounds. In this study, a standard
mixture of acids, alcohols, and phenols was prepared by dis-
solving underivatized standards in a compatible solvent. This
solution was added to a glass fiber filter, and the solvent was
allowed to evaporate at room temperature under nitrogen.
Using the simultaneous method ofextraction and silylation,
this glass fiber filter was extracted in 5 steps over 36 h. An
equal amount of the standard solution was added to a pure
derivatizing agent and heated for 2 h at 60°C. These condi-
tions were found to be sufficient for complete derivatization
ofthe standard solution. The derivatized standard solution
was adjusted to the same volume as that of the spiked filter
extract, and the chromatograms ofthe 2 mixtures were com-
pared to determine the percent recovery of the extraction
process.

The results ofthis study are shown in Table 6. Better than
88% extraction recovery was obtained for all compounds in
the standard mixture. Also, extraction profiles similar to those
shown in Figures 3 and 4, using the simultaneous method,
were obtained with the synthetic sample. Clearly, these stud-
ies have illustrated that many polar organic compounds are
so tenaciously held to airborne particulate matter that the
standard extraction techniques used to access the organic

fraction of these particles are insufficient to recover com-
pletely many ofthese compounds. Although the studies re-
ported here were not investigated in sufficient detail to rec-
ommend an optimal procedure, silylation of samples during
ultrasonic agitation was shown to significantly increase the
recovery ofalcohols, phenols, and carboxylic acids compared
to extraction followed by silylation.
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Two possible deficiencies in the AOAC use-dilution method for reg-
istration of chemical disinfectants by the Environmental Protection
Agency are examined: (7) the physical disparities among brands of
penicylinders and (2) the variability of bacterial numbers on peni-
cylinders depending upon test strain and penicylinder surface texture.
Textural differences of 2 brands of stainless steel penicylinders, one
brand of porcelain, and one brand of glass were assessed by scanning
electron microscopy. A considerable variation in smoothness of both
inner and outer surfaces of stainless steel and porcelain penicylinders
was observed. Glass penicylinders were very smooth. Numbers of
bacteria attached to a penicylinder were assessed by vortexing the
penicylinders 30 sat No. 4 after using the AOAC method of bacterial
inoculation and drying 40 min at 37°C. With this methodology, stain-
less steel carriers retained the 3 AOAC-recommended bacterial test
strains differentially: ca 107 for Pseudomonas aeruginosa, 5 x 10s
for Staphylococcus aureus, and 106for Salmonella choleraestis-, glass
retained 10M 07 organisms of all 3 test strains; porcelain retained
about that amount of S. aureus but 105-106P. aeruginosaand 10°-104
S. choleraesis. These data suggest that disinfectants are not similarly
challenged with the AOAC-recommended test bacteria and that an
alternative method should be considered to ensure comparable num-
bers of bacteria on penicylinders.

The AOAC use-dilution method (1) is the official method
for evaluating the bactericidal activity of hospital disinfec-
tants. For many years, the Environmental Protection Agency
(EPA) performed intramural pre- and postregistration effi-
cacy testing of some chemical disinfectants. In 1982, the
testing was curtailed, presumably for budgetary reasons and
to reduce government regulation of business. Thus, manu-
facturers presently do not need verification ofefficacy claims
by EPA or by an independent testing laboratory when they
apply to register a disinfectant. In the past 5 years, the test
method has often been criticized, and several federal, com-
mercial, state, and university laboratories performing the test
have been unable, because of either intrinsic deficiencies of
the disinfectants or problems with the method, to substan-
tiate the bactericidal claims of some manufacturers (2).

The present investigation was undertaken to examine 2
deficiencies that have been proposed to account forthe AOAC
use-dilution test variability: physical disparities among brands
of penicylinders and the relationship of such disparities to
the adherence of bacteria to penicylinders.

Experimental
Media and Reagents

(a) Nutrient broth.—~AOAC 4.001a. Anatone (American
Laboratories, Inc., Omaha, NE 68127) and beefextract (D if-
co Laboratories, Detroit, M| 48232) were used as specified
and prepared according to directions with water. Prior to
sterilization, pH was adjusted to 6.8.

Pour plate agar. —Plate count agar (Difco).
(c) Phosphate buffer dilution water. —AOAC 4.020(f).
(d) Laboratory distilled water.

Received August 20, 1986. Accepted January 19, 1987.
Presented in part at the 85th Annual Meeting of the American Society for
Microbiology, Las Vegas, NV, March 3-7, 1985.

(e) Asparagine.—Bacto asparagine (Difco) 0.1% (w/v)
aqueous solution.

(f) Ethanol—(1) 95% (v/v) for concentrations of 25, 50,
75, and 95%. (2) Absolute alcohol.

(9) Freon 13.—E. |I. duPont de Nemours & Co., Wil-
mington, DE 19898).

% Freon 773.—(Polysciences Inc., Warrington, PA
18976).

(i) Fixative.—2% glutaraldehyde-2% paraformaldehyde.
Glutaraldehyde 50% (Ted Pella, Inc., Tustin, CA 92680).
Paraformaldehyde, reagent grade (Fisher Scientific, Pitts-
burgh, PA 15219).

(j) Sorenson’s phosphate buffer, 0.2M.—To 363.5 mL
water 10.325 g sodium phosphate, dibasic (Fisher Scientific)
was added and dissolved; 136.5 mL water and 3.715 g po-
tassium phosphate, monobasic, was added. pH was adjusted
to 7.3.

(k) sorenson’sphosphate buffer, 0.IM . —Sorenson’'s0.2M
buffer was diluted 1:2 with water.

(I) Osmium tetroxide, 1.0%.—1.0gosmium (Electron M i-
croscopy Sciences, Ft. Washington, PA 19034) was dissolved
in 50.0 mL water and diluted 1:2 with Sorenson’s phosphate
buffer 0.2M.

(m) Dilution wafer.—Phosphate buffer
AOAC 4.020(f) (1).

Organisms

Staphylococcus aureus 6538, Salmonella choleraesuis
10708, Pseudomonas aeruginosa 15442 (American Type
Culture Collection, Rockville, MD 20852).

Apparatus

(a) stainless steel penicylinders.—% + 1 mm od, 6 + 1
mm id, length 10 £+ 1 mm (S&L Metal Products Corp.,
Maspeth, NY 11378; and Fisher Scientific).

Porcelain penicylinders. —8 * 1mm od, 6 * 1mm
id, length 10 £+ 1 mm (Fisher Scientific).

(c) Glass penicylinders.—8 + 1 mm od, 6 + 1 mm id,
length 10 + 1 mm (University Research Glassware, Carr-
boro, NC 27510).

Colony counter. —(New Brunswick Scientific, Edison,
NJ 08818-4005.)

(e) Vortex mixer.—Vortex Genie (Fisher Scientific).

(f) Screw-capped (SC) tubes.—Flint glass, 20 x 150 mm
(Fisher Scientific).

(g) Petridishes.—Polystyrene, 100 x 15 mm (Fisher Sci-
entific).

(h) Scanningelectron microscope. —ETEC Autoscan (Per-
kin-Elmer Electron Beam Technology, Hayward, CA 94545).

(i) Sonicator.—Ultrasonic Cleaner Model 450 (RAI Re-
search Corp., Hauppauge, NY 11787).

(j) Filterpaper.—Whatman No. 2, 9 cm diameter (What-
man Ltd., Maidstone, UK).

dilution water,

Procedures

(@) Broth medium.—Nutrient broth was prepared as i
AOAC 4.001a (1), with 10 mL portions placed in 20 x 15

n
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Figure 1. Types of available penicylinders for the use-dilution
method. From left to right, porcelain (Fisher Scientific), stainless
steel (Fisher Scientific), stainless steel (S&L Metal Products
Corp.), and glass (University Research Glassware). All penicyl-
indersare 8+ 1 mmod, 6 + 1 mmid, and 10 + 1 mm long.

mm screw-capped, flint glass tubes, and steam sterilized at
121°C for 15 min. Broths were inoculated from stock culture
slants and incubated overnight at 37°C. At least 3 consecutive
24 h broth transfers were made with 4 mm id platinum/
rhodium loop (American Scientific Products, McGaw Park,
IL 60085). Broths used for testing were inoculated and in-
cubated 49 h. The 49 h broth cultures contain ca 1 x 109P.
aeruginosalrnL and 5 x 10sS. aureus and S. choleraesuis/
mL.

(b) Penicylinder preparation.—New penicylinders were
boiled in water for >10 min to remove oil residues. After
water was poured off, penicylinders were sonicated in water
for at least 5 min to remove additional debris. Used peni-
cylinders were steam-sterilized for 15 min at 121°C prior to
sonication. After sonic cleaning and rinsing in water, all peni-
cylinders were placed in IN NaOH overnight as specified in
AOAC 4.009 (1). Penicylinders were then rinsed in tap water
until neutral to phenolphthalein, rinsed twice in water,
drained, placed 10 to a tube (20 x 150 mm, screwcap, flint
glass), covered with fresh 0.1% asparagine solution, sterilized
15 min at 121°C (15 psi), and held atroom temperature until
ready for use. During preparation, any cylinders with no-
ticeable imperfections (scratches, chips, etc.) were discarded.

(c) Penicylinder inoculation.—Test penicylinders were
aseptically placed in swirled broth-cultures with volume of
broth directly proportional to number of penicylinders (i.e.,
1mL broth/penicylinder). When we simultaneously inocu-
lated more than one type ofpenicylinder, we alternated their
placement into the tubes. If necessary, tubes were shaken to
rearrange cylinders in broth so that all were covered by broth
culture. Tubes remained undisturbed 15 min at room tem-
perature.

(d) Penicylinder drying. —Following inoculation, penicyl-
inders were removed from broth with a flamed wire hook
and were placed on end in sterile glass petri dishes (no more
than 10/dish) matted with 2 layers of 9 cm diameter W hat-
man No. 2 filter paper. The dishes were covered and placed
in an incubator at 37°C and were dried 40 min at 25-35%
relative humidity.

(e) Evaluation ofcellremoval methods.—Two methods of
mechanically removing attached bacteria from penicylinders
using a vortex mixer were compared. For each ofthe 3 bac-
teria tested, 9 penicylinders were inoculated as described
above. Six were randomly selected, and each was placed into
a 20 x 150 mm screw-capped, flint glass tube containing 10

Figure 2. Scanning electron photomicrographs of penicylinder

surface textures: S&L stainless steel, outside (A) and inside (B);

Fisher stainless steel, outside (C) and inside (D); porcelain, out-
side (E); and glass, outside (F). Scale: bar = 1 jun.

m L sterile phosphate buffer dilution water (PBDW), AOAC
4.020(f) (1). For method A, a vortex mixer set at No. 4 for
30 swas used; for method B, a vortex mixer set at No. 8 for
3 min was used. After each vortexing procedure, dilutions
of 10 4and 10 5in PBDW were prepared for S. aureus and
P. aeruginosa, and dilutions of 10 3and 10“4were prepared
for S. choleraesuis. For each dilution, 1.0 mL was inoculated
into each oftwo 15 x 100 mm sterile petri dishes to which
15-17 mL pour plate agar at 42-45°C was added. When all
plates solidified, they were inverted and incubated 48 h at
37°C. Colonies on all plates were enumerated using a colony
counter, and those with counts between 30 and 300 were
used for calculations.

(f) Bacterial removalfrom penicylinders.—After they were
dried, each of 5 penicylinders was aseptically placed into a
20 x 15 mm screw-capped, flint glass tube containing 10 mL
sterile PBDW. Organisms were removed from dried peni-
cylinders by placing tube on a vortex mixer set at No. 4 for
30 s.Dilutions of 10'3, 10'4,and 10'5were prepared in PBDW
using sample aliquots of 1.0 mL. At each of the 3 dilutions,
1.0 mL was plated in duplicate by the pour plate method,
described above. When solidified, all plates were inverted
and incubated 48 h at 37°C. Following incubation, colonies
were enumerated using a colony counter, and those with
counts between 30 and 300 were used for calculations.

(g) Scanning electron microscopy (SEM). —Sterile peni-
cylinders for surface texture examination were prepared as
described above. They were aseptically removed from sterile
0.1% asparagine solution and placed into sterile glass petri
dishes matted with 2 layers of Whatman No. 2 filter paper
and allowed to dry >30 min at 37°C. Penicylinders with
adherent bacteria were inoculated and dried as described



COLE ET AL.: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70. NO. 5, 1987) 905

Figure 3. Comparison of numbers of use-dilution test bacteria

seeded on recommended S&L stainless steel penicylinders: A,

P. aeruginosa; B, P. aeruginosa residing in penicyiinder (S&L)

grooves; C, S. aureus; and D, S. choleraesuis. Scale: bars =
1nm.

above. All penicylinders were immediately fixed in amixture
of 2% glutaraldehyde-2% paraformaldehyde (pH 7.2) and
then rinsed in phosphate buffer. They were postfixed in a
buffered 1% osmium tetroxide solution, dehydrated in agrad-
ed ethanol series, passed through graded solutions into a
transition fluid of Freon 113, and dried by critical point
technique using Freon 13. Penicylinders were mounted on
SEM specimen stubs with silver paste and were spatter-coat-
ed with gold or gold-palladium. Specimens were examined
in an ETEC Autoscan scanning electron microscope at an
accelerating voltage of 20 kV. Prior to photographing a sur-
face, at least 20 typical fields were examined.

Results
Surface Texture of Penicyiinder Types

Examinations were performed to determine if physical dif-
ferences exist among the 4 types of available penicylinders:
stainless steel (both S&L and Fisher), porcelain, and glass
(Figure 1). As can be seen in Figure 2, significant differences
in surface texture were noted among the penicylinders when
examined by SEM. The 2 brands of stainless steel penicylin-
ders were markedly different, with the outer surfaces of the
AOAC-recommended S&L brand principally smooth (Figure
2A) but exhibiting some grooves where bacteria could reside.
The inner surface of the S&L penicyiinder (Figure 2B) and
the outer/inner surfaces ofthe occasionally used Fisher peni-
cyiinder (Figure 2C, D) showed deep grooves and significant
pitting. Porcelain penicylinders were extremely irregular
(Figure 2E) and the glass penicylinders were very smooth

(Figure |F).
Cell Removal from Penicylinders

For S. aureus, both methods A and B revealed identical
mean values of 1.3 x 107 organisms (P > 0.1). SEM ex-
amination of a randomly selected penicyiinder revealed no
cells attached to the penicyiinder following processing ac-
cording to method A. Mean values for S. choleraesuis were
9.7 x 105for method A, and 1.2 x 106for method B (P >

Table 1. Mean numbers of organisms (+standard deviation) on
penicylinders seeded with AOAC-recommended test bacteria

No. of organisms,” x 106 + SD

S. choleraesuis
(ATCC 10708)

Peni- S. aureus
cyiinder (ATCC 6538)

P. aeruginosa
(ATCC 15442)

Stainless steel

S&L 5.98 + 161 13.70 + 5.20 0.82 +0.11»
Fisher 5.38 + 2.59 18.92 + 12.48 0.99 + 0.33»
Porcelain 7.04 + 4.01 0.97 + 0.94»” 0.01 + 0.009»"
Glass 7.94 £ 8.92 13.22 + 8.63 1.70 £ 0.34»"

* All mean numbers of organisms represent 5 replicates except P. aerugi-
nosa on porcelain penicylinders which has 4 replicates.

»Significant difference between test strains, P < 0.05.

" Significant difference between penicyiinder types, P < 0.05.

0.1). P. aeruginosa showed a mean value of 6.3 x 106cells

using method A, and 1.5 x 107cells using method B (P>

O. 1). Because the number of cells per penicyiinder did not
differ by more than 0.5 log despite which removal method

was used and because method B often resulted in tube break-

age, method A was used.

Cell Attachment to Penicyiinder Types

The mean numbers ofS. aureus that adhered to S&L and
Fisher stainless steel penicylinders were directly comparable
(about 5 x 106), as they were on glass and porcelain (about
7 x 106 (Table 1); there were no significant differences among
the 4 penicyiinder types. Mean numbers of P. aeruginosa
attached to S&L and Fisher stainless steel penicylinders also
were directly comparable, whereas differences were observed
between porcelain (low cell numbers) and the other penicyl-
inders (Table 1). An SEM of a porcelain penicyiinder inoc-
ulated with P. aeruginosa, however, showed cell attachment
in large numbers, most likely indicating difficulty in removal
ofthe cells from the rough surface. No significant difference
was observed between glass and stainless steel. Mean num-
bers of S. choleraesuis on S&L and Fisher SS penicylinders
again were directly comparable with about 106 organisms/
penicyiinder, while the porcelain and glass both differed sig-
nificantly from the stainless steel. All 3AOAC recommended
test bacteria and all 4 brands of penicylinders varied consid-
erably as demonstrated by the large standard deviations.

When numbers of the 3 AOAC test bacteria adhering to
the recommended S&L penicyiinder (Table 1) were assessed,
P. aeruginosa appeared most adherent, with a mean number
oforganisms approaching 1.4 x 107, somewhatlessS. aureus
attached, at approximately 6.0 x 106; and S. choleraesuis
attached the least, at 8.2 x 105. These findings were visually
corroborated by SEM when inoculated penicylinders were
examined (Figure 3).

Discussion

The surface texture of available penicylinders that might
be used in the AOAC use-dilution method of disinfectant
testing varies significantly. Bacteria that reside in penicyiin-
der grooves may be protected from disinfectant exposure.
The method recommends only the S&L brand of stainless
steel penicyiinder; however, in 1982, S&L Metal Products
Corp. suspended the manufacture of their penicylinders for
14 months. At that time many laboratories were forced to
purchase stainless steel penicylinders from the other major
manufacturer, Fisher Scientific.

The Fisher penicylinders have the same measurements as
those from S&L, but Fisher penicylinders have ends beveled
to the inside. The degree of polish on the 2 brands also was
visibly different. The Fisher penicyiinder appeared less pol-
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ished than the S&L, although the companies have manufac-
turing specifications that are nearly identical. S&L Metal
Products Corp. manufactures their penicylinders using 304-
grade stainless steel, with a maximum degree of polish of 32
iim on the outside and 36 “m on the inside. Fisher Scientific
also uses 304-grade stainless steel but specifies a maximum
degree of polish of 32 “m on the outside and the inside. A
measurement of 32 ¢¢m indicates that the distance from the
lowest to the highest point of a depression on the polished
surface can be no greater than 32 jim. Scanning electron
microscopy corroborated the marked textural difference be-
tween the 2 brands. The 3 bacterial test strains, however,
exhibited similar adherence to both brands of penicylinders.

EPA requires that porcelain penicylinders be used as car-
riers in the use-dilution method if agermicidal claim is made
for aporous surface. Fisher Scientific is the sole manufacturer
and supplier of this penicylinder, which is identical to the
Fisher stainless steel penicylinder in terms ofsize and design.
The porcelain surface was found microscopically to be ex-
tremely rough. Bacterial adherence to the porcelain varied
significantly among the test bacteria, although values for P.
aeruginosa may be falsely low due to difficulty in removing
cells from the matrix ofthe porcelain cylinder by the vortex
method. In addition, the porcelain is susceptible to cracking
and chipping. For these reasons it cannot be recommended
as a substitute for stainless steel in use-dilution testing.

Glass penicylinders were included in this study because of
their extremely smooth inner and outer surfaces. These were
custom-made from Pyrex tubing (with fire polished ends) to
the exactdimensions ofthe S&L stainless steel penicylinders.
The most similar bacterial adherence (107107 among the 3
test strains was found on glass penicylinders when compared
with steel or porcelain penicylinders. However, glass peni-
cylinders dried very poorly; therefore it is possible that the
bacterial attachment is not entirely representative of organ-
isms dried onto the glass surface, but rather represents or-
ganisms carried over in the remaining droplet of undried
broth.

The most significant finding of the study was that the 3
test bacteria specified in the AO AC method attached to stain-
less steel penicylinders differently, with more than 107for P.
aeruginosa, approximately 5 x 106for S. aureus, and 106or
less for S. choleraesuis. Thus, a 1.5 log difference or more
among the test organisms is possible. Such a difference might
not be unexpected considering differing numbers of cells in
broth culture as well as other morphological and physiolog-

ical differences among the test strains that may affect bacterial
attachment to penicylinders.

This is the first demonstration that disinfectants claiming
efficacy against various bacteria are not similarly challenged
in the AOAC use-dilution method. When 18 laboratories
tested 6 hospital disinfectants against the 3 AOAC-recom-
mended test bacteria, the test disinfectants failed most fre-
quently (62%) when they were challenged with P. aeruginosa
(Rutala, Cole, unpublished results). This may be due to the
larger number of P. aeruginosa per penicylinder, or to the
intrinsic resistance of this organism, or both.

In addition to significant variability among the bacterial
strains, variability is high among replicates using the same
bacteria and penicylinders, as evidenced by large standard
deviations. Test results could be affected by this intrinsic
variability, because the time required for killing microor-
ganisms is directly related to the initial number of cells (3).
This may partially explain why in a test with 60 penicylin-
ders, some ofthe penicylinders will pass and some will fail.

In conclusion, textural differences among the types of
available penicylinders (porcelain, glass, and 2 brands of
stainless steel) may affect the attachment ofbacteria to them.
Comparable numbers ofeach ofthe 3 AOAC-recommended
bacterial test strains attached to both brands o fstainless steel;
however, the strains attached in different numbers for each
organism, with more than 107 for P. aeruginosa, approxi-
mately 5 x 106for S. aureus, and 106or less for S. choler-
aesuis. In view of these findings, we recommend (7) that
stainless steel be retained as the required carrier in future
revision ofthe use-dilution method, (2) that S&L and Fisher
brands ofstainless steel penicylinders be comparatively stud-
ied, and (i) that alternative methodologies be considered to
ensure comparable numbers of challenge bacteria.
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Comparison of HgO and CuS04Ti02as Catalysts in Manual Kjeldahl Digestion for
Determination of Crude Protein in Animal Feed: Collaborative Study

PETER F. KANE

Purdue University, Department ofBiochemistry, West Lafayette, IN 47907

Collaborators: S. Allison; P. Eggerman; C. Gehrig; P. Lonn; H. F. Morris; W. V. Perry; H. Ribbke; T. Roades; J. Sieh;
R. Smith; R. Stedman; R. Sweeney; R. M. Vickery; G. Willkens

Because of environmental concerns about HgO, and because of lengthy
digestion requirements for HgO and CuS04 interest in alternative
catalysts for the Kjeldahl determination of animal feeds remains high.
A digestion system using a mixed CuS04T j02 catalyst has been
found to reduce digestion times to 40 min. A collaborative study was
carried out to compare this system to the official AOAC HgO method,
7.015. Thirty-eight samples, consisting of blind duplicates of closely
matched pairs and 2 standard materials, were analyzed once by each
method. Results were received from 13 laboratories. Means and stan-
dard deviations of individual samples were comparable, with an over-
all difference of grand means of 0.005% protein. With only one
exception, analyses of variance showed no significant method differ-
ence at the 95% confidence level. The CuS04'Ti02method has been
approved interim official first action as an alternative method for
determination of crude protein in animal feed.

The selection of catalyst in the Kjeldahl determination of
crude protein continues to be a topic of great interest. The
traditional catalyst of choice has been HgO, but this has
raised much environmental concern. In addition, the official
AOAC method using HgO, 7.015 (1), specifies a lengthy 2 h
digestion whenever the sample contains organic material.

Because of these concerns, many laboratories have ex-
pressed the need for an alternative catalyst. A method using
CuS04as acatalyst (2) was successfully collaborated in 1984
(3), and is now an AOAC official first action method, 7.033-
7.037 (1). The determination is mercury-free, and the diges-
tion time is reduced from 120 to 90 min.

More recent work has shown a mixed catalyst of CuS04
and Ti0O2(4) to be more effective than CuS04 used alone.
Using optimized amounts of CuS04(0.01 g) and Ti02(0.6
g), it is possible to reduce the digestion time to 40 min, less
than half the time required for CuS04alone. This was con-
sidered a significant enough advantage to justify a collabo-
rative study.

Collaborative Study

Thirty-eight samples were used in the collaborative study.
They consisted of 18 blind duplicates as 9 closely matched
pairs, plus 2 standard materials. The collaborators were in-
structed to perform boil tests to verify heat input, then to
analyze each sample once by the official HQO method, 7.015
(1), and once by the CuS04Ti0 2method.

Submitted for publication March 30, 1987.

This report of the Associate Referee was presented at the 100th AOAC
Annual International Meeting, Sept. 15-18, 1986, at Scottsdale, AZ.

The recommendation ofthe Associate Referee was approved interim official
first action by the General Referee, the Committee on Feeds, Fertilizers, and
Related Materials, and the Chairman of the Official Methods Board. The
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Annual International Meeting, Sept. 14-17, 1987, at San Francisco, CA. See
the General Referee and Committee reports,/. Assoc. Off. Anal. Chem. (1988)
71, January/February issue.

Published as Journal Paper No. 10,840 ofthe Purdue University Agricultural
Experiment Station.

Protein (Crude) in Animal Feed
CuS04Ti02Mixed Catalyst Kjeldahl Method
Interim First Action
(Caution: See 51.030, 51.037.)

Principle

Sample is digested in H2504, using CuS04Ti02 as catalysts,
converting N to NH3which is distd and titrd.

Reagents

(@) Sodium hydroxide soln.—Dissolve ca 450 g NaOH pellets or
flakes (low N) in H20, cool, and dil. to 1 L; or use soln with sp. gr.
>1.36.

(b) Boilingstones.—Alundum, 8-14mesh(No. 1590-D18; Thomas
Scientific Co., 99 High Hill Rd at 1-295, PO Box 99, Swedeshoro,
NJ 08085-0099).

(c) Methyl red indicator.—Dissolve 1 g Me red (Na salt) in 100
mL MeOH.

(d) Hydrochloric orsulfuric acidstd soln.—0.5N. Prep, asin 50.011-
50.017 or 50.039-50.040.

(e) Sodium hydroxide std soln.—0.1N. Prep, as in 50.032-50.035.

After stdzg both acid and base by methods suggested in (d) and
(e), also check one against the other. In addn, check entire method
by analyzing NBS Std Ref. Material No. 194, NH4H2P 04, certified
12.15% N, and a high purity lysine HCL.

Table 1. Collaborative samples for Kjeldahl determination of
crude protein

Closely Sample Nos
matched of blind Approx.
pair No.”  duplicates % protein Material
1 1,27 40 cattle concentrate
17,32 40 cattle concentrate
2 2,34 17 alfalfa pellets
15,23 17 dehydrated alfalfa meal
3 321 20 broiler finisher
6,29 20 broiler finisher
4 4,33 88 soy protein concentrate
20,25 88 soy protein concentrate
5 5,22 48 soybean meal, solv. extd
11,31 48 soybean meal, solv. extd
6 7,37 80 blood meal
9,30 80 blood meal
7 8,38 36 dry milk powder
14,26 36 dry milk powder
8 10,35 80 feather meal
19,28 80 feather meal
9 12 21.31 Fisher Scientific Co.
primary std (NH42504
lot 852132
10 13,36 50 meat meal
16,24 50 meat meal
1 18 95.86 Aldrich Chemical Co.
L-lysine-HCI

(Gold Label), lot 0523AM

« Pairs are from different lots of same product from same manufacturer.
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Table 2. Collaborative results for study of CuS0,,/Ti02and HgO catalysts for Kjeldahl determination of crude protein

al. 1 all. 2 all. 3

Saple QT HO QxTi HO QT HO
1 4098 2006 4015 964 419 40
2 1698 17.16 1640 1727 159 169
3 20.66 20.66 2062 047 21.6 211
4 87.60 87.10 8.6 8.4 87.3 871
5 48712 4875 4733 4802 488 40
6 21.22 21.24 2067 21.12 21.6 23
7 81.08 8133 71.76 a2 815 810
8 »12 »15 A64 3457 31 349
9 84.40 .06 8L9» 89%8 840 843
10 8% 84.15 813 8308 846 846
1 882 4820 5L 42 480 485
12 13160 13210 13095 13108 13834 131
1.3 5326 520 5263 5324 544 51
14 3%.28 3H.3b A2 AT b2 b1
15 17.22 1750 1692 o7.24 174 173
16 5740 5746 5%.00 5.49 5.0 573

7 471 405 2049 402 p3 47

708 1708 17.07 1699 172 173
AN 840 819 809 0ns® A
5890 890 28 5874 Al Al
n4eL 00 w8 MI12 789 a7
31 KV 7S I S0 ] X7 32

BUBRRVCREBBBNBRRE
®
@
®
3
&
o3
&
3
®
w
®
[N

all. 4 al. 5 all. s

Qi HP Qi HP Qi HP

4018 4035 4124 4063 4138 4108
16:4 1685 1715 16,67 1713 1707
2010 2149 2124 209 2204 209

*Al data for collaborator 7 eliminated from further statistical consideration on besis of Steiner (6) and ranking tests ).

»Qutlier on basis of Steiner test (5).
»Qutlier on basis of Dixon test (7).

Apparatus

(a) Digestion.—Kjeldahl flasks with capacity of 500-800 mL.

(b) pistillation. —Digestion flask (e.g., Corning No. 2020)
connected to distn trap by rubber stopper. Distn trap is connected
to condenser with low-S tubing. Outlet of condenser tube should be
<4 mm diam.

Determination

Weigh 0.250-1.000 g sample into digestion flask. Add 16.7 g KS 04,
0.01 g anhyd. CuS04,0.6 g Ti02 0.3 g pumice, 0.5-1.0 g Alundum
granules, and 20 mL H2504. (Add addnl 1.0 mL H2504for each 0.1
g fat or 0.2 g other org. matter if sample wt is > 1g.)

Include at least 1 sample of high purity lysine HC1 in each day’s
run as check of correctness of digestion parameters. If recovery is
not complete, make appropriate adjustments.

To digest sample, first adjust heat to bring 250 mL H,0 at 25° to
rolling boil in 5 min. Add a few boiling chips to prevent superheating.
Then heat samples at this 5-min boil rate until dense white fumes
clear bulb of flask (ca 10 min), swirl gently, and continue heating
addnl 40 min. (Note: Reagent proportions, heat input, and digestion
time are critical factors—do not change.) Cool, cautiously add ca
250 mL H20, and cool to room temp. (Note: Add H2 as soon as
possible to reduce amt of caking. Ifexcessive bumping occurs during
distn, increase diln H,0 from 250 mL to ca 300 mL.)

Prep, titm beaker by adding appropriate vol. of acid std soln to
amt of HD such that condenser tip will be sufficiently immersed to
trap all NH, evolved. Add 3-4 drops of indicator soln (c).

Add addnl 0.5-1.0 g Alundum granules to cooled digestion flask.

Optionally, 2-3 drops of tributyl citrate may also be added to reduce
foaming. Slowly down side of flask, add sufficient NaOH soln (a)
such that mixt. will be strongly alk. Immediately connect flask to
distn app., mix completely, and distill at ca 7.5-min boil rate until
>150 mL distillate is collected in titm beaker.

Titr. excess std acid in distillate with NaOH std soln (e). Correct
for blank detn on reagents. Calc. % nitrogen:

%N = {[(N,caJ(mLIcJ) —(mL,)K (NNeCH — (mLNCH (NNH]
X 1400.67}/mg sample
where mL~oH = mL std base needed to titr. sample; mLadd = mL
std acid used for that sample; mL”~ = mL std base needed to titr. 1
mL std acid minus mL std base needed to titr. reagent blank carried
thru method and distd into 1 mL std acid; Nadd = normality of std

acid; NNCH= normality of std base. Calc. % crude protein, defined
as 6.25 x % nitrogen, or 5.7 x % nitrogen for wheat grains.

Results and Discussion

Table lidentifies the sample types used in the collaborative
study. In each case, closely matched pairs were obtained from
the same manufacturing source and represent different lots
of the same product. Results were received from 13
laboratories (Table 2). Pair No. 7, dry milk powder, was
included in the study at the request of the American Dry
Milk Institute because that group is also interested in the
elimination ofHgO catalyst. The instructions to collaborators
directed that the 6.25 calculating factor be applied to all
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Table 2. Continued

all. » al.s al. 9 all. 10 all. 1 all 12 all. 13
Qrli HO Qi HO an  HO Qrli HO Qi HO Qrli HO Qrli HO
PO P56 43 4113 071 4074 0% 4095 4067 409% 4010 4053 4025 393
1619 16%4 1731 1713 1714 1738 1726 1A 1672 1706 1698 1668 1723 1671
2019 2088 2113 245 2132 2118 2113 215 2079 2110 094 199 204 208
8400 8444 8s00 8788 879% 8173 87126 8iH 8743 81H 880 8712 824 85
8644 4738 4888  48H 4869 48R 0915 483 4831 4889 4883 4842 4883 4888
2038 2088 24 204 257 2AH 21.00 21.10 21.22 231 2124 2089 071 2109
7’63 7O 808 8% 8048 842 B0l 7716° 8012 8.3 7086 85 8047 788l
300 3B06 H% H63 b2 BRI AB B3R AB BB A6l B4 A4 519
775 7988 &5 &5 8486 39l 92 8 840 874 8462 290 8415 8476
8l50 8063 888 U auHs AU 88 &0 #ux 4% 8449 8387 861 8418
BB 4719 006 4856 4827 48K 492 478 4785 4825 4800 4790 4768  47.78
12013 12031 13238 13331 13232 13248 13050 13154 13190 13206 1292 13042 12044 13162
5144 5219 M3 HAI3 5897 91 869 5390 B B3 B0 5376 57.04° 5312
AB  ADB b5  HHO H24 B A3 H16 AB B Hl6 A H®B A
1644 1713 744 173 751 1757 720 1730 70 1727 72 1740 1778 1740
%25 506 5800 5756 5.2 5/50 5688 5743 5707 %661 506 504 5770 5668
4031 3919 4150 4106 P52 4253 4167 4087 4078 4078 427 4158 4106 4033
A RBH %38 B3l %62 K12 HNB By B2 B53 RB= K& BH2 AT3
7606 7681 7050 P33 7919 746 785% 7062 7837 7871 7869 7789 793 7183
850  86.00 806 819 861 &8l 808 824 891 &% 85/ &8 858 8%
2013 2069 2088 2113 21.20 247 200 209 0% 214 2124 2068 2204 2087
675 4800 025 48BHA 4840 487 4850 4906 4881 4865 4857 4864 203 4878
1660 1731 1725 1719 1721 1138 1757 1722 169 172 7% 1736 7w 1A
M66 5631 5800 5775 573 5718 5171 512 5746 579 5709 551 5713 %81
8497 819 04 M4 0HM NI12 833 K72 869 810 873 06 838 B>H
3B40 AN H19 B B B3 4B  H10 H16 H3H A0  XK07 H44 B
33863 3B63 4113 4063 4065 4087 4033 4056 052 4067 4019 4035 4030 4024
7?12 768 7838 M5 7938 MP2A 7857 7883 7838 7B%H 788 7843 829 7690
2020 1944 2150 25 2161 2148 2106 2117 092 2115 2149 2118 21.21 2115
774 8lA &b &I19 8476 8446 846 8P U8B BB 829 8427 863 860
BB 4763 4838 484 4835 4863 478 4798 821 41719 4748 410 4815 4177
BB 81 409 490 14 473 4113 4106 479 4108 49 4% 4014 4087
8418 8406 813 878 8786 8770 862 876l 8716 8115 &3 868 863 &8
1654 173 73 1706 7T 7 1716 1718 1704 1683 1726 1727 w2 1706
8.4 8L &13 & 8463 B84 867 8476 a1 8z #aux K71 873 848
5228 5263 %69 AR AA A0 5840 5351 B0r B34 8O 590 845 534
7446 7838 825  8L00 8050 828 7826 7870 8006 78 8013 851 7932 7008
Al A8 A0 B3l 2B A A% A d_MU BI17 H10 AR B0 HAEH

samples, the milk powder as well, to help preserve the blind
duplicate nature ofthe study. However, the correct factor for
the milk samples would be % N x 6.38.

There were a number of comments from collaborators.
Several noted more foaming during the initial digestion stage
for the CuS04Ti02 method. This required more analyst
attention. A greater tendency to cake was also noted. Several
collaborators suggested that dilution water be added as soon
as possible after the digestion step was completed. If steps
were not taken to control caking, bumping was observed
during subsequent distillation, and there was the possibility
of broken flasks. Extra dilution water can minimize this
problem.

In addition, collaborator 12 noted lumps in samples 1,17,
27, and 32 as received. Collaborators 5 and 11 thought the
sample container of sample 33 was not tightly sealed.
Collaborator 11 thoughtthat some ofthe samples could have
been more finely ground.

Collaborator 2 ran 2 repeat analyses ofsample 18 (lysine)
by the CuS04T i02method, with results similar to the low
92.67% value that he reported in Table 2. Finally, collaborator
5 analyzed a number of nicotinic acid samples by both
methods, and found that the recoveries averaged about 60%
usingthe CuS04TiO, catalyst, and about 99% using the HgO
catalyst. While non-HgO systems can be used for animal feed
materials, it mustbe remembered that for some samples HgO
performs better.

Two-sample X-Y charts were prepared accordingto Youden
(5) ;blind duplicates were plotted together on the same chart.
Examination of the charts suggested that one laboratory,
collaborator 7, had an excessive number of low results. In
general, the chart patterns were the typical elliptical shape,
not excessively elongated, but with a few results in each chart
spreading fartherinto the lower left quadrant. In other words,
a low bias is much more frequent than is one in the positive
direction.

The data were processed for outliers according to Steiner
(6) .In the case of samples 12 and 18, the Dixon test (7) was
used instead because these samples did not have closely
matched pairs, and therefore the number ofdata points was
only 13. Of atotal of 22 outlying values identified, 17 were
from collaborator 7. Further examination of the data from
collaborator 7 revealed that every result reported except one,
by both the CuS04Ti02and HgO methods, was lower than
the appropriate mean of the results for all laboratories. A
ranking test (8) confirmed that data from collaborator 7 should
be excluded from all further statistical consideration. The
most probable cause of this bias was improper acid and/or
base standardization.

When the data were again processed for outliers as before,
the following numbers of outliers were found by the Steiner
and Dixon tests: Lab. 2, 4 outliers; Lab. 3, 3; Lab. 4, 3; Lab.
10, 1; Lab. 12, 2; Lab. 13, 2. These outliers are identified
individually in Table 2. There were 9 outliers for the CuS04
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TiO, method and 6 outliers for the official HgO method,
representing 1.6% of the total number ofresults.

The remaining data, with outliers removed, were processed
for information on precision by using Youden’s scheme for
closely matched pairs (9). Blind duplicates ofclosely matched
pairs were treated as if they were additional matched pair
data points from additional laboratories, giving a total of 36
pairs. Table 3 contains the means of closely matched pairs
(X and Y) and corresponding standard deviations for both
methods: SO, the estimate of random error, S,, the estimate
of interlaboratory bias,
precision.

In general, standard deviations for the CuSO/TiO, method
and the official HgO method are in close agreement. The
CuSO./TiO, method had smaller standard deviations 12 times
and the HJO method 15 times; none ofthe differences were
cause for concern.

The same is true for the means. Means for the CuS04
TiO, method were larger 7 times and for the HgO method,
11 times. The largest difference was 0.235%; most differences
were smaller. The overall average difference, CuS04/TiO,
minus HgO grand means, was +0.005%.

Comparison of these data with corresponding data from
the 1984 CuSO04 catalyst collaborative study (3) indicates
similar standard deviations. The CuS04TiO, deviations are
slightly smallerthan the deviations for the 1984 CuS04study,
but the HgO deviations are also slightly smaller than the
1984 HgO deviations.

Sample 12, Fisher Scientific Co. primary standard
(NH4),S04, 133.19% protein equivalent, was included to
obtain some estimate ofthe accuracy of the 2 methods. The
mean o fthe CuS04TiO, resultswas 131.79% with a standard
deviation of 1.13. The mean ofthe HgO results was 131.98%
with a standard deviation of 1.01. The slightly low recoveries
by both methods on this material (99.0%) closely match the
low recoveries on the standard material in the 1984
collaborative study (99.5%) (3). Careful standardization of
acid and base and quality assurance procedures using standard
materials are advised with any Kjeldahl methodology. Errors
will tend to be most apparent on the high level N samples,
of course.

Sample 18, Aldrich Chemical Co. lysine-HCI, 95.86%
protein theoretical, 99+ % purity, was included among the
collaborative samples because it is a hard-to-digest material
and therefore a good test of the ruggedness of the digestion
parameters. The mean ofthe CuS04TiO, resultswas 95.101%
with a standard deviation of 0.93. The mean of the HgO
results was 95.686% with a standard deviation 0f0.61. W hile
these values indicate low recoveries, they represent
improvements over the corresponding values from the 1984
collaborative study 0 f94.02% mean, 1.34 standard deviation

and Sx, the estimate of overall
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for CuS04, and 94.54% mean, 1.50 standard deviation for
HgO.

Most collaborators in this study had digestion heaters which
were tested as approximately in the 5-min boil range. An
attempt to correlate low lysine recoveries with excessively
high heater boil rates was not productive. Two analyses
performed with heaters in the 8-9 min boil range resulted in
lower lysine recoveries, but on the other hand, 2 analyses
performed with heaters in the 5-min boil range also resulted
in lower lysine recoveries. Heatinputis notthe only parameter
that needs careful quality control. As was the conclusion in
the 1984 study, proper digestion parameters need attention
whatever Kjeldahl method is used, and this is more important
with non-HgO catalyst systems if quality results are to be
expected.

An analysis of variance using method, laboratory, and
sample, was run on the data. There was no significant method
effect at the 95% confidence level.

Conclusions and Recommendations

On awide range ofanimal feed types there is no significant
difference between the proposed method and the official
AOAC HgO method at the 95% confidence level, with one
exception. In this one case, the CuS04TiO, mean is slightly
higher than the HgO mean. Standard deviations of the 2
methods were in the same range, and were generally smaller
than in the 1984 collaborative study. The CuS04TiO, catalyst
eliminates the environmental hazard associated with HgO,
and the digestion is considerably more efficient than when
CuSO, catalyst is used by itself. As with the CuSO04catalyst
method, more attention to quality control in the digestion
phase is advised compared with the official HgO catalyst
method.

It is recommended that the CuS04Ti0 2catalyst method
be adopted official first action; that it be stipulated as a part
of the method that lysine-HCI be analyzed during routine
sample determinations as an ongoing check of analytical
performance; that the digest be diluted as soon as possible
to avoid excess caking; that if bumping during distillation is
a problem the amount of dilution water may be increased
from about 250 to about 300 mL.
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Determination of Phytosterols in Butter Samples by Using Capillary Column

Gas Chromatography

RANDALL L. SMITH, DARRYL M. SULLIVAN, and EARL F. RICHTER
Hazleton Laboratories America, Inc., 3301 Kinsman Blvd, Madison, W1 53711

A positive bias in the gas chromatographic (GC) analysis of butter
for /5-sitosterol was discovered when attempting to confirm values by
gas chromatography/mass spectrometry (GC/MS). The source ofthe
problem was traced to an interfering material that was not effectively
separated by packed column GC. Because capillary columns are known
to provide superior separation, they were substituted for packed col-
umns in the assay, and instrument parameters were modified ac-
cordingly. A compound with a similar retention time, identified by
GC/MS as lanosterol, was separated from /S-sitosterol by the cap-
illary column. The capillary column technique was applied to over
300 butter samples. The results indicate that the method can accu-
rately quantitate /8-sitosterol in butter with no known interferences.
The limit of detection for this method is 1 mg/100 g. Recoveries at
a level of 3 mg/100 g averaged 98% with a coefficient of variation
of 3.45%.

The adulteration of butter oil with vegetable oils has been
and continues to be a major concern in the dairy industry.
Methods for detection ofadulteration include determination
ofthe phytosterols, particularly /3-sitosterol. In 1958, AOAC
approved a method for sterol analysis that used a digitonin
column to remove the sterols, followed by a melting point
test for qualitative determination (1). Modifications of the
method incorporating gas chromatography (GC) were de-
veloped in subsequent years (2-4). In 1980, Slover et al. (5)
published a method for determining tocopherols and sterols
in fats and oils by using capillary GC. The current AOAC
official method for determining /3-sitosterol in butter oils is
applicable to oils containing >4 mg of this phytosterol (6).

The present investigation was conducted to detect adul-
teration of butter oils by determining the presence of /3-si-
tosterol. When a direct saponification/extraction technique
(7) and packed column GC (8) were used to analyze butter
samples, aninterfering compound, which was later confirmed
aslanosterol, coeluted with /3-sitosterol. We then investigated
the applicability ofcapillary G C techniques, outlined by Slover
et al. (5), to detect adulteration of butter oils by the deter-
mination of/3-sitosterol.

METHOD
Apparatus

(a) Centrifuge tubes.—Pyrex® No. 13, 15 mL. Silanize
tubes as follows: rinse clean tubes with anhydrous methanol
and dry 30 min at 110°C. Transfer to desiccator and let cool
to room temperature. Fill tubes with 10% solution of di-
methyldichlorosilane in toluene, stopper, and let stand 1 h.
Drain tubes and rinse thoroughly with anhydrous methanol.
Dry in oven before use.

(b) Gas chromatograph.—Hewlett-Packard 5710A or
HP5720A equipped with flame ionization detector and on-
column injection system.

(c) Packed column GC system.—6 ft x 2 mm silanized
glass column packed with 5% SP2401 on 100-200 Supel-
coport®. Column temperature, 214°C; carrier gas, nitrogen

Received April 1, 1986. Accepted January 30, 1987.

at 30 mL/min; detector gases, hydrogen at 40 mL/min and
airat240 mL/min;injectorporttemperature, 250°C; detector
temperature, 250°C.

(d) Capillary column GC system.—Hewlett-Packard, 25
m X 0.32 mm id fused silica capillary column with 5% phenyl
methyl silicone, cross-linked. Column temperature, 190°C
for 9.5 min, programmed at 207min to 260°C for 30 min;
carrier gas, helium at 2 mL/min; make-up gas, nitrogen at
30 mL/min; detector gases, hydrogen at 40 mL/min and air
at 240 mL/min; injector port temperature, 250°C; detector
temperature, 300°C.

(e) Integration.—Hewlett-Packard 3357 Laboratory Au-
tomation System.

Reagents

(a) Sterol standard solutions.—Prepare stock solution
containing >99% pure cholesterol (NuChek Prep, Inc., Elys-
ian, M N 56028), > 97% pure /3-sitosterol (Alltech Associates,
Deerfield, IL 60015), >99% pure campesterol (Research Plus
Laboratories, Bayonne, NJ 16801), >99% pure lanosterol
(Research Plus Laboratories) and >99% pure stigmasterol
(Applied Science Laboratories, Deerfield, IL 60015), each at
1.0 mg/mL dimethylformamide (DMF). Prepare working
standard solution of 0.3 mg/mL of each sterol by diluting
2.0 mg/mL stock solution in DMF. Store at room temper-
ature and prepare monthly.

(b) 5a-Cholestane. —>99% pure (Sigma Chemical Co., St.
Louis, MO 63178). Prepare 0.2 mg/mL working solution in
heptane. Store at room temperature and prepare monthly.

(c) Reagent alcohol.—Use one of the 2 following solu-
tions: 95 + 5 (v/v) Formula No. 3A-isopropyl alcohol
(American Scientific Products, McGaw Park, IL 60085, Cat-
alog No. C4305) or 95 + 5 (v/v) ethanol-methanol (USI).

(d) 50% Potassium hydroxide (KOH) (w/v). —Dissolve 115
g KOH pellets in deionized water and dilute to 100 mL.

(e) IN KOH.—Dissolve 65.29g85% KOH pelletsin deion-
ized water and dilute to 1L.

(0O 0.5NKOH -Dilute 500 mL IN KOH with 500 mL
deionized water.

Direct Saponification

Accurately weigh 800 mg butter sample and 5 g water into
250 mL Erlenmeyer flask. Add 8 mL 0f50% KOH (w/v) and
40 mL reagentalcohol. Attach Erlenmeyer flask to condenser
and place on magnetic stirrer/hot plate. Reflux sample so-
lution 1 h with gentle stirring, and then add 60 mL reagent
alcohol through condenserinto saponified solution. Remove
from heat and, after sample solution has cooled to room
temperature, remove flask from condenser and then stopper.

Unsaponifiable Extraction

Using volumetric pipet, add 100 mL toluene to flask and
then stopper. Vigorously stir mixture at 200-300 rpm 1 min.
Transfer solution to 500 mL separatory funnel that contains
100 mL IN KOH and shake vigorously 30 s. Let resulting
solutions separate into 2 distinct layers and discard lower
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Figure 1A. Packed column gas chromatogram of sterol stan-

dards: A, cholestane (internal standard); B, stigmasterol; and C,
/9-sitosterol.

aqueous phase. Add 40 mL 0.5N KOH to toluene layer and
rotate separatory funnel gently for 30 s. Let the 2 layers
separate completely and discard lower aqueous phase. Wash
toluene phase with 5 portions of 100 mL deionized water.
To avoid emulsion formation, conduct washes as follows;
rinse sides ofseparatory funnel with first water wash without
agitating, and then drain lower agqueous phase; gently rotate
separatory funnel, end over end, with second water wash;
moderately shake separatory funnel with third water wash;
and vigorously shake separatory funnel with fourth and fifth
water washes. Transfer toluene extract through sodium sul-
fate (Na2S504) column into 125 mL glass-stopper Erlenmeyer
flask that contains ca 20 g anhydrous Na2S 04, and then stop-
per. Let stand 15 min.

Pipet 50 mL aliquot oftoluene extractinto 125 mL round-
bottom, glass-stopper flask and evaporate to dryness on ro-
tary evaporator at 40°C. Rinse sides of round-bottom flask
with 5 mL acetone, evaporate rinse to dryness, and stopper.
Dissolve residue in 3.0 mL dimethylformamide.

Derivatization

Transfer duplicate 1.0 mL aliquots 0f0.3 mg/mL standard
sterol solution to separate 15 mL silanized centrifuge tubes.
Transfer 1.0 mL aliquots of sample extract solutions to be

e

Figure 1B. Packed column gas chromatogram of unsaponifi-
able fraction of butter sample; A, cholestane; B, cholesterol; and
C, /9-sitosterol (suspected).

: ok

31 ? 31 i i51 1 i51 3B 351 B 3Bl D

Figure 2A. Capillary gas chromatogram of unsaponifiable frac-
tion of butter sample: A, cholestane (internal standard); B, cho-
lesterol; C, lanosterol; and D, area in which /9-sitosterol elutes.

analyzed to separate 15 mL silanized centrifuge tubes. Ac-
curately add 0.2 mL hexamethyldisilazane, followed by 0.1
mL trimethylchlorosilane to each tube, stopper, and mix
resulting solution on vortex mixer for 30 s. Let solution stand
for 30 min; solution should clarify, with resultingammonium
chloride precipitate settling to bottom of tube. Accurately
add 1.0 mL 0.2 mg/mL 5a-cholestane solution to each tube,
gently add 10 mL distilled water to each tube, and vigorously
shake 1 min. Centrifuge at 2000 rpm for 5 min and transfer
portion ofupper heptane layer, excluding lower aqueous lay-
er, to injection vial.

Calibration of GC Apparatus and Sample Calculation

Inject 4 /iL derivatized 0.3 mg/mL standard solutions into
GC column and obtain 5a-cholestane and individual sterol
peak areas for each injection. Obtain standard response factor
for each individual sterol by the following calculation:

Standard response ratio = sterol peak area/cholestane peak
area

I I T I I T | T I I I I I
25 5 75 10 125 15 175 20 225 25 275 30 325

Figure 2B. Capillary gas chromatogram of unsaponifiable frac-
tion of butter sample spiked with /9-sitosterol: A, cholestane; B,
cholesterol; C, lanosterol; and D, /9-sitosterol.
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Figure 3A. Mass spectrum of unknown peak eluting at 25:57 (Figure 2).

Standard response factor = std response ratio/std soln concn
(0.3 mg/mL)

Standard response factors obtained for the two 0.3 mg/mL
standards should not vary >2%. |f standard response factors
are within 2% variance, inject 4 of each sample solution.
Inject 4 £tL standard solution after every 10 sample injections.
Obtain individual sterol and cholestane peak areas for each
sample injection. Calculate each sterol concentration in mg/

mL for each sample as follows:

SAVAE 2L LACSTERD. SD

199.8 — 69.8

Cholesterol, mg/mL =

sterol peak area/cholestane peak
areal/av. std response factor

Calculate sample sterol level in mg/100 g as follows:

Sterol, mg/100 g = [sterol (mg/mL) x DMF (mL)

x 100 mL/50 mL x 100 g)/
sample wt (g)

Detection lim it of this method has been determined to be

1.0 mg for each sterol/100 g sample material. This peak

50.0 -
] 393.3
]
]
498.4
311.3 . =
s el 3502 %654 38,9 | 498.3 4288  45e.5 a7ss) |
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Figure 3B. Mass spectrum of 2 ¢ig/mL lanosterol standard.
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represents a 6-fold increase over normal background re-
sponse.

Results and Discussion

Analyzing butter samples for the presence of phytosterols
by using direct saponification followed by packed column
GC analysis resulted in apparent /3-sitosterol values of 4-7
m g/100 g. To confirm the accuracy ofthis method, a control
butter was obtained from the University of Wisconsin
Creamery. When analyzed by the above-mentioned method,
this butter, known to contain no vegetable oil contamination,
also appeared to contain /3-sitosterol. Figures 1A and 1B show
a chromatogram of a butter sample and a chromatogram of
the appropriate standards obtained by the packed column
procedure. A GC/MS analysis of the apparent /3-sitosterol
peak in the control butter sample was conducted. The mass
spectra indicated the presence of an interfering compound
that eluted at the approximate retention time o f/3-sitosterol.

The control butter sample was analyzed using the same
techniques as above, except that the chromatography was
conducted using a capillary system. The interfering com-
pound (suspected to be lanosterol) was eluted just before the
retention time of /3-sitosterol (Figure 2A). The calculated
/3-sitosterol, using this technique, gave a value of < 1.0 mg/
100 g. This control butter was then spiked with corn oil and
assayed for phytosterols, using the capillary column tech-
nique. /3-Sitosterol was fully resolved from the suspected lan-
osterol (Figure 2B). A GC/MS analysis of the interfering
compound showed it to be the animal sterol, lanosterol. The
mass patterns ofthe ionized fragments ofthe suspected lanos-
terol peak match those ofthe lanosterol standard (Figure 3A
and 3B). The GC/MS instrument parameters used for this
analysis were as follows: The gas chromatograph was a Fin-
nigan MAT 4021-T; the capillary column was aJ & W Sci-
entific DB-5 (30 m x 0.38 mm id). Operating conditions:
carrier gas, helium; flow rate, 2 mL/min; injection temper-
ature, 280°C; oven temperature, 75°C for 4 min, then increase
207min to 300°C; injection volume, 2 jiL. Operating con-
ditions for the mass spectrometer were: interface, direct; in-
terface temperature, 300°C; source temperature, 280°C; mass
range, 50-500 AM U ; scan rate, 450 AM U/s; mode, electron
impact; source pressure, 5 x 10 7torr.

When the previous butter samples, which had showed

/3-sitosterol levels when analyzed via the packed column pro-
cedure, were reanalyzed, /3-sitosterol values of <1.0 m g/100
g were obtained using the capillary column technique. This
procedure was used to monitor 300 butter samples for the
presence of /3-sitosterol.

The capillary chromatography procedure was validated us-
ing the control butter obtained from the University of Wis-
consin Creamery and subsequently spiked with 0.5% com
oil. The precision data obtained for /3-sitosterol are as follows:
N = 16; mean = 3.05 mg/100 g; standard deviation = 0.105
mg/100 g; coefficient of variation = 3.45%.

Spiked additions of /3-sitosterol (at 1.0, 2.0, and 4.0 mg/
100 g) in the control butter gave an average recovery of 98%.

In addition to /3-sitosterol, this procedure can be used to
monitor other sterols of interest. These include other phy-
tosterols such ascampesterol and stigmasteroland the animal
sterol, cholesterol.

Recommendations

The use of adirect saponification/capillary GC procedure
provides a rapid method for the determination of phyto-
sterols in butter oils. The new procedure offers both increased
sensitivity and selectivity over the current AOAC method
(1.0 mg/100 g compared to 4.0 mg/100 g, respectively) for
determining /3-sitosterol in butter oils. The method is precise,
gives excellent recoveries of added sterols, and is free of
lanosterol interference.

On the basis ofthis study, it isrecommended that all future
phytosterol analyses of dairy products be conducted using
capillary column gas chromatography.

References

(1) cannon, J. H. (1958) J. Assoc. Off. Agric. Chem. 41, 268-270

(2) LaCroix, D. E. (1969) J. Assoc. Off. Anal. Chem. 52, 600-602

(3) LaCroix, D. E. (1970) J. Assoc. Off. Anal. Chem. 53, 535-538

(4) Katz, 1., & Kenney, M. (1967) J. Dairy Sci. 50, 1764-1768

(5) Slover, H. T., Thompson, R. EL, Jr, & Merola, G. V. (1983) J.
Am. Oil Chem. Soc. 60, 1524-1528

Official Methods o fAnalysis (1984) 14th Ed., AOAC, Arlington,
VA, sec. 28.104

(7) Adams, M. L., Sullivan, D. M., Smith, R. L., & Richter, E. F.
(1986) J. Assoc. Off. Anal. Chem. 69, 844-846

Official M ethods o fAnalysis (1984) 14th Ed., AOAC, Arlington,
VA, sec. 43.283

(6

~

8

~



916 MARTIN & HARTMAN: J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

CHEMICAL CONTAMINANTS MONITORING

Correlations between Selected Trace Elements and Organic Matter and Texture in Sediments

of Northern Prairie Wetlands

DAN B. MARTIN1and WILLIAM A. HARTMAN?2

U.S. Fish and Wildlife Service, National Fisheries Contaminant Research Center, Field Research Station,

RR 1, Box 295, Yankton, SD 57078

Total concentrations of arsenic, cadmium, lead, mercury, and sele-
nium previously determined in wetland sediments were grouped ac-
cording to habitat type and geologic location and related to sediment
organic matter and particle size by stepwise multiple regression anal-
ysis. Cadmium and Se were significantly correlated with the mea-
sured sediment properties in every geologic and hydrologic category.
Avrsenic and Pb were consistently correlated with sediment properties
in riverine habitats but not in potholes. In contrast, good correlations
were found with Hg in potholes but not riverine wetlands. Organic
matter concentration was the most consistent overall predictor of
trace element concentrations, but texture was also a good indicator
in some instances. The lack of correlation observed for some of the
elements within given geologic categories suggests that other factors,
such as external loading or deposition rates, were responsible for the
observed variation.

In a previous paper (1), we reported total concentrations of
arsenic, cadmium, lead, mercury, and selenium in surface
sediments of various wetlands in the north central United
States. We noted that, with the exception of Hg, sediments
from pothole wetlands contained significantly higher con-
centrations of these elemergts than did sediments from riv-
erine locations. Except for this natural differentiation into 2
general habitat types, we had no information that would
account for the observed variation in elemental concentra-
tions. Several investigators (2-4) have discussed various fac-
tors that should be considered in interpreting data on ele-
ments in sediment. Among these are sediment properties
such as particle size, organic matter content, and sulfide ion
concentration, and external factors such as bedrock lithology,
sedimentation rate, and anthropogenic loading.

On the samples that had been analyzed in the previous
study (1), we determined organic matter content and particle
size distribution. Because the original elemental data had
suggested differences between pothole and riverine locations,
we retained this hydrologic division and further grouped the
sample sites according to major geologic divisions. A step-
wise multiple regression analysis was then used to identify
significant relations between trace element concentrations
and sediment properties within each hydrologic and geologic
category. This information may assist resource managers in
this geographic region in distinguishing between natural levels
oftrace elements in sediments and levels indicative ofanom-
alous enrichment.

Study Areas

Sample locations were previously identified geographically
and described hydrologically (1). Location of each site with
respect to major physiographic classification is shown in Ta-
ble 1. All study areas lie within the physiographic region of
the United States known as the Interior Plains. This is a vast,
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diverse lowland bounded on the west by the Rocky Moun-
tains, on the east by the Appalachians, and on the south by
the Interior Highlands and Atlantic Coastal Plain. The entire
western portion ofthe Interior Plains, from Canada to Mex-
ico, is the physiographic province known as the Great Plains.
Adjacent to the Great Plains, along its entire eastern border,
is the other major physiographic province within the Interior
Plains—the Central Lowland. The Great Plains and the Cen-
tral Lowland are, in themselves, rather diverse and are further
subdivided into various physiographic divisions.

Three study areas were located in the Great Plains: (1) the
Coteau du Missouri potholes, (2) the Upper Missouri Basin
riverine, which is also in the Coteau du Missouri region, and
(3) the High Plains potholes. The Coteau du Missouri is a
large, glacial drift complex that is 90% dead-ice moraine,
with small amounts of end moraine and outwash deposits.
The thickness of this drift complex may reach 200 m; it
consists of rock, sand, and clayey, silty till. The fine-grained
material is believed to have been derived from local bedrock,
although the larger rocks are known to have been transported
from as far away as Canada by the glaciers. Cretaceous for-
mations such as Pierre Shale, Fox Hills Sandstone, and Hell
Creek make up the bedrock.

In contrast to the Coteau du Missouri, the surface ofwhich
was formed by glacial action less than 13 000 years ago, the
surface of the High Plains has remained essentially un-
changed for about 5 million years. This huge, nearly flat
plateau was formed by Tertiary Age deposition of stream
sediment over a period of more than 60 million years. From
the end of the last deposition (Ogallala) to the present, the
High Plains have been essentially untouched and unaffected
by streams. Windblown silt deposits (loess) and sand dunes
cover much ofthe northern High Plains, including the region
surrounding our study area.

Table 1. Physiographic location of sediment sampling sites in
the north central United States2
Physio- Physio- Physlo-
graphic graphic graphie
region province division Study area
Interior Great Coteau du potholes (Jamestown, ND, and
Plains Plains Missouri Coal Creek, ND)
riverine— Upper Missouri Basin
(Audubon, ND)
High Plains potholes (Hastings, NE)
Central Drift Prairie riverine— Souris Basin (Des Lacs,
Lowland ND, and J. Clark Salyer, ND)
riverine—James Basin (Arrow-
wood, ND, and Sand Lake, SD)
Coteau des potholes (Madison, SD, and Wike,
Prairies SD)
Des Moines riverine— Blue Earth-Des Moines
Drift Lobe Basin (Union Slough, IA)

* Geographic names used by Martin and Hartman (1) are shown in paren-
theses.
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Table 2. Results of duplicate sample analyses

Nurm-
ber of Concn
Constituent,  dupli- . . Mean differ- Range of
unit cates Mn. Max. Mean enee(%) difference
As, mglkg 9 10 7.2 33 02 (© 0-0.5
Cd, mg/kg 10 006 12 042  003() 0-0.10
Pb, mg/kg 10 34 16.8 9.0 06 (7) 0-2.6
Hg, mg/kg 10 o001 0.07 004 <001 (12 0-0.01
Se, mg/kg 10 0.02 17 063 005® 0-0.10
Organic matter,
% dry wt 18 05 140 5.2 09 (177 058
Clay, % dry wt 2 1 43 28 3 W 0-6
Silt, % dry wt 12 1 78 4 3 M 0-11
Sand, %drywt 12 1 £] 32 3 0 0-13

Four study aress vere located inthe Gantral Lovland: (D)
the Souris Besin rivaire, @ tre James Bssin rivaire, ©
the Coteau dss Painissottoles, and @) tre Blue EarthyDes
Moines Besinrivaire. The DriftRairie, whichartainsboth
the SurisRiverand James River kesirs, borcers the Coteau
du Missouri on treest. The dividing lirebetneen tre Drift
Prairie and the Coteau du Missouri also foms the border
between the Great Plairs and tte Gatrall Lowland inNorth
Dakota. The Drift Raire sdaracterizad by low reliefand
day coor in tte Sadis and loner James (Lake Dalota)
kesirs. The rest of tre Drift Pairie i covered mostlly by
ground noraiire, dgaosiited beneath the gleciarby active K2
In antrast with the hidwdlief, deedHice noraine on tte
Coteau du Missaun, treground moraiine of tte Drift Rairie
forms an udulating plain of low . Bedrodk intte vi-
anity of the James Basin study area aosists prinarily of
Piarre Sele, wheress the Sariis Basin sutkriain by Fox
Hilks Sardstone and amixture of saaral otter Tertiary Age
fomatias.

The Coteau des Rairies Ba plateau inesstem South Da-
kota, antanuosly covered with diecial dift of inegular
thideess, but often In ea=ss of 100 m. Most of tre dift
arsists of tills, it smade up of fragrents of koAl ads.
The till B\ery ridh inclay and Silk, refledarg the predomi-
rence of ale in tre bedrock strata of tre region. Glecial
arcsin of the weak Qretacens bedrodk, privarily Piene
Sdle, slelieadtbhae beenget

The Des Moines Drift Lobe B)et aother giacial festure
oftte Gtral Lovland, extarding aut from Minesota and
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down into rorth-antral lana. The age hes been establided
atabout 14000 years. The lde arsists of Cary diacil dhift,,
tre surface ofwhiich hes been nodified by 2 major ercsian
odes. End moraine precominetes inthevianityoftrestudy
ae, altthauh noraire B foud atvarias plaas
vvrmlnltematersmj Bedrodk 1o trevest of tre study areal
arsists of Upper Oretacenus Dekota Saostare, wherees
ollcerPaleamoic linestores and colanites subargp tre gl
sdirets alay tre esstem ate.
the 7 study aess. Sixare sittated in regias recantdly formed
by variass stages of e Wisoonsiin Age dlaciation, wheress
ae B laated inan uglaciatad regian. Some are utkerdlain
by diffaethedrock fomatias, tre influae ofwhich may
ke refledted intte fhysical and dremiical prgoartiesofaurface
sabkad slimats.

The precdirg disassian B intated anly o provice a
broed overview of the physicgrgaic settirg of tre study
aes. More detailed desariiptias can be found elsanere G-
10)

Experimental

Methods of saplle clllection, presenatian, precaratian,
ad elerattal aslysisvwere desribed previasly . Intte
tine elgsd beteen elerental avlysis (1980-1981) ad
ashsisfatedueand agaicratter (1983), tredriedsam-
pleswere stored at —20°C. Orgenic matter aortantwes de-
termined olarnetrically follovirg wet oxdcation with po-
tassiundichrarate and slfiricacid (). This method wes
prefacble o loss-oHigition methods because of enar in-
volved with lov-tenperature dehydration ofdiays (). Sail
syaates (dby <0.002 mm, Siit0.02-0.082 mm, sad
>0.062 mm) were determined by the pipst method folllowv-
irgperoxice treatment (13). Texture and argenicnatteraal-
yaeswere performed on guargoriately sizd saples trathed
been oven-driied at 100°C o a aostatt vweidt; realts ae
reported as peroant of dry weidhit

Aralytical precision and acaurecy Tar elerantal aalyss
were estinated by recvery of known acbirttias, dplicate
aalyses, and anallyses of cartified starchrd refarae mate-
riek (). Aelytical g ality antrol far tedure and agenic
matter arsisted of d plicate arallysss and atss-dedkasal-
yaes of sanplles by the Soill Testing Laboratory oftte Sauth
Dakota Sate lhivarsity, Agriaultural Bqperiment Sation.
Satistical methods were fran el and Tarie 49) ad
LeClergetd. (B).

Table 3. Mean dry weight concentrations and coefficients of variation of trace elements, organic matter, and particle size distribution
in sediments from northern Prairie Wetlands

Wetland type and Trace element, mg/kg (CV, %) Other constituents, % dry wt (CV, %)
physiographic
region () As Cd Pb Hg Se Organic matter ~ Clay Silt Sand

Potholes

Coteau du Missouri (10) 51 (41) 046 (37) 110 (27) 0.03 (55 087 (49 140 (45) 23 (17 52 () 24 (62

High Plains (12) 32 (3 044 (41) 141 (26) 0.03 (19 050 (84) 29 (28 40 (18 46 (1) 14 (50

Coteau des Prairies (18) 48 (20 061 (15 124 (27) 0.03 () 116 (37) 130 (42 33 (39 52 (17) 14 (M

Combined (40) 4.4a(36) 0.52a (31) 12.6a(28) 0.03a () 0.8%9a (55) 10.2a (67) 33a(3’) 51a(18) 17a (71)
Riverine

Souris Basin (24) 23 (52 031 (45 76 () 0.04 (38 044 (59 6.3 (52 30 57 32 (3B 38 (6D

Upper Missouri Basin (9) 24 (54 019 (R 44 (41) 0.03 (48 023 (57) 29 (4 19 (63 29 (45 52 (31

James Basin (18) 21 () 017 (53 50 (62 0.03 (3 024 (58 35 (74) 29 (31 14 (57) 57 (28

Blue Earth-Des Moines (9) 30 @ 040 (25 91 (9 003 (2 158 (&) 114 (3B 33 (18 57 () 10 (110)

Combined (60)* 2.4b (50) 0.26b (54) 6.6b (47) 0.03a(33) 0.52b (135) 5.7b (72) 28a (46) 30b (60) 42b (57)

* Combined values designated with b are significantly different (- < 0.05) from combined values designated with a
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Results and Discussion

Reaullts of tte d pllicate saiple aalysss (Teble 2) agesst
et elerantal aalysss might be more rgarad.cible tten
aalyss o tre other sediment astittets. Mean diffa—
axess of dplicate ssts raged firan 6 0 12% of e mean
cocaratian far eech of tte elerants, wheress tte conre-
spoding valuss far tte otter sediment prgeerties raged
fram 710 17%. Orgenicnatter determiretiansvere themost
\aridile, possibly due o tre relatinely srall susanplles of
sediment Q1 g) taen Tar aehyais. Alo, hoogereity of
ataicmatter intre oadll saple sprdxbly difficit o
atan.

The sare 12 saples tratwere usd fard plicateaslyss
vere aloanitiad tothe indgpendant ldoratory faratss-
dek aslysis of agmic natter and partide 9. R=Ults
far sl sgaatesvere aoparable 1o our aelysss, ragirng
within % 14% of ouraluss. Results Tar argenic natter vere
more\aridble. Two oftte sarples\veriedby -26 and +43%
of aur \alLes, wheress tte remainder were within + 10%.
Agpin, we s gt trettremajor difficitiss nagaicatter
ashsis Iie in tre nonhomogeneous distrilbutiion of tte or-
gnicnatter intreparat sanple and intte rekativdly srall
sieof tre susaples used Tar i

Arsmicamtratios inconbined pottolessdinantsvere
somevhat kss\aricble then those incarbined rivariresed-
iments (Teble 3. Breskdoan of tte data into geolagic di-
Visias did rot arsi redce this\arility, s evi-
denced by tre aefficetsoRariation (O5) ineech ey
The best eg.atias far predictirg As inboth the carbined
pottole and corbined riverire enviroments were besad
aly on aganic matter (Teble 4). Arsenic was not Sgifi-
cantly conrelated with any of the sediment prgoerties mea-
suadatany oftte potiole loccatiosor atore of tte rvarire
gies. This ladkofaonelatin agests tat fadasotrer tren
thoe arsichrad inthisstudyvere primarilly resosible for
tre dosenved variatian infs.

Cadmium cooentratias incorbined pottole ssdiments
vere kss\aricble tren tivee iInconbined rvariressdinants.
In arire heditats, the breskdoan into gollagic sUdivi-
sias digtly reduosd \araality, wheress thisves ot tre
G Inpotiole loatios. Cadmium acantratias nboth
tpesoftebitatvere bestpradictad by acarbination ofsard
and aganic ratter. Gorrellatias between Cd and the otter
sadinant prgoerties were significatt in eech of the golagic
catayries eapt ae. This relativaly high degree of e
lation sgests et the doserved variation InCd ves lagely
aooounted farby tre sediment prgoerties meesured.

Leed cooentratias ncarbined pottole sedimnts were
kss\aricble tren those Inconbined rvariresedinents. The
breakdonn o i 1es did ot reduce tre rela-
the\arihility inpottole Febrtats but did reduoe veriatin
in3oftre4 marire loatios. Lead was ot conrelatedwith
any of tre measured ssdinent prgeerties in tte conbined
pottole category ar in 2 of tre 3 pottholle geolagic dMSIos.
Gonrelatiasbetveen Pb and otter sediment prgpertiesvere
farlygoad atdl rivarire locatios studied. Ayaratdy, Po
aEntratias are dgpendent on fedas otter then those
measured N tre potholle sediments, wheress arganic natter
and tedure provice a relativelygood ledl ofpeiclablllly
In riverire sEinants.

Relatave\ariation nHg wes eboutenal mbothcarbined
potiole and carbined rivarire hebitats. Geollagiic bresk-
down provided no arsistant redction ofveriation ineitrter
Febitat tpe. Carelatias between Hg and sedimentt prap-
atiesvere quite good ndl potiole alegries. Gnrelatias
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Table 4. Correlation/regression analysis of trace element con-
centrations (mg/kg) vs other sediment properties

Element Location' Equation® ror rec
Arsenic CM NS -
HP NS —
cP NS —
Combined 0.106 (OM) + 3.3 0.46
potholes
SB 0.258 (OM) + 0.7 0.69
UMB NS —
JB 0.051 (silt) + 14 0.52
BE-DM 0.404 (OM) + 0.142 (clay) - 6.2 0.85
Combined 0.164 (OM) + 14 0.58
riverine
Cadmum CM -0.009 (sand) + 0.68 -0.77
HP 0.016 (clay) - 0.20 0.62
cP -0.005 (sand) + 0.68 -0.56
Combined  -0.008 (sand) + 0.010 (OM) + 0.56 0.68
potholes
SB -0.003 (sand) + 0.021 (OM) + 0.29 0.92
UmMB 0.040 (OM) + 0.08 0.81
JB 0.008 (silt) + 0.012 (OM) + 0.02 0.94
BE-DM NS —
Combined  -0.003 (sand) + 0.016 (OM) + 0.28 0.90
riverine
Lead cM NS -
HP NS —_
cP 0.20 (silt) + 1.9 0.54
Combined NS —
potholes
SB 0.50 (OM) - 0.03 (sand) + 5.6 0.84
UmMB 116 (OM + 10 0.78
JB 0.24 (silt) + 1.6 0.65
BE-DM 081 (OM) + 0.38 (clay) - 126 0.80
Combined 042 (OM) - 0.03 (sand) + 5.6 0.78
riverine
Mercury CM 0.0035 (OM) - 0.001 (silt) + 0.0347 0.96
HP 0.0040 (OM) - 0.0005 (silt) + 0.0359 0.89
cP 0.0005 (clay) + 0.019 0.52
Combined 0.0016 (OM) + 0.0010 (clay) + 0.0004  0.65
potholes (sand) - 0.026
SB 0.002 (OM) + 0.025 051
UMB NS —
JB NS —
BE-DM NS -
Combined  -0.0002 (sand) + 0.041 -0.32
riverine
Selenium CM 0.020 (silt) - 0.20 0.68
HP 0.311 (OM) - 0.40 0.58
cP 0.029 (silt) - 0.013 (clay) + 0.06 0.89
Combined 0.050 (OM) + 0.38 0.68
potholes
SB 0.067 (OM) + 0.02 0.86
UMB 0.099 (OM) + 0.06 0.95
JB 0.021 (OM) + 0.008 (silt) + 0.05 0.83
BE-DM 0235 (OM) - 111 0.75
Combined 0.131 (OM) - 0.23 0.77
riverine

“CM, Coteau du Missouri; HP, High Plains; CP, Coteau des Prairies; SB,
Souris Basin; UMB, Upper Missouri Basin; JB, James Basin; BE-DM,
Blue Earth-Des Moines Basin.

6NS, no significant correlations; OM, organic matter.

cr = coefficient of linear correlation (applies to equations with one depen-
dent variable); = = multiple correlation coefficient (applies to equations
with 2 or more dependent variables). Only statistically significant correla-
tions (» < 0.05) are shown for each location.

vere eittar not sigiificat or faryveak attte rivaire lo-
caos. Thisagests tratHg wes stragly related toargenic
matterand tedure inpottoles, butatrivarire loatiosother
fedtars predominate.

Seleniunwves tte most \aricble of dll the elerents mea-
sured inboth pottole and rivarire laatios. The breakdonn



MARTIN & HARTMAN:

Se remained tre most \arisble. Orgeniic matter was impor—
et totre predicionof Se cocentratias atmost laatios,
ad oaall, anelationwas good betiveen Se and the sedi-
ment progcerties meesured.

Gasicerable variatilmedastad intre relaticghipbetiveen
agien elerent ad te varios sedimant prgoerties ek
werenessured. The anrdlatiosrate fransaaal ttetvnere
rot statistically ssgificant to some with anelation aeffi-
aatsgeatarthen 0.90. Simillar firdings have been reported
ntre litaatue. Isahrand Keerey (16) fourd littearno
arxrelation betnween eleatal cooentration and agenic
matter o tedural cia, wheress Kemp etd. (I7) rgorteda
hiigh degree of anellation. At tines, a ladk of anrellation B
interpratedssevidence faranthrgpogeniic leedingorcontam-
Inetion €g., 4)- In oaur study, tre poorest anelatiosvere
pertgos those far As and Pb inpottoles and Hg inrivarire
aviramats. This lak of arelaticn may be due tovari-
atin nedaral leeding at gedific sieswithin tee cate-
gries. On tre otter hard, the best anrellatios vere fourd
withCd and Se, sLopesting littiearno autsice cortamination
o tex eleaits.

The relatiaghipsshon inTable 4 provideastartirgpoint
@ beddrp) far furtter eamiration of rae elemant con-
antratias insdinent intte InteriarPlains region. Fectars
goveming tte aooatratias of As and P inpottoles ad
Hg inriverire eviromants need to ke elucichted. Vallues
of Cd or S tret vary sigifictly in treir relatiaship
aganic natter or tedure from theee relaticehips shown in
Table 4 shauld be examined to determire praxeble ase.
In actirtion, resourae menegers in this aea who guestion
whether aparticuiarelerantal sediment cooentration Bin-
dicative of aontamiretianwill now have some keselire cata
(Tble 3) forcopariam.
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TECHNICAL COMMUNICATIONS

Liquid Chromatographic Determination of Amprolium in Poultry Feed and Premixes Using
Postcolumn Chemistry with Fluorometric Detection

JOSEPH T. VANDERSLICE and MEI-HSIA A. HUANG
U.S. Department ofAgriculture, Agricultural Research Service, Beltsville Human Nutrition Center,

Beltsville, MD 20705

Two extraction and liquid chromatographic procedures are presented
which separate amprolium from compounds in poultry feed or pre-
mixes that could interfere with its fluorometric determination. The
procedures are based on earlier work on the determination of thia-
mine in food samples. Amprolium is extracted from feed with a hex-
ane-aqueous sulfosalicylic acid mix, separated on a C,8column, and
detected fluorometrically after postcolumn derivatization. For pre-
mixes, water extraction is used. Values for the amprolium content of
poultry feed obtained with these procedures are in good agreement
with those obtained with AOAC official methods. It is suggested that
these methods with suitable modifications may be of use for routine
analysis of amprolium in feeds. The overall methods are rapid and
appear to give reasonable results.

In recent work undertalen o devel a liquid chromato-
gahic method farthe detemination of tre leds of thia-
mine and isphogtate estas infaxks, itvwes foud tettte
antacoccadial arprol ium could sene ss an intardel stardard
intre procedure Q). Huoresoaee detectionwes Lsd, ad,
because amprolium oxddizs 1o form tre same type of flu-
aesmEtcernative ssdoes thianireand il eas
(e, the thiodhrare reectian) ¢), arprol ium sstfiessdll tre
normal adtaiafaran inaral stachrd Q). Besides undergo-
irg tre same damical reection during tre aelysis, itako
bdhaves lietre thiamire vitarers during tre etire edrac-
tionand aslvtical proclres. The develgped methods gave
reesreble reaults far aariety of food products and aould
cetect tre vitaners at tre picoole A

The resulits desoribed above sgest tret the rdles of tte
vitarers and amprolium coulld be reversd ifare were in-
taested indetemining tre leelsofthe antacoocidial inpoul-
try Tl For eaple, ae mightt hope tte kedls of ore of
tre thiamire vitarers would be lov infed, and this com-
pound then aould be usd &s tre inardl staclrd in tre
aslysis Taramproliun. To dedk ts, a prelimirary study
wes made on tte lkedisof anprolium and the thiamine vi-
taers n a tpial diden fed mixture prepared at tre
BetsalleHuman Nutrition Ganter.

In addirtian, tre aigirel edractios and aslvtical pro-
axdres were sinpllified 10 dorten tre aalysis when thia-
mine Brotpesatinasaple, ie,apranix. Thisprocadre
wes cheded on a commercial ly symplied pramix aaitaining
anproliun but no thiamire.

The proposed dhraratograghiic procedres offar tre pos-
dhiliity of essy sgaratian of arproliun fran inerfaig
campounds, and they difer dort aelysis tnes. Inantrest
tomanual methods @), tre entire prooedure including ex-
traction and aalysis can ke autoneted wsing a ldooratary
tomuch diearer teselires then are dosened with ultraaolet

esorptian 6)

Received July 18, 1986. Accepted December 1, 1986.

Mention of a trademark or proprietary product does not constitute a guar-
antee or warranty of the product by the U.S. Department of Agriculture and
does not imply its approval to the exclusion of other products that may be
suitable.

Experimental
Feed Mixtures

One toffesdwes mixed navartical mill at tre Ruttry
Laboratory in Bdtsalle. The fed was priraally groud
com and soybeen meal (82% by weigt) but did cattain
dlatetrapdire HCL, thianire, and amproliun. The Etiar
wes naninallly 0.025% by weigt or 250 ygfy No furtrer
mixing was done before aslysis because tre poultry de-
partmatwes intarestad inthe variation ofFamprolium fram
saple tosarple.

The pramix, Anprol 25, was comrerciial by prepared (Verck
Sarp & Dohme) and was naninallly 25% amprolium by
veicht. This was analyzed without any furtter mixing.
Reagent and Standards

Thiamire, thiamine mongphosphatte, thiamine diphos-
drete, and pyrithiamirewere dotained fran Signa Chemiical
Go. Amprolium wes a gift fran Merck Sharp & Dohme
Research Leboratory. Sequarol grace siificsalioAlicacidves
dotaired from Piarce Chemiical Go. Alll otter demicalsvere
dotaired from Ader SsentificGo.

Method of Analysis

Two exdraction and chraratogrgghiic procedres are de-
soribed kelov. The one usad Tar feed mixtures antainirg
thianire inolves exdractian of amprolium and an intareal
starvardwith s Hasaliodicecid follonad by a cleanp step
and subseg ent aelysishy draratogrady. The chrometo-
gahicaslsis inohes a stiepgradient elubian oftte com-
pounds of Inaestwith 2 sgarate bffas. This procedure
sades the thiamine vitarars and amprolium fram oe
aother and from any interfarig Inpurity pels.

The second edrection and dvaratographiic procedure B

farapremix antaining no thiianire. Bdractiin
ofarprol iunand tre intamal stancard isacoonplishedwirth
vater with aslysis by an iatic chronato-
gghic proceclre. Whille sinpler and festar then tre pre-
vias method, thianine diphosdhate and thiamine mono-
phosphate are ot sgarated fran ane anotheyr nor fram an
inafaiy inpurity psk. Honever, the thilamine and am-
proliun peaks are sgarated and are fiee from inerfaate.
For tte pramix testedwith this . acleenchromato-
gahickeselireves dotaired. Hovever, favateredractin
irsteed of s fcsaliodicacid Bused intte aelysisofa fed
mixture, inicentified pels which inerfaewith treaalysis
are dosened.

Extraction Procedure

@ Feed mixture.—TO 1gfesd mixture aradded 2 mL
ofa 5 /ig/Ml solutian of thiamine s te
intaral stathrd, 10 mL ofa 5% (WA) sulicsaliodic acid
solution, and 10mL heare. This Bvortex-mped far 1min,
ad i ak 2400 g ﬁlOmin-'Ihematerlawris
removed ad fillaad thragh an ACRO LC 13 0.46 gm
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TDP
TMP
T
% T
2 Amp.
3 Amp. TDP
i ?) Feed
3 Stds. T™P
m
Time —~50 [—
min.

Figure 1. Chromatogram of a mixture of standards and an ex-

tract of chicken feed mixture. Notation is as follows: TDP, thia-

mine diphosphate; TMP, thiamine monophosphate; T, thiamine;
Amp, amprolium.

dﬁmb filer Gelhen). The fillaadvater ber Bten

Gamia through tre rest of tre cleanyp and aalytical pro-
oxdres cesoribed inastail previasly @, 7).

©® Premix.—vox apremixariainingno thiamire, asim-

plar edraction proosdure BLsd. A known amount @01
my) ofintaral stadtad, pyrithiamine, Badded toaknoan
anourtt (@0.8mg) ofsarple in 10mL vater. This mixture
Bgroud Inan Omi-Mixer OQupont Instrurents) far 10
min, 10mL hexane Baddad, and tre mixture isground far
aother 5min. This Batrifiged at 2400 ¢ far 10 min &t
4°C (Beckmen Model TJ-6); ttevater lhyar sremoved ad
then fillaad through a2 0.4 /Z:n Millipore fille~ The filtaie
sdilutad2o tines Inprgparation Tar injection ino e liquid
draratogrgohiic aralytical system.

Liquid Chromatography
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Amp.

PT PT Amp.

Premix (Amprol 25)

Rel. Fluorescence

’JL Stds.

Figure 2. Chromatogram of a mixture of standards and an ex-
tract of premix (Amprol 25). Notation is as follows: PT, pyrithia-
mine; Amp, amprolium.

Time .
min.

Pesk arees are usad in tre cladlation. A tpical gyaratls
aysists ofFa RerkinElrer Sxies 4 liquid dwaratogrgph, a
Haake watex bath, a Shimaedzu C-R1A recording ineyatar,
ad a Perkin-Elmer 65040 fluoresae
withecitatinand enissicvaelegtis setat 330 and 432
mm, reectively. The edtation and emission dlitsare nor—
mally sstat 10and 15 m, reseectively. A Militon Roy con-
stat~volure pump B usd for tre oxdizirg stream. The
aslyical colum B protected with an RP-18, 3 cm X 4.6
mm, 5/m@atide siz2guard colum (ainin).

@) E luting buffers. — For the fasdmixture, 2 syarateluf-
as ae usd 1 elue the compounds of ntlarest from te
oolum. The colum Bfstailibated far 15 min witha
0.1M sodium prosphate huffer atpH 55. After tre saple
B Inade], tre pH Bkapt & 55 faran additiaal 6 min.
This sthen folloredwith 0.1M sodium phogdhatte bufferat

@ Hardware.—The licuid chraratograchic systan isde- pH 2.6 faran acdirtiaal 19 min to anplete tre elutian of

saribed incetail elsenrere (). The systemes sstup iscgeble
of performing a postoolum demical resction. Sgparatian
Bathiesedona3mm x 3cm C,, colum Rerkin-Elner)
pedked with 3 /im @rtides. The eluighuffer @buffas) B
cescribed kelov. Thiamire, s progdate edas, and am-
prolium are a<idized postoolum 1o treirthiochrore deriv-
ameswitho 01% @A) potassiun farioenick in 15% W
V) sodium hydraxiide solution (pH < ). Tubing priar o tre
colum Bstanies ded (0.5 cm D); postoolum twhing
cnbe AWG 26 gauge (0.000cm 1) TeAan thirg. The fllov
rates ofboth the elutirg huffer and the oddizirg streem are
stat 1m/min. The strears ae mixed na ““t&g” behind
tre colum. Before itatars tre flloresae e, tte
mixed stream Bpessed thragh 7m of 0.04 cm id Teflan
tLbirg kept a 2°C. The autput fram tre detector s fad ©
apraviasly cllitrated recording integratorwhich automat-
icdly aliyates tre anount ofunknown on tre kesis of tte
anount of inardl starhrd added 1o tre arigiral saple.

Table 1. Liquid chromatographic determination of amprolium in
chicken feed mixture

Sample Amprolium, /¢g/g Recovery," %
1 226 9
2 220 105
3 226 101
4 206 118
5 264 100
Av. 228 + 2 105+ 8

»(Amp added - 228) x 100/Amp added.

the saple antants from tre colum.
For tre premix antainirg no thianire, the eluion Bio-
aaticwith anly tre one huffer atpH 2.6 keiing usad.

Reaults

A stadhard solutian of thiamire didogtete, thiamine
monophosphate, thiamine, and amprolium chromato-
gradhed udertrecxditiasmentioned fartte chiden fed
mixture Bshon inFigure 1 The elution tines Tarthiamine
digogtete, thianine monophosphate, thianire, and am-
proliun intre starclrd soluian are 328, 526, 1021, ad
13.Bmin, regectively. Lover limitsofdetectinareat tte
picaole bd. Also shoan Ba chraratogram of edracted
chiden fead midture towhiich no thilamire or isphogtete
estas have been added. The eluion tines are e sane &8
fartte soluin of starclrcs.. Srallll pesks indicatirg perhgs
the presace of thiamine diphogdate and thianine mono-
phosdrate are dosened as are those far thilamine and am-
prolium. Thiamine wes sletad as e In-
tard stadad ad, uder tre procedures desoribed for
an actLal aalysis far amprolium, enough thilamine mono-
was added o aaure tret s resultirg peek Was

12 tines tre area of et Taran unspiked sanplle. Five aal-
yaesvere perfomad, and tre realis are shown inTeble 1
toetterwirth recovery studies. The average\value of228 5,9
dotaind s In anrast wirth the nominall vallue of 250 Ay
fartre prepared mixdture. Values dotaiined by 2 comercial
koratories using tre officel icmethod ofarel-
yais @ vere 230 and 236 /g, which are in reesaeble
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agrearent with tre resulits dotaiined hare. The starokrd de-
viatian shown inTeble 1 leets o a aefficat ofvariation
of 10%, which sdable trevalle fourd in tte eardiawork
infood saples. It BagEctad ttat some of this vaeriation
Bde toadigdtinomgereity inthe ciden fesd mixture
because no effartwes made to homogenize tre mixture fur—
ther aftarmixing intre vartical mill. Wirth tre eagption of
aehighwale, tre renariesfram spiked sarplesvere dioe
10 100% even though dlartetrap,dlire HC1 wes intte mix—
e This B inagrearent with the eerlirwork of Kanora
and Salkonski @who found no enhenoed recovery ofam-
proliun when this dng wes presatt, akthouch some otter
drus enfenced e renay. One caveat i iIn adar, how-—
agr. The srall pesk ofthianine presatin
tre aigirel saplle will tad o laner tre vallues of arpro-
liumand isremerywhen wsirg tre inaral starcard meth-
od because of tte manner inwhich tre integrator alaulates
aEtration. It Bestirated tet te \values are gyroxi-
mately 8% lorer then they should e, FArdlly, the anounts
of thiamire In tre mixture can be determined alag with
amproliun. None are rqorted hae, honever, because, In
proceclre usd effectively removed thiiamine from grourd
com or Sy bean meall, whiich compose a lage paraatege of
the mixture.

Shown InFAgure 2 are chramatograms dotainedwhen tre
edracticnand aralytical systam desoribed farpramies con-
tainirgno thiamire Busad on Amprol 5. Tracesare shon
fara stardard solution antaiinirg pyrithiamire @ te in-
tard stavhrd) and amprolium and faran edracted sarplle
of pramix spikad with pyrithiiamire. The elution tiimes T
pyrithiamire and arprolium ae 1.62 and 4.03 min, re-
gectively. Thiamine couldalsobe usad as tte intaral sten-
chrd as itdlutss at the same tine as doss pyrithiianire. The
phogdrate estars of thianire elutle earlia with unknoan

Eight ceterminatians of the amountt of arprolium intte
premix were made which yieldsd tre peraatace values of
2.3,835,31.7,6.0, :A.2,2.7,26.0,and B The aerage
\allewes 8.1 + 4.3%6. This late variatian inamprolium
antatslidydeotte srall sapleanmunts
ofpremix ¢.8 my) had e usad and the prepared premix
hed not been furtterhomogeniized ssvies the intetion. The
method B0 saEitive trat even with tree srall sarples,
tre exdractad solution il hed o be dilluted 20-old to stay
within tre rae of tre insturent saEitiMity. Under these
aditias, itwes arsicerad inpossible todo reovery stuo-
sssiteackoate rpresantative sarplesvere ot dotainad.

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

Conclusions

The 2 edractian licuid chraratogrgphiic sgoaratian pro-
odures audired here effectively sgarate anprolium fram
other auch as tre thiamire vitaners in poultry
Tfaedvwhich culd inerfaewrth fluoressemethods fartte
cetermiraetion ofarmprol ium infasd mixtures and prambes.
As arh, trey allov Tor tre aslysis of this compound by
eftteran inaral aredardl stacard method. The intaral
starchrd method as usad here Tar fead midures may leed ©©
digtly loxervalles of arprol iun aotant due o te pres-
ence ofa srall amount of thiamire nte
Tzl This same aiitacisn doss not gply o tre aslysis of
prembes where no thianire Bpesat. At trepresmt e,
the methods are o sesitive Tar tre determinetion ofam-—
proliun In pranixes in tat sanples too srall tobe rre-
sative aes nust be tden o stiaywithin instrurent sen-
dgtMty. A e redctian in irstrurent regoonse woulld
elimirate thispraolen.

It B agestad tret the procadures audlined here may ke
Leeful to tthosewho rautirelyanalyze faranprolium infess.
Although miinorr modirficatian of the methods may be nec-
esay, treaalysis Bstraightfonard and reesarebly repid.
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Simple Method for Distinguishing Maneb, Zineb, Mancozeb, and Selected Mixtures

HUYSEYIN AFSAR and BIRSEN DEMIRATA

I. U. Miihendislik Fakultesi, Vezneciler, Istanbul Turkey

Maneb, zineb, mancozeb, and arbitrarily selected mixtures of those
can be differentiated by a simple method. Compounds are differen-
tiated on the basis of colors produced after treatment of saturated
solutions of the fungicides in n-propanoi-acetone mixture (1 + 1 v/v),
first with dithizone and then with monosodium dihydrogen phosphate
solution in the same solvent. The color depends on the type and
concentration of metal present in the sample.

Variasnetallicethylaebisdithiccarbaratesand trelimix-
tuesare ussdwicely as plant protedtants; treir identrficaion
repirss sinple methods. Much ressarchon thissbjecthes
been dae, and rearly dll methods are besad on the deter—
mination of carbon disificeand trenetal aotained intre
fugicidss (D). Most of tre netallic ethylasbisdithiocarta-
give ikl elerental aelysis i its. For eaple, man-
ozeb canrot be diffaetiatedby thistedmiige franamix-
ture of meneb-zineb or fran a mixture ofmaneb and zirc
slits. Although X—ray diffractionarother instrurental meth-
ads can be used farthispupose, tree instruatsare raely
asilble inanettical kEoatories 49).

In 1970, Walker @) rgortedasinple clor ot Estusing
dithizore to distiirguich mixtres, hut itwes rot
gylicble o tre diffaetiationofmancozeb fromamixture
ofmaneb and zirc sie.

Steversn 6) proposed a ot testwhich lBan edasiin
ofalkersmethod. This tedmige, as Stevenson stated In
on colar differaces tret are diffict o cesrite acnrately,

when tre clas ae vary aimilar. In atiian,
this tedmiige does not cefinitely distirguishmancozeb and
meneb-zinc sulfate mxtures.

Inthe presmtwork, amethod hes been develgoed o dis-
tirguish olars of tre aomplexes instrurantally and/or by
tre nalked ge. Thus, abjective mistakes have been reduocd
toaminimum. This taedmige can be gplied eslly, ad
aourate resulits can ke dotained wirth a sinplle colarineter .

Experimental

Principles
Saturated solutias of sanples In «rgeaol-acstore are
and treatedwitha solutinofdithizoe intte sane
sohat. Glors of aopllexes vary with type and aoncentra-
tnoftrematal presat, thus mixtures can ke distirpuided
by means of olar diffarass. To dotain more acaurate re-
silts, olas ae dosenved aftathe addiaion of dithizoe o
thesaple solutios, and thena saturated soluanofmono-
sodium dihydrogen phosprate in «prgparol-acetae B
addd. The colars folloving the additaon of

phosphate can
be measured gectoretrically ac510 . A resgatblark B
usd ndl css.

Reagents

(a) Solvent mixture.—A’B')/t_K’al gEdE <<—f]’q15l’0| ad
acstaore mixed negal volunes.

(b) Dithizonesolution.—4 X 10 anolardithizresoluaan
prepared insohat mixure.

© Phosphate solution. — Saturated oluanofNaH2P 04«
2HD nsohentmixture.

Received August 28, 1986. Accepted January 7, 1987.

(d) Rreference solution 1.— 10 mL of dithizoe soluin
diluted ©© 50 mL with solvent mixture.

(e) Reference solution 11. — 10mL dithizoe soluaanad
10mL phoghate solutian, mixed and dillutsd S0 mL wath
ohatmxiure.

Procedure

A 1.0 g sample of fugicice (reneb, zireb, mencozeb,
maneb + zirc sfate mixture or maneb + Zing mxure)
Beighed intogless-stageraniical i, and 20mL «pro-
parol-acstore mixture isadoed. The soluion Bstinala 1
h and then filtaad thraugh ashlessWhattman No. 42 pger.
Two 1mL aligots oftre filticeare trasfarred o sgaate
==tiles; otefastsadded 1mL dithizoe soludnand
ImL phogohate solution; tothe secord isadded 1mL dith-
izoe solutio. The antants ofboth tues ae diluisd t© 5
mL with solventmixture. The sbssg et olasarevisally
aonpared, and trelrabsorbanoes are recorded sppirstreega it
blarkat510 rm. The same procedre Baplied tosaples
ofmaneb, zireb, manocozeb, tremixture ofmaneb + zireb,
and tremixture ofmaneb + zirc s,

Results and Discussion

The besicaim of this inesticgatinves tre diffaetiatin
ofmancozeb fromamixture ofmaneb and zirc sltsor fran
amixture ofmaneb and zireb.

Zineb Btre zinc camplex of ethylachisdithiccartamic
aad, ad, due 1o isgeatar ddility, zinc dithizrete ot
formed on the addition of dirthizore to a zirgb aganic -
o Mancozeb B tre zinc complex of manganese ethl-
zirciasand tte ligard Bieskerthen nzireb. Thus, zao(D
can dissoiaie 10 a grester edant in the ageniic solutian of
menoozeb, and the liganddisplacement can cocurwath dinthi-
ATE. , ashown NnTeble 1, zindbdoes ot altar
ﬁedrthm‘eg&m whereas mancozeb gines a pirk-violet
zircanplex. With maneb, tre (1) incoentratian n
tre agaic oluiian B afficat o form a conplex with
dithizoe. Bven though tte collar of tte zirc dithizoete and

dithizrete conplexes ae diffaet (tre former
Bpiicvicketvhile tre Bl saaty), te(1l) iasae
masked with phogdate 1o dotain a furtter diffaetiation;
ssaresit, \n() iosintte e ofmancozeb canno lager
camplex with dithizore, and the anly doseneblle @lar in
solutian s tte pinkviolet zirc dithizoete corplex. Extrer
inamixture ofmaneb-zineb or Inamixture ofmreneb-zinc
sifae, zirc ias ae ot ata sfficatcoattato inte
atgnicolutiontoform tredithizrateamplex, whileMh(1 D)

Table 1. Colors and absorbances of sample solutions
Sample + dithizone +

Sample + dithizone phosphate
Compound Color Abs. Color Abs.
Zineb green 0.01 green 0.00
Maneb orange 0.98 green 0.01
Mancozeb pink-violet ~ 1.08 pink-violet ~ 0.49
Maneb-zineb (7 + 1 wiw) orange 1.04 green 001
Maneb-ZnSOj (7 + 1 wiw) orange 099  green 0.01
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i06 can eslly form tree aoplees, which fack on tre
acdrtion of oyt ete.

As canbe ssnfranTable 1, maneb, amixtureofmaneb +
zireb, and amixture ofmaneb + zinc sulfate show il
behavior on tte sopenaal addirtian of dithizore and phos-
pdete. When diffarantiation of these albstanoss s dsiEd,
trepresaeof(I) Btestad (y dithizrear otterstarchrd

5). For thispuose, tre testsanple sfastleadad
withwaterand thenwith dillutedH 2S04.The maneb + zireb
mixturecananlygiveapsitivezirctestintreH S0sediat,
vhile tre maneb + zirc sulfae mixture can gine positive
zirc reaiits inboth water and H 2S04 edradts. On the otter

The diffaretiation ofmancozeb firan the maneb + zirgb
mixture Brotaffected by avater antantofs% (byvolure)
in tte agaic solution. The sare laate, \dlid fa te
differetiataon ofmancozeb from the mixture ofmaneb and

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

zircsa e, slimited thavaterartentof 2. itisgparat
that dosolute drying of the sohvents isrot strdtly reessary.
Trerefare, tte method B sinple and convenient (farmost
kooatories laddirg instrurental cbviess) fartreaaelysisof
tre irdicated furgicacks, which isoferefittoboth usersand
dhs
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Chloride Determination in Foods with lon-Selective Electrode After Isolation as Hydrogen

Chloride

FLORIAN L. CERKLEW SKJ and JAMES W. RIDLINGTON
Oregon State University, College of Home Economics, Department of Foods and Nutrition,

Corvallis, OR 97331

This report describes a sample preparation method in which chloride
is isolated as hydrogen chloride from food samples prior to analysis
with the chloride ion-selective electrode. Chloride analyses of selected
foods with this method agreed with chloride values reported in food
composition tables. Chloride analysis with the present procedure also
agreed with the certified value for the chloride content of the National
Bureau of Standards (NBS) Standard Reference Material, Nonfat
Milk Powder. Reliability of the chloride isolation procedure was
evident by the complete recovery of chloride added to food samples
and a narrow range of 95% confidence limits calculated for each set
of analyses. The usefulness of the chloride ion-selective electrode to
determine chloride in foods is greatly enhanced by this procedure
because matrix interference by other sample components is removed
prior to analysis.

(hllorice nfoocs srautirely determined by titrationof <ol-
woilizd chlorice with a starcerd solutian of sihar nitrate
. The titrationend point can be visalizd eftterby usig
a olar irticator or by wsirg tre dillorice electrae as an
indicator dlectrak. Nerther of ttrese methods sBaentirely st
isleday because of srias intlarfaate by otter saple
coponents, fareaple, tre determination of dhllarice n
meat and meat procLcts @). Directdetermiretianofdhlarice
with tre dhllarice ioselective electrak hes also met wirth
Iimited suosss because tte elecrae B3 bject o sarias
interfarae by other sarple acomponents, ircludirg foulig
oftremenbrane surfacewith protein, and detection ofotter
hallicks also presant @). Direct determiratiion of dhlorice in
milk, Tor eaple, rauired pretreatmant of tre saople ©
remove protein @); otrerwise, an envaeasly hich dilarice
ceterminatiion wes dotaired. Although ithes been reported

Received April 7. 1986. Accepted November 27. 1986.
Research supported by (N1H) DE 05628. Oregon Agricultural Experiment
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tret much oftre electrae interfarate can ke removed by
pretreatnant of tte sarplewith an odadative resppt ), tre
il sittation 1o tre determiretion of dhllorice n foods
wouldbe o soltednlorice fran inafargabstanes riar
o ismeasuranant. To acooplish this, methods ofvaryirg
cegree of anplexity and expense have been supested in-
clulirgiore dhuratogredy, gesdhraratogredy,
and dstilltionmethods 6).

In tre prest study, we desrile the use ofa sinple, I~
epasive miaadiffusian procedure wsig Corvay s ()
10 olte dhlorice as hydrogen dhlarice fran fooos priar o
ashsiswith tre dillorice isslective lectrak.

Experimental

Reagents, Apparatus, Procedure

A cetarled desmiption of tte respts, gyaratus, and pro-
odure repuired Tar tte determiretaan of dhllorice with tre
inselective electrak follovirg isolation as hydrogen dhllo-
rick hes allreedy been published @) Inlyif, the sanple rirg
which surraunds the antervell ofa Corway plate antailins
the sanple and sifficetvater tomake a fird volume of 1
mL. The cantervell antains 02 mL 1.25VM NaOH ad 2
drgos of ebsolute etterol o hellp soreed te NaOH solutian
oer trevell arfae. Diffuisinof dloice begirs
by treadditian ofF3mL aold (5C) 60% H 2S04 totte sarple
aotpartment. A i dishooer simediately gplied ©
each dl ad tte antents are swirled o mix. Drfftsion B
alloned to proceed far 22 h a 37°C. Then, Reni dishcovers
are reroved and 23 mL water and 02mL 1.25M HNO3
areadded 10 tte antervell. Gartervell antents are mixed
ad trasfarred to a 10 mL digaossble bedker aup trat con-
tars2.4mL waterand 01 mL 5M NaNO3.Chlorice sthen
determined wirth the dhllarice iorsellective electrae. Under
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Table 1. Chloride content of food samples"

CL, mg/100 g
Present method
(95% conf.
Food interval) Lit. range (Ref.)
Milk, cow, lowfat (2%) 86-92 78-120 (11)
Milk, evaporated 202-214 200-220 (11)
Infant formula (Similac) 94-100 95-105»
Egg (whole) 171-177 170-180 (9,10)
Ham (smoked) 2124-2195 1400-2100 (9
Tomato juice, canned 482-497 380 (10
Carrot juice, canned 32-34 29-53 (9
Peas, drained solids, canned 298-309 267-410 (9
Hour, whole wheat 55-57 _
Hour, white, al purpose 66-70 7 (10
NBS SRM 1549
(Nonfat Milk Powder) 1080-1120 1070-1100¢

*, - 5, except for NBS Reference Standard, where » - 12

"Personal communication, Ross Laboratories, Columbus, OH.

°95% confidence interval, National Bureau of Standards (NBS), Gaithers-
burg, MD.

tre aoditias desribed, a lirear analysis villl be dotained
when the saple inrioducad into the sanplle rirg antairns
50-1000 ng dlkrick. Ina5mL aslsiswolue, tre loer
erd oftre stated rare correspads o 10 ppm A°, which B
vell aove the electrace minimum detection limit of 1.8
pam.

Sample Preparation

(a) For liquidsamples sucth asmillkand juiass, no saaple
preparation Breguired. Pipetasiffidatdy laxgesaple ino
e saple rirg of tte Cormay i tratwall yield 200-500
My dhllarice. Add resistilidvater o tre sanple rirgtogine
afird volure of 1L.0mL.

(b) For solidsamples suchasham, adeayp, it
Brecessary fastto soluhilize dhloricss intte faod. Add 5.0
g ofa rpresantative saple toabladar. Add 46 mL 0.IN
leegatgraijNMam blerd 30 sat low speed to edract

dlaricks. Gatrifuge 10 miin ak400 X g. For dllarick arall-
vas, remove an allig.ot tratwilll yield 200-500 Mg dhlarick.

(c) Forsome solidfood sarplles suchas flaur, itigssible
o diffiee dhllorice directly from tre saple, because tte
amount of chloriice diffised willl be i tre desiired 200-500
My rae.

Calculations

Diffiee starclrd amountt of chlariice (100, 200, 500 M)
with eech st of sarples. Gllaullate dhllarice aontant of tte
sanple from tre regessineq BN gereyated from the stan-
cats. Byress fird readlis as mg C17/100 g, to conpare
results directly with awailleblle food aonposition refaraess
6, 10), accarding to tre folllovirg eqLaiaN:

L, my/100g= (c x v x D/W) x 10

where C = aoentration (ryL) ofchlorick inarelysisvol-

ume corected far parant renvary, V = sanplle volume G
n), D = diludon fedar, ad W = sanple veight @.

Results and Discussion

The agirel miaradirffusion method on which tre presant
peperwes bassdwes designed todetermiine the chlaridce con-
tentof urire and serum by using tre dhlloriice insclective
electrak @) To determire the possible gplication of this
method to the determinatian of dhloriicke in food, an effat
wes made to st rgresentatine food itens from each of
the major food groyps where aorparable dhllorice aotat
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Table 2. Recovery of chloride added to food samples"

Chloride, nq
Food Added Found Reed Ree., %
Milk, lowfat (296) 0 1788 + 6.9 _ _
200 3776 + 82 198.8 9.4
Milk, evaporated 0 2082 + 71 _ —
200 4131 + 6.3 204.9 1025
Peas, drained solids 0 151.7 + 31 _ _
200 347.6 £ 59 195.9 98.0
Egg. whole 0 1390+ 30 _ _
200 3445+ 49 2055 102.8

Each value represents the mean + SD of 5 determinations.

of fooos was avalllblle fram food camposition tebles @, 10)
or litaature refaass (). Inadbiian, the presantmethod
wes alo gplied 1o dillarick determiretian in a randanly
sl infentfomula reflectirgrecantancens (12))asvell
& o tre Natiaal Bureau of Starckrds Starcard Referance
Material 159, NorfatMi Ik Poader, which hes been aartified
far dlorice atat.

Reaults fartre determination of dhlariice aontant in food
by wsirg the prest metthod are shown in Teblle L Deter—
miretians have been eqaressed a5 95% anfidae intenals
o fadliteie aoparisons with rages of dllorice artant of
fooos rported i food aonposition Eoles. Baressian of
rsUlts inthisway also fdllitaes oonparison oftte presat
method with otter methods, because the artifisvalue far
dlarick nteNBS stadard Beqressed as a 95% aafi-
dence inendl. Methods used by the Natdiaal Bureau of
Starchrds toartify tte chlorice antant ofranfat mi Ik pow-
cer vere iaredae draratograsy and irstrurantal
reutron activationaelyais. Chlorick determinatians infoos
with the presnt metthod were in dice with tre
asileble refarate \alles as shown inTeble 1. The narrov
rae oF95% anficane inenalsatliests to tte fct et e
presmt method Tar the determiretion of dhllarick infood B
hichly rearad cible. Furthermore, thedeterminationofchlo-
rick in te NBS statlrd with tre presant method wes in

As shonn in Table 2, tte presmt method allons far ex-
aat, rgoradcible reovery of dhlorick added to foads a5
sodiun dhlarice. These resulits indicated itk or no matrix
inerfaeeon tredifftsinofdilorice ashydrogen dhlarice
fraom trese saples.

Insumary, the saple preparatian method used inthis
study todetermine chlarice aontentoffoods geatlyarhances
treussfulress ofthe dhllorice onselectiveelectrace because
eleciak interfaate by other saple camponents B re-
moved. The proodure does not recuire ashiing or dgro-
tenization of food sarples. The method regUires inexpen-

sive equiprent and yet vields iidde, rrodcible reslits
eounallent to those dotained with much more sghisticated
instrurentation.
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Gas Chromatographic Determination of Capsaicinoids in Green Capsicum Fruits

ANNA M. KRAJEW SKA and JOHN J. POWERS

University of Georgia, Food Science Department, Athens,

A new gas chromatographic (GC) method is described that uses a
simple on-column méthylation for the quantitative determination of
the major naturally occurring capsaicinoids. Capsaicinoids are ex-
tracted from the dry sample with acetone in a Soxhlet apparatus,
purified by extraction with petroleum ether and water, mixed in a
microsyringe with trimethylanilinium hydroxide solution, and in-
jected onto the GC column. The methylated capsaicinoids thus formed
require 16 min for elution. The gas chromatographic response is
linear with increased concentration of capsaicinoids.

Cyosaicinand isarelas, alled gsaicinoids, are tte pun-

ompomds of tte capsicum fitit. Five returally oc-
! Gpsaicinoics have been rgoorted (O Ggsaicin ©),
dihydrocgpsaiicin (O0), nordithydrocgpsaicin (\DC) ,
Gpsaicin (HO), and harodiinydrocgpsaicin (FI0). C, DC,
ad NDC ae tre mgjor of most Capsicum
gE0es, arstitutirg about 95% or more of tre tolal (sl
cirid antet.

Gas chramatograahy (G0) hes been wickly gplied far
syaation, intficaiion, and g entitatianofindivid el cap-
saicioics of retural and synttetic angin in fiesh pegers,
daxesirs, saias, and mediciral When cgp-
saidnand isaslas acaralyzad by GC intre fiee fom,
stragackoption ofthe compounds tomost colums reslits
in2ae talirgofpeds ad harpers gentitatian. There-
Tae, derihatization Brecessary TareffidatGC sgaratin
of cgsaicinoids. Two cb‘nmzaummtrm—
ciroics have been ilyatian of csaicE-
rmids 7) ad MOl);SISOf(HEICII’DIdSiDyEH'ﬁly
aods, and subseg et estarification @, 9.

The GC method desaribed heye iBbesed on anéthylation
reection of tte prerolic group of Ggosaicinidwinth trineth-
yianiliniumhydraxice (TMAH) . Thisdernatizationmethod
yvieldssymetrical chraratograghiic peakswithout evidae
ofacsarpticn on ttecolum. TMAH hesbeen proven tole
aponerful nethylatimgagant far GC quentitation and idan-
tafication ofhiigh nolecullar weiight compounds ofiolaoical
inaest ach as abituates, gaolic alaloids, »xatthire
keses, and atters (10, 10). A sinple a-colum tednige B
usd far méthylataion with TMAH (2. When it smixed
withan edractand heated intte injectorport, TMAH resdts
with the active hydro, amino, or carlbiogAl graup toyvield
methylated norpolar darivatives whilch can ke essily dvo-

The GC method proposed here hes been suaessiully ap-
plied ogentatative determinatians ofF Ggosalicinids innat-
ual prodcts.

Received September 24, 1986. Accepted January 9, 1987.
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METHOD
Apparatus

(8) Gas chromatograph.—VarianModel 37[1)(\/6'13’]AS—
ses, Pallo Ao, CA 4308) equiipped with flare 1o+
iAo cdetetar; oolum, 2.1 m x 2 mm id gess, pecked
with 5% SP2100 on 100-120 mesh Chromosorb WA W

DMCS; colum temperature program:  nitel teperature
2A0°C, nitEl time O min, program rate 4°/min, fird tem-
perature 246°C, fird time 7 min; detectortevperature, 230°C;
o eperature, Z35°C; nitragn flovrae, 30 m/min;
air flov rate, 300 mL/min; h)drogenﬂomae,fz’om_/mm'
sEtMty, 8 X 10 0AFS; sanple sie, 2pL.

@) Freeze-drier. —WEVFTISQ)., Gardirer, NY 155,

© crinder—Wiley mill (Arttur H. Thomas M., Philla-
celhia, PA 1910).

@) Rotavapor.—Brinkman Instrurants, Westbury, NY
1150.

Reagents

@ Natural GgEaicin— Mixture of ratually coounrirg
Ggaicinoics ElRlzand Baer, e, \atertury, CT 0648).

@) Pure NDC, C, and DC standards.—Cbmirijy low
pressure liuid chroretograchiic ssparatian of retural cep-
saicin ).

©Tr|methy|an|l|n|um hydroxide (TMAH).—0AM SO~
lutan inmethanol (Adar Saentific, Pittshudh, PA 15219).

@©) Internal standard (1s). — Tetracosare (Hder Scentaf-
D). Prpare IS solutian by dissolvirg 250 mg tetraccsare in
1000 mL tetrahydrofuran.

(e) Sodium sulfate anhydrous. —J. T. Beker, Hi“i'ﬂll‘g,
NJ 0B83%.

() solvents. — Tetrahydrofuran, metterol, acstoe, di-
eth/ etrerarhydras, petroleimetter (S0-110°C) @l “Bak-
aAnalyzed” Reegpits).

Standard Curve

Prapare stocksolutionof cpsaicinids aataining 0.4,1.4,
and 0.8mg/mL of NDC, C, and DC, regpectinely in IS0
oo Trarsferal lqﬂsofslc(ksolmmtOSm L voluretric
flidsand diluie towolure with ISsoluiontodotaina saies
ofstardardmixtures ntterage 0401, 1.40.36, and0.8-
02mg/mL farNDC, C, and DC, regectively. Draw 1pL
TMAH soluionad 2pL staclrd solutian into microsy-
rirgeand it intoges dhraratograah. (Figure L illstrates
chromatogram ofstarcard mixture of Ggpsaicinicswith IS)
Measure pesk heidts of ggsaicimics and IS, Gllaulate ra-
s ofF each pesk o IS and phat, ssarately far each com-
pound, dotaiined vallles vs arcentratian.
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Figure 1. Gas chromatogram of methylated standard mixture

of capsaicinoids; IS = internal standard (tetracosane); NDC =

nordihydrocapsaicin; C = capsaicin; DC = dihydrocapsaicin; 2

iiL injected representing 0.6, 2.1, and 1.2 m9 of NDC, C, and DC,
respectively.

Sample Preparation

Quit fresh pgoers Into 1.cm s, Discard stars. Areeze
inblsstfreezrand dry infreee- e toaorstantvweligit @
43 H). Determine water antant of fresh pgpers. Griind dry
pacers inWiley nill. Edract 3gpondered saple InSod-
Hgyaratis 3h with 150 mL acstore. actoe
in Rotavgpor. Dissohe residle inca 50 mL methanol and
@ 50 mL petroleum etter (add saaal drgos of water
avoid mixing ofpetroleunm etter innettarol). Trasfer ©
230 mL sgaatory furel. Seke and H lbas sgade.
Discard petroleun etrer ba. metharol InRo-
tagor. Dissohe resid e indieth etterandvater. Trarsfer
250 mL ssaatory furel. Svird gty toavoid erulsion
fomation. Let bassgadae. Wash vater laerwith2more
portias ofdiethy etter. Dry carbined etter fractioswirth
ahydrous Na, S04, fille-and evgoorate o dryness inRo-
tagor. Dissohe reside in5mL IS solution. Draw 1ix.
TMAH soluinand 2 ix. edract intb a micosyringe ad
injct into ges chvamatogreph.

Results and Discussion

GC sgaratin ofnethylated cgosaicinoidswes very good
Wi tre ic arditias desoribed (Rigure 2.
Pedks are vell resohed and trerefare essy 1o nesare. As

Table 1. Recovery of capsaicinoids from spiked bell pepper

samples
Recovery,1%
Capsaicinoid Added, mg Mean + SD CV, %
NDC 0.82 1020 + 5.8 5.7
C 520 875+ 47 54
DC 2.66 805+ 43 53

* Average of 6 determinations.

Figure 2. Gas chromatogram of methylated natural capsaicin;

codes same as in Figure 1 plus HC = homocapsaicin, HDC =

homodihydrocapsaicin; sensitivity changed to 4 x 10 DAFS af-

ter 15.4 min; 1 mL injected representing 5.85 ixg natural
capsaicin.

can be s=n nFAigre 2, HC and HDC can be detected in
mixture with other Ggsaicinoics anly iIFsasitivilty of tre
instrurant s inaeess. Because of tte very lov antant of
HC and HDC in pgyars, teir determinatian vas ot in-
clud inthispgect.

On~colum methylationwith TMAH was 100% effective,
without pramixiing reegantand edract. No diffarae inpesk
resporeeves dsenedwhen TMAH wes added totteedract
a0, 5 10, and 0 min prior © Nedtio. Therefare, te
method ofmixing TMAH solution with the ediract in tte
srirge ves usad throughout this eqeeriment. Amount of
TMAH ussdwas 5- 10 10-old ineasss and pesk resoee
wes tre sane ntisrate.

The purification procedure yieldd a gt green edract
ad effectively removed interfarirg sbstaness. Figare 3 -
kstrates a typical dhranatogram of a green pepper edract.
The petroleum ether edraction elliminated most of the pig-
ments and Ipidsand wes essatial Tarextended colum lie
and perfomance. The dieth ether and water partition re-
moved the aulstancess inarfarirgwith Gosaicinoid peds.

By thisprocecre, kEl peapers aotained no Gsaiciroics
and trerefare El pepar saplles were spiked and used far
recoery sttdies. The resulits (Teble 1) indicaiea satisfedary
led of renvery and good raalcibillity. The minimum

Table 2. Determination of capsaicinoid content in green Cap-

sicum fruits
- Jalapeno peppers Finger hot peppers
inoid Content"+ SD CV, % Content*+ SD  CV, %
NDC 4380 £ 017 35 749 + 0.27 36
C 1870 + 1.20 6.4 1930+ 134 6,9
DC 16.83 + 1.03 6.1 18.18 + 0.97 53

*mg/100 g fresh pepper; average of 6 determinations.
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Figure 3. Gas chromatogram of methylated jalapeno pepper
extract; codes same as in Figures 1 and 2.

cetectzble ledlsby thismethod are 12.0, 125, ad 14.0g
TarNDC, C, and DC, regectinely.

Relatlo’éqlmbetmeenlferatnofped(relgtoflrﬁ—
vidal (gesaicirics o intardl stacardvere Ireenith te
aentratian of gsaicinids = 0.9) nte rags 0.4~
04, 1.40.?5 and 0.80.2mg/mL farNDC, C, ad DC,
nte stardard mixtures were such tret they reflectad tre
relatinve antent of (gosaiciids Ncapsicum fiUis

The method wes suaessiully usad 1o determiine G-
roid leeks in2 kinds of hot gran peper aellieble on tre
laal nerket, ie, jalapao pagparand firgarhot pgoer G2
Teble 2. The resiits irticate tret the desoribed GC method
difasavseful altarative fardetermirations of Gpsaicinoids
I’]Capsmum

Thismethod canalsobe gplied todetectadlterants such
as\eniliylamick of «—nonerpiic aad, whiich, under tredhro-
matographic aaortaas desorited hare, hes a peek with a
retention tire of 13.7min ad sdertyresohed franNDC

adC peis.

ic methods such as liguid chroma-
tog'adyd_C) (14-16) ard hich performence thin laerdyo-
matography (HPTLC) (1Y) have been soeessiullly used far
cetermiretian of individlal (gsaicioics. Honvever, tte
method here B less astly tren LC which reguires
ke amounts of high purity sohents and HPTLC which

J. ASSOC. OFF. ANAL. CHEM. (VOL. 70, NO. 5, 1987)

rapirsseqasinve, mraussble pltes. Also, many more leb-
aaoresshae dmrmUaisﬁmmLCmlem
As campared with otter ggs C procadres,
ﬁenalnaimlageofﬁeneﬁndcbsnmﬂﬂe Btreease
of tre darivation reection. No  pramiixing of tte regpts,

hestirg, or vartarg befare injectsan srecpired. TMAH so-
lution ad an edractare sinply drawn inbo tte srirgeard
injadted. Some other methods— sa sy, colarnetric, ec-

tgdotoretric, arthin laarchraratograghiic prooedures—
are ot effedtive far tre determinatiion of irdividlal com-

pounds and can be used anlly far tre aslysis of ol cp-

O

Althouch sarplle praparation desaribed here iBsomenhatt
tine coEuning, Kresits in edradts auteble far chroma-
toggty. tre slimitad, ssnplle praaraticnmay bedort-
ened by anitiing the petroleum etter purification oftte ex-
tradts. This willl have hittk efflect on tte gopearance of tte
fird chromatogram because none oftte substanaes removed
by petroleum etter overlap with Ggosaicinoid peds. How—
aqr, rglecting to perform this purificabion will cause con-
taninataon of tte GC collum, and ttarefare kess of resolu-
10, due 1o tte dgoosition of s and s presat ntte
edrads.
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Solvent Effects on Response Factors for Polynuclear Aromatic Hydrocarbons Determined by
Capillary Gas Chromatography Using Splitless Injections

HING-BIU LEE, RICHARD SZAWIOLA, and ALFRED S. Y. CHAU
Environment Canada, Canada Centrefor Inland Waters, PO Box 5050, Burlington, Ontario L7R 4A6, Canada

When standard solutions of polynuclear aromatic hydrocarbons
(PAHSs) were analyzed by capillary column gas chromatography us-
ing splitless injections, response factors were observed to be depen-
dent on the solvent used to prepare the standard. This report presents
the response factors for 16 individual PAHs in 5 commonly used
solvents: acetonitrile, methanol, toluene, isooctane, and cyclohexane.
To minimize quantitation errors due to differences in transfer effi-
ciency, samples and standards of PAHs should be prepared in the
same solvent.

Due to tte Wiquitas rature and the pasistate, Gacino-
griaty, and nutegeicity of many polynuclear aronatiic
hydrocartons (PAHS), such compounds are freguentlymon—
itored nvater, ssdimant, biote, and otter netrpes. A va-
netyofaralytical mrethocblogiies such asges chramattography
) @, gs cwaratography/ess sectroretry (GCVS)
©, ad liouid chraratograpy 0 @ have 0 farbeen
develgoad for the determiration of PAHs. Because of di-
faet raquirerents in the detection systan, starchrd olu-
tosae in diffaet ohats. For ex-
aple, farrmaxepeseLC adhass, PAH stachrd olutio s
are often prepared in polar sohants such as astonitrilkead
metherol. On treotterhard, Tar GC ar GC/MS aralysis of
PAHs, stathrts are wiaally prepared in alidstic or aro-
matic hydrocarbons ar otter nopolar sohats. Diffarat
clean.p procedlres can also produce saple edradts nsol-
\ats diffaat fran tre alioation stachrcs.

, We dosenead uneqected results when aur -
house PAH starthrd solution prepared intoluare wes cAlli-
brated agpirst a PAH  refarae sanple (NBS SRM 1647)
prepared in astoitrile. Although solvant effets on pesk
e @ ad regoee faas G ncaxllaygasmrma—
toggdhy have been rigortad, very faw gentitatine rsults
on the resoorese fadors causad by solvants of diffarat po-
itygeared intre litaaue. Intispger, we ot tte
Dhat effects on tre retention tines and resoee fedars
fartte 16U.S. Bviramental ProtectionAgency PAH priar-

ity pol lutents (BPA Method 612) determiined by gllitksss in-
Jectias anto a fusd sliacpillary colum.

Experimental
Gas Chromatography

We usad a HeMettPadard 5880A gps chramatograph
equipped with litddlitless cillary injection o, flare
inization cetectr, 7671A autcsanpler, and ked IV -
mirels. For dll PAH aalyses, we ussda30m x 0.5 mm
idDB-5 fisd siliacpillary colum of 0.5 pin filnthid«
ressaailkble fran J& W SaetificQo. (peraUrglenper
hold 0.75 min & 70C, prograTmmg e 1 307min (fmn
70to 140°C), programiing rae2, 37min(from 140280°C),
hold 15 min at 280°C. Flow raes: hydrogen, 36 m/min;
ar, 240 mL/min; cetectormakeup ges (reliun), 25 m/min.
Camier ges (teliun) head presre, 15 (= Linear \eladty,
2.3 avs a 280°C. Jlitess vahe on far 0.75 min. Ap-
praxinately 3p L ofeach sarplevies injected o trecollum,
wsing tre autosarpller. An electroniic integratorves used

Received October 29, 1986. Accepted January 13, 1987.

measure peskaress fartte subssg et alalatinofregpaoee
foos.

PAH Standard Solutions

Stodk solutias of irdividLell PAHS were prepared with
aooatratias between 500 and 100 pg/m L Ohae. AlsD
a aomtrated mixture of tte 16 PAHs inoluerevies pre-
pared by conbiining 1.0mL ofeach stodk solution. Each of
e50pL dligotsof thismixture wes dilluted to 10.0mL
with tre follovirg 5 ohats: (1) oluae, (2) astonitrile, (3)
metherol, (4) Isoodae, and (5) ocldeae. caution 2Ex-
trarecaeshauldbe eacised inherdlingaonoentrated PAH
stoksolutiashecause some ofthem areknown carcines.

Results and Discussion

In aur Hovatary, dl sediment edradts and starohrd so-
lubosfaPAH aslsisaepreared intolae. Thissohait
was dosen because it sauteble far flare ionization detec-
edate. Toluee Elotresohantusad nttrefiralcolum
cleenpstgpfaPAH ashysis, ad islaenoditilityred s
egoratian of sohat in saplle edradts and stadard so-
lutosdringstaae. AlthauchPAH sanples ntoluiaeae
rot suiteble fardirect injection inbba rea=eprese LC 95
tan, luee B miscible with methanol or acstonitrile n
ratics gredter then 1°10. Thus, after dillution with tte LC
ohat, tre sarplle can ke analyzed wirthout solhvant replace-
mertt which waally causss kessessoftte more \olatille PAHSs .
Inthisvork, stardard SoluiasofPAHS were alo
nactitrilke, netrarol, isccae, and ocldeae fate
folloving conparison studies. These sohants were dosen
because treyvwere fraquently used NPAH adlysis.

Table 1sumarizes tre retentiontimes (lesdon
7 replicaie ingectio®) of 16 PAHs in tre 5 sohats. The
injectiosnere made by anautosanpleraitoaddm pilkry
colum intte slitlessmode, and the dhraratographic cata
were recorted by an electronic . Fortre same b
\at, the betweanHun variaion in retention taines fareach
PAH seldon excssted 0.0L min. For tre kesss\olatilePAHs,

Table 1. Retention times (min) of PAHs in 5 different solvents
(see Experimental for GC conditions)

Acetoni- Cyclo-

PAH trile  Methanol Toluene Isooctane hexane
Naphthalene 421 434 421 421 420
Acenaphthylene 6.55 6.47 6.52 6.56 6.52
Acenaphthene 6.97 6.89 6.94 6.98 6.95
Horene 837 8.28 834 837 835
Phenanthrene 1211 1204 1208 1211 12.09
Anthracene 1232 1226 1229 1233 1230
Huoranthene 18.97 1896 189 1898 1897
Pyrene 2032 2030 2030 2032 2031
Benzo[a]anthracene 2927 2928 2925 2928  29.27
Chrysene 2055 2955 2952 2956 2954
Benzo[bjfluoranthene 37.06 3707 3705 3707 37.06
Benzo[K]fluoranthene 3725 3725 3723 3724 3124
Benzo[a]pyrene 30.07 3909 3906 3908  39.08
Indeno[123-cd]pyrene 4640 4640 4638 4640  46.39
Dibenz[ah]anthracene 4694 4694 4692 4693 4694
Benzo[ghl]perylene 4813 4814 4811 4812 4814
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Table 2. Response factors of PAHs in acetonitrile, methanol, isooctane, and cyclohexane relative to those in toluene

PAH Acetonitrile Methanol
Naphthalene 0.26 (8.7)-" 0.39 (5.2)-
Acenaphthylene 0.43(9.6)- 0.45 (5.6)-
Acenaphthene 0.40 (9.4)- 0.45 (5.3)-
Florene 0.45 (6.4)- 0.47 (6.6)-
Phenanthrene 0.51 (5.7)- 0.52 (8.7)-
Anthracene 0.51 (6.0)- 0.51 (9.3)-
Fluoranthene 0.55 (7.0)- 0.57 (10.0)-
Pyrene 0.55 (7.6)- 0.62 (8.8)-
Benzo[a]anthracene 0.59 (5.5)- 0.70 (7.4)-
Chrysene 0.61 (5.5)- 0.72 (7.0)-
Benzo[b]fluoranthene 0.68 (3.6)- 0.80 (6.3)-
Benzo[k]fluoranthene 0.67 (3.8)- 0.78(7.0)-
Benzo[a]pyrene 0.71 (3.6)- 0.79 (5.5)-
Indeno[123-cd]pyrene 0.94 (6.0) + 0.80 (6.7)-
Dibenz[ah]anthracene 0.97 (4.6)+ 0.84 (7.0)-
Benzo[ghi]perylene 0.95 (6.1)+ 0.83 (5.1)-

*+ and -

Toluene Isooctane Cyclohexane
1.00 (4.3) 0.95 (3.7)+ 0.86 (2.8)-
1.00 (4.0) 1.03 (3.6)+ 0.93 (2.7)+
1.00 (3.9) 1.04(3.6)+ 0.93 (2.6) +
1.00(4.2) 1.04 (3.6)+ 0.95 (2.6)+
1.00 (5.0) 1.04(4.8)+ 0.95 (3.0)+
1.00 (5.4) 1.04(5.0)+ 0.95 (3.2)+
1.00 (6.9) 1.03 (6.5)+ 0.88 (4.8)+
1.00 (5.7) 1.00(7.8)+ 0.85 (4.7)-
1.00 (9.0) 1.01 (6.0)+ 0.75 (5.8)-
1.00 (6.6) 1.04 (6.3)+ 0.77 (5.8)-
1.00 (7.7) 1.20 (5.9)- 0.79 (5.2)-
1.00 (6.2) 1.18(6.0)- 0.77 (3.8)-
1.00 (6.6) 1.25(5.1)- 0.80 (5.6)-
1.00 CEO) 1.49 (7.7)- 0.87 (4.9)-
1.00 (8.9) 1.56 (7.9)- 0.91 (8.5)+
1.00(11.1) 1.48 (8.4)- 0.88 (7.9)+

signs denote the absence or presence, respectively, of significant difference in response factors (toluene vs other solvents) concluded by the f-test

at 5% significance level. Precision of injections in % RSD is given in parentheses.

ie, floranttee and loner inTeble 1, tre retention tines
varied anly dlidtly betvween diffaat sohats. The maxi-
mum betweanrsohantdifferatss inretentin tineswere dli
between 0.2 and 0.04 min for tte sare PAH. Honever,
gy betveen-sohat diffaass in retention tnes were
dsenved far tte more \olatike PAHs . For eample, tre re-
tentin tires farrghhthalere inethanol and ocldeae
were 4.4 and 4.2 min, reectinely. Trerefore, In Gass
where starchrd solution and saplle exdract were prepared
insohats tretproduced a lagediffaae inreteton ting,
misicentrfication of peals could aoar.

Table 2 IEstte mean regaee fadas fareach PAH In
difffatohatsrckbietotolae. Indlcss, treregose
fadasvwere dotainad by aeragimg tre resltsofs or 7 in-
Jei0s. To conpensate farany log-temdifrgindstedtar
sEtMty, saples in diffast ohaits vere analyzed n
sts of fives. Huge diffaats in relatie reqoee fadas
weredosenvad famany PAHS between toluareand thepollar
hats, ie, asmitrikadnetraol . Inttemost extrenre
G, tre detector reqosss of rgphttalae as determined in
actonitrilke and methanol were anly 26 and 3%, regec-
tidly, of ttet determined in tohae. For tte other PAHS,
chtector regoess vwere alo loner inmethanol and aceto-
nitrike, and they were nostlly betiween 40 and 80% of those
determined inoluee. At 5% led of sigificaae, the Stu-
Oent’s Hest irdicated tret resoose fadtars of dll 16 PAHs
determined innethanol were sigificntydifflaatiran ttoe
dotained in ohuere. Bogpt far inbo[123-djpprare, d-
berrahjanthracere, anderojdhijoarylere, resoorsefedtars
farPAHs determined inactontrilevere also aoncluded s

diffaatby tre sae &t

With tre ecepian of rghttelae, PAHS had higher de-
=t nisoctarettentoliee. On treotterhad,
cetector resoess far PAHs in ocldeae were 5-25%
lorer then tre corespodinmg valluss intoluiae. A Cietin-
dicated thet resporse fedas far bewofo ] fluoanttee, ben-
Kjfloatrere, bevofajpee, ieo[123-djpee,
dibaahjanttvacae, and bafchijperylee were sigifi-
antly diffaat for toluee ad isooctae. For gcldeae
ad hee, sgifiatdffaats in regpoee fadaswere
foud for ghttelee, prae, bejajathvacae, dry-

sre, barojbAwranthae, berwo]KAuoranthere, ban-
appreae, and indao[123-djpyrae.

Carparisons of resporee fedas farPAHS vere alsomade
between sohats of siilar plaity, ie, astoitrike \s
metherol, ssvell as Isoctae s . Between tre
2 pollar Dhatts, Cests indicated sigifiatdiffaaee <
0.6 nregr=e fdasfardlPAHs ecgptacaghthylae,
floae, , anttvacae, fluoranttae, and py-
(123 Siwilarieslsa@s;\yaslaﬁﬂ:resxmefaﬂsﬁrdl
PAHs determined in iscoctare were sigiificantly diffaat
from those determined ingcldeae.

The raullts inTeble 2 dearly irtlicate ttet, among tte 5
hats e, iIsooctaewes the most efficet in trasfa—
rirgPAHs fran te ijectinport to the colum when it
Esi vere mece. On tre otter hard, actonitrile
and metharol were much keseffidat intrasfarirgPAHs.
Trerefare, when PAHs are aalyzad by qitkess injectios
ato a gpillary colum, the solhvant usad o make up tte
saplesnust ke idntical ottat ntrealiationstatard.
Ottermise, diffaae in tasfar efideyy of diffaet <ol-
\aits may case sigifiat (S toover 1006) enas nte

Ttation of PAHS. Because tre refarae starcerd solu-
tion far PAHs fran NBS (SRM 1647) Bprepared inace-
toitrik, ad tre gality assurance sanples fraon EPA ae
nostly prepared innetharol, directgplicationofttesema—
EEkusingglites njectionfarg entitative purposesinust
e avoided unless tre sanples are alo Inthe same ohatt
s tte stathrd.
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